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Thank you to all of the healthcare workers who selflessly give themselves to 
others. Your work is truly incredible and does not go unnoticed. You are true 
heroes of the COVID-19 crisis that stopped our world, and this book is 
dedicated to your hard work and sacrifices in the front line helping people.
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It is more than 60 years since we learned how to stimulate the ovary and the testis and more 
than 40 years that IVF was introduced.

These two events together with the development of the clinical use of gonadotropins, GnRH 
agonists, and antagonists allowed us to help more than 11 million couples to have children. 
However, there is still much to learn to improve patient pathways to overcome infertility. 
According to the WHO, 48.5 million couples worldwide were still unable to have a child after 
5 years of trying. This necessitates the creation of many more treatment centers and to educate 
many more clinicians to treat infertility.

More than 90% of infertile couples may today have their genetic offspring if we educate 
them to seek treatment before the age of 35 and make optimal use of methods and products 
available today. This book will help students, practicing physicians, and scientists working in 
the field of reproductive medicine and endocrinology to achieve this goal.

This textbook Assisted Reproduction written by highly experienced and well-recognized 
specialists from all over the world will help the readers to better understand the physiology of 
reproduction and therapeutic agents they use and in managing patients with sub-fertility and 
infertility to obtain the best possible and most cost-effective results.

The book has over 900 pages, divided into 93 chapters with strong content ranging from 
basic diagnostic aspects of female and male infertility to different etiologies, relevant endo-
crine aspects such as polycystic ovaries, and premature ovarian insufficiency. It explores medi-
cally assisted reproduction from low to high complexity, types of treatment, fertility 
preservation, related genetics, ethical aspects, and laboratory techniques.

I am truly delighted to pen the foreword for a textbook on ART being brought out from a 
collaboration of editors from three continents.

I sincerely hope that postgraduates and practicing physicians, teachers, and scientists work-
ing in the field of reproductive medicine and endocrinology will find this book stimulating and 
helpful.

Moreover, I sincerely hope that this compendium will stimulate new work and a continuous 
dialogue between basic scientists and clinicians and between gynecologists and reproductive 
endocrinologists.

I wish the book many editions to come in the future and look forward to holding this impres-
sive work of medical literature in my hands.

Bruno Lunenfeld
Prof Emeritus of the Faculty of Life Sciences 

Bar-Ilan University
Ramat Gan, Israel

Foreword
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Setting goals is the first step in turning the invisible into the visible.—Tony Robbins

The idea for this book came about from a spark ignited by one of the neurons in the mind 
of my colleague and co-editor, Dr Gautam Nand Allahbadia. For those of you who do not know 
Gautam, he is a gynaecologist and entrepreneur extraordinaire from Mumbai, India. Gautam 
has a lot of sparks that go off in his head on a regular basis, no doubt as a result of all of the 
neurons! It is a bit like a firework party in there, but the world is a better place for it.

Gautam’s spark lit a fuse, which led him to contact Prof Baris Ata (Istanbul, Turkey), Prof 
Bala Bhagavath (Rochester, New York, USA) and myself (Leicester, UK). We were invited to 
attend a conference organised by Gautam: the 3rd World Congress on Ovulation Induction & 
Ovarian Stimulation Protocols (WOOSP) held in September 2015  in the Seychelles. It was 
here that we met with Springer and planned the contents and structure of this book. With 90 
chapters proposed, we knew it would be a massive undertaking and there was understandable 
trepidation at the size of our challenge. However, we were no doubt influenced by our location, 
after all the Seychelles is a sun-kissed paradise in the Indian Ocean. We were also encouraged 
by the quality of the conference presentations we all enjoyed and our mutual enthusiasm for 
this once-in-a-lifetime project, so we agreed to commit to the task. With the high number of 
chapters though, we agreed we needed one more co-editor to make our team complete. Our 
colleague Prof Steven Lindheim (Dayton, Ohio, USA) was the obvious choice, and fortu-
itously, he agreed to join us.

An advantage of having five international co-editors is that, between us, we have been privi-
leged to meet many of the top experts in the field of assisted reproductive technology (ART). 
Thus, when we came up with the chapter titles, we were able to ask these experts to contribute 
chapters. We were very lucky to receive positive responses from them all and are deeply 
indebted to our authors, not only for providing brilliant chapters but also for their patience over 
the length of time it has taken to bring all of their work together.

The purpose of the book is to provide the latest knowledge from across the whole scope of 
ART. The book is aimed at all disciplines of ART practitioners, including clinicians, embryolo-
gists, reproductive biologists, fertility nurses and all other staff who contribute to helping peo-
ple conceive via ART. Our goal is to present, in a straightforward manner, the best practice 
approaches for overcoming the challenge of infertility. The book can be read in its entirety or 
be used to dip into as a source of reference.

The book covers all aspects of ART from the diagnostic stage to the delivery of a healthy 
baby. We split the chapters into specific sections to help the reader navigate topics of interest. 
We begin with the initial assessment of the male and female, before addressing the topic of 
ovarian stimulation and egg retrieval. The latest superovulation protocols are discussed along-
side natural cycle IVF programmes. The next section looks at various facets of ART, covering 
diverse topics ranging from the effect of obesity and autoimmunity to treating people identify-
ing as transgender. We then look at the current options available for improving ART outcomes. 
Success rates have significantly improved since Steptoe, Edwards and Purdy helped to con-
ceive the world’s first IVF baby, but there is still much to learn to improve patient pathways to 
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overcome infertility. We also look at how ART involving a third party is now helping people to 
realise their dream of parenthood, not only via gamete donation but also by uterine 
transplantation.

With improvements to gamete and embryo cryopreservation protocols, we have dedicated a 
section to fertility preservation (FP). This provides updates in FP for prepubertal children and 
of gonadal tissue. This is followed by sections on counselling and genetic testing, the impor-
tance of which is becoming increasingly recognised. The final section looks at the IVF labora-
tory, with nineteen chapters dedicated to all aspects of setting up and managing a successful 
IVF lab.

Bringing these chapters together has been an epic adventure. In line with the quote by Tony 
Robbins, once we had managed to take those first goal-setting steps, we were able to turn the 
invisible into the visible. In a way, we adopt a similar approach when we help our patients, by 
taking the first steps to turn their gametes, invisible to the naked eye, into a blastocyst, then a 
foetal heartbeat visible via ultrasound scan, culminating in the shared joy and wonder when 
their baby is born. We are always humbled by our role in assisting nature with conception, and 
we are both humbled and honoured to present the insights from our authors’ chapters for you 
in this book.

I hope you enjoy reading and learning from the book, as much as my co-editors and I 
enjoyed liaising with the contributors and ourselves. We are also very grateful to Margaret 
Burns who provided considerable editorial expertise to keep us on track. Finally, we are 
indebted to our family and friends for their support and patience. It has been four long years in 
the conception and gestation, and we hope you like what we have delivered.

Leicester, UK Bryan J. Woodward  
2019 

The original version of this book was revised. Copyright page text has been updated. A correction to this 
chapter can be found at https://doi.org/10.1007/978-981-15-2377-9_93
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Assessment of Tubal Patency

Erin M. Masaba

1.1  Tubal Factor Infertility

The fallopian tube serves as the main conduit between the 
ovary and the uterus. It provides mechanical transport and 
physiological support of gametes and cleavage stage 
embryos. Tubal damage can either be due to external or 
internal injury which leads to dysfunctional transport of 
gametes. Assessment of tubal disease plays a major role in 
determining a woman’s fertility potential.

The World Health Organization defines infertility as “a 
disease of the reproductive system defined by the failure to 
achieve a clinical pregnancy after 12 months or more of reg-
ular unprotected sexual intercourse” [1]. The American 
Society of Reproductive medicine recommends evaluation 
after 6  months in women 35 and older [2]. Tubal disease 
accounts for 25–30% of all cases of infertility. This includes 
proximal obstruction and distal obstruction as well as nar-
rowing and dilation of the fallopian tube. This ranges from 
conditions that change tubal function due to changes to the 
internal structure of the tube as well as external pathology 
that results in compromise of normal tubal architecture. 
Causes of tubal disease include infection, prior abdominal/
pelvic surgery, and endometriosis. Tubal disease as a result 
of infection is typically due to salpingitis from pelvic inflam-
matory disease. Other infectious/inflammatory processes 
that may cause tubal damage include tuberculosis and gas-
trointestinal disease (i.e., appendicitis, Crohn’s disease). 
Proximal tubal blockage which is present in 10–25% of 
women with tubal disease can be caused by obstruction as a 
result of tubal spasm, tubal debris, or blockage by intrauter-
ine pathology (endometrial polyps, submucosal myomas, 
and intrauterine adhesions) or by occlusion as a result of 
fibrosis due to infection or endometriosis [3].

A diagnostic test should be cost-effective and mini-
mally invasive while maintaining a relatively high sensi-
tivity and specificity [4]. The current “gold standard” in 
tubal assessment is laparoscopy with chromopertubation 
with or without concomitant hysteroscopy. However, the 
hysterosalpingogram (HSG) has become the first-line 
diagnostic tool for the assessment of tubal patency [2]. 
This chapter aims to review the different diagnostic tools 
available to assess tubal patency. The technical aspects of 
the procedures as well as the risks, advantages, and utility 
of each will be discussed.

1.2  Chlamydia Antibody Testing

Salpingitis is thought to account for greater than 50% of 
cases of tubal factor infertility. Ascending infection from the 
lower genital tract causes destruction of the tubal epithelial 
cells. Tubal occlusion due to infection is most commonly 
seen at the cornual and fimbrial ends. Chlamydia trachoma-
tis is the leading bacterial cause of sexually transmitted dis-
ease in the world.

Chlamydia antibody tests (CAT) present a low-cost, non- 
invasive way of assessing for tubal disease. There are four 
different serologic methods to detect chlamydia antibodies: 
microimmunofluorescence (MIF), immunofluorescence (IF), 
immunoperoxidase (IP) assay, and ELISA. The only method 
that specifically detects Chlamydia trachomatis is MIF. The 
other methods are not genus specific resulting in a high false 
positive rate. A meta-analysis comparing CAT with hystero-
salpingogram while using laparoscopy with chromopertuba-
tion as the standard showed that MIF had a sensitivity of less 
than 75% and a specificity of greater than 75% [5]. In a more 
recent study looking at the diagnostic accuracy of a more 
specific ELISA test for chlamydia antibody compared to 
HSG and laparoscopy, the authors found that the ELISA test 
had a sensitivity of 45% and a specificity of 83% in predict-
ing tubal pathology. Comparable diagnostic accuracy of the 
hysterosalpingogram was found in this study [6].
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Limitations of testing for chlamydia antibodies include 
false positive results due to cross reactivity to other bacteria 
and the inability to assess the contour of the uterus and 
 cervix. Some have suggested that it is most suitable for clas-
sifying women as low or high risk for tubal disease. Women 
in the high-risk group would go on to have further diagnostic 
testing, and the women in the low-risk group could avoid 
invasive procedures. No well-defined role of CAT testing has 
been established [7]. CAT testing will not be able to diagnose 
tubal pathology secondary to causes other than chlamydial 
infection.

1.3  Hysterosalpingogram

In 1910, Rindfleisch injected bismuth into the uterine cav-
ity in an attempt to diagnose pregnancy in a young woman. 
An x-ray was obtained which showed the uterine cavity and 
the left fallopian tube. In 1913, Rubin and Cary injected a 
silver salt (Collargal) into the uterine cavity and were able 
to demonstrate bilateral tubal patency by delayed (x-ray) 
imaging. In 1925, the first iodine preparation, Lipiodol®, 
was introduced. The oil-based contrast agent remained 
popular throughout the 1960s because of its ability to pro-
duce good- quality delayed images. Once fluoroscopy 
became more widely available, allowing for high-quality 
real-time imaging, a switch to water-based contrast medium 
was made.

There has been debate in the literature as to whether hys-
terosalpingography enhances fertility and if oil contrast 
media has a greater therapeutic role. A recent Cochrane 
review identified five studies that compared oil-based con-
trast media to water-based contrast media. Only two of these 
studies had live birth as their primary outcome [8]. Rasmussen 
et al. reported a higher live birth rate when oil-based contrast 
media was utilized, whereas Spring et al. found no difference 
between the groups [9, 10]. A meta-analysis by Watson et al. 
concluded that there was a consistently higher pregnancy 
rate with oil-based contrast in all four randomized controlled 
trials (RCT) that were evaluated. However, only one RCT 
reached statistical significance. This benefit was greatest in 
patients with unexplained infertility [11].

Oil contrast media fell out of favor due to reports of an 
increased risk of oil embolism and anaphylaxis. Another dis-
advantage of oil-based medium is its slow absorption rate 
which was found to cause granuloma and adhesion forma-
tion in rabbits [12]. Water-based medium is considered to be 
safer and less expensive. It has the advantage of enhancing 
tubal mucosal folds and ampullary rugae [13]. However, it 
has also been associated with increased procedural pain 
when compared to oil contrast media [13]. Oil-based and 
water-based contrast media contain iodine. Patients should 
be questioned about potential iodine allergy. If allergy is not 

severe, the patient can be pre-medicated with steroids and/or 
anti-histamines prior to intracavitary instillation.

A hysterosalpingogram (HSG) is performed by placing 
either a cannula (Cohen or Jarcho) or a balloon catheter (typ-
ically 5–7 French) into the cervical canal. An oil- or water- 
based radio-opaque contrast agent is then administered 
transcervically into the uterine cavity. The cannula or cathe-
ter should be flushed prior to placement in order to avoid the 
introduction of air bubbles into the uterine cavity. Intermittent 
fluoroscopy is used to visualize the endometrial cavity as 
well as the fallopian tubes. If the uterus is noted to be retro-
verted, a tenaculum can be placed on the anterior lip of the 
cervix to ensure thorough evaluation of the uterine cavity. 
The speculum should be removed in order to obtain imaging 
of the cervical canal and lower uterine segment. If a balloon 
is utilized, it should be deflated at the end of the study in 
order to evaluate the entire uterine cavity. This study should 
be performed during the follicular phase in order to prevent 
disruption of an early pregnancy.

There are many studies on the accuracy of HSG. These 
studies are limited by the fact that the gold standard, laparos-
copy with chromopertubation, is itself not a perfect test and 
not an ideal standard for assessing tubal patency. A meta- 
analysis reported that compared to laparoscopy with chro-
mopertubation, the HSG has a sensitivity of 65% and 
specificity of 85%. In this study, they also concluded that 
HSG is unreliable in the diagnosis of peritubal adhesions. 
Also, a finding of proximal tubal occlusion should be inter-
preted with caution as this may be secondary to tubal spasm 
in up to 20% of cases or plugging of tubes by debris in 40% 
of cases [14].

When proximal occlusion is encountered, selective sal-
pingography and tubal recanalization are useful tools to 
determine if this is a true obstruction. This diagnostic test is 
typically performed in an interventional radiology suite with 
intravenous sedation. A catheter is passed through the cervix 
and into the proximal tubal ostium. Contrast medium is then 
injected under fluoroscopic guidance. This procedure can 
also be performed during hysteroscopy with concomitant 
laparoscopy [15]. Recanalization is successful 85% of the 
time with re-occlusion occurring in approximately 30% of 
patients. Histologic exam of tubes that were unsuccessfully 
recanalized revealed tubal disease in 93% of the specimens 
[16]. Therefore, if recanalization is attempted and not suc-
cessful, then there is likely intrinsic tubal disease and 
occlusion.

The major complication of HSG is infection which occurs 
in 1–3% of patients. Empiric antibiotic prophylaxis with 
doxycycline is not currently recommended unless the patient 
has a history of pelvic infection. If a hydrosalpinx is noted at 
the time of HSG, doxycycline should be prescribed post pro-
cedure. The typical dose is 100 mg twice daily for 5 days. 
Other complications include allergic reaction to contrast 
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media (as previously described) and pain. Pain can be 
reduced by administering a nonsteroidal anti-inflammatory 
agent 30 min to 1 h prior to the procedure.

1.4  Saline Instillation Sonography/Saline 
Sonohysterography

Uterine cavity images were found to be superior when hema-
tometra was present. This led to the idea that instillation of 
saline into the uterine cavity may better depict the endome-
trial lining. Saline instillation sonography (SIS) or saline 
sonohysterography (SSH) was described by Nannini in 1981 
[17]. The procedure requires instillation of saline via a cath-
eter placed transcervically. This infusion is performed under 
continuous visualization via transvaginal ultrasonography in 
order to better detect intrauterine cavity defects. The endo-
metrium should appear symmetric and surround an anechoic, 
distended uterine cavity. This diagnostic test aids in deter-
mining if intracavitary pathology is arising from the endo-
metrium or submucosal.

While transvaginal ultrasonography and SIS/SSH are a 
good diagnostic tool for assessment of the uterine cavity as 
well as ovarian architecture, it has little utility in tubal 
assessment. Tubal pathology such as hydrosalpinx may be 
visualized via transvaginal ultrasonography with great accu-
racy [18]. However, the normal fallopian tube does not pro-
vide the defined interfaces necessary to visualize it via 
ultrasonography. In order to better visualize the tube, a 
hyperechoic contrast can be used to distend the uterine cav-
ity. This contrast can then be visualized flowing through the 
fallopian tubes. This procedure was coined HyCoSy or hys-
terosalpingosonography (sono-HSG) and was first described 
in 1986. Another method of imaging the fallopian tubes 
with ultrasonography is with instillation of saline with air 
bubbles into the uterine cavity. The FemVue® Sono Tubal 
Evaluation System is an FDA-approved device that simulta-
neously delivers saline and air in order to visualize the fal-
lopian tubes.

Hysterosalpingosonography is a short, well-tolerated out-
patient procedure. It has the advantage over traditional HSG 
of having a greater sensitivity and specificity in detecting 
intrauterine pathology as well as the ability to assess the 
adnexa simultaneously. There is no risk of iodine allergy or 
exposure to ionizing radiation with this procedure. A meta- 
analysis concluded that there was no statistically significant 
difference between sono-HSG and HSG as compared to lap-
aroscopy with chromopertubation in regard to the detection 
of tubal occlusion [19]. Despite this, sono-HSG has not 
gained widespread acceptance in clinical practice, and HSG 
continues to be the most utilized test for evaluation of uterine 
cavity and tubal patency.

1.5  Laparoscopy 
with Chromopertubation

The most widely accepted method to evaluate tubal patency 
is laparoscopy with chromopertubation. It is currently con-
sidered the “gold standard” diagnostic procedure for tubal 
assessment. Laparoscopy usually requires general anesthe-
sia. The patient is placed in dorsal lithotomy position and is 
prepped and draped using aseptic technique. The peritoneal 
cavity is insufflated using CO2. Trocars are then placed typi-
cally in the umbilicus as well as the right and left lower quad-
rants or the midline suprapubic location. Abdominal and 
pelvic survey is then taken with the use of a 00 or 300 laparo-
scopic telescope. Chromopertubation is often performed 
simultaneously by instillation of a methylene blue dye via a 
transcervical catheter. The dye passes through the uterine 
cavity and through the fallopian tubes into the peritoneal 
cavity which is visualized via the laparoscope. Laparoscopy 
allows for assessment of the entire abdominal and pelvic 
cavity. This allows for the simultaneous diagnosis and treat-
ment of various tubal and pelvic pathologies. Concomitant 
hysteroscopy can be performed to assess intrauterine pathol-
ogy and to assist in tubal cannulation if proximal tubal block-
age is discovered.

Laparoscopy is the most commonly performed gyne-
cologic surgical procedure and is thought to be relatively 
safe. In a prospective trial in the Netherlands, a compli-
cation rate of approximately 0.6% was observed in gyne-
cologic laparoscopic procedures. The most commonly 
observed complications were vascular and intestinal inju-
ries. There was a difference in the complication rate of 
diagnostic laparoscopies and operative laparoscopies 
(0.3 vs. 1.8%, respectively) [20]. A similar retrospective 
study looking at gynecologic laparoscopies worldwide 
showed an overall complication rate ranging from 0.2 to 
10.3%, with only 20–25% of these recognized at the time 
of surgery [21]. Even though laparoscopy has a low com-
plication rate, its role in the infertility evaluation has 
been extensively debated. Historically, laparoscopy was 
thought to be a first-line diagnostic tool for infertility. 
However, with the introduction of less invasive and less 
expensive office procedures as well as the advancement 
in artificial reproductive technology, it is not an ideal 
first-line screening test. Laparoscopy is no longer consid-
ered to be indicated in cases of a normal HSG or unilat-
eral obstruction on HSG due to the fact that very few 
patients will have a change in treatment plans based on 
the results of a surgical procedure. Laparoscopy should 
be recommended for patients who are found to have bilat-
eral tubal occlusion on HSG. Approximately one third of 
these patients are likely to have patent tubes at the time of 
laparoscopy [22].

1 Assessment of Tubal Patency
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1.6  Conclusion

Assessment of tubal patency plays a major role in determin-
ing a woman’s fertility potential. Tubal disease account for 
25–30% of all cases of infertility. A diagnostic test should be 
accurate, cost-effective, and reliable as well as minimally 
invasive with a low-risk profile. In this chapter we have 
reviewed the different imaging and laboratory modalities 
currently utilized to assess for tubal disease. While hystero-
salpingosonography appears to provide the most comprehen-
sive study with the ability to assess the endometrial cavity, 
fallopian tubes, as well as the adnexa, it is not currently 
widely used. The first-line test should be either sono-HSG or 
HSG unless otherwise indicated. When these office proce-
dures indicate tubal disease, a laparoscopy should be per-
formed for a definitive diagnosis and possible treatment.
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and Acquired Uterine Lesions 
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2.1  Anatomy and Physiology

Uterine factor infertility is a relatively uncommon cause of 
female infertility occurring in <5% of women. Many uterine 
causes for infertility, both acquired and congenital, have 
been described. Although uterine factors may be diagnosed 
during investigation of infertility, a thorough investigation 
and management of all other causes of infertility should be 
undertaken at the same time.

Knowledge of the anatomy, physiology, and function of 
the uterus is paramount to the understanding of the develop-
ment of congenital müllerian disorders and acquired uterine 
lesions and their potential impact on fertility. In brief, the 
uterus is a thick-walled muscular structure, with its sole 
function being to allow implantation of the developed 
embryo, and subsequently serving as the incubation chamber 
for the growing fetus during gestation. Hence, the develop-
ment of a normal uterus is a key element in optimizing one’s 
reproductive potential. The uterus is comprised of three main 
parts: the uterine corpus, isthmus, and cervix (Fig. 2.1). The 
uterine corpus, or body of the uterus, consists of three main 
layers [1]. The first layer and most internal layer, the endo-
metrium, forms the inner layer of the triangle-shaped uterine 
cavity. This layer consists of mucus secreting columnar epi-
thelium. The endometrium is under hormonal control in the 
reproductively active female and is divided into two phases 
of menses. During the proliferative phase, estrogen produced 
by the ovary promotes growth in the columnar epithelium, 
angiogenesis, and glandular development. The secretory 
phase, under the control of progesterone produced by the 

corpus luteum of the ovary post ovulation, is characterized 
by secretion of substances from the endometrial glands, to 
allow for an optimal implantation site for an embryo. If an 
embryo is not implanted, progesterone levels decrease and 
ultimately result in the breakdown of endometrium, resulting 
in menses. The second layer of the uterine corpus is the myo-
metrium. The myometrium contains smooth muscle that is 
responsible for the contractile activity of the uterus during 
labor and delivery. The third layer, and most outer layer of 
the uterine corpus, is the serosa and is equivalent to the peri-
toneum. The isthmus is the most inferior part of the uterine 
corpus and is adjacent to the cervix, directly above the inter-
nal cervical os. The cervix is the lowest part of the uterus, is 
approximately 4  cm long, and connects the uterus to the 
vagina. The cervix allows transport of sperm into the uterus, 
passage of menstrual blood out of the uterus, and dilates and 
thins during labor to allow passage of the fetus. The uterus is 
highly vascularized to support the implanted embryo and 
growing fetus, and its main blood supply is the uterine artery. 
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The uterine artery arises from the anterior division of the 
interior iliac artery.

A sequence of purposeful events occurs during the embry-
ological development of the uterus, cervix, and vagina, both 
structurally and ultra-structurally, resulting in a normal-sized 
uterus, cervix, and vagina that is able to support implantation 
of the embryo and serve as the carrying vessel for the remain-
der of gestation until term. Any disruption prenatally along 
this programmed sequence of events can lead to an alteration 
in the structure and/or ultrastructure of the uterus, resulting 
in an array of congenital müllerian disorders that may impact 
the ability to conceive and/or ability to carry a pregnancy to 
term. Post-natally, the uterus is also susceptible to a variety 
of acquired uterine lesions that may impair fertility and/or 
reproductive outcomes.

2.2  Congenital Müllerian Disorders

In order to fully appreciate the anatomy of müllerian disor-
ders, also known as congenital uterine anomalies, it is impor-
tant to understand the embryological development of the 
uterus. There are a number of classification systems to 
describe the array of simple and complex müllerian anoma-
lies in existence; the most commonly used and widely 
accepted classification is the American Fertility Society 
(AFS, now American Society for Reproductive Medicine) 

classification scheme [2]. The AFS scheme characterizes its 
classifications of uterine anomalies based on the embryo-
logical development of the uterus [2]. Other classification 
systems that have been recently proposed but have not yet 
found wide acceptance include European Society for Human 
Reproduction and Embryology/European Society for 
Gynecologic Endoscopy (ESHRE/ESGE) classification and 
Congenital Uterine Malformation by Experts (CUME) 
classification.

The female reproductive tract is completely developed by 
approximately the 22nd week of pregnancy. It arises from 
the urogenital ridge and begins to develop at 6 weeks of ges-
tation, giving rise to the paired paramesonephric (müllerian) 
ducts that eventually give rise to the fallopian tubes, uterus, 
cervix, and upper vagina. The development occurs in a par-
ticular scheduled series of events that include müllerian duct 
elongation, fusion, canalization, and septal resorption. Any 
disruption in these events leads to what is known as a con-
genital müllerian (uterine) anomaly. The AFS classification 
describes seven classes of congenital müllerian anomalies, 
Class I to Class VII, based on the stage at which the arrest of 
the embryological development of the müllerian system 
occurred (Fig. 2.2). These classes can be further grouped into 
three major categories: anomalies with underdevelopment of 
the müllerian ducts, Classes I and II; non-fusion anomalies 
of the müllerian ducts, Classes III and IV; and non-resorption 
anomalies of the müllerian ducts, Classes V and VI.

Fig. 2.2 The classification system of müllerian duct anomalies used by 
the American Fertility Society. (From the American Fertility Society 
classifications of adnexal adhesions, distal tubal occlusion, tubal 

occlusion secondary to tubal ligation, tubal pregnancies, mullerian 
anomalies and intrauterine adhesions. Fertil Steril 1988;49(6):944–955, 
with permission)
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2.3  Diagnosis, Treatment, and Fertility 
Implications of Congenital Müllerian 
Disorders

The prevalence of müllerian duct anomalies has historically 
been estimated to be approximately 1%; however, advances 
in diagnostic imaging modalities now estimate the preva-
lence to be closer to 5.5% in the general population [3, 4]. 
Further, if we look at women with recurrent pregnancy loss, 
the prevalence has been reported to be as high as 13% [3, 4]. 
Müllerian anomalies can often go unrecognized because 
many of the women with these uterine anomalies have mini-
mal to no symptoms and are often only detected during preg-
nancy or as part of an infertility workup.

What remains a conundrum is whether or not uterine 
anomalies have a negative impact on the reproductive poten-
tial of women and which, if any, treatment may be of benefit. 
Despite recent systematic reviews and meta-analysis, there 
remains a lack of sufficiently powered well-designed ran-
domized controlled trials exploring surgical versus expectant 
management of congenital uterine anomalies with regard to 
optimizing reproductive potential.

The type of uterine anomaly dictates whether or not it is 
associated with a women’s inability to conceive and/or carry 
a pregnancy to term. Hence, an assessment of the uterine 
cavity is paramount in women presenting with infertility or 
recurrent pregnancy loss. Historically, the gold standard for 
making a diagnosis of any congenital uterine anomaly is a 
diagnostic hysteroscopy and laparoscopy as it provides direct 
visualization of both the exterior and interior contour of the 
uterus. At present, radiological imaging has taken the lead in 
the diagnosis of müllerian anomalies. The most commonly 
used imaging modalities include ultrasonography, sonohys-
terography or saline infusion sonography (SIS), hysterosal-
pingography (HSG), and magnetic resonance imaging 
(MRI). One imaging modality may be more appropriate than 
another for a given congenital uterine anomaly with the goal 
in mind being to identify surgically correctable from inoper-
able uterine anomalies. Overall, ultrasound is routinely used 
as the initial modality for the diagnosis of congenital uterine 
anomalies with an accuracy approximating 90% [5, 6]. 
Transvaginal sonography (TVUS) is superior to transabdom-
inal, as it provides higher-resolution images, as the female 
reproductive organs lay low in the pelvis, and thus the vagi-
nal transducer is closer to the structures to be imaged. 
Further, three-dimensional (3D) ultrasound yields a greater 
degree of accuracy than two-dimensional (2D) ultrasound. 
However, MRI is overall considered clinically the gold stan-
dard imaging modality for the delineation of uterine anoma-
lies as it can differentiate between surgically correctable 
from inoperable forms of uterine anomalies [6, 7]. The accu-
racy of MRI in the diagnosis of congenital uterine anomalies 
approaches 100% [6]. MRI also has the added advantage of 

identifying renal anomalies commonly associated with cer-
tain classes of uterine anomalies that are overall seen in 
approximately 11–30% of müllerian disorders. With MRI, 
T2-weighted sequences depict the classic inherent contrast 
for delineating the anatomy of the müllerian system, and a 
single-shot, fast spin echo image with a larger field of view 
can also be obtained and enable visualization of the kidneys 
[6]. Recent reports note that 3D sonography with saline infu-
sion has a 100% accuracy when compared with laparoscopy 
and hysteroscopy for the diagnosis of septate, bicornuate, 
and arcuate uterus [8]. In addition, saline infusion sonogram 
with 3D ultrasonography has been shown to diagnose mül-
lerian anomalies with the same sensitivity and specificity and 
accuracy as a diagnostic hysteroscopy [9, 10]. The 3D tech-
nology allows for visualization of the coronal view of the 
uterus, which assists in accurate assessment of the uterine 
contour and degree of myometrial/septal indentation, if it is 
present [11–13]. Swift advances in 3D/4D sonographic tech-
nology will soon be the new clinical imaging gold standard, 
if it is not already, for the diagnosis of congenital müllerian 
disorders.

With any imaging modality, there are three key anatomical 
elements that need to be ascertained in order to assist in the 
accurate diagnosis of the class of uterine anomaly present [6]:

 1. Is the uterus present or absent, and if present, is it normal 
or smaller in size?

 2. If the uterus is present, is the outer contour of the uterine 
fundus normal in configuration (convex)?

 3. If the uterus displays an abnormal fundal contour, is the 
degree of myometrial/septal indentation into the uterine 
cavity less than or greater than 1 cm?

2.3.1  Müllerian Disorders

2.3.1.1  Class I
Hypoplasia/agenesis occurs when the paired müllerian ducts 
fail to or incompletely develop, resulting in the absence or 
rudimentary development of the uterus, cervix, and upper 
vagina [1, 6]. This is a result of failure of the first stage of 
development. Müllerian agenesis is characterized by vari-
able degrees of uterine and vaginal non-development. 
Approximately 90–95% of patients are reported to have 
complete absence of vagina and uterus with presence normal 
fallopian tubes and ovaries due to the separate embryological 
origin of these structures. Class I disorders are the rarest 
form of müllerian disorders, representing >4% of the uterine 
anomalies. Mayer-Rokitansky-Kuster-Hauser syndrome is 
the most common Class I disorder.

The patient with uterine hypoplasia or agenesis will typi-
cally present with primary amenorrhea and possibly dyspa-
reunia. It is the second most common cause of primary 

2 Assessment of Uterine Anatomy and Implications of Müllerian Disorders and Acquired Uterine Lesions on Fertility
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amenorrhea after gonadal dysgenesis. The initial imaging 
modality commonly used is the ultrasound. Typically an 
absent or hypoplastic uterus with no normal zonal anatomy 
which is characteristic for the diagnosis is noted [6]. The 
upper two-thirds of the vagina is absent or atretic, as well. 
The MRI is not necessary to make this diagnosis; however if 
the ultrasound is diagnostic, then it is recommended to pro-
ceed with an MRI for complete detailed evaluation of the 
female abdomen and pelvis, as over 50% of women with 
Class I disorders also have other congenital or renal anoma-
lies [14].

Class I uterine disorders are associated with total repro-
ductive failure (Table 2.1). At the present time, there are no 
surgical treatment options for Class I uterine anomalies. 
Recent surgical advances in uterine transplantation hold 
promise. Even without uterine transplantation, women with 
uterine hypoplasia or agenesis have the ability to have their 
own biological offspring as their ovaries are unaffected, with 
the use of a gestational carrier through assisted reproductive 
technology.

2.3.1.2  Class II
A unicornuate uterus is the result of incomplete and/or failed 
development of one of the müllerian ducts, leaving a func-
tional uterine cavity with a single horn referred to as a single- 
horned uterus [1, 6]. There can be a contralateral rudimentary 
horn that is communicating or non-communicating with the 
single horn. This is as a result of failure of the first stage of 
development, as a result of a lateral fusion defect. A unicor-
nuate uterus represents approximately 4.4% of the uterine 
anomalies [15].

Patients with a unicornuate uterus may be asymptomatic, 
and diagnosis is often made at time of an infertility workup. 
However, if there is a non-communicating functional horn, 
i.e., presence of an endometrial cavity, the patient may expe-
rience painful periods, endometriosis, hematometra, and 

hematosalpinx. Ectopic pregnancy may occur in a communi-
cating horn. Counterintuitively, ectopic pregnancy can occur 
in a non-communicating uterine horn as well [16].

Initial imaging usually consists of an HSG as it is part of 
the standard infertility workup. Imaging by HSG, as well as 
ultrasound and MRI, is notable for a fusiform “banana- 
shaped” endometrial cavity, which is laterally displaced [1]. 
When diagnosed, it is recommended to perform an MRI to 
evaluate the presence of a rudimentary horn, as well as the 
presence of renal anomalies, which are often seen with this 
anomaly. In particular, contralateral renal agenesis to the 
dominant uterine horn is most commonly seen.

In a recent meta-analysis, no significant difference was 
noted in the probability of spontaneous pregnancy or preg-
nancy after assisted reproductive techniques in women with 
Class II müllerian disorders [17]. The unicornuate uterus is 
associated with pregnancy complications and poor obstetri-
cal outcomes, including malpresentation and preterm deliv-
ery, but the impact on fertility, i.e., implantation and ability 
to achieve a pregnancy, remains unaffected. However, there 
is no surgical option to improve the uterine size/volume in a 
unicornuate uterus. The management is conservative with 
vigilant prenatal care at time of pregnancy. In cases where 
the unicornuate uterus is associated with a functional rudi-
mentary horn, surgery may be prudent to alleviate the symp-
toms associated with an obstructed horn and minimize the 
risk of an ectopic pregnancy. A pregnancy in the partially 
developed horn requires emergency removal via laparotomy 
or laparoscopy. If there is an asymptomatic, non-functioning, 
non-communicating horn, it can be left untreated.

2.3.1.3  Class III
A didelphys uterus occurs when there is failure of the mül-
lerian ducts to fuse, resulting in two uteri and two cervices 
(Fig. 2.3) [1, 6]. Failure of fusion of the vaginal portion of 
the müllerian duct is common resulting in the presence of a 
longitudinal vaginal septum seen in 75% of didelphys uteri. 
A didelphys uterus represents approximately 11% of the 
uterine anomalies [15]. A horizontal uterine septum may also 
be present which can lead to unilateral hematocolpos 
(OHVIRA syndrome—obstructed hemivagina, ipsilateral 
renal agenesis).

Imaging modalities to make the diagnosis include trans-
vaginal sonography and MRI.  An HSG can also be per-
formed, but failure to identify the presence of two cervices 
and hence cannulate both cervices can lead to the erroneous 
diagnosis of a unicornuate uterus. Class III uterine anomaly 
is most commonly associated with renal agenesis. Hence, 
once the diagnosis is made, MRI is recommended to rule out 
any coexisting renal anomalies.

Uterine didelphys often goes undetected as pregnancy is 
not precluded and rare reports exist of simultaneous preg-
nancies in both uteri. In a recent meta-analysis, no significant 

Table 2.1 Congenital uterine anomalies

Class of 
müllerian 
disorder

Diagnostic 
imaging

Fertility 
impact

At risk for 
early 
pregnancy 
loss

At risk for 
adverse 
pregnancy 
outcome

Surgical 
repair of 
uterus

Class I US, MRI + NA NA −
Class II HSG, 

US, MRI
− − + −

Class III US, MRI − − + −
Class IV US, SIS, 

MRI
− − + −

Class V US, SIS, 
MRI

− + + +

Class VI US, SIS, 
MRI

− − − −

Class VII HSG + − − −
US refers to 2D/3D ultrasound imaging
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difference was noted in the probability of spontaneous preg-
nancy or pregnancy after assisted reproductive techniques in 
women with Class III müllerian disorders [17]. A uterine 
didelphys has a good prognosis for achieving a pregnancy, as 
well as maintaining a pregnancy. Hence, there is no indica-
tion for surgical unification of the two uteri. There is no data 
to support any proven benefit in surgically correcting the 
non-fused component of a uterine didelphys [18]. Hence, 
expectant management is prudent with adequate surveillance 
in pregnancy.

2.3.1.4  Class IV
A bicornuate uterus occurs when the inferior portion of the 
müllerian ducts fuse correctly; however, the superior (upper- 
mid) portion of the paired ducts fail to fuse (Fig. 2.4). Lack 
of fusion of the upper-mid uterine horns results in a signifi-
cant fundal cleft (>1 cm) [1, 6]. It is characterized by a heart-
shaped uterus with an external groove in the uterine dome 
where a muscular, intrauterine septum divides the uterus. 
The bicornuate uterus accounts for approximately 46% of 
the diagnosed müllerian disorders and is typically undetected 
until caesarean section [15].

The imaging modalities of choice are a transvaginal 
ultrasound or MRI. Both sonography and MRI will detect 
the presence of a fundal uterine cleft >1 cm with divergent 
uterine horns. Although an HSG may be the initial imaging 
performed as part of the infertility workup and findings 
suggestive of a bicornuate uterus based on a widened angle, 
>105°, between the uterine horns and widened intercornual 
distance of >4 cm, it cannot rule out a septate uterus as the 
external fundal uterine contour cannot be evaluated with an 
HSG [1].

The patient with a bicornuate uterus is also typically 
asymptomatic. The bicornuate uterus is associated with 
pregnancy complications and poor outcomes, including mal-

presentation, preterm delivery, and early pregnancy loss if 
associated with uterine septum, but overall the obstetrical 
outcomes are much better than those seen with a unicornuate 
uterus. Fertility rates also do not appear to be significantly 
reduced with Class IV anomalies from the general popula-
tion [3, 15]. In a recent meta-analysis, no significant differ-
ence was noted in the probability of spontaneous pregnancy 
or pregnancy after assisted reproductive techniques in 
women with Class IV müllerian disorders [17].

In the early 1900s, Dr. Strassmann developed a surgical 
technique, termed the Strassmann metroplasty, to correct a 
bicornuate uterus. The Strassmann metroplasty begins with 
a laparotomy, with wedge resection of the medial aspects of 
the uterine horns, and then reapproximation to produce a 
single uterine cavity. This surgical procedure is no longer 
recommended due to the minimal change in obstetrical out-
comes post repair and because of the improved management 
and outcomes of premature neonates [19]. Other metroplasty 
technique described by Bret- Palmer is also typically per-
formed via laparotomy. The only time a bicornuate uterus 
may be surgically managed is if it is associated with a uter-
ine septum and the patient has experienced early recurrent 
pregnancy loss with no other cause noted. There is no indi-
cation for surgical correction of bicornuate uterus for the 
diagnosis for infertility alone. There is no data to support 
any proven benefit in surgically correcting the non-fused 
component of a bicornuate uterus [18]. Hence, expectant 
management is prudent with adequate surveillance in 
pregnancy.

2.3.1.5  Class V
A septate uterus arises from failure of resorption of the 
poorly vascularized fibromuscular septum once the mülle-
rian tract fuses earlier in development [1, 6]. The septate 

Fig. 2.3 A Class III congenital uterine anomaly; the didelphys uterus 
occurs when there is failure of the müllerian ducts to fuse, resulting in 
two uteri and two cervices

Fig. 2.4 Class IV congenital uterine anomaly, the bicornuate uterus
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uterus can be partial, due to only partial resorption of the 
septum, or complete, when none of the septum resorbed. It is 
the most common congenital uterine anomaly associated 
with early pregnancy loss and accounts for approximately 
22% of the diagnosed müllerian disorders [15]. The diagnos-
tic hallmark for the septate uterus is that the uterine fundal 
contour is normal (convex) or minimally indented (<1 cm); 
however, the myometrial/septal indentation or invagination 
into the uterine cavity is >1.5 cm [20, 21]. A partial septum 
is when the septum does not reach the cervix, and a complete 
septum is when the septum reaches the external os of the 
cervix (Fig.  2.5). The septum can vary in both length and 
width. A longitudinal vaginal septum may also be present.

The deciding factor to assist in differentiating between a 
septate, arcuate, and bicornuate uterus is the degree of myo-
metrial/septal indentation into the uterine cavity, which can 
be accomplished with either 3D ultrasound or MR imaging 
modality. The determination is made by drawing a line con-
necting the cornua of the uterus, then a perpendicular line 
along the visualized indentation of the myometrium or 
fibrous septum is drawn, and the distance between this line 
and the indentation is measured [20]. If the indentation mea-
sures <1  cm, it is an arcuate uterus, and if it measures 
>1.5 cm, it is a septate uterus (Figs. 2.6 and 2.7) [20].

Historically, the gold standard for making a diagnosis of a 
septate uterus and in particular to differentiate a bicornuate 
uterus is diagnostic hysteroscopy and laparoscopy. Although 
a hysterosalpingogram is most often the initial infertility test, 
it is associated with a low diagnostic accuracy for distin-
guishing a septate, bicornuate, or arcuate uterus. At present, 
given the remarkable advancement in ultrasound, many of 
these can be diagnosed with a less invasive approach, and 

sonography has taken the lead in the diagnosis of a uterine 
septum. The use of 3D transvaginal ultrasonography has 
been able to distinguish the bicornuate uterus and uterine 
septum, with the same accuracy and reproducibility as the 
MRI with a sensitivity as high as 100% [11–13]. In addition, 
the saline infusion sonogram with 3D ultrasonography has 
been shown to diagnose müllerian anomalies with the same 
sensitivity and specificity as a diagnostic hysteroscopy [9]. 
The 3D technology allows for visualization of the coronal 
view of the uterus, which assists in accurate measurements 
of a uterine septum if it is present and determines the fundal 
contour [11–13]. Another report notes that 3D sonography 
with saline infusion had a 100% accuracy when compared 
with laparoscopy and hysteroscopy for the diagnosis of sep-
tate, bicornuate, and arcuate uterus [8]. Overall, MRI is an 
accurate method to diagnose uterine anomalies but is only 
about 70% accurate for the diagnosis of uterine septum [20]. 
An added advantage to using the MRI is information gained 
with regard to the composition of the septum, and a low T2 
signal is seen with a thin fibrous septum and an intermediate 
signal with a thick myometrial septum [1]. In summary, 3D 
ultrasound, sonohysterography, and MRI are good diagnos-
tic tests to differentiate between a bicornuate and septate 
uterus, and the use of laparoscopy/hysteroscopy should not 
be first line. Further, if hysteroscopy is used for the diagnosis 
of a septate uterus, a concurrent laparoscopy is no longer 
recommended, but consideration can be given for concomi-
tant transabdominal ultrasound guidance.

Data is conflicting with regard to uterine septum and its 
association with female infertility [12, 22–24]. Though evi-
dence is clearer that recurrent pregnancy loss is indeed 
associated with a uterine septum, the exact pathophysiol-

Fig. 2.5 Class Va congenital uterine anomaly, the partial uterine 
septum

Fig. 2.6 Class Vb congenital uterine anomaly, complete uterine, 
cervical and vaginal septum
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ogy that causes the loss is truly unknown and still up for 
debate. However, the most common mechanism postulated 
for the increase loss rate observed with a septate uterus is 
likely secondary to the poor blood supply of the septum 
providing suboptimal support for the implanted embryo 
and growing fetus.

Infertility is not seen more frequently in women with a sep-
tate uterus [25]. Primary infertility has also been noted to be 
less common in women with a septate uterus than controls. 
Review of the existing data has shown no difference in the 
cumulative pregnancy rates or monthly fecundity in women 
with septate uteri compared to women with normal uterine 
cavities [17]. At present, the evidence to date does not support 
an association between uterine septum and infertility.

Although many women with a uterine septum have an 
uncomplicated reproductive history, the uterine septum has 
been associated with pregnancy loss and poor obstetrical out-
comes. No randomized controlled trials (RCT) exist, but 
small observation studies suggest that a septate uterus is asso-
ciated with a higher rate of pregnancy loss and preterm deliv-
ery compared to controls. The incidence of first- trimester 
miscarriage in patients with a septate uterus has been reported 
to be as high as 42% compared to 12% (p < 0.01) in women 
with a normal cavity, yet no difference was seen in the rate of 
second-trimester loss or preterm delivery [21]. A meta-analy-
sis noted that a septate uterus had a higher rate of miscarriage 
compared to controls with a RR 2.65 (95% CI 1.39–5.06) 
[17]. Additional adverse outcomes noted were preterm deliv-
ery, malpresentation, IUGR, and placental abruption [17]. 
The evidence to date supports the possibility that a septate 
uterus contributes to miscarriage and preterm birth and it may 
increase the risk of adverse obstetrical outcomes. Data is also 
lacking with regard to differing obstetrical outcomes based 
on the size (length or width) of a uterine septum [20].

Additionally, there is ongoing controversy in regard to the 
indication for surgical management of a uterine septum, 
mostly due to a lack of randomized controlled trials. The pri-
mary indication for surgical treatment is when a patient has a 
uterine septum and history of recurrent pregnancy loss. 
Regardless, many providers will surgically correct a uterine 
septum if the patient has experienced only one loss or has a 
diagnosis of primary infertility, termed a “prophylactic 
metroplasty.” There are no RCT evaluating hysteroscopic 
metroplasty for women with septate uterus and ≥2 prior mis-
carriages. However, case series report improvement in the 
miscarriage rate pre- and post-surgery, 100 versus 13%, 
respectively, and improvement in obstetrical outcomes such 
as ability to carry to term, pre- and post-surgery, of 14 and 
55%, respectively. Combined data for a total of 466 patients 
with hysteroscopic septum division reported an overall term 
and preterm delivery, miscarriage, and live birth rate of 76.2, 
6.8, 16.4, and 83.2%, respectively, approaching rates for 
women without uterine anomalies [26]. In a meta-analysis 
with a mixed population of women with infertility, miscar-
riage, and/or recurrent pregnancy loss, the overall pregnancy 
rate and the live birth rate after septum division were 63.5 
and 50.2%, respectively [24]. Another meta-analysis that 
looked at the effect of uterine septum division on pregnancy 
outcome noted that women who had a septum division had a 
significantly decreased probability of spontaneous abortion 
compared to those that did not, RR 0.37, 95% CI 0.25–0.55 
[17], while other studies do not support an improvement in 
reproductive outcome post-uterine septum division [20, 27].

Several small observational studies suggest that hystero-
scopic septum division is associated with improved clinical 
pregnancy rates in women with infertility including women 
undergoing IVF-ET.  A retrospective matched controlled 
study of three groups of women undergoing embryo transfer 

Fig. 2.7 ASRM definition of Class IV (bicornuate), V (septate), and VI (arcuate) congenital uterine anomalies
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reported significantly lower pregnancy and live birth rates in 
women with an intact uterine septum compared with con-
trols, 12.4 versus 29.2% and 2.7 versus 21.7%, respectively 
[28]. Also, pregnancy rates were higher in the groups that 
had undergone a septum division compared to those that did 
not, OR 2.507, 95% CI 1.539–4.111, and miscarriage rate 
was significantly higher in the septate uterus group than con-
trols, 77.1 versus 16.7%, respectively [28]. After surgery the 
live birth rate was comparable to that of women with a nor-
mal uterus. More controversy exists about whether a com-
plete uterine septum that is noted incidentally even requires 
division unless it is associated with pregnancy loss or poor 
obstetrical outcome [29]. The controversy extends further to 
whether or not the cervical part of the septum should be 
divided due to potential risk of cervical incompetence during 
pregnancy post resection, and the decision is often left to the 
discretion of the operating surgeon.

The surgical management of a uterine septum, termed 
metroplasty, was first performed through an abdominal 
approach (Tompkins metroplasty and Jones metroplasty) and 
has evolved to a minimally invasive approach via the trans-
cervical route with the use of a hysteroscopy. The two main 
hysteroscopic techniques are the use of a resectoscope or 
with an operative hysteroscope [30]. Recently, the use of a 
hysteroscopic morcellator for metroplasty has been sug-
gested; however, the cost-effectiveness and outcomes have 
not been evaluated. There is no one specific technique that is 
best for hysteroscopic septum division. Regardless of the 
instrument used for the septum division, the purpose of the 
surgical management is to restore a normal uterine cavity, by 
dividing the septum starting at the apex inferiorly and pro-
gressing superiorly until both tubal ostia are visualized in the 
same plane, without compromising the integrity of the uter-
ine fundus.

In summary, there is no consensus regarding management 
of a uterine septum. What we conclude here is based on lim-
ited data: A decrease in miscarriage rates with associated 
improvement in live birth rates in women with recurrent 
pregnancy loss may be achieved with hysteroscopic division 
of septum. Women with infertility may benefit from septum 
division as well. Hence, it is reasonable to consider septum 
division in women with infertility, prior pregnancy loss, or 
poor obstetrical outcome after appropriate counseling 
regarding potential risks and benefits of the procedure.

2.3.1.6  Class VI
The arcuate uterus, though still considered normal, is due to 
incomplete resorption of the superior aspect of the septum, 
leaving a focal bulge at the uterine fundus [1, 6] (Fig. 2.8). 
An arcuate uterus is a less severe form of a septate uterus. 
The uterus has a normal fundal contour with minimal inden-
tation of the myometrium at the uterine fundus. The depth of 
the indentation into the endometrial cavity is <1–1.5 cm. The 

arcuate uterus accounts for approximately 15% of the diag-
nosed müllerian disorders. An ultrasound or MRI would be 
notable for a single uterine cavity with a smooth, broad 
indentation of the myometrium (<1 cm) at the level of the 
fundus and normal external fundal uterine contour. Its exact 
incidence is not known, nor is it associated with an adverse 
impact on fertility or clinical outcomes such as pregnancy 
loss, although some controversy exists regarding this as well. 
An arcuate uterus is a normal variant, and women with an 
arcuate uterus do not benefit from surgical correction.

2.3.1.7  Class VII
Hypoplastic, T-shaped, diethylstilbestrol (DES, a non- steroidal 
estrogen)-related uterine anomaly is seen in women whose 
mothers ingested DES during pregnancy. HSG is the imaging 
modality of choice as the classic T-shaped uterus and short-
ened irregular contour of the fallopian tubes are well appreci-
ated. Women who received in utero exposure to DES had a 
higher chance of a Class VII müllerian disorder. Also, DES-
exposed children presented with infertility. There are no medi-
cal or surgical modalities to correct this disorder. Given its use 
predominantly in the 1940s–1970s, this class of müllerian dis-
orders is becoming extinct in women of reproductive age but 
must be kept in mind in women undergoing ART in their late 
fourth or early fifth decade of life with the use of autologous 
preexisting gametes/embryos or donor gametes/embryos.

In summary, each class of müllerian anomaly as defined 
by the AFS classification scheme can be traced back to the 
stage at which the müllerian system arrested. The three major 
categories within this classification system can be grouped 
into underdevelopment disorders, Classes I and II; non- 
fusion disorders, Classes III and IV; and non-degeneration 
anomalies, Classes V and VI. Although the type of müllerian 

Fig. 2.8 Class VI congenital uterine anomaly, arcuate uterus
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disorder often dictates the imaging modality of choice, over-
all, MRI and 3D ultrasound are the clinical modalities of 
choice for the diagnosis of a given class of müllerian disor-
der. At present there is lack of evidence to support an adverse 
impact on fertility for any of the müllerian disorders, Classes 
II–VI with the exception of Class I disorders; hence, the only 
class of müllerian disorder that may benefit from surgical 
intervention in improving clinical outcomes is Class V, a sep-
tate uterus (Table 2.1).

2.4  Diagnosis, Treatment, and Fertility 
Implications of Acquired Uterine 
Lesions

Acquired uterine lesions differ from congenital uterine 
anomalies, in that acquired uterine lesions are not present at 
birth and develop most commonly after the second decade of 
life. The etiology of acquired uterine lesions is diverse in 
origin and in clinical presentation. Some acquired lesions are 
completely asymptomatic, and others may be associated 
with pelvic discomfort, abnormal uterine bleeding, and pos-
sibly infertility and pregnancy loss (Table 2.2).

2.4.1  Uterine Myomas

One of the most common acquired uterine lesions is a uterine 
myoma or leiomyoma, also known as uterine fibroid. A 
myoma is a benign, estrogen-dependent smooth muscle 
lesion that originates from the myometrium of the uterus. 
Myomas can vary in size, locations, and number. 
Approximately 20–40% of reproductive age women have 
uterine myomas [31, 32]. Myomas can arise from any part of 
the uterus, and the most commonly used subclassification 
system is by the International Federation of Gynecology and 
Obstetrics (FIGO) [33]. There are four main myoma groups:

 1. Submucosal (Types 0–2) subdivided based on complete 
intracavitary (O), <50% intramural [1], and ≥50% intra-
mural component.

 2. Intramural (Types 3–4) contacts the endometrium but 
100% intramural [3] and intramural [4].

 3. Subserosal (Types 5–7), ≥50% intramural [5], <50% 
intramural [6] component and pedunculated [7].

 4. Other (Type 8) such as cervical (Fig. 2.9) [33].

The best initial imaging modality for location of the uter-
ine myoma is the transvaginal ultrasound. On ultrasound, 
myoma appears as a focal heterogeneous appearing mass 
and can have both hypo- and hyperechoic areas within. A 
TVUS can identify myomas with uterine cavity disruption; 
however, 3D technology and SIS can determine the location 

of myoma and the degree of uterine cavity distortion with 
100% sensitivity and specificity [34]. An HSG can identify 
myoma early in the filling phase; however, it is not specific, 
and it is difficult to determine exact location and its impact 
on the endometrial cavity. An MRI can also be helpful 
though certainly not necessary, unless further delineation of 
myoma location, number, and extent is needed for pre-sur-
gical mapping [32, 35].

Surgical treatment of myomas is considered for symptom-
atic relief of myoma-related symptoms such as abnormal uter-
ine bleeding and/or pelvic pressure, pain, or discomfort when 
all other options have failed. However, treatment recommen-
dations for the removal of myomas in women with infertility 
and/or recurrent pregnancy loss in the absence of other symp-
toms are less clear given the limited quality of existing data. 
The surgical removal of a myoma (myomectomy) can be 
accomplished hysteroscopically for Class 0–1- type myomas; 
otherwise, a laparoscopic or open approach is best.

The majority of the data to assess the impact of myomec-
tomy on reproductive or fertility outcomes in women with 

Table 2.2 Acquired uterine lesions

Acquired uterine 
lesion Diagnostic imaging

Fertility 
impact

Surgical 
removal

Endometrial polyp HSG±, US, SIS ± +
Uterine synechiae HSG, US, SIS + +
Uterine myoma
Intramural no 
cavitary distortion

US, MRI − −

Intramural with 
cavitary distortion

HSG±, US, SIS, MRI + +

Submucosal HSG, US, SIS, MRI + +
Serosal US, MRI − −

Fig. 2.9 Subclassification of uterine myomas
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infertility or pregnancy loss come from observational studies 
that are inherently associated with selection bias and con-
founding variables that, most importantly, lack appropriate 
control groups [35]. A systematic review based on the only 
RCT found no significant effect of myomectomy on clinical 
pregnancy rate based on the location of the myoma removed 
[35, 36].

Systematic reviews of the current literature conclude that 
there is insufficient evidence that the removal of intramural 
or serosal myomas improves fertility and reproductive out-
comes in infertile women (including women undergoing 
ART) [34, 35, 37]. Further, in the only RCT, no improvement 
in clinical pregnancy rate was seen in women with intramu-
ral or subserosal myomas that underwent myomectomy 
compared to no intervention (56.5 and 63.6%, respectively) 
[38]. Also, observational cohort studies that assess the impact 
of myomectomy for intramural or subserosal myomas on 
ART pregnancy rates report no improvement in clinical preg-
nancy rate compared to the nonsurgical groups regardless of 
route of procedure [39, 40]. However, if a myomectomy is 
performed, it does not appear to impair the clinical or live 
birth rate following ART [41].

In addition, in the only RCT, there was no difference in 
miscarriage rates in women with intramural or submucosal 
myomas randomized to surgery or no surgery [38]. Further, 
a systematic review showed no difference in the miscarriage 
rate after myomectomy versus nonintervention [34, 36]. 
Also, no difference in miscarriage rate was seen after lapa-
roscopy versus open myomectomy. In summary, there is 
insufficient evidence that myomectomy reduces miscarriage 
rates [34–37].

With regard to the benefit of myomectomy for submuco-
sal myomas, the data is more favorable for removal. In a 
single small RCT, an improvement in the clinical pregnancy 
rate in women who had undergone surgery compared to 
those who had not (43.3 and 27.2%, p < 0.05, respectively) 
was demonstrated [38]. Further, a systematic review of 
women who had a hysteroscopic myomectomy of a submu-
cosal myoma had higher rates of clinical pregnancy when 
compared to women with the myoma left in situ, RR 2.03 (CI 
1.08–3.82), p = 0.028 [34]. However, in the same review, an 
improvement in the miscarriage rate could not be demon-
strated [34].

In summary, the effect of myomas on achieving and main-
taining pregnancy is not clear. Based on reasonable evidence, 
it appears likely that hysteroscopic myomectomy improves 
clinical pregnancy rate when cavity-distorting myomas are 
present; it is still unclear in these cases if myomectomy 
improves the likelihood of early pregnancy loss or live birth. 
In the absence of cavity-distorting myomas, myomectomy is 
not recommended in otherwise asymptomatic women with 
infertility. In unique cases it may be reasonable to consider 
myomectomy, if the myoma causes severe distortion of the 

pelvic anatomy compromising safe ovarian access during 
oocyte retrieval [35].

2.4.2  Endometrial Polyp

An endometrial polyp is a common, usually benign, acquired 
uterine lesion of unknown etiology. It is characterized by a 
focal, intrauterine, endometrial overgrowth of endometrial 
glands and stroma around a vascular pedicle originating 
from a spiral artery (Fig.  2.10). There are three types of 
endometrial polyps, hypertrophic polyps that are similar to 
endometrial hyperplasia and at risk for endometrial cancer, 
atrophic polyps noted in post-menopausal patients, and func-
tional polyps that are associated with the menstrual cycle 
[32]. The true incidence of endometrial polyps is unknown 
as they typically are asymptomatic and are often identified 
incidentally during imaging. If symptomatic, the most com-
mon presentation is abnormal uterine bleeding. It remains 
controversial where or not endometrial polyps are associated 
with subfertility.

The imaging modality of choice for an endometrial polyp 
is a transvaginal ultrasound. The endometrial polyp usually 
appears as a focal, hyperechoic lesion with regular contours 
within the uterine cavity. The use of a 3D ultrasound or color 
flow Doppler can further increase the ability of TVUS to 
diagnose a polyp. With color flow Doppler, a single feeding 
vessel seen within the endometrial layers is quite typical for 
the presence of an endometrial polyp. Depending on polyp 
size and location, the saline infusion sonogram with or with-
out 3D imaging will have a better detection rate than TVUS 
alone and further improves the diagnostic accuracy for pol-

Fig. 2.10 Uterine polyps

A. Gentry and K. Pagidas



17

yps [42]. On SIS imaging, a polyp appears as a smooth, 
echogenic, intracavitary lesion with a stalk or broad base sur-
rounded by fluid. HSG is not the best modality to distinguish 
between a polyp and myoma, and an MRI is reserved for 
cases where there is concern about the type of mass seen 
within the uterus.

Hysteroscopic polypectomy is the gold standard for treat-
ment, and it can be performed as an office procedure, or in 
the operating room, and is associated with a minimal recov-
ery time. However, conservative management is acceptable, 
especially for small, asymptomatic polyps as they may 
regress spontaneously.

Endometrial polyps are often seen in women with subfer-
tility and pregnancy loss, but it is uncertain if they have a 
causal role in their etiology as the pathophysiology is not 
clearly understood. There are few observational studies and 
only one RCT assessing the effects of polypectomy on infer-
tility. In the RCT, the cumulative pregnancy rate in the group 
that underwent hysteroscopic polypectomy prior to IUI 
cycles was 63.4% compared to 28.2% in the control group 
(P < 0.001), but live birth rates were not reported [43]. Of 
note, 65% of the pregnancies in the polypectomy group 
occurred before the first IUI.  In addition, two controlled 
studies found no effect of small endometrial polyps on IVF 
outcomes. If a hysteroscopic polypectomy is performed just 
prior to an IVF-ET cycle, patients can undergo ovarian stim-
ulation with their next menses without affecting IVF-ET out-
comes [44].

Due to possible adverse effect of endometrial polyps on 
fertility, their removal prior to any fertility treatment to 
include IVF-ET cycle is widely practiced despite the lack of 
further clinical evidence and benefit in improving reproduc-
tive outcome and live birth rate [45, 46]. Additional well- 
designed RCT are lacking, and no good-quality data exists 
supporting the routine removal of endometrial polyps identi-
fied in women undergoing ART such as IVF at the present 
time. On the other hand, the procedure is minimally invasive 
with low risks with additional benefit of providing an oppor-
tunity for histological diagnosis.

2.4.3  Uterine Synechiae

Uterine synechiae, also known as intrauterine adhesions 
(IUA), are permanent adhesions of the endometrial cavity 
(Fig. 2.11). It is postulated that any cause that is destructive 
to the endometrium including local uterine infection can lead 
to uterine synechiae. Common causes include uterine infec-
tions, missed abortion, prior pregnancy, and curettage. 
Asherman was the first to describe the frequency of uterine 
synechiae and the etiological symptoms associated with the 
condition, and this condition is therefore referred to as 
Asherman syndrome. The exact incidence of IUA is not 

known, but the estimated prevalence is 1.5%. The most com-
mon presentation is menstrual disturbance, and severe cases 
present with amenorrhea. IUA may be associated with infer-
tility and recurrent pregnancy loss. If conception occurs, it is 
often complicated by abnormal placentation.

Multiple classification systems have been described for 
IUA based on location of pathology, extent of uterine adhe-
sions, and even menstrual pattern (AFS classification) [2]. 
The presence of viable endometrium available for regenera-
tion after adhesiolysis may be indicated by menstruation and 
could be of prognostic significance. According in to AFS 
classification scheme, synechiae are classified into three 
stages, Stages I–III. Stage III indicates complete obliteration 
of the uterine cavity (Table 2.3).

The imaging modality of choice for the diagnosis of syn-
echiae is an HSG. The classic finding on HSG is irregular, 
well-defined, angular, and/or linear filing defects within the 

Fig. 2.11 Uterine synechiae or intrauterine adhesions

Table 2.3 AFS classification system for uterine synechiae

Extent of cavity 
involved
Score

<1/3
1

1/3–2/3
2

>2/3
4

Type of adhesions
Score

Filmy
1

Filmy and 
dense
2

Dense
4

Menstrual pattern
Score

Normal
0

Hypomenorrhea
2

Amenorrhea
4

Prognostic 
classification

HSG scorea Hysteroscopy 
score

Stage I (Mild)
Stage II 
(Moderate)
Stage III (Severe)

1–4
5–8
9–12

_________
_________
_________

_________
_________
_________

aAll adhesions should be considered dense
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cavity. If the synechiae are extensive, they can lead to partial 
or complete obliteration of the endometrial cavity. However, 
saline infusion sonography is equally effective in making the 
diagnosis of intrauterine adhesions as is an HSG and is 
beginning to replace HSG as the imaging modality of choice 
[47]. However, a transvaginal ultrasound alone is not ade-
quate to make the diagnosis. Mild adhesions are often 
asymptomatic and only noted at the time of imaging, yet 
moderate to severe adhesions may be associated with 
 menstrual abnormalities (hypo- or amenorrhea), recurrent 
pregnancy loss, or infertility.

Early detection for IUA is a key preventive feature as 
early adhesions that are filmy, thin, and avascular are easily 
managed with adhesiolysis. Surgical management of uterine 
synechiae by hysteroscopic removal of adhesions and scars 
in an attempt to restore a normal uterine cavity is recom-
mended. Studies have shown that pregnancy rate after surgi-
cal management is based on the extent of adhesions 
preoperatively [48]. Furthermore, it sometimes requires two 
or more operations to restore normal uterine cavity and 
achieve normal menstruation and improved pregnancy rates 
[49]. Despite such interventions, reformation rate of IUA in 
moderate to severe cases remains high.

A number of studies have been published reporting out-
comes of hysteroscopic adhesiolysis of IUA, but no RCT 
exist. Overall, there appears to be an improvement in the 
reproductive outcomes especially in women with recurrent 
pregnancy loss with increase in delivery rate compared to 
women with infertility. Further, the delivery rate is highest in 
women with Stage I and Stage II IUA compared to III. Stage 
III IUA has a grave prognosis, and the use of a gestational 
carrier should be considered an option. In a large series of 
332 women desiring fertility, the reproductive outcomes 
were followed for an average duration of 27 months, and the 
overall conception rate after hysteroscopic adhesiolysis was 
48.2%. The conception rate decreases with increasing IUA 
severity (mild, 60.7%; moderate, 53.4%; severe, 25%) [50]. 
In a smaller series of women with IUA and infertility, the 
overall conception rate after hysteroscopic adhesiolysis was 
40.4%, with the highest rate seen in mild cases, compared to 
moderate and severe, 58, 30, and 33%, respectively [51]. No 
pregnancies occurred in women who needed repeat 
adhesiolysis.

The key to managing IUA is early detection and surgical 
treatment. Moderate to severe adhesions in addition to any 
adhesion blocking tubal ostia should be promptly managed 
with hysteroscopic lysis. When mild adhesions are encoun-
tered, surgical treatment should be reserved for cases where 
no other cause for infertility or recurrent pregnancy loss can 
be found. The minimum endometrium needed to attain and 
sustain a normal pregnancy remains unknown.

2.4.4  Adenomyosis

One final acquired lesion that is worth mentioning is adeno-
myosis. Adenomyosis is typically noted in women in their 
third and fourth decades of life. It is a benign process charac-
terized by endometrial glands and stroma invading the myo-
metrium, and it can be diffuse or focal (adenomyoma).

The initial imaging modality of choice is the transvagi-
nal ultrasound [52]. Ultrasound images demonstrate the 
loss of the endometrial-myometrial junctional zone and an 
enlarged, globular uterus [52]. MRI is also equally effective 
in the diagnosis demonstrating diffusely enlarged junc-
tional zone with poorly defined margins and small, bright 
T2-weighted signal intensity projecting into the myome-
trium consistent with endometrial glands. Further, the MRI 
has added value in distinguishing between a myoma and an 
adenomyoma [52].

Typically, patients experience abnormal uterine bleeding 
and dysmenorrhea, and there may be a role for hormonal 
therapy to alleviate such symptoms prior to adenomyomec-
tomy or hysterectomy. There is a lack of good-quality evi-
dence to suggest that adenomyosis is associated with 
infertility, and although some advocate surgery to remove 
the adenomyosis, surgical management is not widely recom-
mended for treatment of infertility.

In summary, overall, the imaging modality of choice for 
acquired uterine lesions is transvaginal sonography, prefera-
bly with 3D imaging and/or SIS, and reserving MRI only if 
further characterization and/or presurgical mapping is 
needed. The type of acquired uterine lesion dictates the 
potential adverse impact on fertility. At present surgical 
intervention may be of benefit for cavitary-distorting myo-
mas, uterine synechiae, and possibly endometrial polyps in 
improving clinical pregnancy rate, but improvement in live 
birth rate remains to be elucidated.
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Assessment of Ovarian Reserve and Its 
Implications on Fertility

Caitlin Dunne and Jon Havelock

The goal of the patient who is experiencing infertility is to 
achieve a healthy live birth at term. Prior to embarking on 
treatment directed towards that outcome, it is invaluable to 
be able to provide the patient(s) with prognostic information 
on their proposed treatments. Towards that aim, ovarian 
reserve tests (ORT) have been developed, with the goal of 
being able to predict the probability of fertility treatment 
success. However, in spite of the limited value of many of 
these tests in predicting the gold standard of fertility treat-
ment success (live birth), they are routinely performed with-
out a clear understanding by the physician or patient as to the 
clinical utility of the result. Furthermore, some of these ovar-
ian reserve tests have now been advocated for mass screen-
ing as a predictor of fertility potential in women not currently 
trying to conceive. Such widespread testing of fertility 
potential by ORT without meeting the requisite principles of 
a valid screening test can lead to unnecessary interventions 
for individuals who may be advised to consider fertility 
treatments when scant evidence demonstrates they are 
needed [1].

3.1  Ovarian Reserve Testing: What Are 
We Measuring and Why Are 
We Measuring It?

While the literature has described a multitude of ORTs, there 
are a select number that are most commonly utilized. 
Currently, the most common ORTs consist of female age, 
day 3/basal FSH, antral follicle count (AFC), and anti- 

Müllerian hormone (AMH). To further understand their util-
ity in the context of fertility, it is important to understand 
their predictive value for spontaneous conception in the fer-
tile population, predictive value of live birth in the context of 
fertility treatment, and the value of ORT in predicting ovar-
ian response in IVF. When ordering and interpreting an ORT, 
it is important that the test is interpreted in the context of one 
of these specific scenarios.

3.2  Age as an Ovarian Reserve Test

In the literal and figurative sense, female age is the oldest and 
most widely accepted ORT.  Spontaneous and treatment- 
related reproductive senescence has no greater influence than 
chronologic age (Fig. 3.1). At age 20, the inability for a live 
birth is approximately 2.4%, with significant reduction in 
fertility in the fourth and fifth decades, with 35% of women 
unable to achieve a live birth at age 40, 50% of women 
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unable to achieve a live birth at age 41, and 90% at age 45 
[2]. Nothing has greater impact in reducing the risk of 
unwanted childlessness or the inability to achieve the desired 
number of children than attempting conception at a younger 
female age. However, the effect of primary interventions to 
achieve the aim of decreasing the age at attempted concep-
tion (i.e., through the implementation of fertility assessment 
clinics) remains unknown [3].

Advancing female reproductive age is immutable and is 
associated with increasing disease prevalence. As a result, a 
larger cohort of older patients will subsequently experience 
infertility and pursue assisted reproductive technologies 
(ART) or medically assisted reproduction (MAR) in an effort 
to compensate for the loss in natural fertility. The probability 
of achieving the desired family size can be improved through 
the use of MAR.  If a female patient is willing to accept a 
90% probability of having either a one-, two-, or three-child 
family, she can delay childbearing by 3–5  years, if she is 
willing to undergo IVF treatment to achieve the desired fam-
ily size (Table  3.1) [4]. However, this prediction model 
assumes that the patient is willing to undergo up to three full 
IVF cycles. However, on a per IVF cycle using non-donor 
eggs, the chance of a live birth per fresh IVF cycle which 
started in the USA in 2014 was 37% for female age under 
35 years, 30% for age 35–37, 19% for age 38–40, 10% for 
age 41–42, 4% for age 43–44, and 1% for age 45 and greater 
[5]. While the reduction in pregnancy rates is partially 
explained due to an increase in cycle cancellations and 
embryo transfer cancellations due to an increasing preva-
lence of poor ovarian response with advancing female age, 
the predominant factor for failure to achieve live birth is due 
to failed ongoing embryo implantation. Comprehensive 

chromosomal screening data has demonstrated that while the 
blastocyst development yield is attenuated with age, the 
greatest factor is the high prevalence of embryonic aneu-
ploidy with advancing female age (Fig. 3.2) [6].

While live birth remains the most important IVF outcome, 
poor ovarian response (POR) is an important surrogate out-
come, as POR is related to low probability of live birth with 
IVF. Using conventional ovarian stimulation protocols, cycle 
cancellation, or retrieval of three or fewer oocytes occurs in 
approximately 15% of females under age 30 undergoing IVF 
and increases to 50% after age 40 [7]. Such prognostic infor-
mation, in the absence of the addition of other ORTs, pro-
vides an initial crude estimate of the probability of cycle 
cancellation or suboptimal oocyte yield, leading to decreased 
likelihood of IVF treatment success.

Table 3.1 Maximum female age (years) at which couples should start 
building a one-, two-, or three-child family, for a 50, 75, and 90% 
chance of realizing the desired family size, with and without IVF

Chance of 
realization

One-child 
family

Two-child 
family

Three-child 
family

Without IVF
50% 41 38 35
75% 37 34 31
90% 32 27 23
With IVF
50% 42 39 36
75% 39 35 33
90% 35 31 28

From Habbema JDF, Eijkemans MJC, Leridon H, Velde te ER. Realizing 
a desired family size: when should couples start? Human Reproduction. 
2015 Sep;30(9):2215–21, with permission
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3.3  Follicle-Stimulating Hormone

Follicle-stimulating hormone (FSH) is the dimeric glycopro-
tein produced by the anterior pituitary, responsible for tes-
ticular spermatogenesis and ovarian folliculogenesis, acting 
on its cognate receptor on the Sertoli cell and granulosa cell, 
respectively. Documentation of early follicular phase (basal/
cycle day 2–4) FSH elevations with reproductive aging was 
first established more than 40 years ago [8]. Through obser-
vation of the endocrine characteristics in IVF cycles of poor 
responders, it was determined that early follicular FSH levels 
were frequently elevated [9]. FSH has been the most ubiqui-
tous and accepted initial endocrine ovarian reserve test. 
However, it is an ORT with significant limitation, and in 
most circumstances should be used as a prognostic aid, rather 
than an exclusionary test.

The regulation of FSH production and secretion is under 
the control of gonadal sex steroids, as well as inhibin B 
(another ORT of limited value and now infrequently used). 
Loss of gonadal function at menopause results in significant 
elevations of FSH through the interruption of the classic 
endocrine negative feedback loop of the hypothalamic- 
pituitary- ovarian axis. This FSH elevation at menopause is 
the sine qua non laboratory result, such that measurement of 
FSH at menopause has no clinical value in making the diag-
nosis. It has been the goal of many clinician scientists to 
determine the threshold value of FSH to predict either suc-
cessful or unsuccessful outcomes of fertility treatments and, 
to a limited extent, predict spontaneous conception.

There has been limited research on the value of basal FSH 
testing in the prediction of spontaneous conception, as ear-
lier fertility research and testing have largely been targeted 
towards treatment rather than prevention of disease. The 
largest study to date on basal FSH levels in spontaneous 
pregnancy examined 3519 subfertile women and found that 
FSH levels of 8 IU/L were associated with reduction in the 
probability of spontaneous pregnancy within the subsequent 
12 months of attempted conception (Hazard Ratio 0.93 IU/L) 
[10]. However, this study was conducted in an unexplained, 
subfertile population, where the ongoing pregnancy rate over 
the subsequent 12 months was only 16%, indicating that past 
subfertility was the greatest predictor of future subfertility.

There is high-quality evidence from two large random-
ized controlled trials to suggest that moderate elevations in 
basal FSH levels (10–15  IU/L) in conjunction with mildly 
elevated day 3 estradiol levels (40–100  pg/ml) in women 
aged 21–42 undergoing controlled ovarian stimulation and 
intrauterine insemination (COH/IUI) are associated with 
futile outcomes [11]. This subset of 19 patients (58 COH/IUI 
cycles) in a study of 603 patients had a 0% live birth rate, 
with a 33% live birth rate when undergoing IVF.  Women 
with FSH levels of 10–15  IU/L and day 3 estradiol levels 
under 40 pg/ml had similar live birth rates when undergoing 

COH/IUI, when compared to women with FSH levels 
<10  IU/L. The value of the day 3 estradiol in conjunction 
with the FSH result serves to confirm the proper timing of 
the FSH level in the early follicular phase, as well as to effec-
tively rule out artificially low basal FSH due to a functional 
ovarian cyst. However, this study suggests that even moder-
ately elevated follicular phase estradiol levels, in conjunction 
with a moderately elevated FSH, may be further suppressing 
an otherwise higher FSH level through negative inhibition 
and that the combination of these two ORT findings should 
provide consideration to counsel the patient/couple into 
more intensive but successful treatment (IVF). A recent anal-
ysis of 2019 IUI cycles with the husband’s sperm revealed 
that FSH levels ≤7 IU/L were associated with an odds ratio 
of 1.4 for pregnancy [12].

The use of basal FSH testing seems to have its greatest 
utility in conjunction with prediction of IVF outcomes. 
Unfortunately, it is a very insensitive test (normal results are 
poor in determining whether IVF will be successful) but 
does have good positive predictive value (PPV—elevated 
FSH levels are good in determining that IVF will be unsuc-
cessful). A 2004 meta-analysis, using basal FSH cut-offs 
ranging from 11 to 25 IU/L for patients undergoing fertility 
treatments (predominantly IVF), found a test sensitivity of 
6.6%, with a PPV of 92% when disease prevalence was 40% 
[13]. There is demonstrable inter-cycle variability with basal 
FSH testing, leading to the rationale to attempting IVF and 
ovarian stimulation during a cycle with a lower basal 
FSH.  The largest study to date looking at repetitive basal 
FSH levels in women undergoing multiple IVF cycles found 
that overall maximum FSH levels predicted IVF cycle can-
cellation rates better than current cycle FSH level [14]. When 
comparing cycles where the prior maximum FSH level was 
>13 IU/L, subsequent IVF cycles with a current normalized 
FSH level resulted in an increase of 0.5 metaphase II oocytes 
when compared to IVF cycles where the FSH level was per-
sistently elevated, without a corresponding increase in preg-
nancy rates. It appears then that using an improved, current 
basal FSH level as an indicator for treatment initiation has 
very little supportive evidence. Rather, it appears ovarian 
reserve screening by repetitive basal FSH measurements to 
determine maximal basal FSH levels is a way to modestly 
improve the sensitivity of basal FSH testing. However, such 
a screening strategy may result in treatment delay and at FSH 
threshold levels of above 13 IU/L will result in the loss of the 
ability for adequate treatment intervention in a latent stage of 
the disease.

The best use for basal FSH seems to be to use threshold 
levels for predicting IVF success (live birth rates). Basal 
FSH level of <7  IU/L seems to correlate with highest live 
birth rates when stratified by age, and basal FSH levels of 
>18  IU/L correlate with live birth rates of <2% (Fig.  3.3) 
[15]. FSH levels are not reassuring at any age, and any 
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 elevation above 7  IU/L should cause concern. Moreover, 
progressive rise in the FSH levels above 7 IU/L should cause 
increasing concern.

3.4  Antral Follicle Count (AFC)

The decline in natural fertility parallels the primordial folli-
cle depletion with ovarian aging. The transition of select pri-
mordial follicles into the growing follicular pool allows for 
direct visualization by endovaginal ultrasound when these 
growing follicles develop a fluid-filled antrum reaching a 
diameter of 2 mm. Although direct measurement of the pri-
mordial follicle pool is not possible, histologic studies from 
ovaries removed at surgery have shown a good correlation 
between the primordial follicle number and the ovarian 
antral follicle count measured on endovaginal ultrasound 
[16]. It is this correlation that serves as the rationale for 
antral follicle count (AFC) measurements as an ORT.

Certain limitations exist in the use of AFC measure-
ments as an ORT. The test requires adequate visualization 
of both ovaries by ≥7  MHz frequency, 2D-endovaginal 
ultrasound, in order to determine the total AFC. The AFC 
result could be imprecise in the presence of ovarian pathol-
ogy (i.e., ovarian endometrioma or other ovarian mass). 
The AFC should optimally be performed in the early fol-
licular phase (preferably not during oral contraceptive use 

(OCP), as there may be a modest reduction in AFC in OCP 
users) [17]. All follicles between 2 and 10 mm should be 
counted in each ovary, and a total AFC should be deter-
mined by combining each individual ovarian AFC [18]. 
Even with the attempt to standardize the AFC measurement 
process, the test has significant intra- and inter-observer 
variability, with limits of agreement of AFC between +8 
and −7 follicles when two measurements are performed by 
the same operator and similar results when performed by 
two different operators [19]. Additionally, improvements in 
ultrasound resolution have resulted in raising the AFC cut-
offs predicting poor ovarian response. Such variance can 
hamper the performance characteristics of AFC as an 
ORT. In spite of these limitations, when measuring the AFC 
across consecutive menstrual cycles, there seems to be min-
imal inter-cycle variability, with inter-class coefficient of 
0.71 [20]. The AFC still remains an attractive ORT as it is a 
simple, point of care test that additionally yields useful 
anatomic information in the female fertility work-up.

There is a demonstrable decline in the ovarian AFC with 
age in women with proven natural fertility, with a decline of 
AFC of 4.8% per year before age 37, and an 11.7% annual 
decline thereafter [21]. Additionally, this decline has shown 
to occur at a similar rate in the infertile population as well. 
However, there does not seem to be measurable differences 
in AFC measurements in fertile and infertile women under 
age 40, suggesting that a single AFC measurement in the fer-
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tile population should not be used in an attempt to predict 
future infertility [22]. Additionally, the observation of infer-
tile women with poor ovarian response may simply represent 
the expected, age-related decline that would be seen in 
equivalent proportion if fertile women underwent controlled 
ovarian stimulation. AFC, when controlling for age, does not 
predict oocyte quality, with similar clinical pregnancy rates 
and miscarriage rates in women undergoing therapeutic 
donor insemination [23]. Together, these findings would sug-
gest that a low AFC discovered incidentally, or in the course 
of fertility investigations, should not be a reason for expe-
dited IVF treatment.

The value of AFC as an ORT is in its predictive value for 
ovarian response. In an individual patient data (IPD) meta- 
analysis of 5705 women undergoing IVF, while age was the 
best predictor of poor ovarian response (area under receiver- 
operating characteristic curve (AUC) 0.61), AFC improved 
the prediction model (AUC 0.76). The addition of AMH to 
AFC and age did not improve prediction of poor response, 
and AMH and age had an equivalent AUC to AFC and age 
[24]. The best AFC threshold for predicting poor ovarian 
response is not accurately defined, with AFC cut-offs rang-
ing between <3 and <12 [25]. In addition to predicting poor 
ovarian response, numerous retrospective and prospective 
observational studies have shown that high AFC is predictive 
of ovarian hyper-response (>15–20 oocytes). The most com-
monly used AFC threshold for predicting ovarian hyper- 
response is 14 [25], with a positive predictive value (PPV) of 
58% for retrieval of more than 20 oocytes [26]. Increasing 
the AFC cut-off to 18 will improve the PPV to 71%. AFC 
does not appear to have any incremental value in predicting 
IVF outcome, with age being the best predictor [24].

3.5  Anti-Müllerian Hormone

3.5.1  The History of AMH

Long before it was touted as the possible “holy grail” of 
ovarian reserve testing, anti-Müllerian hormone (AMH) was 
described by Professor Albert Jost for its role in sexual dif-
ferentiation [27, 28]. His series of experiments in the 1940s 
demonstrated that Sertoli cell-derived AMH (also called 
Müllerian-inhibiting substance (MIS)) was required in com-
bination with testicular testosterone to virilize the Wolffian 
ducts, urogenital sinus, and external genitalia while simulta-
neously inducing regression of the Müllerian ducts to form a 
male fetus [27]. Several decades later, AMH production by 
adult ovarian granulosa cells in hens suggested that the hor-
mone was important for normal reproductive physiology 
even after the Müllerian ducts were gone [29].

AMH is a dimeric glycoprotein with a molecular weight 
of 140 kD, encoded by a gene on the short arm of chromo-
some 19 [30]. It is a member of the transforming growth 
factor-beta (TGF-β) superfamily [31]. The expression of 
AMH is markedly different in males and females, both in 
concentration and temporality. In males, Sertoli cells main-
tain a high concentration of AMH in utero which peaks 
shortly after birth and then drops precipitously at puberty 
[32]. In females, granulosa cells produce very low levels of 
AMH in utero followed by a transient spike in the neonatal 
period. Concentrations of the hormone then rise steadily 
through adolescence to a peak in the mid-twenties and sub-
sequently decline until becoming undetectable in menopause 
[33]. Nomograms of serum AMH concentration have been 
validated throughout the life span (Fig. 3.4) [33, 34].
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Early clinical applications of AMH included the diagnos-
tic workup of intersex disorders, differentiating between 
cryptorchidism and anorchia and clinical monitoring of sex 
cord-stromal tumors [32, 35]. In recent years AMH has been 
increasingly utilized to assess a woman’s ovarian reserve. It 
can be used to assess the effect of chemotherapy, pelvic irra-
diation, and ovarian surgery, all of which are known to be 
detrimental to ovarian reserve. More commonly, AMH is 
used to plan controlled ovarian stimulation in an in vitro fer-
tilization (IVF) cycle.

3.5.2  AMH as an Ovarian Reserve Test

A woman’s true “ovarian reserve” comprises her pool of 
oogonia formed during fetal life and then arrested in primor-
dial follicles. Anti-Müllerian hormone has been described as 
the “follicular gatekeeper” that limits the size of the cohort 
available to respond to pituitary gonadotropins each month 
[36, 37]. AMH is only produced by pre-antral and small 
antral follicles which have ascended from the much larger 
primordial follicle pool and is therefore perhaps more appro-
priately termed a “functional” ovarian reserve test (Fig. 3.5) 
[38]. However, because both true and functional ovarian 
reserves decline in parallel as a woman ages, AMH repre-
sents an accurate, indirect hormonal assessment of a wom-
an’s remaining egg number [39].

The dominant follicle and corpus luteum do not secrete 
AMH and accordingly, AMH levels have been demon-
strated to remain relatively stable throughout the menstrual 
cycle [36, 40]. A small amount of intra-individual variabil-
ity exists across menstrual cycles, although it is likely not 
substantial enough to warrant repeated measurement [41]. 
Younger women appear to have more pronounced varia-
tion in AMH between cycles and this fluctuation decreases 
with age [42].

Patient characteristics and lifestyle factors that can influ-
ence AMH have been identified. In a linear regression analy-
sis of 887 women seeking fertility assessment, AMH was 
found to be 19% lower (95% CI 9.1–29.3%) in users of the 
oral contraceptive pill compared with non-users, irrespective 
of age, BMI, smoking status, and maternal age at menopause 
[17]. AMH levels also decline during pregnancy and the 
peripartum period [43]. Ethnicity may influence AMH, with 
one study finding lower levels in African-American (25%) 
and Hispanic (24%) women compared to women of 
Caucasian descent [44]. Obesity and increasing body mass 
index (BMI) have been associated with lower AMH in some 
studies, while others have not demonstrated a difference [36, 
45]. Smoking has been associated with an earlier age of 
menopause [46] but not consistently with lower AMH values 
[47]. Although ovarian reserve is of obvious importance to 
reproductive potential, a history of infertility per se does not 
appear to influence AMH.  A prospective study of women 
under 40  years old compared AMH levels in 382 women 
with infertility to 350 controls and reported a similar preva-
lence of very low AMH levels (<0.7 ng/ml) in both groups 
[22]. Vitamin D deficiency, physical exercise, alcohol use, 
age at menarche, and socioeconomic status all do not appear 
to have an effect on AMH [48, 49].

3.5.3  AMH as a Clinical Tool

AMH has been investigated as a tool to help predict age of 
natural menopause with only modest success. This is argu-
ably because of the complex interaction of genetic, familial, 
and lifestyle factors that contribute to age of menopause 
[36]. A recently published long-term observational study fol-
lowed women recruited in three different settings between 
1983 and 2001. They included interval measurements of 
AMH along with a questionnaire that assessed menstrual sta-
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tus. Regression analysis demonstrated that AMH alone was 
an independent predictor of time to menopause (Hazard 
Ratio 0.70, 95% CI 0.56–0.86, p < 0.001); however, its pre-
dictive effect declined substantially as subjects aged through 
their late 40s and early 50s [50]. These results are consistent 
with previous reports that showed menopause is predictable 
using AMH, only with wide confidence intervals and marked 
variation between women [36, 51]. AMH appears to add 
accuracy to menopause forecasting models beyond mother’s 
age at menopause alone, but further refinements are required 
to make it clinically useful [52]. Variations in the AMH and 
AMH receptor II (AMHR2) genes are believed to influence 
the onset of natural menopause via the signaling pathway 
controlling follicular recruitment [53]. Paradoxically, a study 
on AMH and AMHR2 polymorphisms failed to find a link 
between premature ovarian failure and the AMH signal 
transduction pathway [54]. AMH and AMHR2 polymor-
phisms are also not associated with ovarian response or out-
comes in controlled ovarian stimulation cycles [55].

Natural fecundability is not reduced in young women 
with low AMH (<1.96 ng/ml) compared to those with normal 
AMH levels [56]. High AMH (5.6–25.6  ng/ml) has been 
associated with a reduced probability of conceiving, even 
when controlling for irregular cycles [56]. In women with a 
history of recurrent miscarriage, neither low AMH (<1 ng/
ml) nor high AMH (>3.5 ng/ml) levels were associated with 
fecundability in unassisted conceptions [57]. Clinical and 
biochemical pregnancy loss have also been investigated and 
found to have no relationship to AMH [58].

3.5.4  AMH in Assisted Reproductive 
Technology

In 2002 Seifer et  al. published a report demonstrating an 
association between serum AMH levels and the number of 
retrieved oocytes [59]. Since that publication, the clinical 
uses for AMH in assisted reproductive technology have been 
intensely studied and refined.

AMH can reliably be used to predict hyper-response to 
gonadotropins in a controlled ovarian stimulation cycle. 
Women known to have a high AMH prior to ovarian stimu-
lation can be expected to produce a similarly high number 
of oocytes [60, 61]. One publication seeking a consensus 
among reproductive medicine physicians concluded that 
hyper-response is a risk when AMH is above 3  ng/ml or 
antral follicle count (AFC) is higher than 14 [62]. In a ret-
rospective study of patients who experienced ovarian 
hyperstimulation syndrome compared to matched controls, 
AMH was noted to be significantly higher in the over-
responders compared to the normo-responders 
(AMH = 3.62 ng/ml vs. 0.63 ng/ml, p = 0.0036) [63]. AMH 
can be helpful to individualize treatment protocols for con-

trolled ovarian stimulation. A prospective cohort study of 
538 subjects found that AMH could be used as a tool to 
assign patients at high risk of over-response (AMH > 2.1 ng/
ml) to an antagonist protocol, whereas those with a normal 
AMH (0.7–2.1 ng/ml) could be treated with a long-agonist 
protocol. The authors concluded that this approach helped 
to minimize clinical risk and treatment burden while main-
taining pregnancy rates [60].

Women with a very low AMH can be predicted to produce 
a low number of oocytes with controlled ovarian stimulation. 
This information can be useful to guide IVF protocol selec-
tion and gonadotropin dosing as well as provide an objective 
measure from which to set expectations. For example, AMH 
levels below 0.7 ng/ml have a 63% probability of an antral 
follicle count less than eight [64]. The Bologna criteria 
requires two of three of the following features to define poor 
ovarian response (POR): advanced maternal age (≥40 years) 
or any other risk factor for POR; and a previous POR (≤3 
oocytes with a conventional stimulation protocol); an abnor-
mal ovarian reserve test (i.e., AFC  <  5–7 or AMH  <  0.5–
1.1 ng/ml) [7]. A woman over 40 years old with a low AMH 
could therefore be counseled to expect a low egg number, 
even with no prior history of stimulation. A finding of low 
AMH (<0.5–1.1 ng/ml) is considered to perform better than 
AFC (<5–7) and basal follicle-stimulating hormone 
(FSH > 10–15 IU/L) for the prediction of poor response to 
controlled ovarian stimulation (≤3 oocytes) [7]. Some fertil-
ity clinics may use low or undetectable AMH levels as a rea-
son not to offer autologous-oocyte IVF. However, because 
IVF is not universally futile in these cases, it has been argued 
that preemptive denial of treatment is unjustified [36].

AMH has advantages over day 3 FSH measurement. FSH 
is highly cycle day-dependent and must be interpreted in the 
context of estradiol. It is also prone to inter-cycle fluctua-
tions and is not considered valid in some clinical situations, 
such as women currently taking hormonal contraceptives 
[65]. As a woman approaches perimenopause and her smaller 
follicular pool secretes decreasing amounts of inhibin B, the 
anterior pituitary is permitted to release increasing amounts 
of FSH. This makes FSH a relatively late marker for ovarian 
depletion. Even the original publication in 2002 that intro-
duced the association between AMH and mature oocyte 
yield for IVF showed that high day 3 FSH had a substantially 
weaker correlation (r  = −0.26, p  <  0.005) than low AMH 
(r = 0.48, p < 0.0005).

Several studies have compared antral follicle count (AFC) 
to AMH for ovarian reserve testing and predictive value. The 
visible (2–9 mm) ovarian follicles on ultrasound that com-
prise AFC are derived from the pre-antral and small antral 
pool (1–2 mm follicles) producing the majority of AMH. It 
logically follows that the correlation between these two bio-
markers should be strong. Two reasons have been proposed 
for why studies favoring one or the other exist in the litera-
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ture. First, AFC cannot take into account the health of folli-
cles, and therefore, atretic follicles can contribute to AFC 
when they would unlikely be producing a normal quantity of 
AMH [36]. Second, AFC is ultrasound operator-dependent, 
and it incorporates a wide range of follicle sizes (2–9 mm) 
compared to AMH [36]. A recent publication compared AMH 
to AFC separately and in combination with clinical character-
istics, to create a model to predict live birth at IVF.  They 
reported that its predictive power was highest when incorpo-
rating clinical characteristics and AMH. Receiver operating 
characteristic (ROC) analysis showed an area under the curve 
of 0.716 for AMH while adding AFC provided no additional 
value [66]. A 2015 review paper, which was published as a 
follow-up to the live debate held at the 2013 American 
Reproductive Society Annual Meeting, summarized the pre-
dictive abilities of AMH and AFC for use in assisted repro-

duction [49]. AFC has predictive value for number of retrieved 
oocytes, response to gonadotropins, poor response, and cycle 
cancellation [49]. AMH has similar predictive abilities for 
oocyte yield and poor response with the potential added out-
comes of embryo quality, clinical pregnancy, and live birth 
[49, 61] (Fig. 3.6). Those authors concluded that both tests 
had merit, but that the “objectivity, convenience of untimed 
sampling, and potential standardization of AMH level make 
this a preferred method for the evaluation of ovarian reserve 
in most women” [49].

AMH has recently been validated as a biomarker to opti-
mize and individualize ovarian responsiveness in women 
undergoing IVF.  In a randomized controlled trial (RCT) 
comparing follitropin delta (with fixed daily dosing based on 
body weight and serum AMH levels determined using 
Elecsys AMH immunoassay (Roche Diagnostics 
International)) to follitropin alpha at 150 IU/day (with subse-
quent, clinician-determined dose adjustments based on ovar-
ian responsiveness) revealed similar ongoing pregnancy 
rates (30.7 vs. 31.6%) [67]. However, the AMH determined 
follitropin-delta dose resulted in fewer poor responses (fewer 
than 4 oocytes in women with AMH  <  15 pM) (11.8 vs. 
17.9%), and fewer excessive responses (≥20 oocytes in 
women with AMH ≥ 15 pM) (10.1 vs. 15.6%), and fewer 
measures taken to prevent ovarian hyperstimulation. It 
appears that using AMH-dependent, standardized, and fixed 
gonadotropin dosing protocols validated through this RCT 
will result in improvement in MAR outcomes and optimiza-
tion of ovarian stimulation.

3.6  Conclusions

In spite of the numerous ovarian biomarkers in predicting 
ovarian reserve, female age remains the best predictor of 
fecundity. Significantly elevated basal FSH levels (using 
efficiency curve methodology for threshold determination) 
can provide high predictive value of probability of absence 
of live birth approaching 100%. While AFC and AMH pro-
vide similar predictive value in predicting ovarian respon-
siveness in retrospective and observational trials, recent RCT 
trials suggest that AMH is the best ORT for predicting and 
individualizing gonadotropin dosing for appropriate ovarian 
responsiveness and minimizing both poor ovarian response 
and ovarian hyper-response.
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4.1  Individualization of Controlled 
Ovarian Stimulation

In assisted reproduction technologies (ART) or medically 
assisted reproduction (MAR), the controlled ovarian stimu-
lation (COS) therapy is the starting point from which a good 
oocyte retrieval depends. In recent years, several treatment 
protocols have been studied and tested on various kinds of 
patients, searching for the therapy that ensures the best out-
come for the single patients, in terms of pregnancy and live 
birth, minimizing iatrogenic risks and the rate of cycle can-
cellation due to absent or excessive response. For this reason, 
there has been the evolution from the concept of “one size 
fits all” to the concept of “individualization.” This should 
guarantee also more advantages, including a reduction in 
costs and in the dropout rate of patients of ART programs, 
often caused by failure and by physical and psychological 
burden [1]. If we look to the possible risks for patients [2, 3], 
the prescription of a standard COS may even be considered 
not ethical.

Ovarian response prediction is the first step for the indi-
vidualization of therapy. Ovarian response to COS depends 
first of all on a woman’s ovarian reserve, secondly on the 
monthly variability of ovarian functional activity, and lastly 
on the stimulation regimen itself. An accurate analysis of the 
individual ovarian reserve through ovarian reserve markers is 
therefore essential. In particular, serum AMH and ultrasound 
antral follicle count (AFC) have shown to be the most reli-
able markers. A therapeutic strategy based on the outcome of 
a previous IVF cycle is also recommended, while in the 

absence of a previous cycle, a treatment grossly based on 
age, BMI, anamnestic data such as previous ovarian surgery, 
or cycle characteristics is to be considered careless.

Using the Italian scenario as an example, a large consen-
sus exists among the Italian clinicians about the use of ovar-
ian reserve markers, namely, AMH and AFC, to identify the 
ovarian reserve of a single woman and to predict her possible 
response to ovarian stimulation with the aim to individualize 
ovarian stimulation itself [4].

Surely the choice of the COS protocol may not be a sim-
ple clinical decision, because of the variety of drugs now 
available. Moreover, the selection of the FSH starting dose is 
very important for the outcome of the cycle [2, 5–9].

In this chapter, we will discuss about these issues.

4.2  Literature Search

We scanned literature (Medline, Cochrane Library, and Web 
of Science databases) in search for papers about ovarian 
reserve markers, in particular AMH, and their role in 
MAR. Key words used were ovarian reserve markers, AMH, 
anti-Müllerian hormone, poor/high response, and IVF.

Additional journal articles were identified from the bibli-
ographies of included studies. Literature available up to 
February 2017 was included.

4.3  Predictive Value of Ovarian Reserve 
Markers

4.3.1  FSH

Serum FSH was one of the first ovarian reserve markers pro-
posed for use in clinical practice. But FSH has several limita-
tions. First of all, in order for FSH to be interpretable, it 
needs to be dosed on 3–5 of the menstrual cycle together 
with estradiol. Secondly, it begins to rise in serum only when 
ovarian reserve is severely compromised. Thirdly, it can’t be 
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used for ovarian response prediction and therapy individual-
ization in IVF, because of its low sensitivity and specificity. 
This knowledge limits the usefulness of the marker.

4.3.2  AMH and AFC

Serum AMH and AFC performed by ultrasound are the most 
recent and direct markers of ovarian reserve as they can 
accurately measure the pool of small antral follicles present 
in both ovaries. As antral follicles are related to the full 
amount of primordial follicles, AMH and AFC are consid-
ered capable of reflecting oocyte quantity and are, for this 
reason, highly correlated [10].

Regarding MAR, both AMH and AFC have an optimal 
predictive ability on ovarian response to controlled ovarian 
stimulation and on the number of oocytes retrieved [11–20]. 
In literature, a few studies are in favor of AMH as the stron-
gest predictor of ovarian response, having failed to show an 
independent association between AFC and oocyte yield, 
while other studies demonstrated a stronger predictive value 
for AFC [21–26].

Undoubtedly the data regarding AMH result from much 
larger cohorts compared with any other marker, contributing 
further to the robustness of AMH as a predictive tool. Serum 
AMH has the advantage of very little intra- and inter-cycle 
variability, and the introduction of new automated essays for 
AMH dosage has overcome previous problems of low reli-
ability and repeatability of dosages among laboratories. On 
the other hand, AFC is known for its intra-cycle variability, 
and it is hampered by an important intra- and inter-observer 
variability, which derives from technical limitations and dif-
ferences in methodology for counting antral follicles. Experts 
are still discussing about what class of antral follicles may 
better correlate with the number of retrieved oocytes 
(2–5 mm, 4–6 mm, or 5–10 mm); however, counting all iden-
tifiable antral follicles of 2–10  mm in diameter seems the 
most simple and accurate way in clinical practice [27–29]. 
The recent application of three-dimensional (3D) ultrasound 
technology to the antral follicle count showed to reduce both 
intra- and inter-observer variability [30], so we hope that this 
technology will be most largely available in the next future.

In the end, both markers can be applied to tailor stimula-
tion protocol and FSH starting dose in IVF patients [10, 23, 
31, 32]. In case of a fixed FSH starting dose, serum AMH 
seems able to efficiently predict the need to modify the dose 
on stimulation day 6 [33].

Regarding the outcome live birth, the predictive value of 
AFC is instead less clear, while several studies report a posi-
tive correlation between AMH and live birth rates [23, 34, 
35], so that a few authors suggest AMH level may even pre-
dict embryo quality. It seems that AMH could be used in the 
counselling with the couple regarding chances of live birth, 
not AFC.

4.4  The Choice of the FSH Starting Dose 
Based on Markers

In the attempt to tailor controlled ovarian stimulation on the 
single patient, female age alone can’t be considered a suffi-
cient criterion to predict ovarian response, because women 
of similar age may have a large variability in the ovarian 
reserve and therefore in the ovarian response itself [36].

Field markers of ovarian reserve have a major role in this. 
Although the use of markers is an agreed-upon approach by 
most experts, literature is still lacking of practical algorithms 
which may help clinician to formulate the correct therapy.

Few studies proposed to base individualization on a single 
marker, AFC, or AMH.

Regarding AFC, a large RCT is now studying the live 
birth rate and the cost-effectiveness resulting from the indi-
vidualization of the gonadotrophin starting dose versus a 
standard dose [37].

Two studies have been published reporting predictive 
models for gonadotrophin dose selection based only on 
AMH [2, 38]. In the prospective non-randomized study by 
Nelson, choosing the therapeutic protocol (standard long 
agonist or antagonist protocol) and the FSH starting dose on 
the basis of serum AMH brought to a reduction of both 
excessive responses and cancelled cycles [2].

A retrospective study by Yates comparing COS based on 
serum AMH versus one based on FSH levels confirmed that 
AMH-based treatment reduced the incidence of ovarian 
hyperstimulation syndrome (OHSS) and reduced costs; 
moreover, it resulted in a significant increase in both preg-
nancy and live birth rates [38].

Finally, a recent pilot study compared the efficacy and 
safety of two strategies, one based on AMH and the other on 
AFC, to determine the starting dose of recombinant FSH 
(rFSH) for ovarian stimulation in 348 women. No differences 
emerged regarding clinical pregnancy, multiple pregnancy, and 
miscarriage rate between the two groups, but in the AFC group, 
a major proportion of hyper-responses was noticed [39].

4.4.1  Complex Algorithms to Establish FSH 
Starting Dose

The fact that ovarian response may be due to different vari-
ables acting together induced a few experts to elaborate pre-
dictive algorithms based on more than one variable [40–43].

A first algorithm included age, AFC, ovarian volume, 
Doppler ovarian score, and smoking status [40], but some of 
these variables were too complex, and the model couldn’t 
have a wide clinical application. Subsequently, it was pro-
posed a model based on age, BMI, day 3 serum FSH, and 
AFC [44] that was later tested in the CONSORT study [45] 
and in another more recent prospective study on 197 women 
[46]. These studies showed that the predicted gonadotrophin 
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starting doses were often lower than those dictated by clinical 
practice and led to iatrogenic poor responses. Moreover, this 
model cannot be used by clinicians because the coefficients 
for computing the algorithm were never published [46].

Another retrospective study created a simple model based 
on age, AFC, and day 3 serum FS and showed that AFC was 
the most significant predictor of ovarian response [47]. For 
example, in a woman aged 30 years with a day 3 FSH of 
4 IU/L and an AFC of 16, the most appropriate FSH starting 
dose would be 150 IU daily. This model seems to be useful 
but needs to be validated in an independent cohort.

Regarding AMH, a simple algorithm was developed 
including AMH, age, and day 3 serum FSH [48]. This model 
would prescribe a gonadotrophin dose of 150 IU/daily for a 
woman aged 30  years with a day 3 FSH of 4  IU/L and a 
serum AMH of 4 ng/ml. The efficacy of the model was later 
retrospectively tested in the patients’ population of two IVF 
centers in Italy, and it was confirmed that the use of the 
nomogram would have generated more appropriate FSH 
starting doses compared to those actually given, in order to 
obtain optimal ovarian responses [49].

The reliability of the AMH-based approach for COS indi-
vidualization is such that a new recombinant gonadotrophin 
(follitropin delta) with dosing based on patient’s AMH and 
body weight has been created. The new drug promises simi-
lar live births rates with fewer poor responses and fewer 
hyper-responses compared to the traditional rFSH [50].

4.5  Ovarian Response Prediction 
and Management

Individualizing FSH starting dose on ovarian reserve mark-
ers seems definitely the correct way to go. Moreover, mark-
ers may be useful for the choice of the stimulation protocol. 
Aim of COS is an optimal oocyte retrieval, defined as the 
retrieval of 5–15 oocytes, which should guarantee the high-
est chances of pregnancy with the minimal risks for the 
patient. In fact, an egg retrieval of less than 5 oocytes would 
probably end in few and poor-quality embryos. A retrieval of 
more than 15 oocytes puts the patient at risk of OHSS, a 
condition potentially life-threatening.

The clinician should therefore use a maximizing approach 
in predicted normal responders, while in high responders, 
ovarian stimulation must be cautious and safe. For predicted 
poor responders, an optimizing therapeutic protocol does not 
exists, and the clinician should choose the treatment less 
stressful for the patient.

4.5.1  Predicted Poor Response

Poor ovarian response is defined as the retrieval of <4 oocytes 
following a standard IVF protocol [51]. The incidence of 

poor ovarian response in IVF ranges from 10 to 20%, and the 
prevalence increases with advancing woman’s age.

Poor ovarian response has a multifactorial origin, and its 
causes are only in minimal part reversible. An iatrogenic 
poor response caused by a suboptimal FSH starting dose can 
be easily recovered increasing FSH dose in the next cycle. A 
poor response caused by a functional ovarian cyst won’t 
probably repeat in the following cycle. But in most cases this 
condition is due to a critical depletion of oocytes in the ova-
ries, which is the effect of advancing age, previous ovarian 
surgery, and genetic defects. As a consequence, there is no 
stimulation therapy that could allow a good follicular recruit-
ment and an optimal oocyte retrieval. It was shown that 
increasing FSH dose is not useful to improve egg collection 
in these patients [20]. The subsequent difficulty in obtaining 
good embryos to transfer has the effect to reduce pregnancy 
rates, so that MAR is often ineffective in poor responder 
patients.

Criteria to identify poor responder patients are based on 
anamnestic evaluation (age, shortening of the menstrual 
cycle, previous ovarian surgery, outcome of a previous 
cycle) and on ovarian reserve assessment. Although in lit-
erature markers cut-off values for poor response prediction 
are quite variable, due to the variability in the measuring 
methods of markers and the different definitions of poor 
ovarian response, reference ranges can be identified. 
Regarding AMH, a cut-off value ranging between 0.7 and 
1.3  ng/ml showed a good sensitivity and specificity [17, 
42]. On the other hand, the most frequently reported AFC 
cut-off values for prediction of poor response range between 
AFC <5 and <7 [28, 52].

The assessment of ovarian reserve in these patients is use-
ful first of all to help during pre-treatment counselling. Being 
conscious beforehand of the possible cycle cancellation and 
of the low success rates is useful for these couples on one 
hand to limit the psychological impact due to the possible 
negative outcome and on the other hand to reduce treatment 
drop out. By the way, experts recommend to not exclude 
women predicted as poor responders from IVF programs, 
because the predictive accuracy of markers of ovarian reserve 
is not 100%, especially in the prediction of pregnancy [6, 7], 
and the possibility to achieve pregnancy exists in young 
women [53]. Only in very poor prognosis patients, the clini-
cian may decide to recommend a heterologous IVF cycle 
with eggs donation.

As previously reported, there isn’t nowadays a COS pro-
tocol better than another that could guarantee a positive 
reproductive outcome in these patients. Several studies com-
pared the old GnRH agonist long protocol, very suppressive 
in the phase of follicular recruitment, with the short GnRH 
antagonist one, but results show that both protocols are com-
parable in terms of oocyte retrieval and pregnancy rate [54, 
55]. It can be concluded that, at the same reproductive out-
come, GnRH antagonist protocol could be preferred because 
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it is more patient friendly and allows a reduction in costs 
through a lower gonadotrophin consumption.

In this context, a mild ovarian stimulation strategy with 
GnRH antagonist has been proposed and compared with a 
standard long protocol. Ongoing pregnancy rate was not dif-
ferent between the two protocols (95% CI: 0.57–1.57), while 
the duration of ovarian stimulation and the amount of gonad-
otrophins used were significantly lower in the mild stimula-
tion strategy [56].

In conclusion, prediction of poor response can have posi-
tive results in terms of patient compliance and reduction of 
costs, but it does not seem to produce a significant improve-
ment of IVF outcome [53, 57, 58].

4.5.2  Predicted Normal/High Response

The term “hyper-response” refers to the retrieval of more 
than 15 oocytes following a standard COS protocol [6, 7, 
17]. It involves until 7% of MAR cycles and decreases with 
advancing woman’s age.

Clues of a possible high response come from clinical cri-
teria and anamnestic characteristics, such as young age, long 
menstrual cycles, symptoms of PCOS, and hyper-response in 
a previous cycle [59, 60]. But the study of ovarian reserve 
through reliable markers appears fundamental for an accu-
rate prediction. An AMH serum level >3.5 ng/ml [23, 31] or 
an AFC >16 seems able to identify the most of hyper- 
responder patients [15].

The prediction of a high response has a relevant value. 
First of all, it allows to inform couples accurately on the pos-
sibility to achieve pregnancy through MAR and on the poten-
tial risks connected to treatment, OHSS in the first place. 
Secondly, it permits to consistently modify the treatment 
according to predicted response: in these patients COS indi-
vidualization is crucial, because it really permits to improve 
IVF outcome and to avoid the main complication that is 
OHSS.

The first step of COS individualization is the choice of 
FSH starting dose. In high responder patients, a FSH too low 
starting dose could cause an iatrogenic poor response, 
whereas a dose which is too high could lead to OHSS. As 
previously described, the right FSH starting dose can be effi-
ciently calculated using algorithms based on ovarian reserve 
markers [47, 48].

Among COS protocols, the GnRH antagonist protocol 
seems to be the best for women predicted as high responders, 
since the latter showed to significantly reduce the incidence 
of OHSS and the following risks of cycle cancellation and 
patient’s hospitalization, as well as to reduce costs [2, 38, 61, 
62]. A large RCT including 1050 first IVF cycles has recently 
demonstrated that the incidence of severe OHSS (5.1 vs. 
8.9%; P  =  0.02) and moderate OHSS (10.2 vs. 15.6%; 
P  =  0.01) was significantly lower in the GnRH antagonist 

group compared with the agonist group, respectively, while 
pregnancy rates were similar in the two groups [61].

The GnRH antagonist protocol gives another advantage, 
that is, the possibility to induce final oocyte maturation with a 
single bolus of a GnRH analogue instead of the traditional 
human chorionic gonadotrophin (hCG). This regimen has a 
great efficacy on OHSS prevention, but it is associated in fresh 
IVF cycles with lower pregnancy rates, because of an adverse 
effect on endometrium receptivity and the induction of early 
luteolysis [59, 63]. On the other hand, it was demonstrated that 
implantation rate, clinical pregnancy rate, ongoing pregnancy 
rate, and survival rate of frozen-thawed embryos are similar 
independent of the stimulation protocol used, to indicate that 
the GnRH antagonist protocol plus GnRH agonist triggering 
doesn’t impact on oocyte quality [64].

The strategies proposed to solve the detrimental effect of 
GnRH agonist triggering are the following. First it was sug-
gested to add a low-dose (1500 IU) HCG bolus 35 h or 5 days 
after triggering, but there are doubts on the ability of this 
approach to eliminate severe OHSS [65]. Another possible 
option derives from improvement in vitrification technolo-
gies: it is IVF cycle segmentation. It consists in freezing all 
embryos produced in the fresh cycle in order to perform 
transfer of frozen-thawed embryos in subsequent cycles. 
This seems to be the winning strategy to cut down the risk of 
OHSS maintaining elevated pregnancy rates [66, 67].

4.6  Conclusions

At any age of the woman, individual ovarian reserve condi-
tions the prognosis and oocyte retrieval impacts on the 
chance of live birth. An optimal oocyte retrieval must be the 
aim of the clinician, who has the task to evaluate globally all 
anamnestic factors of the patients and to interpret ovarian 
reserve markers, in order to formulate the most appropriate 
COS protocol for the single patient. From literature we 
already have several indications to guide correct manage-
ment of patients, from predicted poor to predicted hyper- 
responders, but a lot must still be done to reduce iatrogenic 
risks and improve IVF outcomes.
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Assessment of the Male Partner

Michael W. Witthaus and Jeanne O’Brien

Infertility in a couple can be attributed exclusively to male 
factor in 20% of couples, and male factor may contribute 
in some form in an additional 30% of couples [1]. The 
accepted definition of infertility is the inability to con-
ceive after 12  months of regular sexual intercourse. 
Couples who present for evaluation earlier than this rec-
ommended time could still begin a basic evaluation. 
Underlying life-threatening conditions in men presenting 
with infertility have been observed, adding additional 
importance to evaluation [2].

Gynecologists and primary care physicians are the princi-
pal sources of referral to urologists specializing in infertility 
(ideally a male infertility fellowship-trained urologist). Most 
academic medical centers have such an urologist available 
for diagnostic and therapeutic services and collaborate with 
reproductive endocrinologists and gynecologic physicians to 
provide coordinated and specialized care. Advancement of 
assisted reproductive technologies (ART) or medically 
assisted reproduction (MAR), and microsurgical techniques, 
have enabled men who were previously considered sterile to 
father children.

5.1  Evaluation

5.1.1  History and Physical

Male fertility requires certain factors including good erec-
tile function; spermatogenesis; normal endocrine factors; 
and normal ejaculation. Intercourse must occur around the 
ovulatory period. Sperm can live for approximately 5 days 
in the cervical mucus [3]. However, to ensure adequate 
sperm in the female genital tract, patients should be advised 
to have sexual intercourse every 48 h around the time of 
ovulation [4].

Anxiety and stress are often associated with infertility, 
and male patients will often describe some degree of erectile 
dysfunction. Further, the stress of inability to conceive com-
pounds the issue [5]. Understandably, if sexual intercourse is 
not occurring, then conception is impossible! Erectile dys-
function may also be secondary to various disease states or 
exposures including diabetes, atherosclerosis, smoking 
tobacco or cannabis, steroid use, or a history of chemother-
apy and radiation. Past history of genitourinary cancers or 
pelvic surgeries may also cause impaired erectile function.

Spermatogenesis takes between 2 and 74 days [6]. Results 
of any illness/injury or treatment will take at least 52–72 days 
to show response in semen parameters.

Follicle-stimulating hormone (FSH) acts on Leydig cells 
in the testes which in turn secrete testosterone which acts on 
spermatogonia to stimulate normal spermatogenesis. An ele-
vated FSH is an indication that the testes are not functioning 
normally. Testicular failure, genetic abnormalities, and toxic 
exposures (including radiation, chemotherapy, and heat) are 
some causes for elevated FSH levels. Previously, it was 
maintained that if FSH was elevated by two times normal, 
then the probability of finding sperm on testicular biopsy 
was very low [7]. This has changed, though, with the onset of 
new microsurgical techniques (including micro TESE—
microscopic testicular sperm extraction) [8]. FSH continues 
to be used as a prognostic indicator of the potential outcomes 
after treatment. Testosterone is important for libido, erectile 
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function, and sperm production and is also used to guide 
treatment evaluation and outcomes of therapy.

A comprehensive history should include all past and cur-
rent medical problems related to reproductive function, 
including any previous pregnancies. Men who have not 
 contributed to pregnancy in any female partner have primary 
infertility, and those who have done so have secondary infer-
tility. The ideal frequency of intercourse is every other day 
[9]. History of use of artificial lubricants, even water-soluble 
or natural sources, may indicate a cause for impaired sperm 
motility [10].

Exposures to pesticides, chemicals, organic solvents, or 
heat (tanning booths, cooks, and foundry workers) can be 
significant cause for male infertility. Smoking (tobacco or 
marijuana) can lead to decreased sperm concentrations (oli-
gospermia) and affect motility [11]. Testicular function can 
be impaired secondary to use of illicit drugs and alcohol 
abuse by disrupting the hypothalamic-pituitary axis. 
Anabolic steroid abuse can suppress the hypothalamo- 
pituitary- gonadal axis and result in testicular atrophy as well 
as oligo- or azoospermia [12]. Several medications have 
been documented to have an adverse effect on sperm concen-
trations and function. A list of potential prescription and 
over-the-counter medications is given (Table 5.1). All men 
should be asked about their use of supplements and herbal 
remedies.

The surgical history should include cryptorchidism 
(undescended testis), hypospadias, inguinal hernia repair, 
and malignancy. Oligospermia and even azoospermia can 
result from cryptorchidism. Surgical correction of hypospa-
dias, chordee, hernia, as well as any surgery on the bladder 
neck, urethra, rectum, or pelvis can be significant causes for 
abnormal semen parameters and may cause ejaculatory dif-
ficulty by injuring sympathetic nerves. Urethral and ductal 
obstruction can result from urethral strictures and sexually 
transmitted diseases which in turn reduce sperm count. 
Certain malignancies including Hodgkin’s lymphoma and 
testicular cancer are often associated with infertility and a 
low sperm count [13, 14] which may be related to the disease 
per se or to treatments such as chemotherapy, radiation, and 
retroperitoneal lymph node dissections.

The ROS (Review of Systems) can reveal less common 
causes for male infertility. Diabetes could be associated with 

partial or retrograde ejaculation, multiple sclerosis with 
impaired ejaculation, and spinal cord injuries with erectile 
dysfunction. Recurrent respiratory infections can indicate 
primary ciliary dyskinesia (Kartagener’s syndrome) which is 
also associated with immotile sperm. Anosmia (inability to 
smell) could indicate hypogonadotropic hypogonadism 
(Kallmann’s syndrome).

A thorough male genitourinary exam cannot be overem-
phasized. The patient should be examined in a warm room, 
in an upright position. Extent of virilization should be docu-
mented. Presence or absence of gynecomastia should alert 
the examiner to marijuana use and may be a prompt to rule 
out a prolactin-producing pituitary tumor. Normal testicular 
size can vary between 15 and 20 ml, and the normal testicu-
lar consistency should be firm but not hard similar to the the-
nar eminence of the thumb [15]. A Seager orchidometer can 
be used to more accurately assess testicular size [16]. Any 
thickening of the epididymis and vas deferens noted on pal-
pation should raise the possibility of obstructive causes of 
infertility. Varicocele—dilation of the spermatic pampini-
form plexus—should be ruled out by examining the sper-
matic cords in the upright position. It has been theorized that 
varicoceles may impair semen parameters by increasing tes-
ticular temperature or by allowing reflux of adrenal metabo-
lites via incompetent veins [17]. Varicoceles as a cause for 
infertility are controversial as 15% of men with normal fer-
tility have a varicocele and up to 70% of men with secondary 
infertility have varicocele [18, 19]. Most commonly the vari-
cocele is identified on the left side in 78–93% [20]. Grading 
of varicoceles is primarily by physical exam although occa-
sionally, ultrasound may be used if body precludes diagnosis 
by palpation. Similarly, absence of the vas deferens can be 
discerned by physical exam [21]. The absence can be unilat-
eral or bilateral and may be associated with other genitouri-
nary abnormalities such as absence of the ipsilateral kidney 
or incomplete epididymis formation [22]. The basis of the 
association is due to common congenital origin of the ure-
teric bud and vas from Wolffian structures (mesonephric 
duct). Cystic fibrosis (CF) is the most common (80%) cause 
of CBAVD and is not associated with congenital absence of 
kidney or epididymis [21, 23]. Men with CBAVD and their 
partners should undergo genetic testing and counseling 
regarding CF mutations.

5.1.2  Laboratory Studies

All men should have their semen analyzed as part of infertil-
ity evaluation. The WHO recommends analysis of two sam-
ples, obtained 2 weeks apart with 2 or 3 days of abstinence 
[24]. Use of lubricant should be avoided during masturbation 
for collection of specimen when possible. The fifth edition of 
World Health Organization criteria for normal semen param-

Table 5.1 Pharmacological and environmental causes of infertility

Diethylstilbestrol (DES) Calcium channel blockers
Radiation Lead
Testosterone Cigarettes
Chemotherapy Alcohol
Ketoconazole Cocaine
Heat Marijuana
Nitrofurantoin Sulfa drugs
Pesticides Solvents
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eters are universally used as reference values (Table  5.2) 
[19]. It is common to observe more than one abnormal 
parameter. Low ejaculatory volume should prompt examina-
tion of urine sample obtained within minutes of ejaculation 
to observe any sperm in the urine. Sperm in the urine is 
highly suspicious of retrograde ejaculation if the history is 
not consistent with obstruction. Low ejaculatory volume 
coupled with absence of sperm in the post ejaculatory urine 
could indicate ejaculatory duct obstruction or ejaculatory 
duct absence. Transrectal ultrasound is useful in these cases 
to recognize enlarged seminal vesicle.

Oligospermia is defined as <10 million sperm per ejacu-
late, and azoospermia is defined as the absence of sperm in the 
ejaculate [19]. Men with either oligo- or azoospermia should 
undergo hormonal analysis to determine the etiology of low 
sperm volume by categorizing the presentation into one of the 
following: pre-testicular, the hypothalamic- pituitary axis; tes-
ticular, primary testicular failure; or post- testicular, obstruc-
tion or absence of the vasa. As one would expect, treatment 
ultimately depends on the identification of the abnormality in 
one or a combination of the three categories. There are 
instances where the patient cannot be categorized and are 
described as idiopathic male infertility (IMI), which accounts 
for a remarkable percentage of patients evaluated—around 
30% [15]. It is common practice to empirically treat patients 
with IMI with hormonal, antioxidant, or both regimens with or 
without assisted reproductive techniques [25].

Asthenospermia denotes poor motility and is often accom-
panied by other semen abnormalities [19]. Movement of the 
tails without progression may indicate sperm antibodies 
attached to sperm or agglutination (clumping) of the sperm. 
To successfully have pregnancies, couples with antibodies in 
their semen analysis undergo either sperm washing or either 
intrauterine insemination (IUI) or in vitro fertilization/intra-
cytoplasmic sperm injection (IVF/ICSI) [26].

Teratospermia is the morphological abnormality of sperm 
with the expectation of at least 4% of the sperm being classi-
fied as structurally normal [19]. These sperm are not likely to 
fertilize the egg. Pyospermia—WBC in the ejaculate—
should be treated with antibiotics only in the presence of a 
documented source of infection. There are various tests to 
analyze sperm function if the semen analysis appears nor-
mal, for example, utilization of electron microscopy for 0% 
motility. However, these analyses are not usually performed 
as couples will typically proceed to IVF/ICSI if a functional 
problem is suspected.

A patient may require hormone analysis based on history 
and findings on physical examination. In recent years, hor-
monal evaluation has become a frequent part of the standard 
evaluation. Measurements include FSH, LH, and testoster-
one levels. This helps in differentiating pre-testicular and 
testicular causes of infertility. It should be noted however 
that endocrine causes of male infertility are unusual.

The evaluation of the male infertility patient is summa-
rized in Fig. 5.1.

5.1.3  Radiologic Studies

If a testicular mass is detected it should alert the clinician to 
possibility of cancer and an ultrasound should be performed 
expeditiously. Infertility may be presenting symptom of tes-
ticular cancer [27]. As mentioned earlier, transrectal ultra-
sound is indicated in the presence of low semen volume and 
normal vas deferens on palpation. Dilated seminal vesicles 
>1.5 cm in AP diameter suggest partial or complete obstruc-
tion [28]. Non-palpable varicoceles are of little clinical sig-
nificance and do not require scrotal ultrasound [29].

5.2  Management

The physical examination, laboratory evaluation, and semen 
analyses will guide treatment. Some diagnoses such as 
CBAVD are made by physical examination. Retrograde ejacu-
lation, for example, may be implied from the patient’s history 
and is diagnosed by semen analysis and post ejaculatory urine 
analysis. It is further supported by ultrasound, but that is nei-
ther necessary nor sufficient for diagnosis. Although a varico-
cele may be diagnosed by physical exam, 15% of the fertile 
male population has a varicocele, and clinically significant 
varicoceles require diagnosis by semen analysis. Differential 
diagnoses for male infertility are given in Table 5.3.

Azoospermia, the absence of sperm in the ejaculate, can 
be seen in all three categories of infertility—pre-testicular, 
testicular, and post-testicular. Pre-testicular etiologies are 

Table 5.2 Semen analysis (based on WHO criteria)

Oligospermia <20 million sperm/ml
Azoospermia Absence of sperm in the ejaculate
Teratospermia <4% normal morphology
Asthenospermia <40% sperm motile
Leukocyto(pyo)spermia >1 million/ml WBCs

Thorough evaluation for male infertility should com-
prise a complete medical and reproductive history, a 
physical exam by a urologist (preferably a male repro-
ductive specialist), and at least two semen analyses.

Abnormal testicular exam should prompt an immedi-
ate scrotal ultrasound to eliminate testicular masses 
which may indicate cancer.

5 Assessment of the Male Partner



40

differentiated by endocrine analysis [19]. High testosterone 
and low FSH and LH may be indicative of steroid use [30]. 
Low FSH, LH, and T and high prolactin may be suggestive 
of a prolactin pituitary tumor and warrants MRI evaluation. 
Testicular causes of azoospermia may be cryptorchidism, 
viral orchitis, trauma, infections, and toxins. The physical 
exam and history of these patients will guide diagnosis. 
Treatment plan relies on diagnosis with the exception of tes-
ticular causes. With the exception of varicoceles, testicular 
causes can rarely be reversed with treatment. Testicular 
biopsy may be a last resort when diagnosis cannot be made 
by physical exam, semen analysis, and endocrine profile.

Many couples will require advanced reproductive tech-
niques (MAR) for successful pregnancy. Repair of varico-
celes may reverse azoospermia in 55% of cases [31]. 
Postoperative pregnancy rates can be as high as 40% for all 
grades of varicocele after surgical repair with supporting data 
found on meta-analysis showing highest success rates with 
palpable varicocele and at least one abnormal semen param-
eter [32, 33]. Azoospermic men with ductal obstruction will 
have normal hormone parameters and a normal testicular 

Initiate Evaluation
Ideally with both partners

present

History
Partner history, erectile function, description of intercourse/ejaculate, intercourse timing with ovulation,

history of genitourinary cancers/surgery, recent illnesses, medication and/or recreational drug use, spinal
cord injuries or other medical conditions

Physical Exam
Normal virilization, presence or abscence of gynecomastia, evaluate for hypospadias, epididymis, vas

deferens, evaluate for vericocele, testicular size/consistency with evaluate for cryptorchidism

Semen Analysis
Two samples given at least two weeks apart with two to three days of abstinence prior

Endocrine evaluation Genetic analysis Radiologic evaluation

No abnormalities

Differential Diagnoses
Pre-testicular, testicular and post-testicular

Fig. 5.1 Male infertility 
evaluation

Table 5.3 Differential diagnoses for male infertility

Pre-testicular
Hypogonadotropic 
hypogonadism

Anabolic steroids

Kallmann’s syndrome Excess prolactin
Isolated FSH deficiency Other pharmacologic/environmental
Testicular
Klinefelter’s syndrome Gonadotoxins
Noonan’s syndrome Kartagener’s syndrome
Cystic fibrosis trait/
disease

Viral orchitis

Sertoli cell only 
syndrome

Antisperm antibodies

Myotonic dystrophy Testicular cancer
Y microdeletion Idiopathic (25% of infertile men)
Post–testicular
Ductal obstruction Retrograde 

ejaculation
Anejaculation

CBAVD
Ejaculatory duct 
obstruction
Previous vasectomy

Previous surgery 
(RPLND)
Multiple sclerosis
Diabetes mellitus

Spinal cord 
injury
RPLND
Myotonic 
dystrophy
Diabetes mellitus
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exam. Semen analysis, endocrine profile, and physical exami-
nation will aid diagnosis. Although transrectal ultrasound 
(TRUS) can diagnose ductal obstruction, not all cases of duc-
tal obstruction will be diagnosed by TRUS [34]. Such men 
can undergo surgical repair of obstruction: vasovasostomy, 
MAR with sperm taken from a testicular extraction (micro 
TESE), biopsy, or sperm aspiration from the epididymis.

5.3  Post-treatment Evaluation

A repeat semen analysis should be performed 3 months after 
any medical or surgical treatment. A lack of improvement, usu-
ally 1 year from surgery, and 1–2 spermatogenesis cycles after 
medical therapy, should prompt the clinician to counsel the 
couple regarding ART, donor sperm, fostering and adoption.

5.4  Other Surgical and Medical 
Treatments for Infertility

Retrograde ejaculation is generally treated with a trial of 
sympathomimetic medications (ephedrine, pseudoephed-
rine). Another approach can be performed by alkalinizing the 
urine with oral sodium bicarbonate with subsequent sperm 
extraction from a urine sample and then used for MAR.

Anejaculation in the spinal cord injury patient can be 
treated with electrostimulation to the penile glans or pros-
tate/seminal vesicle. Urethral strictures effecting fertility are 
to be treated with stricture ablation or reconstructive repair.

References

 1. Thonneau P, Marchand S, Tallec A.  Incidence and main causes 
of infertility in a resident population (1,850,000) of three French 
regions (1988–1989). Hum Reprod. 1991;6:811.

 2. Honig SC, Lipshultz LI, Jarow J.  Significant medical pathology 
uncovered by a comprehensive male infertility evaluation. Fertil 
Steril. 1994;62:1028.

 3. Wilcox AJ, Weinberg CR, Baird DD. Timing of sexual intercourse 
in relation to ovulation. Effects on the probability of conception, 
survival of the pregnancy, and sex of the baby. N Engl J Med. 
1995;333(23):1517–21.

 4. Scarpa B, Dunson DB, Giacchi E. Bayesian selection of optimal 
rules for timing intercourse to conceive by using calendar and 
mucus. Fertil Steril. 2007;88:915–24.

 5. Ramezanzadeh F, Aghssa MM, Jafarabadi M, et al. Alterations of 
sexual desire and satisfaction in male partners of infertile couples. 
Fertil Steril. 2006;85:139–43.

 6. Sigman M, Jarow J. Male infertility. In: Walsh PC, et al., editors. 
Campbell’s urology. Philadelphia: WB Saunders; 2002.

 7. Zitzmann M, Nordhoff V, von Schonfeld V, Nordsiek-Mengede A, 
Kliesch S, Schuring AN, Luetjens CM, Kamischke A, Cooper T, 
Simoni M, Nieschlag E. Elevated follicle-stimulating hormone lev-
els and the chances for azoospermic men to become fathers after 

retrieval of elongated spermatids from cryopreserved testicular 
tissue. Fertil Steril. 2006;86(2):339–47. https://doi.org/10.1016/j.
fertnstert.2005.12.058.

 8. Tsujimura A. Microdissection testicular sperm extraction: predic-
tion, outcome, and complications. Int J Urol. 2007;14(10):883–9.

 9. Levitas E, Lunenfeld E, Weiss N, et al. Relationship between the 
duration of sexual abstinence and semen quality: analysis of 9,489 
semen samples. Fertil Steril. 2005;83:1680–6.

 10. Anderson L, Lewis S, McClure N. The effects of coital lubricants 
on sperm motility in vitro. Hum Reprod. 1998;13:3351–6.

 11. Gorzalka BB, Hill MN, Chang SCH. Male-female differences in 
the effects of cannabinoids on sexual behavior and gonadal hor-
mone function. Horm Behav. 2010;58:91–9.

 12. de Souza GL, Hallak J.  Anabolic steroids and male infertility: a 
comprehensive review. BJU Int. 2011;108:1860–5.

 13. de Bruin D, de Jong IJ, Arts EG, et al. Semen quality in men with 
disseminated testicular cancer: relation with human chorionic 
gonadotropin beta-subunit and pituitary gonadal hormones. Fertil 
Steril. 2009;91:2481–6.

 14. Raman JD, Nobert CF, Goldstein M. Increased incidence of testicu-
lar cancer in men presenting with infertility and abnormal semen 
analysis. J Urol. 2005;174:1819–22.

 15. Sigman M, Lipshultz LI, Howards SS.  Office evaluation of the 
subfertile male. In: Lipshultz LI, Howards SS, Niederberger CS, 
editors. Infertility in the male. 4th ed. New  York: Cambridge 
University Press; 2009. p. 153–76.

 16. Niederberger CS. Clinical evaluation of the male. In: Niederberger 
CS, editor. An introduction to male reproductive medicine. 
New York: Cambridge University Press; 2011. p. 29–57.

 17. Gorelick JI, Goldstein M. Loss of fertility in men with varicocele. 
Fertil Steril. 1993;59(3):613–6.

 18. Khera M, Lipshultz LI. Evolving approach to the varicocele. Urol 
Clin North Am. 2008;35(2):183–9, viii.

 19. Dubin L, Amelar RD. Etiologic factors in 1294 consecutive cases of 
male infertility. Fertil Steril. 1971;22:469–74.

 20. Saypol DC, Lipschultz LI, Howards SS. Varicocele. In: Lipschultz 
LI, Howards SS, editors. Infertility in the male. New York: Churchill 
Livingstone; 1983. p. 299–313.

 21. Hall S, Oates RD. Unilateral absence of the scrotal vas deferens 
associated with contralateral mesonephric duct anomalies resulting 
in infertility: laboratory, physical and radiographic findings, and 
therapeutic alternatives. J Urol. 1993;150:1161.

 22. Schlegel PN, Shin D, Goldstein M. Urogenital anomalies in men with 
congenital absence of the vas deferens. J Urol. 1996;155:1644–8.

 23. Anguiano A, Oates RD, Amos JA, et  al. Congenital bilateral 
absence of the vas deferens. A primarily genital form of cystic 
fibrosis. JAMA. 1992;267:1794.

 24. WHO. Laboratory manual for the examination of human semen and 
sperm-cervical mucus interaction. 3rd ed. Cambridge: Cambridge 
University Press; 1992.

 25. Gudeloglu A, Brahmbhatt JV, Parekattil SJ. Medical management of 
male infertility in the absence of a specific etiology. Semin Reprod 
Med. 2014;32(4):313–8. https://doi.org/10.1055/s-0034-1375184.

 26. Van Peperstraten A, Proctor ML, Johnson NP, Philipson 
G. Techniques for surgical retrieval of sperm prior to ICSI for azo-
ospermia. Cochrane Database Syst Rev. 2006;3:CD002807.

 27. Mancini M, Carmignani L, Gazzano G, et al. High prevalence of 
testicular cancer in azoospermic men without spermatogenesis. 
Hum Reprod. 2007;22:1042–6.

 28. Baker K, Sabanegh E Jr. Obstructive azoospermia: reconstruc-
tive techniques and results. Clinics (Sao Paulo). 2013;68(Suppl 
1):61–73.

 29. Jarow JP, Ogle SR, Eskew LA.  Seminal improvement follow-
ing repair of ultrasound detected subclinical varicoceles. J Urol. 
1996;155:1287–90.

5 Assessment of the Male Partner

https://doi.org/10.1016/j.fertnstert.2005.12.058
https://doi.org/10.1016/j.fertnstert.2005.12.058
https://doi.org/10.1055/s-0034-1375184


42

 30. Carnegie C. Diagnosis of hypogonadism: clinical assessments and 
laboratory tests. Rev Urol. 2004;6(Suppl 6):S3–8.

 31. Matthews GJ, Matthews ED, Goldstein M. Induction of spermato-
genesis and achievement of pregnancy after microsurgical varicoce-
lectomy in men with azoospermia and severe oligoasthenospermia. 
Fertil Steril. 1998;70(1):71–5.

 32. Madgar I, Weissenberg R, Lunenfeld B, et  al. Controlled trial of 
high spermatic vein ligation for varicocele in infertile men. Fertil 
Steril. 1995;63:120–4.

 33. Marmar JL, Agarwal A, Prabakaran S, Agarwal R, Short RA, et al. 
Reassessing the value of varicocelectomy as a treatment for male 
subfertility with a new meta-analysis. Fertil Steril. 2007;88:639–48.

 34. Schroeder-Printzen I, Ludwig M, Köhn F, et  al. Surgical therapy 
in infertile men with ejaculatory duct obstruction: technique 
and outcome of a standardized surgical approach. Hum Reprod. 
2000;15:1364–8.

M. W. Witthaus and J. O’Brien



Part II

Ovarian Stimulation and Egg Retrieval



45© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_6

Analyses and Approaches to Improve 
IUI Outcome

Gulam Bahadur, Roy Homburg, Mariusz Łukaszuk, 
and Kanna Jayaprakasan

Fertility treatment via intrauterine insemination (IUI) was 
first practiced in 1962 [1]. The costs for IUI treatment are 
less expensive than in vitro fertilization (IVF), and the treat-
ment is less invasive whilst providing an acceptable success 
rate per cycle. Whilst IUI has recently been neglected by 
some IVF practitioners because of potentially lower success 
rate per cycle of treatment on a head-to-head comparison, 
and possibly for commercial reasons, persuasive economic 
data emphatically backs the use of the IUI procedure as an 
initial cost-effective treatment choice [2, 3].

When the expenses to provide fertility treatments are con-
sidered, IUI works out to be cheaper compared to IVF treat-
ment. The average expense per live birth rate has been 
calculated at €7187 for IVF treatment versus €5070 for IUI 
treatment, with an incremental ratio of cost-effectiveness per 
live birth of €43,375 for IVF [3]. In the UK, typical costs in 
2016–2017 to the patient and UK Care Commissioning 
Groups (CCG) were around £3800–£6500 per IVF cycle ver-
sus £800–£1300 per IUI cycle.

If guideline recommendations about sperm quality are 
adhered to, the costs for provision of all IUI cycles and trig-
ger dose show an incremental net financial gain between 
€645 and over €7500 per couple [4]. The wider implication 

of this is that IUI brings substantial economic benefits. 
Although the threshold for sperm was described as having 
‘more than 1 million motile spermatozoa should be available 
for IUI after sperm preparation’ [5], it seems cost-effective to 
have a minimum of 3  million motile sperm for IUI.  The 
financial benefit of IUI over IVF is confirmed when the man 
provides an ejaculate containing a total motile sperm count 
(TMSC) of >3 million [6], whilst good outcomes are associ-
ated with >5 million TMSC [7].

More than 144,000 IUI cycles are initiated annually in 
Europe, aiming to help approximately 32,000 couples with 
infertility (as calculated over the period 2000–2002). As such, 
this could result in a potential financial saving of over €20 mil-
lion annually [4]. Thus, there is a need to improve the devel-
opment and implementation of the current guideline [4].

A misconception exists regarding the finance of gonado-
tropin use versus clomiphene citrate (CC). Accepting that 
CC is a cheaper drug, calculations for provision of a live 
birth need to also take into account the wider running costs 
(consultations, baseline examinations, numerous visits for 
ultrasound scans and ovulation monitoring). As well as the 
emotional toil, additional considerations include the costs 
linked to multiple births, possible abnormalities in the foetus 
and failure of the cycle.

An evidenced-based report performed independently by 
non-fertility expert researchers at the Centre for Evidence- 
Based Medicine, Oxford University, UK, showed the effect 
of IUI in a natural cycle on the live birth rate: odds ratio 
(95% CI) 1.95 (1.10–3.44) in a trial with 396 couples, 
compared with natural intercourse or expectant manage-
ment in a cycle using ovarian stimulation [8]. This con-
trasts with the effect on live birth rate: odds ratio (95% CI), 
for example, of endometrial scratching having a relative 
risk of 1.42 (1.08–1.85) compared with no injury to days 
2–3 [8]. Compared to endometrial scratching, IUI was 
superior in practice, but, despite this evidence, there 
appears a skewed tendency to practice poorly supported 
IVF add-on techniques.
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6.1  Indications for IUI Treatment

When considering medically assisted reproduction (MAR), 
there is need to proportion a high pregnancy rate whilst giv-
ing an acceptably low multiple pregnancy rate, avoiding an 
OHSS risk. Individual risk assessments need to be performed 
to avoid harm to the patient or foetus.

Protocols are variable, and identifying what is optimal 
remains a major task. One problem with assessing success is 
the fact that there may not be optimal provision and practice 
of the IUI procedure. Patients need to be properly informed 
of their choices, risks and options to ensure their safety 
before any treatment.

It is clear that it is preferable to aim for stimulation of two 
follicles for an IUI cycle. By doing this, the likelihood of 
obtaining an IUI pregnancy potentially rises by 3.4-fold 
compared with mono-follicular cycles [9]. Precise follicle 
monitoring can bring down the absolute rate of multiple 
pregnancies to 0.3 and 2.8% for mono-follicular growth and 
multifollicular growth, respectively [10]. Furthermore, 
depending on whether 2, 3 or 4 follicles are stimulated, the 
chance of a multiple gestation has been proposed to rise by 
6, 14 and 10%, respectively [10].

IUI treatment aims to improve the likelihood that an opti-
mal concentration of healthy sperm reaches the ampulla, for 
fertilization to take place. For female patients where a cervi-
cal mucus problem is suspected, IUI can circumvent a pos-
sible cervical factor. Whilst IUI is conventionally performed 
for subfertility due to unexplained causes, mild male factor 
and mild endometriosis, IUI is routinely considered as an 
initial treatment in all patients with the female having a mini-
mum of one patent fallopian tube and the male having a 
TMSC of >3  million/ml in the ejaculate. Contraindication 
includes bilateral tubal obstruction, moderate to severe 
oligo-asthenozoospermia, cervicitis or endometritis.

6.2  IUI Procedures and Insemination 
Methods

6.2.1  Mode of Insemination

The primary goal of artificial insemination is to deliver a 
concentrate of highly motile sperm as near to the site of ovu-
lation as possible. Intra-cervical insemination (ICI) is rarely 
used for patients with a history of subfertility but may occa-
sionally be resorted to. There is no reason why ICI, used to 
emulate timed intercourse, cannot be used in single or les-
bian women with no history of subfertility.

However, IUI with a processed sperm sample is the 
widely accepted standard approach. Furthermore. it should 
be noted that using a soft-tip over a hard-tip catheter does not 
result in any improvement in the IUI live birth rate [11].

6.2.2  Ovulation Induction Methods

Regarding the ovarian stimulation protocols for IUI treat-
ment, several are in use. However, it remains unclear which 
protocol or dose is most financially viable. Whilst robust evi-
dence is lacking, IUI using gonadotropins could be most 
effective, according to a Cochrane review [12]. Although 
low-dose protocols are advised to overcome OHSS and mul-
tiple pregnancy risks, there is insufficient information on 
how this may work in individualised care with a robust can-
cellation policy [12].

A frequently used ovulation-inducing agent is 
CC. However, when compared to CC, both the conception 
and live birth rates have been shown to be higher using hMG 
with IUI [13, 14]. The relative term pregnancy rate was 2.10 
(95% CI 0.77–5.73) for hMG versus CC [13]. Ovarian stim-
ulation with either letrozole or CC, to reduce the dose of 
gonadotropins prior to IUI, appeared justified with possible 
reduction in stimulation protocol cost [15].

A significantly higher pregnancy rate following IUI with 
hMG (OR 0.44 95% CI 0.19–0.99) compared to CC has 
been reported [16]. However, the mean pregnancy rates per 
cycle were 8% for CC and 25% for gonadotropins [17]. 
Pregnancy rates per cycle with use of 75–150 IU hMG or 
CC led to pregnancy rates per cycle of 13–20 and 4–7%, 
respectively [16, 18, 19].

Another prospective study [20] indicated that the use of 
GnRH antagonists had a positive effect on the live birth rate, 
especially if the multifollicular stimulation was induced [20]. 
This group reported an overall live birth rate of 11.4% per 
cycle (ranging between clinics from 8.4 to 17.6% per cycle). 
Practice difference included use of GnRH antagonists (15.2% 
with vs. 9.4% without) and the number of mature recruited 
follicles (9.4% for one vs. 15.2% for two), both having a sta-
tistically significant impact on the delivery rate [20].

6.2.3  Gonadotropin Superovulation

A low-dose gonadotropin (50–75  IU/day) to induce con-
trolled ovarian hyperstimulation with preferably bifollicular 
response has been suggested to achieve a high conception 
rate with low risk of multiple pregnancy. Bifollicular IUI 
cycles potentially increase the chance of achieving an IUI 
pregnancy, where the pregnancy rate against the number of 
mature recruited follicles is significant (9.4% for one vs. 
15.2% for two) [20].

Some fertility clinics use gonadotropins at a higher dose 
than the standard for controlled ovarian stimulation. A recent 
review of 170 cycles at one of our clinics showed that use of 
150 IU hMG (alternate day) + 50 mg CC (daily) provided 
cycles with a single follicle (31.5%), two follicles (46%) and 
three follicles (22.5%), with respective pregnancy rates per 
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cycle of 18%, 18% (three sets of twins) and 26% (no multi-
ple births). The number of follicles that develop is variable 
and depends on several factors, including BMI and age. 
However, there can be a benefit for IUI from a multifollicular 
environment.

In a review of 27 studies, it was shown that pregnancy rate 
per cycle started improved from 8 to 18% with IUI and 
gonadotropin stimulation [21]. In another trial, IUI improved 
fertility in cycles in which CC was combined with gonado-
tropins [22]. Combination stimulation may have merit in 
overcoming some elements of unexplained infertility. In our 
recent cohort of 67 cycles in women aged 35–40  years 
receiving 150–225 IU hMG plus 50 mg CC, the pregnancy 
rate per cycle started was 27%, although a larger RCT data-
set is needed to validate this approach.

6.2.4  Aromatase Inhibitors

In a large randomised controlled trial (RCT) comparing 
treatment with gonadotropins, CC or letrozole, clinical preg-
nancies occurred in 35.5, 28.3 and 22.4% of cycles and live 
birth in 32.2, 23.3 and 18.7%, respectively. Pregnancy rates 
with letrozole were lower than with gonadotropin or CC 
(P = 0.003) or gonadotropin alone (P < 0.001), but not with 
CC alone (P = 0.10) [23].

It appears that inhibition of oestrogen synthesis by aroma-
tase inhibition induces estrogenic negative feedback, result-
ing in an increase in endogenous FSH secretion. Moreover, 
by inhibiting conversion of androgens into oestrogens, accu-
mulating androgens may increase follicular sensitivity to 
FSH. Such a protocol has the potential to lower FSH treat-
ment cost and may improve response for low responders who 
require high FSH doses during ovarian stimulation [24].

6.3  What Is Effective?

In a dedicated IUI setting, an ongoing pregnancy rate of 
32.6% (43/132) can be achieved per cycle [25]. The preg-
nancy rate following treatment with hMG-IUI approached 
that for IVF for most conventionally treated infertility sub-
groups. The authors suggest that most infertility patients 
should therefore be offered hMG-IUI therapy prior to IVF 
referral [25].

A patient-tailored approach is needed, as demonstrated by 
a multicentre RCT using recombinant follicle-stimulating 
hormone (rFSH) [26]. In this study, patients were given 
either an ‘individual’ (n = 113) or a ‘standard’ dose (n = 115) 
(at 50–100 and 75 IU rFSH/day, respectively). For the ‘indi-
vidual’ dose, patient dose was based on a nomogram, taking 
into account patient BMI and the antral follicle count, result-
ing in 70% patients developing two to three follicles. This is 

compared to the ‘standard’ dose group where 56% of patients 
develop two to three follicles [95% confidence interval (CI) 
2–26, P = 0.03]. Where multiple follicles developed, two fol-
licles were observed in 58% ‘individual’ group patients ver-
sus 53% ‘standard’ group patients (P = 0.54). The ongoing 
pregnancy rates were 20 and 18% for the ‘individual’ and 
‘standard’ groups, respectively, with multiple gestation rates 
of 1 versus 4% (P = 0.21). Thus, compared to standard dos-
ing, individual dosing according to a nomogram was shown 
to be beneficial [26].

6.3.1  Luteal Phase Support

Controlled ovarian stimulation combined with IUI is a con-
venient treatment of infertility with a success rate of 11%/
cycle. Luteal phase support appears in common usage, 
although support for practice appears limited. The supple-
mentation of luteal phase with vaginal progesterone signifi-
cantly increases live birth among women undergoing IUI 
when receiving gonadotropins for ovulation induction, 
although women receiving CC to induce ovulation do not 
seem to benefit [27].

However, in a recent systematic review of 2842 patients 
undergoing 4065 cycles, progesterone luteal phase support 
was beneficial to patients undergoing ovulation induction 
(OI) with gonadotropins in IUI cycles. Progesterone support 
did not benefit patients undergoing ovulation induction with 
CC or CC plus gonadotropins. In patients receiving gonado-
tropins, clinical pregnancy (relative risk [RR] 1.56, 95% 
confidence interval [CI] 1.21–2.02) and live birth (RR 1.77, 
95% CI 1.30–2.42) were more likely in progesterone- 
supplemented patients. These findings persisted in analysis 
of live birth rates per IUI cycle (RR 1.59, 95% CI 1.24–2.04). 
There was no benefit on clinical pregnancy with progester-
one support for patients who underwent OI with CC (RR 
0.85, 95% CI 0.52–1.41) or CC plus gonadotropins (RR 
1.26, 95% CI 0.90–1.76) [28].

The use of a GnRH agonist to trigger final follicle matu-
ration in stimulated cycles of hyper-responders has been 
shown to be associated with a favourable reproductive out-
come and no incidence of OHSS.  However, such treat-
ments resulted in higher multiple pregnancies. This 
highlights the fact that critical risk assessment needs to be 
performed before IUI [29].

Use of leuprolide acetate (LA) to trigger a gonadotropin 
surge as a means of inducing ovulation in FSH-stimulated 
women could be an alternative to improve the IUI results. 
One study looked at administration of two s.c. doses of LA 
or 7500 IU of i.m. hCG when at least one 18-mm-diameter 
follicle was seen and estradiol levels reached 120 pg/ml per 
follicle if a ≥16 mm diameter follicle was seen. The preg-
nancy rates per cycle started were 17.3% (hCG) and 27.3% 
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(LA), respectively (P = 0.0007), and abortion rates 22.2% 
(hCG) and 24.5% (LA), respectively [30].

6.3.2  Heterogeneity of IUI Practices

It seems the concurrent use of low-dose r-FSH and CC might 
be cost-effective whilst preventing high-order multiple preg-
nancies [31]. In protocols with recombinant rFSH (75 vs. 
150 UI/day), there was a clear trend to achieve a better preg-
nancy rate with 150 UI/day without a significant rise in mul-
tiple pregnancy rates nor OHSS.  The multifollicular 
development was associated with the 150 UI/day group [32]. 
AMH in IUI has attracted little application so far, but this can 
be used as basis for adjusting the drug stimulation dosage [33].

Data for the European Society for Human Reproduction 
and Embryology (ESHRE) on IUI provides an overall nega-
tive picture of IUI with CC where pregnancy rates average 
7% per cycle [5]. FSH ovarian stimulation and IUI treatment 
is only modestly better, with a pregnancy rate of 12% per 
cycle but multiple birth rates averaging 13%. This study con-
cluded that IUI yields modest results with high multiple 
pregnancy rates, meaning that it is no more than a poor sub-
stitute for IVF treatment. However, a problem with this study 
was the collection of heterogeneous practices with IUI treat-
ment cycles encompassing >3 follicles which were already at 
high risk of a multiple pregnancy. Furthermore, most data 
was generated from IVF centres with little incentive to 
improve on their IUI procedures [5].

6.3.3  Cycle Numbers

The question as to how many consecutive IUI treatment 
cycles to perform, before either stopping or moving on to 
IVF treatment, remains unanswered. Many clinics suggest 
six cycles [11, 34], whilst one report showed that most of 
their pregnancies were in the fifth treatment cycle (10.8% 
(95% CI 6.6–17). There is a need to achieve a bi- or trifol-
licular environment by increasing the dosages of gonadotro-
pins [34]. An offer of six cycles of IUI is therefore justified 
practice.

6.3.4  Timing of Insemination

Potentially the most important determinants of success with 
IUI are the timings of both the ovulation trigger and the 
actual IUI treatment.

Despite the optimal IUI time being 30 h post-trigger, the 
majority of IUIs take place 32–36 h post-trigger [7]. Trigger 
time can differ in CC cycles and hMG cycles according to 
leading follicle diameter. For example, the optimal time for 

hCG trigger in CC cycles has been shown to be when the 
leading follicle reaches 20  mm in diameter, compared to 
18 mm in diameter in hMG cycles [35].

A premature LH surge can take place in 25–30% of stim-
ulated IUI cycles, which may interfere with IUI timing [36]. 
The LH surge is required for luteinization, final maturation 
of the oocyte and follicle rupture. Whilst GnRH antagonist 
could be used to prevent premature luteinisation, in certain 
situations where IUI should intentionally be delayed over the 
weekend when follicle reaches 17 mm, routine use of GnRH 
antagonist in IUI cycles does not increase the pregnancy 
rates [37].

6.3.5  Timing and Stimulation

Without any drug stimulation, the LH level should be moni-
tored daily to achieve a higher pregnancy rate per IUI cycle 
[38]. Once the LH rise is detected, the IUI should take place 
the following day, rather than 2 days later, with a respective 
risk ratio of achieving a clinical pregnancy of 1.78 [95% con-
fidence interval (CI), 1.11–2.88] and a pregnancy rate of 20.5 
versus 12.2%, although this difference was not significant 
[38]. Using this data, one extra clinical pregnancy could be 
obtained for every 12 IUI cycles, by performing IUI takes on 
the day following the LH rise, rather than 2 days.

One prospective RCT of 1257 COH-IUI cycles [39] ran-
domised patients into a ‘single’ IUI group (receiving single 
insemination 34 h post hCG administration) and a ‘double’ 
IUI group (receiving two inseminations 18–24 and 36–48 h 
post hCG injection). The double IUI group had a signifi-
cantly better male factor infertility pregnancy rate than the 
single IUI group (19.9 vs. 11.1%, p < 0.05) [39].

This benefit of ‘double IUI’ is backed up by another study 
comparing gonadotropin-containing ovarian stimulation pro-
tocols or within the ovulatory dysfunction and male factor 
diagnostic categories [40]. In this report, 110 clinical preg-
nancies occurred for 508 couples in 999 single IUI cycles 
(fecundity, 11.0%), whilst 45 clinical pregnancies for 174 
couples occurred in 277 double IUI cycles (16.2%, 
p < 0.004). Differences for fecundity were noted regarding 
diagnostic categories between single and double IUI groups 
(ovulation dysfunction, 12.9 vs. 19.5%, p < 0.048, and male 
factor, 7.9 vs. 17.5%, p  <  0.030) and ovulation protocols 
(CC-Gn-hCG, 13.0 vs. 21.3%, p  <  0.031, and L-Gn-hCG, 
4.2 vs. 25.0%, p < 0.002) [40].

6.3.6  Use of Consecutive Ejaculations in IUI

We introduced a unique way to overcome the male factor 
problem by utilising a ‘consecutive ejaculate’ which must 
not be confused with ‘consecutive day IUIs’. Men were pro-
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filed beforehand for their suitability for IUI. This required 
the laboratory processing the sperm sample to provide infor-
mation to the treating clinician about the feasibility of deliv-
ering >5 million motile progressive sperm for IUI.

Based on previous recovery rates of motile sperm from 
processing procedures, it is possible to predict whether the 
unprocessed ejaculate could deliver the minimum threshold 
of sperm for IUI. Where a shortfall was expected, the man 
was asked to provide another ejaculate immediately after the 
next [7]. The easiest way was to determine if there were 
≤10 million total progressive sperm in the whole ejaculate. 
In such cases, a consecutive ejaculate was requested.

By doing this, patients who would otherwise had been 
considered as suitable for IVF/ICSI procedures were actu-
ally found to be suited for IUI procedures. This phenomenon 
had never been publicly addressed and has since turned out 
to be a very powerful and unique tool to overcome male fac-
tor infertility.

In these cases, the only hindrance to pregnancy for female 
partners had been the availability of suitable numbers of 
motile sperm, and therefore these women should be suitable 
for pregnancy if this rate-limiting step could be overcome. 
The initial report suggests that oligozoospermic males can 
be made to emulate normozoospermia males with consecu-
tive ejaculate application.

From our study, the pregnancy rate in the single ejaculate 
group was 23%, whilst the pregnancy rate in the consecutive 
ejaculate group was 19%, giving an overall pregnancy rate of 
20.5%. Tables 6.1 and 6.2 highlights the differences in semen 

parameters of a consecutive ejaculate which can often be sur-
prising to clinical practitioners, given the findings are oppo-
site to classical teachings.

To recognise the value of the consecutive ejaculate repre-
sents a major leap in our understanding and management of 
male infertility. It is recommended that consecutive ejacu-
lates should be analysed routinely, especially for the percent-
age of rapidly progressive sperm, which is one of the positive 
indicators for sperm fertilization.

6.3.7  Managing Weekend IUI

Weekend management of IUI will impact on the overall out-
come. Therefore, timing raises question on managing week-
end IUIs and ways to avoid weekend IUIs for clinics that do 
not operate a 7-day service.

For stimulated IUI programmes, when one or more folli-
cles of 15–16 mm diameter are observed on ultrasound scan 
on a Friday, and it is not possible for logistic reasons (week-
end) to perform the insemination 72 h later, GnRH antago-
nist can be administered until hCG administration. The IUI 
can then be performed on Monday.

This approach has been investigated, by reviewing suc-
cess rates of standard IUI against an IUI ‘weekend-free’ 
group [41]. The pregnancy rates per cycle were similar for 
the weekend-free group (15.7%) and the standard group 
(16.5%), with no difference in the multiple pregnancy or 
hyperstimulation rates. The only difference with the 
weekend- free group was higher estradiol levels, due to the 
prolonged ovarian stimulation.

Thus, GnRH antagonists can be used to control folliculo-
genesis to avoid weekend IUIs, without apparently reducing 
the PR [41]. In one study, IUI was performed at either (1) 
26–28 h after hCG injection or (2) 36–38 h after hCG injec-
tion. Both groups were advised to have timed intercourse 
within a 12–18-h period [42]. Pregnancy rates were compa-
rable, and the number of follicles >17  mm diameter per 
patient was not significantly different between the two 
groups (23.6 vs. 23.4%).

The different timing but similar efficacy of these two IUI 
protocols provides a practical choice to clinicians. The avail-
ability of both protocols may avoid unnecessary scheduling of 
clinical and laboratory work on weekends and holidays in 
women participating in controlled ovarian hyperstimulation 
and IUI programmes for treatment of non-male infertility [42].

6.3.8  Unilateral Tubal Blockage

Where there is unilateral tube blockage, conception is pos-
sible if the egg is released from the ipsilateral ovary and pat-
ent fallopian tube [43]. For such patients, a cumulative 

Table 6.1 Semen quality and pregnancy rates for couples having IUI 
with subfertile males producing initial and consecutive ejaculations

Parameter

Mean Pair-wise differences
Sample 1 Sample 2 Mean ± SEM

Abstinence (Days) 4.4 – –
Abstinence (Hours) – 0.65 –
Volume (ml) 2.7 1.1 1.6 ± 0.14
Concentration  
(mill/ml)

17.8 19.7 1.9 ± 1.7

Viscosity (% High) 25% 39% 14 ± 5.6%
Normal morphology 6.1% 7.3% 1.1% ± 0.8
Rapid motility 8.8% 26.5% 17.8 ± 1.6*

*P < 0.001

Table 6.2 Pregnancy rates in consecutive and single ejaculates

No pregnancy Pregnancy
Single 37 77% 11 23%
Consecutive 56 81% 13 19%
Overall 93 79.50% 24 20.50%

Initial ejaculate; Sample 2 = consecutive ejaculate
Pearson chi2 = 0.2884; P = 0.591
The pregnancy rate in the single ejaculate group was 23%, whilst the 
pregnancy rate in the consecutive ejaculate group was 19%, giving an 
overall pregnancy rate of 20.5%
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pregnancy rate (CPR) of 26.3% (10/38) after three IUI cycles 
has been shown, compared to 44.7% (55/123) in patients 
with patent fallopian tubes (p = 0.043).

Another study showed that for stimulated IU, there were 
no significant differences in pregnancy rate per cycle between 
a unilateral tubal occlusion group (17.3%) and a control 
group (18.9%). There pregnancy rates were not statistically 
significant if patients had a proximal tubal occlusion (21.7%), 
a mid-distal tubal occlusion (12.5%) or unexplained infertil-
ity (18.9%) [44].

6.3.9  Volume for IUI

What volume to place in the uterus remains an underexplored 
issue, and yet it is one of the most important factors, since 
this defines what initial loss of prepared sperm can be 
expected against what the uterus can hold for IUI in a mean-
ingful way. In fallopian tube sperm perfusion (FSP), 4 ml is 
possible, whereas in IUI typically 0.2–0.5 ml is injected.

One study of FSP included women who were randomly 
allocated to group 1 (FSP via Foley catheter with 4 ml of 
inseminate) or group 2 (standard IUI with 0.5 ml of insemi-
nate) (n = 60 for both) [45]. The main outcome measure was 
CPR. The CPR was significantly higher in group 1 than in 
group 2 (16 [26.7%] vs. 7 [11.7%]; P < 0.04). Whilst FSP 
appeared to be an effective technique in the management of 
mild-moderate male factor infertility, it is clear there is scope 
to increase the IUI volume. We have regularly utilised 1 ml 
with very slow and careful insemination procedure to mini-
mise spillage, back flow. Initial failed cycles may provide 
clue on the level of retention and backflow. Bed rest of 
15 min is suggested [45].

6.4  Summary

It may also be that the CC-induced IUI cycles were never 
analysed for the optimal trigger time and only recently have 
the differences in follicle sizes been noted for hMG and CC 
cycles.

Clinics need a database to allow a real-time view of their 
progress. It appears the biggest determinant in the success of 
IUI is the clinical management of the patient followed by a 
detailed view of every aspect of the treatment cycle. We 
should reflect on how progress for IVF had started, but in this 
case, it relied on a huge number of IUI cases being fast- 
tracked for IVF, which is unfair to and unethical towards 
patients.

A number of studies exist with good CPRs and the meth-
ods need to be emulated. 150 IU hMG and 10,000 IU hCG 
appear to provide CPRs at the upper levels of 13–20% per 
cycle, and CC cycles appear to lag considerably in CPRs, 

probably because of lack of optimisation. In the future, AMH 
profiles need to be applied to IUI patients in order to tailor 
the dose of the gonadotropin.

Low-dose aspirin therapy in IUI appears to support 
women with a thin endometrium (<8 mm) with significantly 
better CPRs rates (18.4 vs. 9.0%) [46]. Ultrasound-guided 
IUI seems not to confer additional benefit [47]. Laboratory 
detail to sperm preparation is crucial as this will define what 
motile sperm is available for IUI, with a net effect of convert-
ing normozoospermia patients into oligozoospermia status 
and vice versa [7].

However, we still need to establish the most effective 
semen handling techniques. This includes optimal absti-
nence [7], the time interval between ejaculation and sperm 
processing, the preparation methods, the optimal time 
between sperm preparation and insemination, temperature 
during centrifugation, centrifugation speeds, loading vol-
umes in centrifuge tubes and the temperature of storage of 
processed sperm whilst awaiting insemination.

The impact of the time interval between semen collection 
and insemination, between semen collection and processing 
and between processing and insemination needs further eval-
uation [48, 49]. Higher CPRs were shown where IUI took 
place within 90 min after semen collection compared to lon-
ger time intervals (i.e. 91–120 and >120 min) [48], although 
another study reported no differences [49]. In our higher per-
forming IUI clinic, sperm preparation occurs immediately 
after liquefaction, and IUI performed mostly within half an 
hour of processing, although no longer than 1-h post prepa-
ration. The sample is kept in an incubator at 37 °C for any 
waiting periods.

6.5  Conclusion

The future of IUI is promising if every IUI cycle is optimised, 
especially if most cycles are performed with two follicles using 
hMG, whilst having a strict cancellation policy if greater than 
or equal to three mature follicles are present to minimise mul-
tiple births. There is no evidence-based support that IUI is 
responsible for multiple births given live birth reports rarely 
exist and excessive multiple births are an IVF phenomenon.

The use of ‘consecutive ejaculate’ is a new concept. This 
has shown how male factor definitions can be altered by sim-
ply profiling the males beforehand to alter the management 
of the couple’s subfertility in the patient’s favour. Although 
there is little evidence to support the use of luteal phase sup-
port, it is in common use and not deemed harmful.

The language of presenting outcomes is becoming clearer, 
and presenting IUI success rates and renewed focus on opti-
mising IUI outcomes has a major societal contribution. This 
involves having a strict IUI rejection policy where patients 
could be better served with IVF.
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The use of combination drugs hMG/CC seems promising 
for the 35–40-year-old group, with a CPR of 27% per cycle. 
For patients, the largest benefit is the least intrusive and least 
psychologically demanding procedure and one which can 
benefit a much bigger subfertile global population.
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Letrozole in Fertility Therapy

Monique Marguerie and Mohamed Bedaiwy

Anovulation is a major cause of infertility worldwide. There 
have been significant efforts to develop a method to medi-
cally induce ovulation with the ultimate goal of a viable 
pregnancy. The gold standard for ovulation induction for 
over 40 years was the anti-estrogenic drug clomiphene citrate 
(CC) [1]. Clomiphene citrate has been shown to induce ovu-
lation in approximately 60–80% of treated women [2]; how-
ever, successful pregnancies have only been observed to 
occur in approximately 20–30% of women, cumulatively [3, 
4]. The failure of clomiphene citrate was thought to be due to 
the anti-estrogenic effects it has on the endometrium and cer-
vical mucus as well as the luteal phase abnormalities it 
causes [5]. This led to the search for new alternatives.

Letrozole, a third-generation aromatase inhibitor (AI), is a 
newer, safe oral drug, with significant evidence to support its 
superior efficacy in ovulation induction (OI) and achievement 
of pregnancy than clomiphene citrate. Third-generation AIs 
were initially used in the treatment of post-menopausal breast 
cancer and are now approved by the U.S. Food and Drug 
Administration (FDA) as first-line adjuvant therapy for the 
treatment of estrogen receptor- positive breast cancer [6]. 
Letrozole is more commonly used and has been studied more 
for ovulation induction than other third-generation AIs although 
anastrozole has also been studied in similar contexts [7, 8].

Letrozole was first proposed by Mitwally and Casper as a 
viable ovulation induction agent in 2001 in response to the 
finding that their patients who had previously received sub-
stantial CC treatments had significant thinning of their endo-
metrial lining [9]. They were also the first group to 
demonstrate efficacy of letrozole in patients naïve to therapy 
and CC-resistant patients [5, 10].

Despite significant evidence supporting the efficacy and 
safety of letrozole for use in OI, the uptake of letrozole in 
clinical practice was initially quite slow. This was in part due 
to premature and unsubstantiated warnings regarding the 
safety of letrozole in OI [11]. Letrozole has since been dem-
onstrated to have a strong safety profile, and these trends are 
slowly starting to change. Furthermore, letrozole has been 
named a safe and efficacious alternative to clomiphene 
citrate by the Canadian Fertility and Andrology Society 
(CFAS) and the Society of Obstetricians and Gynaecologists 
of Canada (SOGC) in March 2017 in their joint-position 
statement earlier this year [12] (Table 7.1). This statement 
came in lieu of an announcement earlier this year that the 
only manufacturer of clomiphene citrate has discontinued its 
production of the drug and it is likely that their supplies will 
be exhausted by the end of the 2017. With these pressures on 
clinical practice, letrozole will become more incorporated 
into clinical practice in the next several years.

There are many different options available to couples 
when they are struggling with infertility. In general the first 
therapy option is ovulation induction, and if this fails, they 
may be offered intrauterine insemination (IUI), followed by 
in vitro fertilization (IVF) or intracytoplasmic sperm injec-
tion (ICSI). Infertility may be the result of many causes 
including anovulatory infertility such as polycystic ovarian 
syndrome (PCOS), endometriosis, or unexplained infertility. 
Letrozole has been studied in all of these contexts either as a 
monotherapy or as a combined therapy with another agent 
(Fig. 7.1). The purpose of this chapter is to review the poten-
tial applications for letrozole in ovulation induction and fer-
tility therapy.

7.1  Pharmacology

Aromatase is a member of the cytochrome P450 hemopoi-
etin containing enzyme complex superfamily and is respon-
sible for the conversion of androstenedione to estrone and 
testosterone to estradiol. Aromatase inhibitors, like their 
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Table 7.1 Statements and guidelines pertaining to letrozole use in assisted reproduction

Agency Year Title Statement summary/pertinent points
Health Canada 
[11]

2005 Important Safety 
Information on the 
Contraindication of 
Femara (letrozole) in 
premenopausal women

•  Letrozole is contraindicated in premenopausal, pregnant, and lactating women due 
to the risk of fetal and maternal toxicity and fetal malformations

The Amsterdam 
ESHRE/
ASRM- Sponsored 
PCOS Consensus 
Workshop Group 
[13]

2008 Consensus on 
infertility treatment 
related to polycystic 
ovary syndrome

•  First-line treatment in patients with PCOS is clomiphene citrate
•  Metformin should only be used in PCOS patients with glucose intolerance
•  There is not enough evidence to recommend the use of aromatase inhibitors for 

ovulation induction in patients with PCOS although preliminary research suggests 
that letrozole may be as effective as CC

•  Letrozole can be considered for use “off-label” if all risks and benefits are 
explained

SOGC [14] 2010 SOGC Clinical 
Practice Guideline No. 
242: Ovulation 
Induction in Polycystic 
Ovary Syndrome

•  Weight loss and lifestyle modifications should be considered first line for PCOS
•  CC should be considered first-line therapy and gonadotropins second-line therapy 

for ovulation induction
•  Evidence for AIs appears promising; however, caution should be used until they 

are approved by Health Canada
NICE [15] 2013 Fertility problems: 

assessment and 
treatment
Clinical guideline 156

•  Do not offer ovarian stimulation agents such as CC and letrozole to women with 
unexplained infertility

•  Medical management of endometriosis does not enhance fertility and should not 
be offered

•  CC, metformin, or a combination of the two are first line for WHO group II 
ovulation disorders

•  Letrozole does not result in greater singleton births compared to CC
•  Letrozole resulted in significantly more clinical pregnancies than CC
•  No sig diff between number of multiple pregnancies and miscarriages in patients 

treated with letrozole versus CC
ESHRE [16] 2014 ESHRE guideline: 

management of 
women with 
endometriosis

•  Aromatase inhibitors can be considered in patients with endometriosis- associated 
pain refractory to other medical and surgical treatments in combination with other 
hormone therapies

•  Hormonal therapies should not be used for suppression of ovarian function to 
improve fertility in endometriosis as there is no evidence of any benefit

•  Hormonal therapy is not recommended as an adjuvant to endometriosis surgery 
either before or after surgery as there is insufficient evidence that this has a 
positive benefit on increasing spontaneous pregnancy rates

ACOG [17] 2016 Committee Opinion 
No 663:
Aromatase Inhibitors 
in Gynecologic 
Practice

•  Letrozole should be used in first-line therapy for women with PCOS and BMI >30
•   Letrozole may help manage pain associated with endometriosis in combination 

with progestins
•  As compared to treatment with tamoxifen, AIs are associated with lower rates of 

endometrial cancer, thrombosis, and vaginal bleeding
•  Data suggests that gonadotropins result in higher birth rates and higher multiple 

gestation rates than letrozole in unexplained infertility
•  More research is required to assess whether letrozole or CC is more effective in 

the treatment of unexplained fertility
CFAS-SOGC joint 
statement [12]

2017 CFAS-SOGC Joint 
Position Statement on 
the Use of Letrozole 
for the Management of 
Infertility

•  Letrozole is a more effective ovulation induction agent than clomiphene citrate in 
patients with ovulatory disorders

•  Letrozole is comparable to clomiphene citrate for ovulation induction in 
unexplained infertility but is less effective than gonadotropins

•  Significant research supports the safety of letrozole use for ovulation induction 
without evidence for increased congenital malformation

name suggests, inhibit this enzyme by competitively binding 
to the active site of the membrane complex resulting in low 
levels of circulating estrogen. This hypoestrogenic state 
releases the negative feedback that circulating estrogen has 
on central gonadotropin release leading to enhanced growth 
of ovarian follicles [9, 18].

Letrozole has a relatively short half-life of ~45 h [19, 
20]. It is able to reduce serum estrogen by 97–99% [21] 

while leading to minimal negative effects on estrogen-
sensitive tissues and improved endometrial thickness 
relative to CC [22, 23]. Since AIs do not affect central 
estrogen receptors, central feedback mechanisms remain 
intact with letrozole treatment [9]. Thus as a dominant 
follicle grows, negative feedback on FSH release results 
in atresia of smaller follicles [9, 24]. This results in the 
lower rates of multiple ovulation and multiple pregnancy 
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rates in letrozole fertility treatments compared to other 
agents used for OI.

Letrozole has been demonstrated to result in changes in 
hormonal and follicular dynamics compared to natural cycles 
without negative effects on pregnancy rates. Bedaiwy et al. 
demonstrated that letrozole treatment results in lower estra-
diol levels on day 7 but significantly increased estradiol levels 
on the day of hCG administration. However estradiol levels 
per preovulatory follicle were similar between letrozole and 
natural cycle groups. LH is significantly lower on the day of 
hCG administration in letrozole-treated patients relative to 
natural cycle patients [25]. A study by Garcia- Velasco et al. 
demonstrated that letrozole increases intraovarian androgens 
which seems to enhance early follicular growth and result in 
improved IVF outcome [26]. This elevation in intraovarian 
androgens is thought to increase follicular sensitivity to FSH 
through amplification of the FSH gene expression or by stim-
ulating insulin growth factor 1 (IGF-1) [27–29].

Compared to natural cycles, letrozole induces develop-
ment of significantly greater numbers of follicles [25]. 
Relative to FSH-only cycles however, letrozole +FSH com-
bination therapy results in approximately 33% reduction of 
follicles without significantly reducing pregnancy rates over-
all. This is reflective of the lower multiple pregnancy rates in 

the letrozole combination group relative to FSH treatment on 
its own [30].

Letrozole is an easy to use medication that is orally 
administered with complete and rapid absorption [31]. 
Letrozole is primarily metabolized through CYP 3A4 and 
CYP 2A6 enzymes, and doses may need to be adjusted in 
patients with hepatic impairment due to prolongation of 
letrozole’s half-life [31]. Significant drug interactions have 
not been reported, and age does not affect the drug’s pharma-
cokinetic profile [31].

7.2  Side Effects and Teratogenicity

Side effects associated with letrozole administration are 
uncommon but include hot flashes (11%), nausea (7%), 
fatigue (5%), alopecia, headaches, leg cramps, and vaginal 
bleeding [32–34]. Side effects in women receiving letrozole 
for OI will be much less common than that experienced in 
breast cancer patients due to the shorter duration of treat-
ment. Women who receive chronic letrozole treatment should 
be monitored for bone mineral density due to the increased 
risk of fractures, osteopenia, and osteoporosis associated 
with long-term aromatase inhibitor use [35].
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Fig. 7.1 Sample treatment 
schedules with letrozole. 
These schedules represent 
treatment protocols involving 
letrozole used in ovulation 
induction and assisted 
reproductive technology but 
are not representative of all 
protocols in use. Doses and 
schedules vary between 
studies. (a) Representative of 
an ovulation induction cycle 
followed by timed 
intercourse. (b) 
Representative of controlled 
ovulatory stimulation 
followed by intrauterine 
insemination (IUI). (c) 
Representative of in vitro 
fertilization involving 
letrozole and FSH 
combination therapy
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The question of the risk of congenital anomalies from 
letrozole exposure is an important one. In 2005 Novartis 
Pharmaceuticals issued a warning, endorsed by Health 
Canada, that letrozole should not be used for ovulation 
induction due to potential for fetal toxicity and malformation 
[11]. This warning came following an abstract published at 
the ASRM in 2005 suggesting an increase in cardiac and 
locomotor anomalies following letrozole use for ovulation 
induction [36]. This study was found to be of flawed method-
ology and was never published, but Health Canada has yet to 
remove their warning from the product.

Some laboratory studies have demonstrated that exposure 
of animals to letrozole during pregnancy can lead to intra-
uterine mortality and teratogenic effects [37]. However in 
order to have teratogenic effects, an exposure must occur 
during sensitive phases of development. Given letrozole’s 
short half-life of ~45 h, clearance from the body should be 
complete prior to implantation, and the embryo is unlikely to 
be exposed to the drug during the critical developmental 
period [38]. Care should be taken to avoid administering this 
drug to individuals who are already pregnant.

There is significant evidence supporting the safety of use 
of letrozole for ovulation induction in humans. In fact a ret-
rospective study published shortly after the warnings made 
by Novartis Pharmaceuticals found that there was no differ-
ence in the rates of congenital anomalies in babies born to 
mothers treated with letrozole (2.4%) and CC (4.8%) [38]. In 
fact, the rates of cardiac anomalies were significantly lower 
in the letrozole-treated group than the CC-treated group [38]. 
This is in the context of many previous studies the have dem-
onstrated the safety of CC’s use in OI [39–41]. The authors 
concluded that the concern that letrozole is teratogenic is 
unfounded based on this study’s data.

In 2014, another retrospective analysis [42] as well as a 
double-blind multicenter trial composed of 750 women by 
Legro et al. [4] found there was no significant difference in 
the congenital anomalies between patients receiving OI with 
CC and with letrozole therapy. In 2017, in a retrospective 
cohort study investigating patients receiving assisted repro-
ductive therapy (ART), Tatsumi et  al. demonstrated that 
there was no difference in the rate of congenital malforma-
tions in women receiving their embryo transfers after a natu-
ral cycle or after a letrozole-induced cycle (p = 0.52) [43].

Overall data is highly supportive of letrozole’s safety for 
use in clinical practice. The CFAS, SOGC, and ACOG have 
given their support for the use of letrozole in clinical prac-
tice and acknowledge the literature supporting its safety for 
use in infertility management [12, 17]. Evidence statements 
published in the NICE 2013 Fertility Guidelines state that 
there are no significant differences in the number of con-
genital abnormalities between letrozole and clomiphene 
citrate [15]. It is important however to note that letrozole is 
not yet approved either by the FDA or by Health Canada for 

ovulation induction. In fact, it is labeled as a pregnancy 
Category X medication by the FDA, and use is not recom-
mended in premenopausal women. Given the significant 
amounts of data supporting letrozole’s safety, it is likely 
that the guidelines will change with time; however in the 
interim, patients should be counseled on these warnings 
prior to use.

7.3  Letrozole Ovulation Induction 
in PCOS

Normogonadotropic anovulation, referred to as type II 
anovulation by the World Health Organization, is a main 
cause of infertility worldwide. Polycystic ovary syndrome 
(PCOS) affects approximately 5–10% of women worldwide 
and is the cause for up to 90% of infertility in women with 
type II infertility [44]. The use of aromatase inhibitors for 
ovulation induction was first proposed for patients with 
PCOS in 2001 [10]. Since this time there has been mounting 
evidence in support of the use of letrozole in anovulatory and 
infertile PCOS patients [45–48]. For years, studies suggested 
that relatively higher pregnancy (Fig. 7.2) and birth (Fig. 7.3) 
rates were attained in letrozole-treated patients compared 
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Fig. 7.2 Birth rates (%) in patients with PCOS treated with letrozole 
versus clomiphene citrate for ovulation induction. Data extracted from 
Cochrane review by Franik et al. [49]. *Significant difference between 
birth rates in letrozole- and clomiphene-treated groups. (1) Ovulation 
induction-naïve women: CC 100  mg/day versus letrozole 5  mg/day 
[46]. (2) Clomiphene-resistant women: metformin 150 mg/day + CC 
100 mg/day versus metformin 150 mg/day + letrozole 2.5 mg/day [50]. 
(3) Ovulation induction-naïve women: CC 100 mg/day versus letrozole 
5  mg/day [51]. (4) Clomiphene-resistant and OI-naïve women: CC 
150  mg/day  +  metformin 1500  mg/day versus letrozole 2.5  mg/day 
[52]. (5) Clomiphene-resistant women: CC 100 mg/day + hMG 150UI 
versus letrozole 5 mg/day + hMG 150UI [53]. (6) Unspecified infertile 
patients: CC 100  mg/day versus letrozole 2.5  mg/day [45]. (7) 
Unspecified infertile patients: CC 50–100  mg/day versus letrozole 
2.5–5 mg/day [48]. (8) Unspecified infertile patients: CC 50–150 mg/
day versus letrozole 2.5–7.5 mg/day [4]
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with clomiphene citrate treatment but these studies did not 
attain statistical significance [45, 47, 48, 51, 53] (Table 7.2). 
The 2013 NICE guidelines state that the clinical pregnancy 
rate in patients with PCOS was found to be higher with the 
use of letrozole for ovulation induction relative to clomi-
phene citrate, but no significant increase in singleton birth 
rates was observed [15]. In 2014 a Cochrane review analyzed 
the data of nine randomized controlled trials (RCT) and 
found that in patients with PCOS ovulation induction with 
letrozole and subsequent timed intercourse results in a sig-
nificantly higher birth rates than CC [49]. It is important to 
note that the quality of these conclusions was rated as low 
due to poor reporting of study methods and possible publica-
tion bias.

Within the same year, an RCT investigating a similar 
question was published. Legro et al. studied 750 women with 
PCOS in a double-blind, multicenter trial [4]. Patients were 
treated in a 1:1 ratio with either letrozole or clomiphene 
citrate. Results found that treatment with letrozole resulted 
in more live births than treatment with clomiphene citrate 

(27.5 vs. 19.1%, p = 0.007). No differences were observed in 
the rates of congenital anomalies or pregnancy loss. The 
author concluded that letrozole was superior to clomiphene 
citrate as treatment for women with PCOS and anovulatory 
infertility [4]. Despite there being many previous trials 
addressing a similar question [4, 45, 47, 48, 51, 54, 55], this 
was the first RCT to have sufficient power to detect such 
differences.

Patients with PCOS have many factors contributing to 
their anovulatory state. In part, relative over-suppression of 
FSH is due to high levels of estrogen secondary to aromati-
zation of circulating androgens [9]. Insulin insensitivity 
likely also plays an important role [65]. Many lifestyle 
modifications have been proposed as initial steps to improve 
fertility including weight loss, exercise, smoking cessation, 
and reduced alcohol consumption [66, 67]. In their June 
2016 Practice Update, the American Committee of 
Obstetricians and Gynecologists (ACOG) supports that 
these lifestyle modification strategies should be strongly 
encouraged as a component of infertility treatment for 
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Fig. 7.3 Pregnancy rates (%) in patients with PCOS treated with letro-
zole versus clomiphene citrate for ovulation induction. Data extracted 
from Cochrane review by Franik et  al. [49]. *Significant difference 
between birth rates in letrozole- and clomiphene-treated groups. (1) 
Unspecified infertile patients: CC 100 mg/day versus letrozole 2.5 mg/
day [54]. (2) CC-resistant women: metformin 150 mg/day + CC 100 mg/
day versus metformin 150  mg/day  +  letrozole 2.5  mg/day [50]. (3) 
Ovulation induction-naïve women: CC 100  mg/day versus letrozole 
5 mg/day [46]. (4) Ovulation induction-naïve women: CC 100 mg/day 
versus letrozole 5 mg/day [55]. (5) CC-resistant women: CC 150 mg/day 
versus letrozole 7.5 mg [47]. (6) Ovulation induction-naïve women: CC 
100 mg/day versus letrozole 5 mg/day [51]. (7) CC-resistant and OI-naïve 

women: CC 150  mg/day  +  metformin 1500  mg/day versus letrozole 
2.5 mg/day [52]. (8) Ovulation induction-naïve women: CC 100 mg/day 
versus letrozole 5  mg/day [56]. (9) CC-resistant women: metformin 
1500 mg/day + CC 100 mg/day versus metformin 150 mg/day + letro-
zole 5 mg/day [57]. (10) CC-resistant women: CC 100 mg/day + hMG 
150UI versus letrozole 5  mg/day  +  hMG 150UI [53]. (11) Ovulation 
induction-naïve women: CC 100  mg/day versus letrozole 2.5  mg/day 
[58]. (12) Unspecified infertile patients: CC 100 mg/day versus letrozole 
2.5 mg/day [45]. (13) Unspecified infertile patients: CC 50–100 mg/day 
versus letrozole 2.5–5 mg/day [48]. (14) Unspecified infertile patients: 
CC 100 mg/day versus letrozole 5 mg/day [59]. (15) Unspecified infertile 
patients: CC 50–150 mg/day versus letrozole 2.5–7.5 mg/day [4]
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PCOS. Furthermore, ACOG suggests that letrozole should 
be used for OI in patients with PCOS who have a BMI 
greater than 30 [17].

7.4  Letrozole Ovulation Induction 
in Unexplained Infertility

Unexplained infertility is a relatively common diagnosis and 
is estimated to apply to 10–30% of infertile couples [68, 69]. 
Clomiphene citrate has been used as the drug of choice for 
decades for superovulation for patients with unexplained 
infertility prior to IUI; however, as previously outlined, CC 
is associated with many anti-estrogenic effects which may 
have deleterious effects on subsequent pregnancy rates. 
Given that letrozole has shown significant success in ovula-
tion induction in patients with PCOS, it has also been inves-
tigated in unexplained infertility.

Studies have shown that there is no significant difference 
between the pregnancy rates and live birth rates associated 
with superovulation by letrozole and clomiphene citrate [70, 
71]. A large multicenter randomized trial published in 2015 
by Diamond et al. examined the efficacy of letrozole com-
pared to clomiphene citrate or gonadotropins followed by 
IUI. They found that the use of letrozole resulted in similar 
pregnancy rates and live births as clomiphene citrate. 
Gonadotropins were associated with significantly greater 
pregnancy rates (35.5 vs. 22.4%, P < 0.001) and live birth 
rates (32.2 vs. 18.7%, P < 0.001) than letrozole; however, 
they were also associated with significantly higher rates of 
multiple gestations (32 vs. 13%, P = 0.006). The risks asso-
ciated with gonadotropin use need to be weighed against the 
risks associated with this treatment. An RCT by Fouda and 
Sayed demonstrated that treatment with an extended regimen 
of letrozole of 2.5 mg/day from days 1 to 9 can result in sig-
nificantly greater pregnancy rates per cycle and cumulative 
pregnancy rate than clomiphene citrate (18.96 vs. 11.43% 
and 37.73 vs. 22.86%, respectively) [72]. This is in contrast 
to the 5-day letrozole that is more often used in letrozole 
induction. ACOG endorses the need for more research to 
determine the optimal treatment for unexplained infertility 
[17]. The recent joint CFAS-SOGC position statement stated 
that letrozole seems to be at least as effective as clomiphene 
citrate, while less effective than gonadotropins, and can be 
used for unexplained infertility management with appropri-
ate workup [12].

7.5  Letrozole in Endometriosis

Endometriosis is defined as the presence of endometrial 
glands and stroma outside of the uterine cavity and is charac-
terized by chronic pelvic pain, dyspareunia, dysmenorrhea, 

painful bowel movements, and infertility [73, 74]. Two to ten 
percent of all women and 50% of infertile women are affected 
by this disease [75, 76]. While the standard of care is cur-
rently surgery and hormonal therapy, there are other new 
emerging alternatives. Aromatase inhibitors have demon-
strated encouraging results in the treatment of both pain and 
infertility in women with endometriosis resistant to current 
methods of treatment.

Aromatase expression is elevated in implants and eutopic 
endometrium of women with endometriosis, while  expression 
is absent in normal endometrium [77]. Molecular differences 
result in an overproduction of estradiol (E2) and diminished 
conversion to a less biologically active estrogen [35]. 
Estrogen stimulates the production of prostaglandin E2 
(PGE2) levels, while PGE2 reciprocally stimulates aroma-
tase activity [73]. Prostaglandins mediate the pain, inflam-
mation, and infertility of endometriosis, while estradiol 
induces inflammation and growth of endometriotic lesions.

Traditional therapies for endometriosis target the E2 pro-
duced by ovarian tissues, while AIs target the E2 produced 
peripherally such as by the endometrial deposits. AIs are com-
monly combined with oral contraceptives, progestins, or 
GnRH agonists [78, 79] for the treatment of endometriosis- 
associated pain to avoid follicular development and cyst for-
mation [80]. These combination therapies have demonstrated 
significant improvement of pain and disease severity in 
patients with medical and surgical resistant endometriosis in 
multiple studies [81–85]. ESHRE supports the use of letrozole 
combination therapy in otherwise refractory patients [16].

An important concern in endometriosis is the high preva-
lence of infertility in affected individuals. There is a need for 
more studies to look at the role of letrozole in endometriosis 
in the context of fertility preservation, but preliminary stud-
ies have shown that AIs do not compromise fertility or preg-
nancy rates relative to other treatment modalities [80, 86]. A 
prospective RCT by Alborzi et al. looked at whether using 
letrozole post-operatively can improve endometriosis- 
associated infertility [80]. They found no difference in the 
pregnancy rates between patients treated with letrozole, a 
GnRH agonist, and no medication (23.4, 27.5, and 28.1%, 
respectively). Thus, hormone therapy is not recommended 
post-operatively in women with endometriosis-associated 
infertility [16].

A recent study by Abu Hashim et  al. demonstrated that 
superovulation with letrozole in patients who have minimal to 
mild endometriosis followed by IUI is as effective in terms of 
resulting pregnancy and birth rates as clomiphene citrate [87]. 
ESHRE supports that superovulation with IUI is more effec-
tive than expectant management in patients with mild to mod-
erate endometriosis [16]. With the cessation of clomiphene 
production by its manufacturer and its inevitable lack of sup-
ply unless production resumes, it is important to acknowledge 
that based on this data letrozole can be used as an alternative 
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to CC for superovulation prior to IUI with the expectation of 
comparable results. Another preliminary study by Miller 
et al. suggested that letrozole may be able to improve the poor 
IVF success rates [88] that are known to occur in patients 
with reduced integrin expression in endometriosis [89]. More 
studies are needed to further assess the efficacy of letrozole 
for superovulation prior to IUI as well as in IVF technology 
in patients with aberrant integrin expression.

7.6  Letrozole and Gonadotropin 
Combination Therapy in IUI

One of the major benefits of letrozole for OI is mono- 
ovulation and thus avoidance of multiple gestations. However 
in fertility treatments involving intrauterine insemination 
(IUI), it is often preferable for multiple follicles to develop to 
increase the rates of a resulting pregnancy. Controlled ovar-
ian stimulation with gonadotropins prior to IUI has been 
shown to result in much higher pregnancy rates than IUI in 
patients who did not receive stimulation [90]. However there 
are risks involved in using gonadotropins for ovarian stimu-
lation such as ovarian hyperstimulation syndrome (OHSS) 
and multiple gestations. It is also associated with very high 
costs: each treatment can cost thousands of dollars. Previous 
studies have investigated the combination of clomiphene 
citrate with gonadotropin but have not demonstrated encour-
aging results [1]. While letrozole on its own may not result in 
sufficient ovarian stimulation for IUI or IVF therapy, it can 
be combined with low doses of FSH to ensure multiple ovu-
lation [24].

A small observational cohort study by Mitwally and 
Casper in 2002 demonstrated that poor responders to FSH 
produced a significantly greater number of follicles in 
response to combination therapy with FSH + letrozole [91]. 
A prospective non-randomized study by the same group 
looking at women undergoing COS and IUI demonstrated 
that the combination of letrozole  +  FSH is superior to 
CC + FSH with respect to pregnancy rates (19.1 vs. 10.5%) 
and endometrial thickness and equally as effective as higher 
doses of FSH alone (19.1 vs. 18.7%) [92]. Healy et  al. 
reported that a combined regimen resulted in greater follicu-
lar development, a thinner endometrium, but still equivalent 
pregnancy rates as patients treated with gonadotropin alone 
[93]. In a retrospective case-control study, Bedaiwy et  al. 
demonstrated that in infertile women over 40 years of age, 
controlled ovarian stimulation with co-treatment of letro-
zole + FSH results in lower estradiol levels and fewer folli-
cles, fewer cycle cancellations, and comparable pregnancy 
rates with those women who received FSH only [94]. Patients 
receiving FSH-only treatment experience greater cycle can-
cellations due to over-stimulation, whereas this is far less 
common in letrozole and gonadotropin co-treatment [94].

These studies and others have demonstrated that the 
amount of gonadotropin required for equivalent outcomes 
was much reduced when combined with letrozole [91–93, 
95–98]. Thus, the cost per cycle of controlled ovarian stimu-
lation is significantly reduced when letrozole is co- 
administered without any difference in subsequent pregnancy 
rates [95, 99]. If the combination of letrozole + FSH makes 
fertility treatments more affordable, this may increase access 
to these treatments for those who may have otherwise had a 
financial barrier to treatment.

7.7  Letrozole and Metformin 
Combination Therapy

Many studies have shown that treatment with metformin has 
benefits in patients with PCOS, as supported by fewer com-
plications of pregnancy, decreased metabolic effects, reduced 
circulating androgens, and improved pregnancy rates [100–
102]. Some of the ovulation challenges in patients with 
PCOS are likely due to insulin resistance [65], and metfor-
min effectively sensitizes tissues to insulin, corrects hyperin-
sulinemia, and decreases ovarian androgens [103, 104]. In 
2007 an RCT published in the New England Journal of 
Medicine demonstrated a significant improvement in birth 
rate with clomiphene (22.5%) and clomiphene + metformin 
(26.8%) relative to metformin (7.2%) on its own (p < 0.001) 
[3]. No significant difference was observed between those 
treated with clomiphene alone and clomiphene + metformin 
(p  =  0.31) [3]. While conflicting evidence exists [101], 
another randomized controlled trial and a meta-analysis also 
support that that there is no benefit to combination therapy 
with metformin and CC in terms of live birth rates relative to 
clomiphene citrate on its own [105, 106]. In fact a Cochrane 
review published in 2012 found that there was no significant 
improvement in live birth rates with metformin alone relative 
to no treatment, despite there being a significant improve-
ment in clinical pregnancy rates [106]. This was contrary to 
a study by Morin-Papunen published in the same year which 
demonstrated significantly improved pregnancy rates and 
live birth rates in women with PCOS who received 3 months 
of metformin pretreatment [107]. This implies that the ben-
efit of metformin may extend beyond patients with glucose 
intolerance.

Evidence to date is supportive of superior ovulation 
induction and pregnancy outcomes with letrozole compared 
to clomiphene citrate as discussed earlier in this chapter [4, 
49, 108, 109]. In 2006 Sohrabvand, Ansari, and Bagheri 
compared combined metformin-letrozole therapy with met-
formin- CC therapy in CC-resistant infertile women with 
PCOS.  While not statistically significant, the conceived 
pregnancy rates in the metformin + letrozole treatment group 
(34.50%) were double than that of the metformin + CC treat-
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ment group (16.67%) [50]. Furthermore, a statistically 
greater number of full-term pregnancies were observed in 
patients who received metformin  +  letrozole than metfor-
min  +  CC (34.50 vs. 10%) [50]. A study in 2011 demon-
strated conflicting results, with no improvement in pregnancy 
rates in the letrozole + metformin treatment group compared 
to the clomiphene + metformin treatment group [57]. To our 
knowledge no studies have compared letrozole on its own to 
treatment with letrozole + metformin. A study in 2013 dem-
onstrated that the combination of letrozole + metformin has 
comparable efficacy to bilateral ovarian drilling in terms of 
ovulation, pregnancy, and abortion rate [110].

Due to insufficient data suggesting benefit in all PCOS 
patients, the international consensus in 2008 was that met-
formin use should be restricted to women with glucose intol-
erance [13]. It is logical that patients with severe insulin 
resistance should have their insulin resistance corrected 
before undergoing costly fertility treatments. However, in 
light of the improvement of live birth rates observed with 
3  months of pretreatment with metformin, and the finding 
that the combination of letrozole + metformin may result in 
significantly improved live birth rates, there may be bigger 
role of metformin and letrozole in fertility treatments than 
we previously thought. More studies are needed to properly 
elucidate this role.

7.8  Letrozole in Assisted Reproductive 
Technology

Letrozole has also been studied for superovulation and con-
trolled ovarian stimulation (COS) in the context of ART. 
While 2–3 follicles may be appropriate for IUI fertility treat-
ments, in IVF/ICSI it is preferable to develop many more 
follicles to ensure sufficient number of viable oocytes and 
subsequent embryos for implantation.

A randomized trial in 2006 by Verproest et al. looked at 
the addition of letrozole to IVF/intracytoplasmic sperm 
injection (ICSI) in women with normal ovarian response. 
This study found that both implantation (31.25 vs. 12.5%) 
and clinical pregnancy rates (50 vs. 12%) were higher in 
patients receiving combination therapy of letrozole + FSH 
than in those receiving FSH on its own [111]. This was a 
pilot study and thus did not have enough power to find a 
statistically significant difference between groups; how-
ever, other studies have observed similar trends [26, 112]. 
Endometrial thickness was observed to be statistically 
increased in the group with letrozole co-treatment 
(p < 0.05), but the exact impact of this has yet to be fully 
elucidated [111]. A randomized single-blind controlled 
trial by Goswami et al. in 2004 looked at women who had 
poor responses to gonadotropin (Gn) stimulation for IVF 
therapy [113]. Thirteen women were stimulated with 

Gn + letrozole, and 25 underwent a GnRH-agonist proto-
col followed by stimulation with FSH.  Pregnancy rates 
were found to be statistically comparable, while doses of 
required FSH in the letrozole combination groups were 
significantly less [113].

Two studies looking at patients who had poor responses to 
gonadotropins alone were treated with a GnRH antagonist 
protocol to induce pituitary downregulation  ±  letrozole. 
Garcia-Velasco et  al. treated patients with previously can-
celled IVF cycles with an antagonist FSH/hMG proto-
col  ±  letrozole treatment in the first 5  days of ovarian 
stimulation. They demonstrated that the IVF implantation 
rate in the letrozole group was significantly higher than the 
control group (25 vs. 9.4%, p = 0.009) and there was also a 
higher pregnancy rate per transfer (41.6 vs. 28.9%) but this 
difference was not statistically significant [26]. While Ozmen 
et al. did not observe any significant improvement in preg-
nancy rates in the letrozole-treated group, there was a signifi-
cant reduction in IVF cycle cancellation due to poor ovarian 
response [112]. Furthermore they found that the cost associ-
ated with each IVF treatment was much less due to reduced 
gonadotropin requirement [112].

In 2017, a retrospective cohort study looked at women 
who had received single embryo transfers after either a natu-
ral cycle or a letrozole-induced cycle. Letrozole was found 
not to be associated with increased congenital malformations 
(p  =  0.52) and was actually associated with significantly 
decreased risk of miscarriage (p < 0.001) [43].

Together, all of these studies point toward the possible 
beneficial use of letrozole in ART. With higher implantation 
rates, lower cycle cancellation rates, lower costs per cycle, 
and potentially higher pregnancy rates, it seems clear that 
there could be a benefit in incorporating letrozole into ART 
for patients who are low responders to Gn stimulation or 
even into standard ART care. More RCTs are needed to con-
firm the benefits of letrozole and its safety in ART.

7.9  Letrozole in Fertility Preservation 
for Patients with Cancer

In recent decades, there have been increasing trends toward 
childbearing later in life [114], while at the same time, there 
have been major advances in cancer screening and therapeu-
tics strategies as well as increasing survival rates in patients 
with cancer. As a result, many women must deal with not only 
a new cancer diagnosis but also the implications it may have 
on their childbearing potential [115]. Therapeutic agents, 
radiation, and curative surgery are all associated with different 
risks of ovarian dysfunction and infertility. One study quoted 
amenorrhea rates to be as high as 61% in women under 40 
with breast cancer after receiving the classic cyclophospha-
mide, methotrexate, and 5-FU therapy regimen [116].

M. Marguerie and M. Bedaiwy



63

While many fertility preservation strategies have been 
developed, the only fertility preservation technique endorsed 
by the American Society of Clinical Oncology is oocyte/
embryo cryopreservation—all others are still considered 
experimental [117]. Most commonly this involves COS fol-
lowed by the cryopreservation of the oocyte or embryo [115] 
for future reimplantation or transfer to a gestational carrier.

The method of COS selected must take into account how 
much time the patient can afford to delay therapy [118] as 
well as whether their cancer is estrogen sensitive. The major-
ity of fertility research in estrogen-sensitive cancers has been 
in breast cancer, with breast cancer being the second leading 
cause of cancer-related death in women [119]. While breast 
cancer increases with age, up to 30% of new breast cancer 
diagnoses are in pre- or perimenopausal women [120], and 
up to 29% of these women have said that fertility concerns 
influenced their choices regarding treatment [121].

Conventional ovarian stimulation protocols involve stimu-
lation with GnRH antagonists and provide the shortest inter-
val to initiation of cancer therapy [115]. Until recently, having 
an estrogen receptor-positive cancer precluded patients from 
COS due to the resulting supraphysiologic estrogen levels. 
Thus, the only fertility preservation option available was nat-
ural cycle IVF which only results in an embryo in about 60% 
of cycles [122]. However, there are now newer COS thera-
peutic options available such as tamoxifen and letrozole 
which are not associated with high estrogen levels. A combi-
nation therapy of letrozole + FSH is currently the method of 
choice over tamoxifen since it stimulates development of 
greater numbers of follicles, mature oocytes, and subsequent 
embryos [123]. This combination therapy results in signifi-
cantly reduced circulating estradiol and reduced FSH require-
ments than conventional therapies [124–126]. Azim et  al. 
demonstrated that letrozole therapy is not associated with any 
increased breast cancer recurrence or increase mortality com-
pared to individuals who did not receive fertility therapy 
[127]. While initial evidence suggested comparable oocyte 
retrieval and fertility rates between individuals receiving 
letrozole + FSH COS and conventional COS [124, 128], a 
recent study suggested that the FSH and letrozole therapy 
results in fewer oocytes [125]. More studies are required to 
clearly elucidate relative efficacy in cancer patients. 
Ultimately we may need to consider whether the compromise 
of efficacy in favor of safety is preferable in the long run.

A recent study by Turan et al. demonstrated that two con-
secutive ovarian stimulation cycles are safe, with no increased 
rate of breast cancer recurrence in their study population 
[129]. Furthermore, a significantly increased oocyte and 
embryo yield was achieved with two compared to just one 
COS cycle, with no significant delay in treatment [129]. If a 
compromise in yield is discovered with letrozole compared 
with traditional therapy, two consecutive ovarian stimula-
tions may be a way to ameliorate this. Furthermore, case 

reports have suggested that it may also be possible to use 
letrozole stimulation in a random-start ovarian hyperstimula-
tion for those patients who require emergent cancer therapy 
without compromising fertilization rates [130]. This has the 
potential for significantly reducing the time until cancer 
therapy.

The advantage of reduced estrogen exposure in the con-
text of fertility treatments seems to be specific to letrozole 
and is not consistent with all aromatase inhibitors. Breast 
cancer patients who underwent COS with anastrozole were 
exposed to significantly higher levels of estradiol than those 
treated with letrozole [131]. Thus, letrozole is currently the 
preferred method of ovarian stimulation for women with 
estrogen-sensitive cancer.

Endometrial cancer is another estrogen-sensitive cancer 
for which the standard of care in cancer greater than stage 1 
grade 2 is a hysterectomy and bilateral salpingectomy. Most 
cases of endometrial cancer occur in post-menopausal 
women; however, it can occur in pre- or perimenopausal 
women as well. If a woman would like to preserve her fertil-
ity, she would need to consider oocyte retrieval and a gesta-
tional carrier; however, controlled stimulation has 
traditionally been avoided due to the resulting supraphysio-
logic estrogen levels. In 2007 Azim and Oktay demonstrated 
that combined letrozole and gonadotropin therapy could be 
used in women with endometrial for successful retrieval of 
oocytes (7 ± 2.85) while avoiding high circulating estradiol 
levels associated with standard fertility preservation methods 
[126]. This report was only based on evidence from four 
women and warrants further investigation, but the results 
were very encouraging and could have significant implica-
tions for young women wanting to preserve their fertility.

7.10  Letrozole in the Prevention 
of Ovarian Hyperstimulation 
Syndrome

The Royal College of Obstetricians and Gynecologists 
describes OHSS as a complication of fertility treatment 
[132]. Mild OHSS has been generally accepted to affect one 
third of IVF cycles and moderate to severe to affect 3–8% of 
patients [133], although a recent US study quoted the inci-
dence to be closer to 1.1% [134]. While the pathophysiology 
of OHSS is not fully elucidated, it results in increased vascu-
lar permeability, third spacing of fluid, and intravascular 
depletion. Mild OHSS is usually self-limited, but severe 
cases require hospitalization and can lead to hemodynamic 
instability, renal failure, adult respiratory distress syndrome, 
ovarian rupture and hemorrhage, thromboembolism, and 
even death [135].

OHSS usually occurs as a result of gonadotropin stimula-
tion; however, it has very occasionally been shown to occur 
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in response to other stimulating agents including clomiphene 
citrate. A recent Cochrane review examined 16 studies com-
paring letrozole to other ovulation induction agents in 
patients with PCOS and found that there was not a single 
case of OHSS in all 882 patients studied who received letro-
zole [49]. In fact there was no difference in the rates of OHSS 
between letrozole-treated groups and groups treated with 
placebo, clomiphene citrate, laparoscopic ovarian drilling, or 
anastrozole [49]. Low rates of OHSS in OI with letrozole are 
thought to be due to an intact estrogen feedback loop and 
resulting in monofollicular ovulation [9].

In ART, while letrozole on its own is insufficient for ovar-
ian stimulation, combining it with low-dose gonadotropin 
can induce appropriate follicular development while main-
taining low estradiol levels. One study reported two events of 
moderate to severe OHSS in patients stimulated with gonad-
otropin only and no events in the patients receiving gonado-
tropins  +  letrozole [136]. More research is needed to 
elucidate whether combined gonadotropin + letrozole stimu-
lation for ART results in lower rates of OHSS. If OHSS rates 
are found to be lower, this would be a safer alternative for 
COS in high-risk patients than traditional gonadotropin ovar-
ian stimulation.

Preventing the occurrence of OHSS is superior to manag-
ing it reactively. Risk factors for developing OHSS include 
young age, low body weight, PCOS, high doses of exoge-
nous gonadotropins, high or rapidly increasing serum estra-
diol levels, previous episodes of OHSS, and high numbers 
of developing ovarian follicles [135]. In 2008 Fatemi et al. 
performed a pilot study of letrozole administration during 
the luteal phase of the ovulation cycle. They found that 
letrozole administration at this time significantly lowers cir-
culating estradiol levels [137]. In 2009 Garcia-Velasco et al. 
proposed that letrozole could be administered during the 
luteal phase to high-risk patients to reduce ovarian hyper-
stimulation [138]. This was supported by a study by He 
et  al. in 2014 that examined 88 patients at high risk for 
OHSS who were undergoing frozen embryo transfer. They 
found that administration of 7.5 mg of letrozole starting on 
the day of oocyte retrieval significantly reduced the inci-
dence of moderate and severe OHSS (9/24 patients vs. 1/20 
patients, p = 0.013) [139] and that this effect may be dose 
dependent, although lower doses have been effective in 
other studies [137, 138, 140].

Low-dose aspirin has been recommended to prevent or 
reduce the severity of OHSS symptoms [141, 142]. A 238 
participant prospective randomized controlled trial published 
in 2017 by Mai et al. investigated the ability of letrozole rela-
tive to aspirin to control OHSS in high-risk patients undergo-
ing embryo cryopreservation [140]. They found that letrozole 
was more effective than aspirin at decreasing moderate and 
severe OHSS (p = 0.044). This is in contrast to a smaller non- 
randomized study in 2015 which claimed that letrozole can-

not prevent severe OHSS in high-risk patients [143]. This 
difference may be due to smaller sample size of the earlier 
study or its non-randomized nature.

More information is needed before we are able to defini-
tively say what is the best method of reducing OHSS in IVF 
and cryopreservation; both combined FSH  +  letrozole for 
COS or stimulation by gonadotropins followed by adminis-
tration of letrozole in the luteal phase seem like promising 
viable options.

7.11  Conclusions and Future Directions

Letrozole has significant research supporting its use as an 
agent for ovulation induction. Multiple societies including 
ACOG, SOGC, and CFAS have given their support to the use 
of letrozole in anovulatory infertility based on its superior 
efficacy as an OI agent than clomiphene citrate and on its 
safety data (Table 7.3). Endometriosis pain is significantly 
improved with letrozole, and preliminary data suggests letro-
zole is at least as effective as CC in treating endometriosis- 
related infertility. For women with estrogen-sensitive 
cancers, letrozole has provided fertility preservation options 
that were not previously available.

The role for letrozole in assisted reproductive therapy is 
still not clear. It cannot be used as a COS agent on its own, 
but in combination with gonadotropins, it has demonstrated 
reduced requirements of FSH, fewer incidents of OHSS, and 
thicker endometrium, but more studies are needed to fully 
elucidate if letrozole combination treatment can lead to 
increased live birth rates.

Letrozole is a promising therapeutic with many potential 
applications that we are just starting to understand. With a 
changing climate of available ovulation induction agents that 
are available, we will undoubtedly see greater uptake of use 
of letrozole therapy in clinical practice. With more data, 

Table 7.3 Important points about letrozole use in fertility therapy

•  Letrozole leads to increased pregnancy and birth rates with in 
patients with PCOS relative to clomiphene citrate

•  Letrozole is superior to other ovulation induction agents in its 
ability to induce mono-ovulation

•  Unlike clomiphene citrate, letrozole requires minimal/no 
ultrasound monitoring of endometrial thickness

•  Letrozole is as good as clomiphene citrate for OI in unexplained 
fertility

•  Reduced costs associated with letrozole + gonadotropin 
controlled ovarian stimulation in ART

•  Letrozole has provided fertility preservation options to patients 
with estrogen sensitive cancers which were not previously 
available

•  Letrozole has an improved safety profile relative to clomiphene 
citrate and gonadotropin therapy

•  We are beginning to understand the potential uses for letrozole in 
the reduction of OHSS risk in ART
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national drug regulation agencies may revisit their warnings 
about letrozole, further reducing anxiety around its use. As 
letrozole use becomes more ubiquitous, we will gain a better 
understanding of its full therapeutic potential in fertility 
therapy.
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Gonadotropin-Releasing Hormone 
and Its Analogues

Peter Kovacs

Reproductive functions are regulated by rather complex 
endocrine mechanisms. There are three levels involved in 
this function: the hypothalamus, the pituitary, and the ova-
ries. The hypothalamus serves as the main generator of nor-
mal activity by releasing gonadotropin-releasing hormone 
(GnRH) at regular intervals. GnRH reaches the anterior pitu-
itary via the portal vessels where it induces the synthesis and 
release of follicle-stimulating hormone (FSH) and luteiniz-
ing hormone (LH). These hormones reach the ovaries 
through the systemic circulation, and they exert their effects 
on the theca and granulosa cells within the follicles and 
induce folliculogenesis. There are multiple regulatory mech-
anisms that control and modify the actions of this axis. There 
are short-, medium-, and long-loop feedback mechanisms 
that influence the pulse frequency and amplitude with which 
GnRH is released. Through the modifications of GnRH 
release, the synthesis and release of FSH and LH are modi-
fied too, and eventually this has an impact on ovarian 
function.

There are conditions when the malfunction of the 
hypothalamic- pituitary-ovarian axis results in endocrine 
and therefore reproductive abnormalities (e.g., Kallmann’s 
syndrome, polycystic ovary syndrome, Sheehan’s syn-
drome, etc.). In addition there are conditions when an inter-
ference with the normal hypothalamic-pituitary function is 
needed to manage a clinical problem (precocious puberty, 
endometriosis, leiomyomas, etc.). Finally, one has to inter-
rupt the normal GnRH release during fertility treatment 
when the premature activation of the pituitary-ovarian axis 
has to be prevented to allow the treatment to proceed 
successfully.

This chapter will review the physiologic regulatory mech-
anisms of the hypothalamic-pituitary-ovarian axis and will 
discuss those clinical scenarios where synthetic GnRH ana-
logues (agonist, antagonist) can be successfully used.

8.1  GnRH Release

GnRH is a decapeptide with a short half-life. It is synthe-
sized and released by hypothalamic GnRH neurons. These 
neurons can be found in the preoptic areas and adjacent sites 
in the hypothalamus. There are about 1500 GnRH neurons 
that form a network, and their coordinated activity is required 
for normal function [1]. GnRH release is episodic and this 
pulsatile function is an inherent characteristic of the GnRH 
neurons [2].

The pulsatile function of these neurons is under the control 
of multilevel feedback mechanisms (Fig. 8.1). GnRH exerts 
an autocrine effect on the GnRH neurons themselves through 
transmembrane receptors (very short-loop feedback). GnRH 
release is Ca dependent. GnRH agonists upon binding to 
GnRH receptors are coupled to stimulatory G proteins and 
stimulate cyclic AMP production and Ca signaling. GnRH 
antagonists upon binding to the receptor are coupled to inhib-
itory G proteins and interfere with GnRH release [1]. 
Coupling and uncoupling to stimulatory or inhibitory G pro-
teins is one mechanism through which the pulse frequency 
and amplitude at which GnRH is released can be adjusted [1].
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The activity of the GnRH neurons is also under the con-
trol of multiple neurotransmitters (noradrenalin, opioids, 
GABA, neuropeptide Y, etc.) secreted by neurons that proj-
ect on GnRH cells [3, 4]. Metabolic factors also play a role 
in the regulation of hypothalamic GnRH neuron activity. It 
is well known that the incidence of reproductive dysfunc-
tion increases as one deviates from the normal body mass 
index. The hypothalamus is the site where the connection 
between energy metabolism and reproduction can be found. 
Insulin and leptin are believed to be the most important 
peripheral signals that influence GnRH activity. Leptin 
receptors cannot be found on GnRH neurons; therefore, 
they act through interneurons, most probably neuropeptide 
Y (NPY) releasing interneurons. NPY has a negative effect 
on GnRH neuron activity, and leptin may suppress this 
inhibitory effect. Insulin on the other hand seems to have a 
direct and stimulatory effect on GnRH neurons through its 
own receptors [5].

GnRH reaches the pituitary through the portal system 
where it binds to the surface receptors and induces FSH and 
LH release. Through a short-loop feedback mechanism, 
hormones secreted by the pituitary (e.g., midcycle LH 
surge) exert an effect on the hypothalamus and influence 
the pulsatile release of GnRH (hypothalamic-pituitary 
loop).

FSH and LH, secreted by the pituitary in response to 
hypothalamic-pituitary activation, induce follicle develop-
ment, and the follicles start to secrete increasing amounts of 
estradiol. Estradiol in return affects GnRH neuronal activity 
through the long-loop feedback mechanism. For a long time 
estradiol was thought to influence GnRH neurons indirectly 
as its receptors (estrogen receptor [ER]) could not be found 
in the neurons [3]. Subsequently both the ERα and ERβ sub-
types were shown to be expressed in GnRH neurons. 
Estrogen is known to have a negative as well as a positive 
effect on GnRH activity, the latter required for the midcycle 
LH surge. This dual activity can be explained by the differ-
ential expression of the receptor subtypes. Estradiol upon 
binding to ERα mediates an inhibitory effect on cyclic AMP 
production and pulsatile GnRH secretion through the inhibi-
tory effect of G-inhibitory protein (negative feedback). 
While upon binding to ERβ, estradiol increases cAMP pro-
duction, and GnRH secretion is achieved consistent with the 
midcycle positive feedback effect [1, 3, 6]. In addition to 
estradiol’s direct effect through its receptors on GnRH neu-
ronal activity, there is evidence for indirect effects primarily 
through GABA neurons. Furthermore, estradiol was shown 
to activate progestin receptors, and this action is required for 
the LH surge. Antiprogestin successfully blocked the mid-
cycle estradiol-induced LH surge in an animal model, 
whereas in the absence of antiprogestin, a normal LH surge 
could be elicited [7].

8.2  Neuroendocrine Control 
of Folliculogenesis

GnRH release into the portal vessels is pulsatile (every 
60–90 min in the follicular phase and 120–240 min in the 
luteal phase; besides the frequency, the amplitude changes as 
well) [3, 4]. Upon reaching the anterior lobe of the pituitary, 
it binds to its surface receptors and initiates the release of 
stored FSH and LH.  The receptor-ligand complex is then 
internalized, and upon dissociation the GnRH receptors can 
be recycled to the cell surface.

There are clinical scenarios when the disruption of intact 
hypothalamic-pituitary-ovarian/testicular function is desired 
(Table 8.1). This can be achieved by chronic administration 
of GnRH agonists or GnRH antagonists. GnRH agonists and 
antagonists are chemically modified versions of the original 
decapeptide which was identified in 1971 [8] (Fig. 8.2). By 
modifying the chemical structure of the original molecule, 
the half-life of GnRH can be extended, and a chronic effect 
can be achieved. GnRH agonists are resistant to enzymatic 
degradation and remain bound to the receptor once internal-
ized. GnRH agonists uncouple GnRH from the second mes-
senger systems (desensitization) and decrease the calcium 
response, inactivate calcium channels, and reduce inositol 
phosphate production. Following internalization GnRH ana-
logues remain bound to the receptors, and there is a reduc-
tion in receptor recycling to the cell surface resulting in 
receptor loss preventing GnRH action. Following an initial 
release of stored FSH/LH, GnRH agonists lead to a decreased 
gonadotropin output [9].

GnRH antagonists also bind to the GnRH receptors. 
Unlike GnRH agonists their action is competitive receptor 
blockage, and they inhibit signal transduction. GnRH antag-
onists can be replaced from the receptors; their inhibitory 
effect is competitive and quickly reversible by an appropriate 
dose of GnRH agonist [9].

Natural GnRH is rapidly metabolized; its degradation is 
started at the position six amino acid (glycin). The replace-
ment of this amino acid has resulted in increased resistance 
to degradation (triptorelin, Gly  →  D-Trp; leuprolide, 

Table 8.1 Clinical use of GnRH analogues

Female Male Both
Benign diseases: uterine 
fibroids, adenomyosis, 
endometriosis

Benign disease: 
benign prostate 
hypertrophy

Central 
precocious 
puberty

Malignant disease: 
adjuvant therapy in 
hormone-sensitive cancers 
(breast, ovarian cancer)

Malignant disease: 
adjuvant therapy 
for prostate cancer

Potential for 
contraception

Gonad protection during 
chemotherapy

Infertility 
treatment
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Gly  →  D-Leu; buserelin, Gly  →  D-Ser(tBu); goserelin, 
Gly  →  D-Ser(tBu)). Furthermore, in some of these com-
pounds, Gly is deleted in position 10 (leuprolide, buserelin). 
GnRH antagonists are synthesized by chemically modifying 
the amino acid sequence at multiple sites [9].

8.3  Clinical Use

There are clinical scenarios when the intact function of the 
hypothalamic-pituitary-ovarian axis is not desired 
(Table 8.1).

8.3.1  Precocious Puberty

Precocious puberty affects 1:5000–10,000 children and is 
more common in females. Most cases are idiopathic and are 
of central origin. Central precocious puberty is associated 
with the early activation of the hypothalamic-pituitary axis. 
It leads to premature puberty, accelerated occurrence of sec-
ondary sex characteristics, and accelerated bone maturation 
with eventual short final height and may affect psychosocial 
development. In untreated cases the growth velocity of long 
bones is accelerated but is associated with early fusion of the 
epiphyseal growth plates resulting in short stature [10, 11].

GnRH agonists block the activated hypothalamic- pituitary 
axis, slow down bone growth, and therefore could improve 
the final height. The combination of growth hormone with 
GnRH agonist has been suggested to further improve the 
clinical findings. Best results can be expected when the treat-
ment is started early on, preferably before the age of 6.

A French study, using decapeptyl in children with preco-
cious puberty, found the final height to be 8.3 cm higher in 
girls and 13.7 cm higher in boys when compared to historical 
controls [12]. The Dutch-German study group reported an 
increase of 6 cm in final height in girls and 10 cm in boys 
with triptorelin administration when compared to the pre-
treatment predicted height [13]. A 2014 meta-analysis based 
on eight studies found a significant increase in the final 

height with GnRH agonist treatment when compared to pre-
treatment predicted height. According to the same report, the 
results are superior when GnRH agonist is combined with 
growth hormone [10].

Besides the monthly administered GnRH agonist 3-month 
depot preparations have been successfully used [14]. No sig-
nificant adverse effect on later ovarian function, bone den-
sity, or reproductive function has been documented so far 
[10]. Best results can be expected with treatment start before 
the age of 6; later start is of questionable benefit.

8.3.2  Prostate Cancer

Prostate cancer is the third most common cancer when both 
sexes are considered. 161,360 new cases are estimated in the 
USA for the year 2017. It is the sixth most common cause of 
cancer-related death [15]. The estimated incidence is 
123/100,000 population. Testosterone has been implicated as 
both a trigger and a factor to promote prostate cancer [16]. 
Androgen deprivation therapy (ADT) is considered the first- 
line treatment of advanced-stage/metastatic prostate cancer. 
It is used as neoadjuvant or adjuvant therapy as well [17]. 
ADT may be combined with other antiandrogens that either 
block the hepatic androgen synthesis or prevent the 
testosterone- dihydrotestosterone conversion [18]. ADT may 
involve surgical removal of both testicles or pharmacological 
suppression of androgen synthesis with GnRH agonists or 
antagonists.

GnRH agonists were shown to be similarly effective to 
bilateral orchiectomy [17]. The goal of medical therapy is to 
suppress testosterone levels to below 1.7 nmol/l. GnRH ago-
nists induce an initial flare effect resulting in transient eleva-
tion of serum testosterone levels. Furthermore, microsurges 
of testosterone can be seen with each additional injection. 
The clinical significance of the initial flare or subsequent 
microsurges is questionable though [19].

GnRH antagonists are associated with immediate sup-
pression of testosterone levels, and no microsurges accom-
pany their use. Studies have shown that both GnRH agonists 

GnRH agonists are modified at position 6, e.g.: leuprolide: Gly�Leu; triptorelin: Gly�D-Trp

Natural GnRH

GnRH antagonists are modified at multiple amino acids (positions 1,2,3,8,10,)

pGlu His Trp Ser Tyr Gly Leu Arg Pro Gly NH2

Fig. 8.2 Natural GnRH and 
sites of chemical modification 
to obtain agonists/ antagonists

8 Gonadotropin-Releasing Hormone and Its Analogues



72

and antagonists are effective in suppressing testosterone lev-
els. GnRH antagonist degarelix was less likely to be associ-
ated with prostate-specific antigen elevation or death during 
therapy when compared to the GnRH agonist leuprolide [20, 
21]. Furthermore, levels of serum alkaline phosphatase as an 
indicator of bone metastasis were lower with degarelix when 
compared to a GnRH analogue.

ADT is not without side effects. Increased risks for bone 
loss, fractures, as well as adverse metabolic effects were 
reported. Lifestyle changes and pharmacologic interventions 
can be considered if such complications accompany therapy. 
Intermittent pharmacologic ADT is an alternative for those 
with significant side effects. In these cases 6–9 months of 
ADT can be followed by a medication-free period in which 
PSA levels are monitored. Medical therapy is resumed when 
PSA starts to rise [17, 18].

8.3.3  Breast Cancer

Breast cancer is the most common cancer (male-female com-
bined) with an estimated 255,000 new cases annually in the 
USA.  It is also estimated that each year, 41,000 of those 
diagnosed with breast cancer will die as a result of the dis-
ease [22].

In up to ¾ of breast cancers, estrogen plays a role in tumor 
proliferation acting through its receptors [23]. Interfering 
with estrogen action or the ER pathway has been an integral 
part of breast cancer treatment. Selective ER modulators 
(tamoxifen), aromatase inhibitors, GnRH analogues, and 
ovarian ablation through radiation therapy or surgery are 
options to reduce circulating estrogen levels [23].

GnRH agonist as an adjuvant therapy was shown to be as 
effective as oophorectomy in premenopausal women with 
advanced-stage breast cancer. Disease-free survival was 
found to be similar to that achieved with chemotherapy [24]. 
In a randomized trial, 589 premenopausal women with ER+ 
early breast cancer were assigned either to 2 years of GnRH 
agonist use or to six cycles of chemotherapy (cyclophospha-
mide, methotrexate, fluorouracil). At 2 years of follow-up, 
no difference in disease-free or overall survival was seen 
[25]. Another randomized trial assigned premenopausal 
women with hormone-sensitive breast cancer to adjuvant 
chemotherapy (three cycles of cyclophosphamide, metho-
trexate, 5-fluorouracil) or GnRH agonist, goserelin for 
2  years. Local and distant recurrence, survival, and death 
rates were similar in the two groups [26]. A 2009 Cochrane 
review concluded that adjuvant GnRH agonist therapy or 
adjuvant chemotherapy resulted in similar overall and 
disease- free survival for the treatment of early-stage breast 
cancer in premenopausal women. GnRH agonist combined 
with tamoxifen may provide superior results when compared 
to agonist alone [27].

Ovarian ablation using GnRH agonist alone or in combi-
nation with tamoxifen is an effective adjuvant therapy for 
early-stage ER+ breast cancer. The optimal duration of use 
has not been established; studies have investigated use for 
2–5 years. For advanced-stage, metastatic breast cancer, the 
use of tamoxifen combined with GnRH agonist proved to be 
superior to GnRH agonist alone [28].

8.3.4  Gonad Protection

The number of follicles peaks at 6–7 million at mid- gestation. 
By birth the number is down to 1–2 million and by puberty 
to 400–500,000. The loss rate is genetically determined and 
differs individually [29]. The rate of follicle loss is acceler-
ated by various iatrogenic effects such as gonadotoxic 
therapy.

Follicle loss related to chemotherapy depends on baseline 
ovarian reserve, patient age, the chemotherapeutic agent 
used, and duration of treatment. Chemotherapy may result in 
premature ovarian failure or transient amenorrhea. It is esti-
mated that each year, about 100,000 women under the age of 
45 are diagnosed with cancer [30]. Some of these women are 
nulliparous or have not completed their family yet and would 
desire fertility upon completion of successful therapy. 
Oncologic therapies have significantly improved over the 
years, and with the increase in the number of patients surviv-
ing such treatments, their long-term consequences (fertility, 
hormonal balance, overall quality of life) have to be consid-
ered [30, 31].

Germ cells, especially actively developing cells, are sen-
sitive to chemotherapy-induced damage and undergo apop-
tosis. These cells are replaced by the recruitment of 
primordial, dormant cells leading to faster decline in the 
overall follicle pool. In addition chemotherapy may cause 
stromal fibrosis and vascular damage reducing ovarian blood 
supply further augmenting follicle loss [31].

GnRH agonist was proposed to reduce the toxic ovarian 
effects by inducing a hypogonadotropic state. Inactive folli-
cles are more resistant to damage. GnRH agonist reduces 
ovarian blood flow and lowers the amount of drug reaching 
the follicles [31].

There are multiple cohort and randomized studies that 
assessed the impact of GnRH agonist on ovarian activity dur-
ing chemotherapy. Patients with different types of cancer, 
with different baseline characteristics, undergoing heteroge-
neous chemotherapeutic treatments were evaluated, and not 
surprisingly the studies reported conflicting outcomes. 
Lambertini et al. randomly assigned premenopausal women 
undergoing chemotherapy for breast cancer to triptorelin or 
no triptorelin during oncotherapy. Over the 5 years of fol-
low- up, menstruation was resumed in 72.6% of women 
receiving triptorelin, while in 64% of controls (age-adjusted 
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hazard ratio, 1.48; 95% CI, 1.12–1.95) [32]. Moore et al. ran-
domly assigned women undergoing chemotherapy for breast 
cancer to goserelin versus no goserelin during chemother-
apy. Significantly fewer women in the goserelin group devel-
oped ovarian failure after chemotherapy, and significantly 
more of those receiving goserelin became pregnant [33]. 
Elgindy et  al. randomly assigned women with receptor- 
negative breast cancer undergoing chemotherapy to GnRH 
agonist or antagonist downregulation or no downregulation. 
They found no difference in the proportion of women who 
resumed regular menstruation 12 months after chemotherapy 
[34]. There are several other randomized or nonrandomized 
studies that failed to find a benefit with GnRH analogues for 
gonadal protection [35, 36].

Several meta-analyses were published on the topic of 
ovarian protection with GnRH agonist. Del Mastro et  al. 
found a significant reduction in premature ovarian failure 
rates with GnRH agonist use based on the analysis of nine 
studies [37]. Blumenfeld et al. analyzed the results of 20 ret-
rospective or randomized studies and found significantly 
lower ovarian failure rates with GnRH administration. 
According to their analysis, 91% of GnRH agonist-treated 
patients maintained cycle regularity versus only 41% of 
those of controls [38]. Vitek et al., on the other hand, found 
no benefit with GnRH agonist use for the preservation of 
ovarian function based on the results of four studies in breast 
cancer patients undergoing chemotherapy [39]. A recent 
review by Hickman et al. analyzed the results of the various 
meta-analyses on GnRH agonist use for ovarian protection 
during chemotherapy. 12 of 14 analyses found a beneficial 
effect of GnRH on ovarian failure rates. However, only three 
of the nine studies assessing pregnancy rates reported a 
favorable outcome with GnRH agonist use [31].

The issue whether GnRH agonist use is beneficial for 
ovarian protection among premenopausal women undergo-
ing chemotherapy has not been settled yet. Most reports 
suggest a positive impact on maintenance of ovarian func-
tion and chance for pregnancy. Furthermore, the reduction 
of menstrual flow for those with suppressed hematologic 
parameters may be an added benefit. Upon proper counsel-
ing GnRH agonist could be considered for those who can-
not benefit from the proven assisted reproductive 
technologies (embryo, oocyte cryopreservation) for fertil-
ity preservation.

8.3.5  Endometriosis

Endometriosis is diagnosed when endometrial glands and 
stroma can be found in extrauterine locations. It can be found 
in 5–10% of the general population and in up to 50% of 
infertile women. Pain and infertility are the two most com-
mon symptoms. Pain can be associated with menstruation 

(dysmenorrhea) or can manifest as chronic pelvic pain [40]. 
Symptomatic endometriosis often calls for treatment. This 
could involve surgery, excision or ablation of endometriotic 
lesions, or medical therapy [40].

Endometriosis is an estrogen-dependent disease; there-
fore, any medical therapy that suppresses estrogen levels or 
creates an androgen- or progesterone-dominant environment 
could prove to be beneficial. Medical therapy that inhibits 
folliculogenesis and results in hypoestrogenism typically 
improves endometriosis-related symptoms.

Prolonged GnRH agonist administration leads to hypogo-
nadism with suppressed steroid hormone levels. The benefit 
of depot GnRH agonist alone or in combination with other 
drugs for the treatment of symptomatic endometriosis has 
been evaluated in several prospective or retrospective trials. 
A prospective randomized study found GnRH agonist or 
dienogest + estradiol valerate to be equally effective in 
improving quality of life postoperatively among women 
undergoing laparoscopy for chronic pelvic pain [41]. A retro-
spective study by Morelli et al. found significant improve-
ment in chronic pelvic pain, reduced need for pain medication, 
and a reduction in loss of productivity among women with 
endometriosis or adenomyosis using GnRH agonist [42]. 
Another randomized controlled trial found similar efficacy 
of pain control with norethisterone acetate and GnRH ago-
nist (both combined with aromatase inhibitor), but 
 norethisterone acetate was better tolerated due to fewer side 
effects. Reduction in the size of endometriotic lesions was 
however greater with depot triptorelin [43]. Levonorgestrel 
intrauterine system was shown to similarly improve the over-
all endometriosis severity profile at 1, 3, and 6 months when 
compared to GnRH agonist. However, by the end of the first 
year of follow-up, compared to pretreatment baseline values, 
symptom improvement was only shown with GnRH agonist 
[44]. Several other studies have shown postoperative pain 
score improvement with GnRH agonist among women 
undergoing surgery for endometriosis [45, 46]. A 2014 
Cochrane review reported GnRH agonist to be effective for 
the management of endometriosis-related pain [47].

Long-term GnRH agonist use is limited by the side effects 
related to hypoestrogenism (vasomotor and genitourinary 
symptoms) and by the adverse lipid and bone effects. Add- 
back therapy (norethindrone acetate, conjugated equine 
estrogen, norethindrone) has been recommended to reduce 
the impact of these side effects. Add-back therapy was not 
shown to compromise the benefits of GnRH [48].

Endometriosis is common among infertile women, and 
many of them will eventually require some form of assisted 
reproduction to achieve success. Pregnancy rates following 
IVF are lower in women with endometriosis according to the 
analysis by Barnhart et  al. (OR, 0.56; 95% CI, 0.44–0.7) 
[49]. Medical therapy alone (GnRH, combined contraceptive 
pill, androgen, progestin) is not effective to manage infertil-
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ity associated with endometriosis as all these therapies pre-
vent ovulation and therefore the chance to conceive [50]. In 
addition there is no evidence that the use of GnRH agonist 
postoperatively to suppress lesions not removed during sur-
gery is of benefit for infertile women [51]. A 2006 Cochrane 
review based on three trials however found that 3–6-month 
use of GnRH agonist prior to IVF improved clinical preg-
nancy rate (OR, 4.28; 95% CI, 2.00–9.15) and live birth rate 
(OR, 9.19; 95% CI, 1.08–78.22) [52].

8.3.6  Fibroids

Uterine fibroids are common benign, monoclonal tumors of 
the myometrium. They can be found in up to 70% of women 
and are associated with symptoms in about 25% of reproduc-
tive age women [53]. Symptoms are either associated with 
menstruation (menometrorrhagia, dysmenorrhea) or are 
related to size (pressure, fullness). Besides genetic factors, 
steroid hormones and growth factors (cytokines, chemo-
kines, growth factors) have been implicated in their growth 
[54, 55]. The definitive therapy is surgery; myomectomy 
offers short- or long-term benefits, while hysterectomy offers 
definitive long-term treatment. There are cases when the 
patient desires to maintain her uterus, and there are cases 
when the patient is at such high surgical risk that alternative 
treatment options to surgery are needed. Radiologic inter-
ventions or hormonal treatments can be considered for such 
patients.

GnRH agonist use is associated with suppressed sex ste-
roid levels, interferes with growth factor synthesis, and has 
direct apoptotic effects on leiomyoma cells and therefore 
could prove to be beneficial for the management of symp-
tomatic fibroids [55]. Its use was shown to result in signifi-
cant reduction in myoma size. Friedman et  al. randomly 
assigned premenopausal women to depot leuprolide versus 
placebo for 6  months. While those in the placebo group 
experienced no change in the fibroid volume, in the GnRH 
agonist group, 40% decrease in fibroid volume was achieved. 
Three months after cessation of leuprolide, the myomas grew 
back to almost their pretreatment size [56]. Seracchioli et al. 
also reported a significant 26.5% reduction in myoma vol-
ume after 3 months of depot triptorelin in a placebo- 
controlled randomized trial [57]. GnRH agonist results in an 
about 30–50% reduction in fibroid and uterine volume, but 
the effect is temporary and upon discontinuation of therapy 
the fibroids regain their pretreatment size [58]. The long- 
term administration of GnRH agonists is limited by its side 
effects. To avoid adverse bone and metabolic effects, various 
add-back therapies were explored in combination with 
GnRH agonist. Raloxifene, progestins, estrogen, and 
estrogen- progestin combinations have been successfully 
used to block some of the adverse effects of long-term GnRH 

agonist use, but they also limit the benefits with GnRH ago-
nist [55].

Due to the significant hypoestrogenic side effects and 
associated expenses, GnRH agonist does not offer a long- 
term solution in the management of symptomatic uterine 
fibroids. The short-term size reduction and the amenorrhea 
induced by GnRH agonist can be of clinical benefit though. 
Larger fibroids may require an abdominal surgical approach 
rather than the vaginal route and may require a vertical 
abdominal incision rather than a low transverse. Significant 
reduction in myoma size enables the surgeon to use an 
approach that is associated with faster postoperative recov-
ery and improved long-term quality of life. Furthermore, a 
size reduction could be associated with shorter operating 
time and reduced blood loss and therefore less perioperative 
morbidity. Significant improvement in preoperative hemo-
globin and hematocrit values and reduction in operative 
blood loss were shown both after laparoscopy and laparot-
omy following preoperative GnRH agonist treatment 
[59–61].

Uterine fibroids are common hormone-sensitive tumors 
that respond favorably to GnRH agonist therapy. The main 
benefit of such therapy is a reduction in fibroid related meno-
metrorrhagia and therefore an improvement in hematologic 
parameters. Furthermore, the myoma size reduction enables 
the surgeon to use the vaginal route instead of the abdominal 
approach, reduces operating time and blood loss during sur-
gery, and therefore is associated with reduced short-term and 
long-term morbidity.

8.3.7  ART

The introduction of GnRH agonists in the mid-1980s and 
subsequently GnRH antagonists into in  vitro fertilization 
(IVF) leads to a revolutionary change in how IVF was prac-
ticed [62]. Up until their introduction, premature LH surge/
ovulation was a major problem often leading to cycle cancel-
lation. GnRH agonist can be administered as a daily injec-
tion or as a depot injection. Initially it induces a flare effect 
upon binding to the pituitary receptors and induces a tran-
sient FSH and LH surge. A continuous exposure to GnRH 
agonist results in receptor downregulation and desensitiza-
tion after 5–7 days, and the inhibition of further LH release 
blocks the preovulatory LH rise. GnRH agonist, when started 
in the mid-luteal phase of the cycle preceding the stimulation 
for IVF, results in suppressed gonadotropin levels by the 
time the cycle ends and the stimulation is initiated. It is then 
continued throughout the stimulation at a reduced dose 
(luteal long stimulation). Alternatively it can be stopped as 
exogenous gonadotropin stimulation is about to get started 
(luteal stop protocol). For those patients who have irregular 
cycles, GnRH agonist can be started at the onset of the cycle. 
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In these cases one has to wait for the suppression to occur 
after the initial flare effect (follicular long). Alternatively, it 
can be started overlapping with contraceptive pills to prevent 
the initial flare effect.

For poor responders the initial gonadotropin flare is 
desired. Various flare protocols (short, ultrashort, microdose) 
are in use.

The introduction of GnRH antagonists into stimulation 
opened up further options for the management of the fol-
licular phase of an IVF cycle. GnRH antagonists immedi-
ately inhibit the GnRH receptors, and therefore they can be 
started once the follicles reach a size when they are at risk 
for premature ovulation. According to the fixed protocol, it 
is started on day 6 of the stimulation regardless of follicle 
size. When the flexible protocol is followed, GnRH antag-
onist is started once the lead follicle reaches 13–14 mm in 
size and the estradiol level exceeds 300–500 pmol/l. Once 
started GnRH antagonist is administered daily up until the 
final trigger injection prior to oocyte collection. 
Alternatively a larger, “depot” dose of GnRH antagonist 
can be used that only has to be supplemented by smaller 
daily doses if the stimulation lasts for more than 4–5 days 
beyond the initial depot dose. GnRH antagonist use is con-
sidered patient friendly, as antagonist cycles are associated 
with 1–2 days shorter stimulation, fewer overall injections, 
and better cycle scheduling when combined with contra-
ceptive pills prior to stimulation start. Unlike GnRH ago-
nist its use is not associated with the hypoestrogenic side 
effects. Furthermore, the use of GnRH antagonist allows 
the use of GnRH agonist trigger prior to oocyte collection 
and can significantly reduce the risk of ovarian hyperstim-
ulation syndrome (OHSS).

A recent Cochrane review compared the efficacy of the 
different GnRH agonist protocols. It found no difference in 
the ongoing pregnancy rates and live birth rates when the 
GnRH agonist long vs. agonist ultrashort, the luteal GnRH 
agonist long vs. follicular agonist long, or the agonist long 
vs. agonist stop protocols were compared [63]. GnRH ago-
nist can be administered daily or as a depot injection. Both 
approaches are equally likely to result in live births. However, 
the depot injection seems to result in a deeper suppression as 
patients require more gonadotropins and the stimulation lasts 
significantly longer [64].

Premature LH rise can successfully be prevented by the 
administration of GnRH antagonists. Live birth rates in 
antagonist cycles are similar to live birth rates in GnRH ago-
nist cycles (OR, 1.02; 95% CI, 0.85–1.23). The risk of OHSS 
is however significantly lower in GnRH antagonist cycles 
[65]. Using the GnRH antagonist protocol, the stimulations 
last for fewer days, less gonadotropin is required, peak estra-
diol level is lower, and the number of oocytes retrieved is 
fewer [66]. GnRH antagonist results in a quick and deep sup-
pression of LH levels. The available data does not support 

the addition of LH or the increase of gonadotropin dose upon 
the start of antagonist [67].

The use of GnRH antagonist allows the use of either 
human chorionic gonadotropin or GnRH agonist as a trigger 
injection. GnRH agonist is effective for the induction oocyte 
maturation and retrieval of mature oocytes and is highly 
effective in preventing OHSS.  It however results in inade-
quate luteal phase and if not supplemented properly leads to 
lower live birth rates [68]. With proper luteal support (either 
intensive luteal phase support with transdermal estradiol and 
IM progesterone, dual trigger with GnRH agonist and 
1000  IU hCG or low dose, 1500  IU hCG on the day of 
retrieval), high, unaffected pregnancy rates can be main-
tained [69].

In hCG-induced cycles, luteal administration of GnRH 
agonist based on low overall quality of evidence was shown 
to improve live birth rates. This benefit however needs to be 
further studied [70].

Summary GnRH secreted by the hypothalamus plays a key role in the 
regulation of the reproductive axis. Its normal pulsatile secretion is 
required for the pituitary release of FSH and LH hormones that regulate 
ovarian follicular activity. An intact multilevel feedback mechanism is 
required for normal function. Any disruption of this finely tuned endo-
crine axis results in abnormal ovarian function.

GnRH analogues, agonists and antagonists, are now available and 
can be used to manage various clinical problems. GnRH analogues can 
be successfully used for the treatment of central precocious puberty, 
hormone-sensitive cancers, and various benign gynecologic conditions 
and play an important role in assisted reproduction. Their long-term use 
is not without side effects however; therefore future research has to 
focus on developing longer-acting formulas with proper add-back 
options that do not limit clinical efficacy but improve safety and allow 
long-term administration.
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GnRH Agonist Protocols

Megan Schneiderman and Michael H. Dahan

In vitro fertilization, commonly referred to as IVF, is a 
procedure in which infertility of varied etiologies is over-
come. The current standard of care requires ovaries to be suf-
ficiently stimulated to allow the collection of many oocytes, 
which are then fertilized in the laboratory and eventually 
transferred to a receptive uterine cavity. One difficulty to be 
overcome with both natural cycle IVF or stimulated cycles is 
ovulation prior to oocyte collection. There are several proto-
cols to prevent this complication. These protocols achieve 
pituitary downregulation using gonadotropin-releasing hor-
mone (GnRH) agonists or GnRH antagonists to prevent an 
undesired spontaneous luteinizing hormone (LH) surge. The 
three most commonly used protocols are GnRH agonist pro-
tocols (long protocol), GnRH agonist flare protocols (micro-
dose or standard-dose flare), and the GnRH antagonist 
protocols (short protocol). In this chapter, we will address 
the GnRH agonist protocols for IVF.

9.1  GnRH Agonists

GnRH is a decapeptide produced in the hypothalamus. 
Transported via the portal circulation, GnRH stimulates 
gonadotrophs in the anterior pituitary gland to release two 
gonadotropins: luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH). LH and FSH then act at the 
level of the ovaries to regulate both the production of sex 
steroids and folliculogenesis. LH stimulates the theca cells to 
produce androgens. FSH stimulates the granulosa cells to 
support follicular growth, resulting in the production of 
estrogens. The androgens “feed” the granulosa cells and act 
as substrate to be aromatized to estrogens, particularly estra-

diol. FSH initially upregulates its own receptor and by so 
doing increases granulosa cell stimulation. As estradiol lev-
els increase and the follicle enlarges, the FSH receptor is 
then downregulated, while LH receptor expression increases. 
Eventually, the LH surge will be induced by high estradiol 
levels, which positively feed back on the hypothalamic pitu-
itary axis, prompting follicular ovulation.

Physiologically, GnRH is secreted in a pulsatile manner, 
which stimulates the timed release of gonadotropins and 
coordination of follicle development and ovulation. 
Furthermore, it is known that stimulation of the gonado-
trophs by exogenous GnRH agonists in a continuous or non- 
pulsatile manner eventually results in desensitization of the 
pituitary gonadotrophs to GnRH. This is achieved by inter-
nalization of the FSH receptors in response to a prolonged 
non-pulsatile GnRH activity [1]. This effect of continuous 
GnRH stimulation inducing pituitary suppression is the hall-
mark of ovarian stimulation protocols using GnRH agonists. 
These were the first nonnatural IVF cycles performed pre-
venting spontaneous ovulation.

GnRH agonist analogues are modifications of the natural 
decapeptide GnRH, with agonistic effects on the GnRH 
receptor and subsequent downregulation of the receptors. 
Commercially available GnRH agonists include triptorelin 
acetate, nafarelin acetate, buserelin acetate, leuprolide ace-
tate, and goserelin acetate (Table 9.1). The pituitary response 
to exogenous GnRH agonist administration is biphasic. 
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Table 9.1 Available synthetic GnRH agonists

Generic name Brand name Route
Triptorelin acetate Decapeptil Sc

IM
Nafarelin acetate Synarel Inhalation (nasal)
Buserelin acetate Suprefact Sc, inhalation (nasal)
Leuprolide acetate Lupron

Lupron depot
Sc
IM depot

Goserelin acetate Zoladex Sc implant
Histrelin Supprelin Sc implant

Sc subcutaneous, IM intramuscular

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2377-9_9&domain=pdf
https://doi.org/10.1007/978-981-15-2377-9_9#DOI
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Firstly, there is an initial flare effect within the first 48 hours 
of administration, whereby the agonist effect leads to an 
upregulation of GnRH receptors and an increase in LH and 
FSH secretion from the gonadotrophs. This flare effect can 
last for 5 to 14 days. After this time, with continued agonist 
administration, there is both downregulation and desensitiza-
tion of GnRH receptors in the anterior pituitary. Ultimately, 
this leads to reduced gonadotropin production and secretion 
by the pituitary, as well as decreased responsiveness of the 
pituitary to GnRH [2, 3].

GnRH agonists were introduced in the 1980s, after the 
GnRH decapeptide was first isolated in 1971 [4]. Since this 
time, the approach to ovarian stimulation for IVF has 
changed significantly as there existed a means to prevent 
premature ovulation during IVF cycles [5]. Without down-
regulation of endogenous LH secretion, up to 15–30% of 
cycles used to be cancelled due to premature ovulation [6]. 
Using GnRH agonists, the rate of cycle cancellation due to 
premature ovulation has been reduced to fewer than 2% of 
treatment cycles [7]. The use of GnRH agonists is based on 
the known responses of gonadotrophs to continuous GnRH 
exposure as described above. Through receptor downregu-
lation and desensitization, GnRH agonist treatment bio-
chemically suppresses endogenous gonadotropin secretion 
and thereby prevents surges in LH from disrupting exoge-
nous ovarian stimulation and causing premature ovulation 
[8]. This downregulation likely continues for at least 7 days 
after stopping the GnRH analogue in a typical IVF cycle.

The advantages of GnRH agonist cycles go beyond the 
prevention of premature ovulation and subsequent cycle can-
cellation. By preventing the LH surge, patients can be stimu-
lated for longer times to produce a greater number of mature 
follicles, particularly if a breakaway large follicle is present 
which would have otherwise caused a spontaneous ovulation 
prior to the maturation of a lagging follicular cohort. An 
example of this scenario would be a follicle of 18 mm diam-
eter and ten 12  mm follicles. The 18  mm follicle can be 
pushed into postmaturity (greater than 21 mm diameter) to 
allow the 12  mm follicles to grow. Such stimulation ulti-
mately allows the recruitment of a larger number of mature 
oocytes. Mature oocytes most often occur in follicles of 
14–15 mm mean diameters.

Additionally, suppressing endogenous gonadotropin 
secretion provides an important advantage of scheduling 
flexibility. By changing the duration of GnRH agonist sup-
pression, prior to the commencement of gonadotropin stimu-
lation, cycles can easily be coordinated for oocyte donation 
or collections on days the patient is available. Once the 
gonadotropins have been started, data suggests that retriev-
ing oocytes 1 day earlier or 1 day later than ideal does not 
change the live birth outcomes, allowing further timing of 
collections as needed [9].

Often combined oral contraceptives (COCs) are prescribed 
in GnRH agonist cycles (details described below). The COCs 

traditionally used contain 30 or 35 micrograms of ethinyl 
estradiol. It is possible that pills with lower ethinyl estradiol 
doses can be used without affecting outcomes; however, data 
related to lower doses of ethinyl estradiol COCs are lacking in 
IVF cycles. The role of different progestins prior to IVF in 
COCs is poorly understood. Pre-treatment with COCs firstly 
provides flexibility in the start time of the cycle and increased 
convenience for both the patient and fertility center. Secondly, 
after pre-treatment with COCs, when the protocol is begun, a 
more uniform cohort of follicles is synchronized at the same 
developmental stage. Therefore, with gonadotropin stimula-
tion more follicles may reach the same level of maturity close 
to the same time. Additionally, patients are less likely to 
develop functional ovarian cysts at the start of GnRH agonist 
treatment [10]. Taken together, these benefits overall lead to a 
reduction in cycle cancellation rates and increased conve-
nience in cycle planning. COCs are usually started on a spon-
taneous or induced menstrual cycle days 1 to 5. They are 
taken for at least 15  days prior to commencement of the 
GnRH agonist to prevent cyst development via the GnRH 
agonist initial flare effect. The GnRH agonist is then over-
lapped with the COCs for a further 5 days, after which the 
COCs should be discontinued. Beyond these minimums for 
scheduling convenience, the COCs duration can be extended. 
However, use of more than 30 days of COCs can suppress the 
ovarian response to stimulation, increasing the required dose 
of gonadotropins and overall reducing the number of follicles 
ultimately recruited. At least one study evaluated the use of 
longer duration COC use in women at risk of ovarian hyper-
stimulation syndrome (OHSS) due to polycystic ovary syn-
drome. The risk of OHSS was found to be decreased in these 
patients with 25 to 45 days of COCs [3, 4].

The principal disadvantage to GnRH agonist cycles is the 
occasionally observed blunted response to exogenous gonad-
otropins and resulting increase in cost and duration of gonad-
otropin treatment required to achieve adequate ovarian 
stimulation (compared to no medications to block GnRH 
effects). Although at an increased cost, numerous studies 
have shown that pregnancy and live birth rates were signifi-
cantly higher when both GnRH agonists and gonadotropins 
were used, compared to gonadotropins alone [11, 12]. The 
initial flare-up effect observed after initiating treatment may 
be another undesired side effect of treatment, which alterna-
tively is taken advantage of in the “flare” protocol as will be 
explained subsequently.

It has been long established that some patients will form 
functional ovarian cysts during GnRH agonist treatment. 
The exact mechanism of cyst formation remains unknown; 
however, the initial flare effect of GnRH agonists may be 
contributory [13, 14]. Functional cysts may negatively affect 
follicular induction in different ways. They may prolong the 
duration of pituitary suppression required prior to beginning 
gonadotropin stimulation. The steroids (mainly estradiol 
and less likely progesterone) produced by functional cysts 
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may negatively impact developing follicles and endometrial 
receptivity. Finally, by a pressure effect, they may prevent 
surrounding ovarian tissue and follicles from reaching their 
growth potential during stimulation. This occurs particu-
larly if the cyst is greater than 1.5 cm in mean diameter or if 
the serum estradiol level is above 260 pmol/L [15]. Of note, 
the literature does not support cyst aspiration prior to begin-
ning stimulation, as it has not been found to improve out-
comes [14, 16].

Other disadvantages stem from the ovarian suppression 
induced by the GnRH agonists. Associated with the pro-
longed suppression, there may be undesired menopausal side 
effects due to the induced hypoestrogenic state. Furthermore, 
after agonist cycle completion, pituitary gonadotropin secre-
tion has been found to remain impaired for some time, and 
luteal phase support with progesterone supplementation is 
required to maintain a pregnancy after embryo transfer [17]. 
It should be acknowledged that follicle aspiration also com-
promises progesterone production by the follicle by disrupt-
ing the cells in the follicle, which convert into the corpus 
luteum. Although many centers also supplement estradiol in 
the luteal phase, in randomized placebo-controlled studies, 
this supplementation has failed to improve outcomes [18]. 
While the benefits of estradiol supplementation remain con-
troversial, progesterone supplementation, either vaginal or 
intramuscular, does improve results [19]. Lastly a subset of 
patients complain of headaches while taking the GnRH ago-
nist. This can be alleviated to switching the patient to a 
GnRH antagonist cycle.

Lastly, the use of GnRH agonist for ovarian suppression 
increases the risk of developing ovarian hyperstimulation 
syndrome (OHSS), compared to GnRH antagonist cycles. 
Since the introduction of GnRH agonists to prevent the spon-
taneous LH surge in IVF cycles, the incidence of severe 
OHSS was reported to have increased sixfold [20]. While a 
GnRH agonist protocol results in the stimulation of more fol-
licles, higher E2 levels, and the subsequent development of 
more corpus lutea that occurs in a natural cycle, understand-
ably these factors increase the risk of OHSS [21–23]. 
Although most studies were not designed specifically to 
assess the risk of OHSS using different protocols, one more 

recent study demonstrated a higher risk of OHSS among 
already high- risk patients with the GnRH agonist, compared 
to antagonist protocol [24].

Considering the numerous advantages, the benefits of 
suppression of endogenous gonadotropin secretion, preven-
tion of premature ovulation, recruitment of greater number 
of mature oocytes, fewer cancelled cycles, and most impor-
tantly higher pregnancy rates, when compared to unstimu-
lated IVF cycles, GnRH agonist protocols are an excellent 
choice in an appropriately selected patient population. A 
recent randomized study comparing the long GnRH agonist 
cycle, the GnRH agonist microdose flare, and the antagonist 
cycle in poor responders found poorer pregnancy outcomes 
with the microdose flare [25]. The study was powered to 
detect differences in the number of oocytes collected and 
found that the long protocol collected on average two more 
oocytes than did the antagonist cycle. Therefore, ideal sub-
jects for use of the GnRH agonist cycles include average-to- 
low responders and patients with decreased reserve or 
advanced maternal age. High responders should be treated 
with GnRH antagonist cycles to decrease the risk of ovarian 
hyperstimulation syndrome.

9.2  GnRH Agonist Protocols

There are presently two widely used IVF stimulation regi-
mens with GnRH agonists, which differ in the duration of the 
GnRH agonist treatment:

 (i) GnRH agonist gonadotropin stimulation, the “long” 
protocol.

 (ii) GnRH agonist “flare” also known with modification as 
the “microdose flare” gonadotropin stimulation 
protocol.

Conceptually, the protocols are similar in that they take 
advantage of the suppression of endogenous gonadotropin 
secretion provided by the GnRH agonist to prevent a sponta-
neous LH surge (Table  9.1). Once suppressed, exogenous 
gonadotropins (Table  9.2) are provided until adequate fol-

Table 9.2 Gonadotropin preparations for ovarian stimulation

Generic name Brand name LH activity FSH activity HCG activity Dosing Route
Follitropin beta 
(recombinant FSH)

Follistim (USA)
Puregon (CANADA)

− + − 75–300 IU (maximum 
300 IU daily)

Sc

Follitropin alpha 
(recombinant FSH)

Gonal-F − + − 75–300 IU (maximum 
300 IU daily)

Sc

Urinary products 
(hMG) (uses hCG 
mimic LH activity)

Menopur Minimal + + 75–300 IU (maximum 
300 IU daily)

Sc
Repronex + + +
Pergonal + + +
Humegon + + +

Lutropin alpha 
(recombinant LH)

Luveris + − − 75 U–150 daily or 
FSH:LH ratio 2:1 to 3:1

Sc

ahCG: human chorionic gonadotropin
ahMG: human menopausal gonadotropins
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Table 9.3 Triggers for ovulation

Generic name Brand name Dosing Route
Recombinant hCG Ovidrel 250mcg Sc
Urinary hCG − 5000–10,000 units Sc

Table 9.4 Typical dosing of most commonly used GnRH agonists in 
GnRHa protocols

Long protocol Flare protocol

Microdose 
flare 
protocol

Nafarelin
(Synarel)

100 μg q8h or 
200–400 μg bid

400 μg twice a 
day

200 μg 
twice a day

Buserelin 
(Suprefact)

Standard regimen
0.5 mg sc qd
* Reduced dose when 
GN begun: 0.2 mg sc 
qd
Low-dose alternative
0.5 mg sc qd
* Reduced dose when 
GN begun: 0.05 mg 
sc bid
Alterative dosing
0.25 mg qd–1.2 mg 
qd

0.5 mg sc qd
* Reduced 
dose when GN 
begun: 0.2 mg 
sc qd

0.05 mg sc 
bid

Leuprolide 
(Lupron)

0.5 mg qd
1.0 (or 0.5) mg qd 
decrease to 0.5 mg 
(or 0.25) qd after 
desensitization
0.04 mg qd

0.0005 mg 40 ųg daily

Triptorelin 
(Decapeptyl)

0.1 mg qd–1 mg qd
3.75 mg qd

0.04–0.05 mg 
qd
1 mg qd

100 ųg 
daily

N.B. Similar to gonadotropin therapy, studies have yet to identify an 
“ideal” dose, and different centers/studies use different dosages. 
Common dosage ranges are included (and not limited to those) in this 
table.
From Kolibianakis EM, Collins J, Tarlatzis BC, Devroey P, Diedrich K, 
and Griesinger G. Among patients treated for IVF with gonadotrophins 
and GnRH analogues, is the probability of live birth dependent on the 
type of analogue used? A systematic review and meta-analysis. Hum 
Reprod Update. 2006;12 [6]:651–671., with permission.

licular stimulation is achieved. Finally, ovulation is triggered 
(Table 9.3), and oocytes are retrieved [26]. Collected oocytes 
can then be fertilized or frozen and ultimately transferred 
during the same cycle or at a later time.

Ideal dosing regimens for the available GnRH agonists in 
the different protocols have not been established, and many 
dose-finding studies examine different regimens. Dosing 
options are quite broad. We provide a sample-dosing regi-
men for different GnRH agonists (Table 9.4).

Similarly, there is no ideal gonadotropin dose that applies 
uniformly to all patients. Rather, the ideal dose is the lowest 
dose which achieves adequate stimulation, defined as opti-
mal number of follicles developing, oocytes collected, high-
est live birth rates, and lowest risk of hyperstimulation and 
subsequent cycle cancellation. Maximum dosage used is 

controversial with some centers using 450 IU or even 600 IU 
per day. However, randomized studies suggest no benefit to 
doses above 300  IU daily [27–29], and the 2013 National 
Institute for Health and Care Excellence (NICE) guidelines 
specifically recommend not exceeding 450 IU. In most cases 
lowest dose used is 100–150 IU daily. In patients weighing 
more than 170lbs or 77Kg, an additional 75 IU daily should 
be considered. The ratio of FSH to LH activity should be 2:1 
to 3:1 to prevent premature increases in progesterone levels 
[27] and is independent of patient diagnosis (Table 9.2).

Table 9.4 provides dosing of different GnRH agonists for 
the long and flair protocols. This is but a partial guide for the 
uninformed reader. Many other doses have been used in 
other publications which make an exhaustive list impossible 
to generate.

9.2.1  GnRH Agonist Downregulation 
Gonadotropin Stimulation:  
The “Long” Protocol

The general principle of the long protocol is that GnRH ago-
nists are used for varied durations to achieve full suppres-
sion of ovarian activity, after which exogenous gonadotropin 
therapy is initiated to stimulate follicular development. 
GnRH agonists are continued during gonadotropin stimula-
tion. Response to gonadotropins is monitored, and dosage 
can be tailored to the patient in a step-up or step-down fash-
ion. Once sufficiently stimulated (with enough follicles of 
large enough size), oocyte maturation and ovulation is trig-
gered, and oocyte retrieval is scheduled shortly thereafter 
(Fig. 9.1). If a fresh cycle was planned, fertilization and sub-
sequent transfer with luteal phase support are performed. 
Otherwise, oocytes or embryos can be frozen and trans-
ferred at a later date. In most cases the GnRH agonist is 
discontinued on the day of hCG triggering for collection. 
This protocol may be preferred in women with endometrio-
sis due to the degree of endometriosis implants suppression 
obtained.

Leuprolide acetate, buserelin acetate, and triptorelin ace-
tate are the most commonly used GnRH agonists in IVF 
cycles. Studies to date have shown no significant difference 
in pregnancy rates with one of the agonists or dosage regi-
mens compared to others [28, 30]. In the USA, Leuprolide 
acetate is most commonly used (e.g., 0.5–1.0 mg sc daily), 
whereas in Europe and elsewhere, buserelin (e.g., 0.1 mg sc 
or intranasal spray daily) and triptorelin (e.g., 0.1  mg sc 
daily) are more popular. Depot leuprolide, the long-acting 
GnRH agonist given in the form of monthly (or longer) 
injections, can also be used. There is no evidence of inferi-
ority of long-acting formulations compared to daily dosing. 
However when using long-acting agonists, higher doses of 
gonadotropins have found to be required over longer dura-
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Fig. 9.1 Sample GnRH agonist downregulation gonadotropin stimula-
tion, “long” protocol. This figure demonstrates a sample long GnRH 
agonist protocol. COC combined oral contraceptive, GnRHa GnRH 
agonist, GN gonadotropin(s) stimulation, US transvaginal ultrasound, 
ET embryo transfer. Still the first monitoring remains too far out; place 
it on day 6 of stim. Of note: cycle day 1 may be induced by progester-
one and/or estrogen compounds or natural cycle. COC continued for 
15  days minimum before starting the GnRH agonist. GnRH agonist 
should be started 5–7 days prior to stopping COC. Baseline US to con-
firm adequate downregulation – i.e., no cysts and thin endometrium. 
Mean desensitization time with agonist in the long protocol is approxi-

mately 3 weeks. Duration and initiation of GnRHa before gonadotropin 
stimulation varies widely. GnRH agonist dose is reduced when gonado-
tropin therapy begins. Typical protocol: e.g., buserelin 0.5  ml qd ➔ 
0.2 ml qd. Lower-dose GnRHa protocol: e.g., Burserelin 0.5 ml qd ➔ 
0.05 ml bid. First US done after 5–7 days of stimulation. Fist estradiol 
level done 3–5 days after commencing stimulation. Monitoring with US 
and estradiol levels continues every 1–3 days, depending on follicular 
growth and estradiol levels. Once adequate stimulation is achieved, 
hCG trigger is given. Collection is planned on average 36  h later. 
Embryos are then transferred on days 3–5 or frozen

tions in order to achieve similar follicular development 
compared to daily dosing [31]. To date, data related to the 
clinical use of depot leuprolide acetate and other long-acting 
agonists in IVF cycles is sparse.

In women with regular cycles, treatment can be started in 
the mid-luteal phase determined as 5 days after a spontane-
ous LH surge [32, 33]. Such a start will result in functional 
cysts in about 30% of women. Another option for starting of 
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the GnRH agonist is 5 to 7 days prior to stopping combined 
oral contraceptives (COCs). Starting GnRH treatment while 
on COCs minimizes the initial flare effect, thereby decreas-
ing the likelihood of the flare causing a wave of follicular 
development prior to exogenous gonadotropin stimulation 
[32, 33]. Compared to starting in the luteal phase, starting the 
GnRH agonist in the follicular phase results in a higher num-
bers of retrieved oocytes in good responders [34].

Downregulation should be confirmed prior to beginning 
of gonadotropin stimulation, by the absence of ovarian cysts 
or follicles greater than 10  mm. As described earlier, evi-
dence is contradictory whether the presence of ovarian cysts 
significantly reduces pregnancy outcomes. However, there is 
a risk that patients with functional cysts may be less likely to 
successfully become pregnant [35].

Once downregulation is accomplished and menses have 
commenced, gonadotropin treatment is initiated. Importantly, 
GnRH agonist treatment is continued during gonadotropin 
stimulation to prevent premature ovulation. GnRH agonists 
can either be continued at the same (e.g., leuprolide acetate 
1.0 mg daily) or lower dose (e.g., leuprolide acetate 0.5 mg 
daily) (of note: patients with PCOS could maintain the full 
dose of agonist possibly decreasing risk of OHSS). 
Gonadotropin treatment is begun at doses from 75 to 
300 units daily as a subcutaneous injection, which can then 
be increased (step-up dosing) or decreased (step-down dos-
ing) depending on ovarian response. Starting dose is pre-
scribed based on the patients age, weight, ovarian reserve, 
and, if available, responses in previous cycles.

Gonadotropins with simultaneous LH and FSH activity 
(hMG) or only FSH activity (purified urinary FSH (uFSH) or 
recombinant FSH (rFSH)) can be used (Table 9.4). Initially, 
stimulation was done with menotropins (human menopausal 
gonadotropins, hMG), purified extracts from urine of meno-
pausal women, which had both LH and FSH activity. It was 
subsequently learned that the minimal amounts of endoge-
nous LH that are produced in downregulated patients might 
be sufficient for normal ovarian steroidogenesis and follicu-
lar development. Therefore, additional supplementation of 
LH may not be necessary [36] unless the patient had hypo-
thalamic amenorrhea. Thereafter, there was a shift in practice 
toward stimulating with highly purified or recombinant 
FSH. A number of studies comparing pregnancy and other 
outcomes of downregulated IVF cycles with different types 
of gonadotropin stimulation have been published. Results 
were contradictory, either favoring hMG or only FSH stimu-
lation. Subsequently, the first meta-analysis comparing the 
effectiveness of hMG vs. recombinant FSH in GnRH agonist 
cycles was performed. In that meta-analysis they identified 
that hMG resulted in significantly more clinical pregnancies, 
but not necessarily ongoing pregnancy or live birth rates, 
compared to FSH alone [37]. In a more recent systematic 
review including recent trials, urinary hMG was found to 

have a 4% increase in live birth rate compared with rFSH in 
GnRH agonist long protocols [38]. Taken into clinical con-
text, there presently is not strong evidence to support to the 
superiority of one preparation of gonadotropins over another. 
Special consideration should be made in certain circum-
stances, including ovulation induction in patients with hypo-
gonadotropic amenorrhea and PCOS. In the former, without 
endogenous LH secretion, gonadotropins with LH activity 
must be used to support follicular development. In the latter 
group, endogenous LH levels despite GnRH agonist sup-
pression are likely high enough to allow for stimulation with 
FSH preparations alone.

Most women will require 7–12 days of stimulation, dur-
ing which response to gonadotropins is monitored via serum 
estradiol levels and follicle size and count by transvaginal 
ultrasound (TVUS). Typically, serum estradiol is first 
assessed after 3 to 5  days of gonadotropin stimulation, to 
allow for a dose increase if stimulation is inadequate. From 
there on, patients are monitored with TVUS ± estradiol, 
every 1–3 days, and gonadotropin doses are adjusted accord-
ingly. Stimulation is continued until there are at least two to 
three follicles greater than 17 mm in size and several other 
follicles 14–16 mm in size. Ideally, the retrieval of at least 
ten oocytes will maximize the cumulative pregnancy rates 
when frozen embryo transfers are considered as well [39].

Once gonadotropin stimulation is determined to be com-
plete in that there are a sufficient number of mature follicles, 
gonadotropin stimulation is stopped. Either recombinant or 
urinary hCG is administered the next day (rhCG 250 mcg sc 
or uhCG 5000–10,000 units sc), along with the last dose of 
the GnRH agonist. Both recombinant and urinary forms of 
hCG are available (Table 9.2), and there is no evidence of 
superiority of either preparation [40]. The hCG trigger acts 
to mimic the physiologic LH surge and initiates the ovula-
tory cascade. Subjects at risk for OHSS 2500 or 3300 IU of 
hCG can be considered to trigger for the oocyte collection 
without affecting success rates [41, 42]. Transvaginal 
ultrasound- guided oocyte retrieval is planned for 36 h (ide-
ally ranging from 32 to 38 h) after hCG administration. If a 
fresh embryo transfer is planned for 2 to 5 days after oocyte 
pickup, luteal phase progesterone supplementation, either 
vaginal or intramuscular, is provided to support the endome-
trium. If oocyte or embryo freezing is planned, the cycle is 
considered complete at this time.

The cohort of patients who recruit significantly larger 
numbers of follicles and have higher estradiol levels are 
referred to as “high responders.” With continued stimulation 
and ovulation induction, these patients are at increased risk 
of developing OHSS.  Depending on the patient’s clinical 
condition, different options exist to manage the cycle and 
reduce the risk of OHSS. For patients who are unwell or at 
significant risk of developing OHSS, cycle cancellation is 
the safest option. The cycle is cancelled by withholding the 

M. Schneiderman and M. H. Dahan



85

hCG trigger and withdrawing all ovarian stimulation. In 
future cycles, consideration can be given to stimulation with 
lower doses of gonadotropins in a GnRH antagonist cycle 
[43] to reduce the risk of OHSS. If cycle cancellation is not 
feasible, coasting can be done, where gonadotropins are 
withheld for one or more days prior to the hCG trigger. This 
allows larger follicles to continue to grow while withdrawing 
stimulation and preventing further enlargement of medium- 
or smaller-sized follicles. If coasting continues for five or 
more days, pregnancy rates are substantially decreased, and 
consideration should be given to cycle cancellation. Coasting 
should be stopped when the estradiol levels start to drop. It 
should be noted that risks of OHSS are increased with coast-
ing as opposed to withholding the hCG and cancelling the 
cycle. It also should be noted that most recent evidence com-
pared to not coasting and continuation of the IVF cycle finds 
no decrease in OHSS with coasting [44]. If deemed safe and 
the patient well enough, the protocol can be continued as 
planned. However, the transfer will either be delayed until 
day 5 while monitoring for signs of OHSS or all embryos 
will be cryopreserved to be transfered in a subsequent treat-
ment cycle. Lastly, in subsequent cycles, GnRH antagonist 
cycles, using GnRH agonist triggers for ovulation should be 
the preferred protocol for the patient.

Alternatively, if a patient fails to recruit adequate follicles 
with controlled ovarian hyperstimulation in the form of a 
GnRH agonist protocol, they are referred to as a “poor 
responder.” The following have been proposed as changes to 
their treatments which may improve ovarian response in sub-
sequent cycles: decrease ovarian suppression (i.e., with 
lower GnRH agonist dosing), increase follicular stimulation 
(i.e., with higher doses of gonadotropins for longer durations 
if taking less than 300 IU daily), change in the gonadotropin 
used (i.e., switch from u/rFSH to hMG to add LH stimulation 
or add lutropin alpha to better support steroidogenesis), or 
stop GnRH agonist treatment soon after beginning gonado-
tropin stimulation. (In this case, after 7 days without sup-
pression, a GnRH antagonist should be initiated). While the 
aforementioned changes are sensible, adequate evidence is 
lacking regarding their individual effectiveness in improving 
ovarian response to stimulation [45].

9.2.2  GnRH Agonist “Flare” Gonadotropin 
Protocol

The GnRH agonist “flare” gonadotropin protocol is also 
often referred to as the “short” GnRH agonist protocol. It can 
be given in the standard manner or with a microdose varia-
tion. The development of these protocols stems from the 
hypothesis that some patients may respond poorly to the long 
protocol due to the significant suppression achieved using 
long-term GnRH agonist therapy, which may inhibit ovarian 

response to exogenous gonadotropins [46, 47], although cur-
rent evidence suggests that this protocol should not be used 
in poor responders [44]. In good responders, the flare proto-
col may result in lower gonadotropin requirements than the 
standard long protocol.

The short protocols are based on the same principles as 
the long protocol, with some important differences. Firstly, 
in the short protocol, the GnRH agonist is begun in the early 
follicular phase, compared to the mid-luteal start in the long 
protocol. Secondly, their approach differs in regard to the ini-
tial gonadotropin flare shortly after GnRH treatment begins. 
In the long protocol, the initial flare effect of the GnRH ago-
nist prior to achieving pituitary suppression is associated 
with unwanted side effects including cyst formation, and 
gonadotropins are only begun once complete pituitary sup-
pression is achieved, usually after 2  weeks. However, the 
“flare” protocol takes advantage of the initial flare effect 
within the first 48 h of GnRH agonist administration, which 
acts as a stimulus for follicular recruitment and promotes fol-
licular development. After 2 days of agonist treatment, stim-
ulation with exogenous gonadotropins begins and promotes 
the continuation of follicular growth. During this time, 
GnRH agonists are continued in order to prevent an endoge-
nous LH surge and premature ovulation. From thereon, the 
protocol continues as described above in the long protocol. 
Monitoring of follicular response is the same as above, with 
either step-up or step-down dosing of gonadotropins depend-
ing on ovarian response to stimulation. Once a good response 
is achieved, hCG trigger, oocyte pickup, and either transfer 
or freezing proceed as in the long protocol. It should be noted 
the flare protocol is only effective in women with a func-
tional hypothalamic-pituitary-ovarian axis.

The standard GnRH agonist “flare” protocol (Fig. 9.2) is 
timed with the patient’s menstrual cycle. Full-dose GnRH 
agonist treatment is given on cycle days 2–4 (e.g., leuprolide 
acetate 1.0 mg daily sc) and thereafter continued at a reduced 
(usually half) dose. Gonadotropin stimulation is begun on 
cycle day 3, typically at lower doses than the long protocol, 
and dosing is adjusted as needed.

The microdose protocol is similar to the standard “flare” 
protocol, however, uses lower doses of GnRH agonists (e.g., 
leuprolide acetate 40 mcg daily). Additionally, 14–21 days of 
COCs can be given to synchronize the follicles and time col-
lection prior to beginning GnRH agonists. (Fig.  9.3) The 
logic behind lowering the agonist dose is to reduce ovarian 
suppression while still inducing a flare effect of endogenous 
gonadotropins. This is done in the hope of further improving 
response and pregnancy rates in patients who are poor 
responders [48, 49].

Compared to the long protocol, the “flare” or short proto-
cols may have lower costs given their shorter duration of 
treatment and lower gonadotropin requirements in good 
responder patients. However, unless COCs are used prior to 
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Fig. 9.2 GnRH agonist flare sample protocol. Missing GN on day 3, 
put monitoring on day 6 here and below. This figure demonstrates a 
sample GnRH agonist flare protocol without oral contraceptives prior. 

GnRHa GnRH agonist, GN gonadotropin(s), US transvaginal ultra-
sound, ET embryo transfer. Cycle day 1 may be induced by progester-
one and/or estrogen compounds (e.g., OCP) or natural cycle
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Fig. 9.3 GnRH agonist microdose flare sample protocol. This figure 
demonstrates a sample GnRH agonist microdose flare protocol with 
prior COC to coordinate. COC combined oral contraceptive, GnRHa 
GnRH agonist, GN gonadotropin(s), US transvaginal ultrasound, ET 
embryo transfer. Of note: cycle day 1 may be induced by progesterone 
and/or estrogen compounds (e.g., OCP) or natural cycle. 14–21 days of 
COC can be used to achieve downregulation. Baseline US to confirm 

adequate downregulation—i.e., no cysts and thin endometrium. GnRH 
agonist dose remains the same when gonadotropin therapy begins. 
Monitoring with US and estradiol levels continues every 1–3  days, 
depending on follicular growth and estradiol levels. Once adequate 
stimulation is achieved, hCG trigger is given. Collection is planned on 
average 36 h later. Embryos are then transferred on days 3–5 or frozen
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their start, timing the cycle with the patient’s menstruation 
often poses challenges and inconveniences. In the standard 
protocol, without ovarian suppression with COCs, treatment 
failures have been partially attributed to the consequences of 
a rescued corpus luteum from a previous cycle. With a fol-
licular phase start and no prior suppression, a rise in serum 
androgen and progesterone levels has been observed and is 
thought to reduce oocyte quality and subsequent pregnancy 
rates [50, 51]. With COC suppression and lower doses of 
GnRH agonists, the microdose protocol theoretically should 
overcome this issue [52].

9.3  Conclusion

Controlled ovarian hyperstimulation with gonadotropins 
alone carries a significant risk of cycle cancellation due to 
premature ovulation. GnRH agonist and antagonist protocols 
overcome this issue by their effect on the hypothalamic- 
pituitary- ovarian axis to reduce endogenous hormone 
 secretion. Via the pathways described above, these agents 
can be used to substantially reduce the rate of premature ovu-
lation, allowing for exogenous ovarian stimulation to achieve 
a greater number of larger and mature follicles.

In this chapter, we first described the traditional long pro-
tocol. The shorter GnRH agonist “flare” protocols (standard 
and microdose) were later developed in attempt to increase 
responses and pregnancy rates among poor responders to the 
standard and popular long protocol. While each have their 
associated advantages and disadvantages, it is clear that the 
benefits and outcomes significantly outweigh the disadvan-
tages for most patients.

Multiple comparative studies have shown conflicting 
results regarding responses and relevant clinical outcomes 
(pregnancy and live birth rates). The most recent Cochrane 
review found no conclusive difference in pregnancy or live 
birth rates between any of the long or short GnRH agonist 
protocols [53]. However, in our practice and elsewhere in the 
literature, we still observe that some patients may have 
higher success rates, specifically likelihood of pregnancy 
and live birth, using certain protocols. GnRH agonist long 
cycles are best in poor and moderate responders and should 
be avoided in patients at risk for OHSS. The flare protocol 
has fallen out of favor for poor responders and may be used 
to reduce gonadotropin doses in good responders.
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GnRH Antagonist Protocols
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10.1 Introduction

The field of human reproduction has seen major improve-
ments in the last few decades. As ovarian stimulation plays 
an integral part for the treatment of infertility, new protocols 
using an array of different medications and diverse 
approaches have appeared.

The first treatments of IVF were based on natural cycles 
with a spontaneous ovulation, and only a single oocyte was 
available for retrieval. As soon as the low success rates of 
IVF in natural cycles were recognized, ovarian stimulation 
using urinary gonadotropins was adopted to confront this 
problem. By collecting a higher number of oocytes through 
ovarian stimulation, the rates of success in IVF cycles 
increased significantly.

This progress also showed some limitations. Intensive 
monitoring of the patient was required because ovulation 
could appear at any hour of the day. Also, premature lutein-
ization and failure to have a more synchronous multiple fol-
licular development were common problems. To confront 
this, gonadotropin-releasing hormone agonists (GnRHa) 
were introduced into clinical practice to successfully pro-
duce pituitary desensitization to avoid gonadotropin secre-
tion. This happened to be a breakthrough in IVF treatment.

Since then, many stimulation protocols have been intro-
duced into clinical practice. Nowadays highly purified uri-
nary gonadotropins or recombinant gonadotropins are used 
for follicular development in different protocols. When 
GnRH agonists are used, a sudden increase in pituitary 

gonadotropins occurs. Because of this initial flare-up effect, 
agonists are usually administered in the mid-luteal phase of 
the previous cycle (better known as the long protocol). This 
is the oldest and still the most commonly used protocol in 
clinical practice. A new variation later came into existence 
known as the short protocol. Agonists are administered in the 
early follicular phase in an effort to benefit from the initial 
flare-up effect due to the endogenous FSH release.

Although GnRH agonists are highly effective in IVF 
treatment, some limitations to their use have been described, 
such as longer duration of treatment, multiple injections, 
estrogen-deprivation-associated symptoms, and a require-
ment for higher doses of gonadotropins for ovarian stimula-
tion with a consequent increase in total costs. Additionally, a 
potentially serious complication during ovarian stimulation 
is the ovarian hyperstimulation syndrome (OHSS), which 
cannot be totally prevented when using GnRH agonist 
protocols.

During the last few decades, even though many improve-
ments were seen, ovarian stimulation had become increas-
ingly complex, creating a burden not only to the patient but 
also to the clinician directing the treatment. For these rea-
sons, there was a need in the field to find a simpler approach 
to ovarian stimulation, with a shorter duration of treatment 
and decreased costs, that can effectively avoid the most com-
mon potentially serious complication: OHSS.  To address 
these complexities in ovarian stimulation without compro-
mising success rates in IVF, GnRH antagonists appeared in 
clinical practice. The antagonists are started halfway through 
the gonadotropin stimulation just days before LH surge 
appears.

All GnRH analogues (agonists and antagonists) prevent 
the premature LH surge effectively, although the antagonists 
work by causing an immediate inhibition of gonadotropin 
release without the flare-up effect.

Although still far from perfect, the antagonists have sev-
eral advantages over the agonists, and most importantly they 
seem to have given us an opportunity to make the overall 
treatment simpler and safer.
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The aim of this chapter is to summarize and describe the 
different protocols in which GnRH antagonists are used for 
ovarian stimulation in assisted conception cycles. The latest 
evidence will be reviewed regarding the effectiveness and 
safety of their use when compared to agonist protocols.

10.2 GnRH Antagonists: A Brief History

The GnRH antagonists were initially available in the market 
in 1999 and were aimed at avoiding a premature surge of 
LH. These new compounds provided an immediate inhibition 
of gonadotropin release without the flare-up effect, in sharp 
contrast to the long agonist protocol. This inhibition of 
gonadotropin release is also reversible and dose-dependent. 
Their mode of action is through a competitive binding to the 
pituitary GnRH receptor. This is an important property, as 
they can be used at any time during the follicular or luteal 
phase. Discontinuation of antagonist administration leads to a 
rapid and predictable recovery of the pituitary-gonadal axis.

It was relatively simple to develop safe GnRH agonists 
for clinical use only by changing one or two amino acids, but 
it required close to 30 years of trial and error to obtain an 
antagonist compound with an acceptable pharmacokinetic, 
safety, and commercial profile [1].

The initial generation of these GnRH antagonists showed 
adverse allergic reactions due to an induced histamine 
release, making it difficult for clinical use. For safety rea-
sons, antagonists should have a high therapeutic index (rela-
tive potency at inhibiting gonadotropin secretion over relative 
potency at stimulating histamine release).

In order to minimize the initial adverse effect of histamine 
release of some GnRH antagonists, new structures with 
modifications at different positions were synthesized and 
tested in several biological systems [2].

Regarding the safety profile, the third-generation antago-
nists were proved to be effective and without the adverse 
effect of histamine release. The two antagonists approved for 
clinical use are cetrorelix and ganirelix [3]. Follow-up data 
related to children born after antagonist use appears to be 
reassuring. No increased risk of birth defects has been 
observed [4, 5] (Table 10.1).

10.3  Antagonist Protocols in Ovarian 
Stimulation

10.3.1 Single-Dose Protocol

Gonadotropins are started on day 2 or 3 of the menstrual 
cycle. An initial dose of 3  mg of cetrorelix is injected 
when serum estradiol levels indicate an appropriate 
response to stimulation (usually between days 5 and 7). If 
ovulation triggering is not performed within 4 days after 
the initial administration, daily doses of 0.25  mg are 
injected until ovulation triggering [6]. This protocol is 
usually well tolerated with only mild and transient injec-
tion site reactions.

10.3.2 Multiple-Dose Protocol

This is the most commonly used protocol. Gonadotropins 
are started on day 2 or 3 of the menstrual cycle. An 
injected daily dose of 0.25 mg of an antagonist is started 
either on a fixed day or depending on follicular size. 
These are commonly known as the “fixed” or “flexible” 
multiple-dose protocol accordingly. In the fixed 
approach, antagonists are administered on either day 5 
or 6 of stimulation (Fig. 10.1). In the flexible approach, 
antagonists are usually given when the leading follicle 
reaches 14 mm; the antagonist is then injected daily until 
ovulation triggering [6]  (Fig. 10.2).

The multiple-dose protocol is a simple, safe, and effective 
regimen for preventing the LH surge. On one side, the fixed 
approach is simple and requires less monitoring of the cycle, 
and on the other, the flexible approach advantage relies on 
the avoidance of unnecessary injections when the risk of the 
LH surge is minimal, reducing also the total cost of the 
treatment.

Table 10.1 GnRH antagonist advantages compared to agonists

Shorter total cycle duration
Increased patient compliance with reduced physical and emotional 
stress
Immediate suppression of gonadotropin secretion
Increased safety by allowing ovulation triggering with a GnRH 
agonist
Flare effect is not present
Decreased gonadotropin dosage
No estrogen-deprivation-associated symptoms Fig. 10.1 GnRH antagonist protocol: fixed approach
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10.3.3 Fixed vs Flexible Approaches

Regarding pregnancy outcomes, two meta-analyses [7, 8] 
found a trend toward a higher pregnancy and live birth rates 
in the fixed approach group, although with no statistical sig-
nificance. In contrast, there were statistically significant 
reductions in both the number of antagonist ampoules and the 
amount of gonadotropins used in the flexible approach [7].

10.3.4 Triggering of Ovulation

Urinary human chorionic gonadotropin, commonly referred 
to as hCG, has been the mainstay of ovulation triggering for 
the final oocyte maturation. The use of hCG in assisted con-
ception cycles has been directly related to the appearance of 
OHSS [9]. During ovarian stimulation using a GnRH agonist 
protocol, hCG for ovulation triggering is used, setting the 
ground for OHSS to appear. Therefore, an ideal solution 
would be to completely avoid the use of hCG in patients at 
high risk of developing the syndrome, such as women with 
polycystic ovaries, oocyte donors, or patients with a previous 
history of OHSS. This is where the antagonist protocol has a 
clear advantage over the agonist protocol. As mentioned 
before, use of the antagonist protocol has been related to a 
lower OHSS incidence [10].

Only under a natural cycle or an antagonist cycle a GnRH 
agonist can be used to induce the final oocyte maturation and 
acting, at the same time, as a more physiological trigger. By 
avoiding the administration of hCG, the risk of early OHSS 
is minimal. The proposal by some authors to shift the prac-
tice to antagonist from the usual agonist protocol finds a 
solid argument in the avoidance of OHSS [11]. Additionally, 
agonist triggering can be an option for patients who will not 
continue with a fresh transfer.

It is also important to mention that cases of severe OHSS 
have been reported in spite of using GnRH agonists for ovu-
lation triggering in antagonist cycles [12].

Agonist triggering can also reduce the chance of preg-
nancy in fresh autologous cycles when compared to hCG 
[13]. This is due to the severe luteolysis caused by the ago-
nist triggering [14]. Interestingly, there are reports pointing 
out the fact that not all patients triggered with an agonist will 
have severe luteolysis [15]. Several solutions have been pro-
posed to address the issue of a lower pregnancy rate, such as 
transferring thawed embryos in a later cycle or tailor-made 
luteal support with low-dose hCG [16–19].

From a clinical point of view, some authors have sug-
gested that luteal support is the variable which affects the 
pregnancy rate and not the use of the agonist trigger itself 
[16].

A recent study from our group regarding endometrial 
gene expression showed that the pattern seen after agonist 
trigger and modified luteal support adding LH/hCG activity 
more closely resembles the one seen after hCG triggering 
[20].

10.3.5 Oral Contraceptive Pill Pretreatment

Oral contraceptive pill (OCP) pretreatment can be given in 
different situations before ovarian stimulation is started 
using an antagonist protocol. Cycle scheduling is one of the 
most common reasons why OCP pretreatment is given, and 
it helps in equally distributing the workload through the 
week and avoiding weekend oocyte retrievals.

It has been suggested that this OCP pretreatment may 
lead to an extended length of treatment, an increased oocyte 
yield, and a negative impact on the ongoing pregnancy rate 
(OPR) [21]. Some controversy exists because cycle plan-
ning with OCP has shown varying outcomes. A recent 
meta-analysis showed that OPR was significantly lower in 
patients with OCP pretreatment [22]. In contrast to these 
results, a subgroup analysis from previous versions of a 
systematic review mentioned above [10] showed no differ-
ence for OPR or clinical pregnancy rate (CPR). Additionally, 
in a randomized trial published by our group, similar out-
comes were obtained by using OCP pretreatment in antago-
nist cycles when compared to the long agonist protocol 
[23].

The different dosing of steroids in OCP presentations, 
duration of the pill administration, and wash-out period may 
all account for the different results obtained in previous stud-
ies [23].

It also appears that OCP pretreatment does not seem to 
affect the expression of known genes related to embryo 
implantation. By evaluating the transcriptomic profile from 
endometrial biopsies during the expected window of 
implantation from patients with and without OCP pretreat-
ment, a recent study did not find any difference between 
both groups [24].

Fig. 10.2 GnRH antagonist protocol: flexible approach
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In a recent review article from our group, we discussed 
that the benefits of cycle scheduling with the pill must be 
weighed against the drawbacks [25]. When administered for 
the least amount of days with a wash-out period resembling 
the natural cycle, OCP pretreatment may not have a negative 
effect on endometrial receptivity, and assisted conception 
cycle outcome might be comparable to other protocols like 
estrogen pretreatment and the long agonist protocol [24].

It is also clear that there is no consensus whether the use 
of OCP pretreatment in antagonist cycles has a negative 
effect on live birth rate [25]. Randomized controlled trials 
that are well designed and adequately powered are required 
to evaluate the most appropriate approach for OCP pretreat-
ment in antagonist cycles.

10.4  Agonists vs Antagonists: Live Birth 
Rates and OHSS Risk Comparison

A recent systematic review [10] assessed the effectiveness 
and safety of GnRH antagonists compared with the standard 
long protocol of GnRH agonists for ovarian stimulation 
using artificial reproductive technologies (ART). It is impor-
tant to mention that older versions of this review presented, 
to a significant extent, reduced ongoing and clinical preg-
nancy rates when using antagonists.

Overall, data from the updated systematic review show 
that by using antagonists as compared to agonists, there is a 
reduction of OHSS rate without affecting the ongoing preg-
nancy rate and the probability of a live birth.

These results showed that the antagonist protocol has a 
better safety profile regarding OHSS compared to the long 
agonist protocol. It appears that the risk of OHSS in an ago-
nist cycle is approximately 11% while only 6–9% in an 
antagonist cycle. Also important was the fact that the inci-
dence of severe and moderate OHSS is lower when using the 
antagonist cycle.

The difficult question to answer after this newly updated 
review is why the evidence changed toward an improved per-
formance of the antagonist protocol. Some suggestions were 
added by the authors that may explain the better results, such 
as an improved learning curve over the last 15 years for the 
antagonist protocol, optimal patient selection, scheduling of 
hCG to induce ovulation, whether OCP pretreatment was 
given, a reduced LH instability, or even other potential bias 
like a higher number of published works with more favorable 
outcomes.

There were no differences in miscarriage rate between the 
use of agonist or antagonist protocol. The use of antagonists 
also showed a lower number of cancelled cycles related to 
OHSS.

Another systematic review from 2011 [26] also showed 
that use of the antagonist protocol was associated with a 

large reduction in OHSS with no evidence of a difference in 
live birth rates.

10.5  GnRH Antagonist Protocols 
in Selected Situations

10.5.1 Poor Response to Ovarian Stimulation

The antagonist protocol is a commonly used approach for 
poor responders as it offers several advantages. They cause 
immediate, rapid, and reversible gonadotropin suppression, 
in contrast to the desensitization and deep suppression seen 
with the agonist protocol. Different systematic reviews and 
meta-analyses have tried to prove the value of this approach 
in poor responders, but the actual effectiveness of the antago-
nist protocol in poor responders has yet to be demonstrated 
[27–29].

In the most recent systematic review, the antagonist pro-
tocol was compared with the agonist protocol, and no sig-
nificant difference in the outcome was shown regarding the 
clinical pregnancy rate (CPR) or number of oocytes 
retrieved [28].

In a meta-analysis from 2013 comparing as well the 
antagonist protocol with the agonist protocol, the clini-
cal pregnancy and cycle cancellation rates were similar 
[29].

A systematic review from 2010 concluded that there is 
insufficient evidence to support the routine use of any par-
ticular intervention for pituitary downregulation, including 
the use of the antagonist protocol [27].

10.5.2  Expected High Response and Previous 
History of OHSS

As discussed earlier, because of the possibility of using a 
GnRH agonist for final oocyte maturation, antagonist proto-
cols should be the regimen of choice in patients with a high 
risk of OHSS. It can be stated that triggering ovulation with 
a GnRH agonist without hCG administration almost com-
pletely eliminates early OHSS [30].

Oocyte donors can also benefit from the agonist trigger, as 
it has been shown by various studies in oocyte donation pro-
grams in which the incidence of OHSS was significantly 
reduced or even completely absent [31, 32].

Additionally, due to its powerful preventive effect, the 
antagonist protocol combined with an agonist trigger should 
preferentially be used in patients that are not planned for an 
embryo transfer, such as those undergoing fertility preserva-
tion for social reasons. The possibility of severe luteolysis 
related to agonist triggering is of no concern in these 
situations.
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10.5.3  Fertility Preservation for Oncologic 
Reasons

Many patients are diagnosed with breast cancer every year, 
making it the most common malignancy in women. Advances 
in treatment have contributed to reduced mortality rates, 
increasing the number of cancer survivor patients. This fact 
has drawn attention lately, since chemotherapy can have a 
severe impact on ovarian reserve. Therefore, it has become 
important to address the issue of fertility preservation for 
these patients.

After the initial diagnosis, women present with a timeframe 
of around 6 weeks between surgical treatment and initiation of 
chemotherapy, making it possible to perform ovarian stimula-
tion for oocyte or embryo cryopreservation, the most com-
monly used techniques for fertility preservation.

Because of the relatively short period of time before the 
start of chemotherapy, novel stimulation protocols have 
come into use with hopes of reducing estradiol levels that 
otherwise could have potential adverse effects and also oth-
ers that can be started even in the luteal phase of the men-
strual cycle using an antagonist protocol [33–35].

Some studies suggest that using an agonist trigger under 
an antagonist cycle can improve outcomes as explained by 
the total number of mature oocytes obtained, cryopreserved 
embryos available, and a significant reduction in the inci-
dence of OHSS when going through fertility preservation 
with a breast cancer diagnosis [36].

10.5.4 Long-Acting rFSH

Ovarian stimulation has become a complex treatment and 
may contribute to a physical and psychological burden on 
fertility patients and oocyte donors [37]. Current treatment 
regimens require daily injections of gonadotropins. Current 
technologies have produced a new molecule, a long-acting 
rFSH, named corifollitropin alfa (Elonva; MSD, New Jersey, 
USA). A single injection of this long-acting rFSH can replace 
the usual seven daily rFSH injections during the first week of 
ovarian stimulation. When this new compound is used con-
comitantly with an antagonist protocol, the overall patient 
experience can be improved significantly by reducing the 
total number of injections required during ovarian 
stimulation.

In a recent systematic review [38], the authors concluded 
that the medium-dose use of long-acting rFSH appears to be 
a safe treatment option with no difference in benefits or harm 
compared to daily rFSH in women with unexplained 
subfertility.

In another study from our group performed in oocyte 
donors, the degree of treatment satisfaction was evaluated 
while using corifollitropin alfa. Donors who had undergone 

a previous cycle with daily rFSH reported a greater satisfac-
tion with the use of corifollitropin alfa under an antagonist 
protocol, showing that this strategy may reduce treatment 
burden and increase donor compliance [37] (Table 10.2).

10.6 Conclusions

• The GnRH antagonist protocol has comparable live birth 
rates compared to the long agonist GnRH protocol.

• The GnRH antagonist protocol provides a shorter dura-
tion of treatment and is related to reduced total costs.

• There is no clear benefit between the fixed and flexible 
approaches in the GnRH antagonist protocol regarding 
pregnancy outcomes.

• There is still no consensus if OCP pretreatment in GnRH 
antagonist protocols has a negative effect on live birth 
rates.

• There is a lower incidence of OHSS when using an antag-
onist protocol, as it provides the option to trigger with a 
GnRH agonist.

• By using an agonist triggering, early OHSS can almost be 
completely avoided.

• Agonist triggering is associated with a lower probability 
of pregnancy due to severe luteolysis, although if a cor-
rect luteal support is used, outcomes can be similar to 
hCG triggering.

• The GnRH antagonist protocol should be the ideal regi-
men for expected high responders, oocyte donors, 
women undergoing fertility preservation, and oncologic 
patients.
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Corifollitropin Alfa in Ovarian 
Stimulation

Martina Kollmann, Panagiotis Drakopoulos, 
and Christophe Blockeel

11.1  Introduction

Protocols to induce a monofollicular or multifollicular 
response in women undergoing controlled ovarian stimula-
tion (COS) commonly rely on follicular stimulating hormone 
(FSH) injections. Some decades ago, the purification of 
gonadotrophin from human menopausal urine, which con-
tained FSH and luteinizing hormone (LH), has been 
described [1]. The use of specific monoclonal antibodies, 
which bind FSH or LH molecules in human menopausal 
gonadotrophin (hMG), leads to the availability of urinary (u) 
FSH. Further purification of hMG minimized the activity of 
LH by immunoaffinity chromatography and resulted in a 
higher purified FSH.

A next step was the development of recombinant (rFSH) 
by transfecting genes into Chinese hamster ovary (CHO) 
cells which then produce functional molecules [2, 3]. It has 
been shown that rFSH preparations have analog biological 
characteristics to those of uFSH preparations [4–8]. In the 
1990s the first rFSH products were licensed for marketing, 
and they are now widely used for infertility treatment. 
Similar to uFSH, rFSH has to be administered by daily injec-
tions to reach steady FSH levels [9].

FSH, LH, human chorionic gonadotropin (hCG), and thy-
roid stimulating hormone (TSH) belong to a family of glyco-
proteins that are heterodimers of two subunits (α- and 

β-subunit). All four hormones have the same α-subunit. The 
β-subunit is different and determines the biological specific-
ity of each hormone. LH and hCG have a quite similar 
β-subunit. The unique difference is a carboxy-terminal pep-
tide (CTP) extension of the hCG β-subunit. Studies found 
that this carboxy-terminal peptide is the key for the long ter-
minal half-life of hCG (24 hours) as compared with that of 
LH (2 h) [10].

The first reports on the design of a long-acting FSH ago-
nist were published in 1992 [11, 12]. By coupling the CTP of 
the β-subunit of hCG to the FSH β-subunit, the long-acting 
FSH (FSH-CTP) was created. Therefore researchers used 
site-directed mutagenesis and gene transfer techniques [11, 
12]. Other attempts to create a longer-acting FSH molecule 
were made by generating a covalently bound fusion protein 
containing the common α- and FSH β-subunits separated by 
the hCG β-CTP, by introducing additional sequences con-
taining potential glycosylation sites at the N-terminus of the 
FSH α-subunit or by fusion with the constant region frag-
ment domain of immunoglobulin G1 [13–19]. The latter is 
still subject of further investigation.

11.2  Daily vs Once-a-Week FSH Injection: 
Mode of Action, Pharmacokinetics, 
and Pharmacodynamics

(Phase 1–2 trials)
The recombinant fusion protein FSH-CTP, which is called 

corifollitropin alfa, is again produced by CHO cells. 
Corifollitropin alfa is composed of four N-linked carbohy-
drate chains (α52, α78, β7, and β24) and four O-linked car-
bohydrate chains at the CTP (β115, β121, β126, and β132). 
The in  vivo half-life of corifollitropin is 3–4 times longer 
than the wild-type FSH, due to the O-linked carbohydrate 
chains at the CTP [11, 12, 20]. In vitro assembly, secretion, 
or stimulation of steroidogenesis is not significantly affected 
by the added CTP sequences [11]. Fares et al. determined the 
half-life of wild-type FSH and the chimeras after intravenous 
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(IV) injection of 10 international units (IU) of dimers in 
immature female rats’ in vivo [11]. The biopotencies were 
examined by investigating ovarian weight augmentation and 
granulosa cell aromatase induction. Chimera-treated rats 
were found to have significantly increased ovarian weight 
and 3–5-fold increased estrogen production by granulosa 
cells as compared with wild-type FSH treated rats [11]. The 
group further examined the derivative containing two CTP 
units (FSH-CTP2) but found no significant difference 
between the FSH-CTP and FSH-CTP2 [11]. Granulosa cell 
differentiation and follicle ovulatory potential with FSH- 
CTP and FSH-CTP2 were compared [12]. Immature female 
rats were given FSH or the agonist injections at 0 and 
24 hours injections following estrogen-priming. 48 h later, 
1.0 and 3.0 IU/day FSH-CTP or FSH-CTP2 treated rats had 
up to 2.5-fold increase in ovarian weight, whereas a higher 
dose (10  IU/day) of wild-type FSH was associated with a 
1.8-fold stimulation [12]. Granulosa cell aromatase activity 
and LH receptor induction were almost increased by a factor 
of 10 with FSH-CTPs as compared with wild-type 
FHS.  Granulosa cell aromatase activity and LH receptor 
content were increased in a dose-dependent manner between 
doses of 1 and 10 IU of FSH-CTP [12]. They further tested 
the ovulatory potential of ovarian follicles and showed that a 
single injection of FSH-CTP adequately stimulated follicle 
maturation, and ovulation could be induced by hCG 52 hours 
later. On the contrary, while a single 10 IU injection of wild- 
type FSH was inadequate to increase ovulatory potential, the 
same total dose of wild-type FSH, administered as four 2.5- 
IU injections 12 h apart, was similarly effective as FSH-CTP 
[12]. Authors conclude that sustained blood levels of FSH in 
stimulating follicle maturation seem to be more important 
than the total dose of FSH. Additionally, the study revealed 
that subcutaneous (s.c.) and intraperitoneal (i.p.) administra-
tion provided similar ovulatory potential [12].

The first report of human exposure to FSH-CTP (corifol-
litropin alpha, Org 36,286) was published in 2001 by 
Bouloux et  al. [21]. Thirteen hypogonadotrophic hypogo-
nadal male subjects received 15  μg FSH-CTP four times 
with an interval of around 4 weeks between each injection. 
The elimination half-life (t1/2) of FSH-CTP was increased 
2–3 times compared to rFSH [21]. In an open-label trial, 
Duijkers and colleagues investigated the pharmacokinetic 
and pharmacodynamic properties of FSH-CTP (corifollitro-
pin alpha, Org 36,286) in healthy female volunteers [22]. A 
single dose of 15, 30, and 60 μg FSH-CTP was injected s.c. 
to 24 subjects, and 7 of these 24 subjects were subsequently 
treated with a single dose of 120 μg FSH-CTP. Maximum 
FSH-CTP concentrations were reached between 36 and 48 h 
after injection and t1/2 ranged from 60 to 75 h [22]. Those 
findings were dose independent within the dose range tested. 
The maximum serum concentration of corifollitropin alpha 
increased with the dose injected [22]. The first live birth after 
ovarian stimulation using FSH-CTP was reported in 2003 

[23]. To investigate whether a low dosage of corifollitropin 
alfa could be administered for ovulation induction in anovu-
latory patients, a trial was conducted in women with World 
Health Organization group II anovulatory infertility [24]. A 
single low dose of corifollitropin was able to induce one or 
more follicles to grow up to ovulatory sizes, but the anovula-
tory status was not reversed because the incidence of subse-
quent (mono)ovulations was low [24].

Two phase II trials of corifollitropin alfa have been per-
formed in women undergoing ovarian stimulation for IVF or 
ICSI using single doses of 120–240 μg [20] and of 60–180 μg 
[25]. The first study randomized 98 subjects to receive a sin-
gle dose of 120 μg, 180 μg, and 240 μg corifollitropin alfa 
(FSH-CTP) or to start daily fixed doses of 150 IU rFSH [20]. 
Patients who received a single dose of corifollitropin alfa 
continued 1 week after injection with fixed doses of 150 IU 
rFSH until the day of hCG administration. T1/2 for all three 
FSH-CTP doses tested was approximately 65 hours. No dif-
ferences were detected between the four groups in regard to 
the number of follicles of at least 11 mm, 15 mm, and 17 mm, 
respectively, at the day of triggering final oocyte maturation 
[20]. The median duration of stimulation was 10 days in the 
corifollitropin alfa groups and 9  days in the daily rFSH 
group. A premature LH rise occurred with a similar inci-
dence in all groups. The mean number of recovered oocytes 
recovered per started cycle tended to be higher in subjects 
treated with corifollitropin compared with rFSH-treated sub-
jects. However, equal numbers of embryos were available for 
embryo transfer [20]. In a study performed by the 
“Corifollitropin Alfa Dose-finding Study Group,” women 
undergoing controlled ovarian stimulation for IVF or ICSI 
were randomized to a single dose of 60  μg, 120  μg, and 
180 μg corifollitropin alfa (FSH-CTP) or to start daily fixed 
doses of 150  IU rFSH [25]. Similar to the previous study, 
150 IU rFSH injections daily were given to the corifollitro-
pin group after 1  week until hCG administration. Patients 
received gonadotropin releasing hormone (GnRH) antago-
nists from stimulation day 5 until triggering final oocyte 
maturation [25]. Maximum serum concentrations of corifol-
litropin alfa were dose-proportional within the range 
60–180 μg. Mean t1/2 was 65–66 hours and dose independent. 
The study reports that the corifollitropin alfa exposure 
showed an inverse relationship with body weight. Body 
weight was found to be an important covariate of clearance 
and volume of distribution. On day 8, the mean number of 
follicles ≥11 mm showed a dose-related increase (p < 0.001) 
and was 6.8 (standard deviation [26] 4.4), 10.1 (6.1), and 
12.8 (7.5) in the 60, 120, and 180 μg groups, respectively. 
The number of cumulus–oocyte complexes recovered points 
also to a clear dose–response relationship (p < 0.0001), being 
5.2 (5.5), 10.3 (6.3) and 12.5 (8.0) in the three dose groups, 
respectively. Ongoing pregnancy rates per started cycle were 
15, 16, 14, and 14% in the 60, 120, 180 μg, and 150  IU 
groups, respectively.
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11.3  Corifollitropin Alpha and Ovarian 
Stimulation (Phase 3 and 4 Trials)

11.3.1  Normal Responders

Large randomized trials in women with normal ovarian 
response demonstrated good reproductive outcomes follow-
ing stimulation with corifollitropin alfa. In particular, the 
Engage [27], Ensure [28], and Pursue [29] trials conducted 
in women undergoing ovarian stimulation in a GnRH antag-
onist protocol showed that corifollitropin alfa was equivalent 
or non-inferior to rFSH in terms of number of oocytes 
retrieved, pregnancy, and live birth rates. Furthermore, recent 
data derived from individual patient meta-analysis including 
the aforementioned RCTs and cumulated data from over 
3.000 patients demonstrated that corifollitropin alfa resulted 
in one additional oocyte, after adjusting for relevant con-
founders such as age and BMI [30]. However, although the 
higher oocyte yield was not associated with a higher preg-
nancy rate, it is a finding that certainly merits caution for 
clinical practice.

In conclusion, a single dose of corifollitropin alfa for the 
first 7 days of ovarian stimulation has a similar efficacy com-
pared with seven daily injections of rFSH and may result in 
one additional oocyte.

11.3.2  Poor Responders

In order to investigate the efficacy of this new gonadotropin 
in women with poor ovarian response, preliminary, pilot 
studies have been conducted in this special infertile popula-
tion. However, although administration of corifollitropin alfa 
followed by the administration of hMG in an antagonist pro-
tocol may indeed offer benefits in terms of pregnancy rates in 
women <40  years fulfilling the Bologna criteria, results 
remain low for older women regardless of the protocol used 
[31–33]. Moreover, the use of a single injection of corifolli-
tropin alfa in an antagonist setting in women with poor ovar-
ian response, who usually represent patients undergoing 
multiple cycles of IVF, may help in reducing the burden 
associated with treatment and therefore the dropout rate.

11.3.3  High Responders: Risk for OHSS

Ovarian hyperstimulation syndrome (OHHS) is a potentially 
lethal iatrogenic complication of ovarian stimulation. Even if 
the introduction of GnRH antagonist protocol was a land-
mark in assisted reproduction, given that OHSS rate could be 
significantly decreased by GnRH antagonist use [34], mild to 
moderate OHSS may still occur. However, results from the 

previous RCTs are reassuring, showing that the incidence of 
OHSS remains low and similar between corifollitropin alfa 
and rFSH [30]. In addition, even if the previous studies 
included normal responders and excluded women with 
known risk factors for low or high response, there is evi-
dence that ongoing pregnancy rates of patients showing high 
response following administration of corifollitropin alfa are 
not affected [35]. Furthermore, high response as reflected by 
a higher number of oocytes retrieved is associated with 
increased cumulative live birth rates, which is the most 
meaningful outcomes for infertile patients [36].

The “freeze-all” strategy with the segmentation of IVF 
treatment, mainly with the use of a GnRH antagonist proto-
col, GnRH agonist triggering, the cryopreservation of 
embryos, and frozen-warmed embryo transfer in a subse-
quent cycle, is an alternative and effective option to virtually 
eliminate OHSS [37].

11.4  Predictors of Ovarian Response 
to Corifollitropin Alfa

A number of biomarkers have been used to predict response 
to ovarian stimulation, with AMH being reported the best 
predictor [38]. While there is an extensive literature in ovar-
ian response prediction by AMH, only three studies in pre-
dicting ovarian response of women stimulated with 
corifollitropin alfa have been reported [39–41]. Based on 
these results, AMH was the best predictor to discriminate 
patients with high (more than18 oocytes) or low response 
(less than 6 oocytes) in a fixed GnRH antagonist protocol, 
demonstrating high sensitivity and specificity. It seems that 
patients with an AMH between 0.9 and 2.6 ng/ml measured 
in the GenII AMH assay are highly unlikely to demonstrate 
an extreme response to corifollitropin alfa.

11.5  Safety Aspects

No antibodies against FSH-CTP or CHO-derived proteins 
could have been identified, and measurements of local toler-
ance demonstrated that s.c. administration is well tolerated. 
No increase in intensity of injection-site responses was 
observed after repeated exposure to FSH-CTP [20–22, 25]. 
During phase I studies, no serious adverse events (SAE) 
were observed and none of the subjects discontinued the 
investigations due to adverse events (AE) [21, 22]. Reported 
adverse events across phase II trials were bleeding after 
oocyte retrieval, ectopic pregnancy, OHSS, headache, and 
pelvic pain [20, 25]. A meta-analysis of four RCTs reports 
that OHSS incidence varied from 5 to 6% in the FSH-CTP 
group and from 1 to 8% in the rFSH group (odds ratio [OR] 
1.27, 95% confidence interval [CI] 0.72–2.22) [42].

11 Corifollitropin Alfa in Ovarian Stimulation
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11.6  Conclusion

IVF and ICSI treatment adds to a significant physical, psy-
chological, and emotional burden in infertile patients, and 
psychological distress is one of the main reasons for discon-
tinuation of fertility treatment [43–47]. Hence, a more sim-
plified treatment approach helps those couples enormously, 
and the development of a single injection which can initiate 
and sustain multiple follicular growth for an entire week can 
reduce the burden of infertility treatment. Corifollitropin alfa 
is an effective treatment option for potential normal responder 
patients undergoing controlled ovarian stimulation with 
GnRH antagonist co-treatment for IVF or ICSI [27, 42].
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Transdermal Delivery Systems 
in Medically Assisted Reproduction

Herbert Zech and Maximilian Murtinger

Controlled ovarian stimulations (COS) are integral parts of 
most infertility treatments. Several pharmaceuticals are 
administered via needles. Painless transdermal drug admin-
istration represents an attractive alternative to subcutaneous 
injections—especially for the patients. Needle puncture 
might be considered to be mild but is often suggested as 
painful, and for individuals with a high degree of needle pho-
bia, the injection represents an insurmountable obstacle. But 
even patients who are not afraid of injections need a high 
level of self-conquest when it comes to self-injecting which 
is quite common in COS. Moreover, self-injecting bears the 
danger of incorrect drug administration associated with med-
ical waste and subsequent suboptimal outcomes. Additionally, 
there is a risk of infection in the case of needle reuse or non-
sterile handling. Oral drug administration instead is often not 
applicable due to PH-dependent decomposition, inactivation 
and enzymatic cleavage in the gastrointestinal tract, a lack of 
absorption due to the intestinal barrier and finally the first- 
pass effect of the liver which could mean that the drug might 
be prematurely metabolized into inactive products. Though 
the idea of TDD systems is very innovative, it is definitely 
not a new one. Almost 90 years ago, Marshall Lockhart had 
patented a need-free injection device for “jet injection” [1]. 
However, TDD technology has only really attracted attention 
in recent years due to high demand and the enormous techni-
cal progress made in this field.

12.1  Injection of Fertility Drugs

Fertility drugs encompass various substances including aro-
matase inhibitors, ovarian stimulation and anti-ovulation 
drugs, trigger shot substances, downregulation drugs and 
luteal phase support medications. Most of those drugs are 
administered either subcutaneously or intramuscularly over 

an extended period (Table 12.1). This issue will mostly focus 
on IVF medications administered mainly by traditional 
injections.

For example, in a gonadotropin releasing hormone ago-
nist (GnRHa) scheme, the pituitary downregulation begins in 
the luteal phase (usually on day 20–23 of a regular cycle) by 
injections of GnRH analogues. This can be performed either 
in the form of daily subcutaneous injections (SCI) or depot 
injections or using a nasal spray. However, beside irritations 
of the mucosa of the nasopharynx, the pituitary response to 
intranasal buserelin applications was often found to be inef-
fective [2]. For ovarian stimulation, recombinant follicle- 
stimulating hormone/luteinizing hormone (FSH/LH) 
preparations or human menopausal gonadotropin (HMG) 
which encompass urinary FSH/LH isoforms are adminis-
tered subcutaneously or IM.  These drugs are applied to 
induce multifollicular growth in a conventional IVF therapy 
and cannot be absorbed orally. Thus, to date, administration 
by injection cannot be replaced. In a conventional GnRHa 
long protocol, HMG is usually administered for an average 
period of 12 days. However, the injection dose required var-
ies from one woman to another and from one cycle to another 
depending on the woman’s age, body weight and ovarian 
response.

The peptide hormone human chorionic gonadotropin 
(hCG) mimics the natural LH surge and is usually adminis-
tered for final trigger ovulation in a GnRH agonist scheme 
(long or short protocol) or in clomiphene cycles. It releases 
the egg during ovulation. Thus, hCG is given for final oocyte 
maturation (meiosis). Human chorionic gonadotropin must 
be administered as SCI or IM injections.

In a GnRH antagonist protocol, the trigger shot can also 
be performed—beside using hCG—with GnRH analogues, 
SCI or IM injections such as leuprorelin (Lupron). Triggering 
with GnRH analogues in a GnRH antagonist scheme might 
be indicated for patients with a high risk of developing ovar-
ian hyperstimulation syndrome (OHSS).

Proper luteal function is essential to achieve embryo 
implantation and an intact pregnancy. However, it is well 
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Table 12.1 Overview of some fertility drugs being administered

Most common medications in infertility treatment

Substance
Brand names Route of 

administration
Systematic name (IUPAC) Molecular function Molecular mass/

molar massa

Downregulation
Buserelin Metrelef® 

Suprefact® 
CinnaFact®

SCI/nasally (2S)-N-[(2S)-1-[[(2S)-1-[[(2S)-1-
[[(2S)-1-[[(2R)-1-[[(2S)-1-[[(2S)-
5-(diaminomethylideneamino)-1-
[(2S)-2-(ethylcarbamoyl)
pyrrolidin-1-yl]-1-oxopentan-
2-yl]amino]-4-methyl-1-
oxopentan-2-yl]
amino]-3-[(2-methylpropan-2-yl)
oxy]-1-oxopropan-2-yl]
amino]-3-(4-hydroxyphenyl)-1-
oxopropan-2-yl]amino]-3-
hydroxy-1-oxopropan-2-yl]
amino]-3-(1H-indol-3-yl)-1-
oxopropan-2-yl]
amino]-3-(1H-imidazol-5-yl)-1-
oxopropan-2-yl]-5-
oxopyrrolidine-2-carboxamide

Analogue of gonadotropin-
releasing hormone 
suppressing FSH and LH 
prior stimulation

1239.42 g/Mol

Triptorelin Decapeptyl® 
Diphereline™-
Gonapepty®l

IM 5-oxo- D-prolyl-L-histidyl-
Ltryptophyl-L-seryl-Ltyrosyl-3-
(1H-indol-2-yl)-L-alanylleucyl-L-
arginyl-L-prolylglycinamide

Analogue of gonadotropin-
releasing hormone 
suppressing FSH and LH 
prior stimulation

1311.5 g/Mol

Ovarian stimulating drugs
Human 
menopausal 
gonadotropin 
(hMG) urinary 
FSH
rFSH

Menogon®
Merional®
Menopur®
Fostimon®

IM/SCI Mixture of different 
gonadotropins (FSH/LH)

Stimulates the growth and 
recruitment of immature 
follicles
Luteinizing hormone (LH) 
initiates follicular growth or 
triggers ovulation

Follicle- 
stimulating 
hormone (FSH): 
35.5 kDa
LH: Approx. 
30 kDa

Aromatase inhibitor
Lentrozole Femara® Orally 4,4′-((1H-1,2,4-triazol-1-yl)

methylene)dibenzonitrile
285.303 g/Mol

Selective oestrogen receptor modulator
Clomiphene 
(citrate)

Clomid® Orally (E,Z)-2-(4-(2-chloro-1,2-
diphenylethenyl)
phenoxy)-N,N-diethyl-
ethanamine

Oestrogen receptor 
modulating, induction of 
ovulation

406 or 598.10 g/
Mol, 
respectively

Anti-ovulation
Cetrorelix 
acetate

Cetrotide® SCI Acetyl- D- 3-(2′-naphtyl)-alanine- 
D- 4- chlorophenylalanine-D-3-(3′-
pyridyl)- alanine-L-serine-L-
tyrosine-D-citrulline-L-leucine-L-
arginine-L-proline-D-alanine- 
amide

GnRH antagonist 1431.06 g/Mol

Ganirelix 
acetate

Antagon™ (2S)-1-[(2S)-2-[[(2S)-2-[[(2R)-2-
[[(2R)-2-[[(2S)-2-[[(2R)-2-[[(2R)-
2-[[(2R)-2- acetamido- 3-
naphthalen-2-ylpropanoyl]
amino]-3-(4-chlorophenyl)
propanoyl]amino]-3-pyridin-3-
ylpropanoyl]amino]-3-
hydroxypropanoyl]
amino]-3-(4-hydroxyphenyl)
propanoyl]amino]-6-
[bis(ethylamino)
methylideneamino]hexanoyl]
amino]-4-methylpentanoyl]
amino]-6-[bis(ethylamino)
methylideneamino]hexanoyl]-N-
[(2R)-1-amino-1-oxopropan-2-yl]
pyrrolidine-2-carboxamide

Prevention of premature 
ovulation

1570.4 g/Mol
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established that luteal function is compromised in COS 
cycles [3]. To avoid luteal phase defects, mostly progester-
one (P) is administered orally, vaginally or by IM [4]. 
Nevertheless, the effectiveness of orally administered pro-
gesterone is clearly inferior to its intramuscular or vaginal 
administration [5], while the best results can still be obtained 
by injecting P (Agolutin, Prontogest).

12.2  The Skin as a Natural Barrier

As mentioned earlier, TDD is mostly limited due to the 
functional nature of the skin. Beside water resistance, ther-
moregulation, storage and sensory functions, the human 
skin has a protective function representing an anatomical 
barrier for pathogens, certain radiations and harmful 
chemical agents. The human skin consists of the epider-
mis, the dermis and the hypodermis. What is most impor-
tant here is that the outermost sublayer (strata) of the 
epidermis, the stratum corneum (SC), forms the main bar-
rier to penetration (Fig. 12.1). The thickness of the SC var-
ies throughout the body (10–40  μm). SC represents a 
two-compartment system consisting of (1) 12–200 cell 
layers of death corneocytes, containing the fibrous struc-
tural protein keratin and (2) the intercellular matrix, pre-
dominantly composed of neutral lipids that determine its 
hydrophobic character.

In principle, there are two (or three, when considering the 
follicular route) possibilities of TDD: (1) through the skin 

either intercellular through the intercellular space or (2) tran-
scellular (Fig. 12.2). The effectiveness of noninvasive TDD 
is also determined by the use of potent enhancers (see trans-
dermal patches, sprays and gels).

Stratum corneum

Stratum Iucidum

Stratum granulosum

Stratum spinosum

Stratum basale

Dermis

Fig. 12.1 Schematic diagram of the human epidermis

Most common medications in infertility treatment

Substance
Brand names Route of 

administration
Systematic name (IUPAC) Molecular function Molecular mass/

molar massa

Trigger shot (induction of ovulation)
Human 
chorionic 
gonadotropin 
(hCG)

Predalon®, 
Novarel®, 
Ovidrel®, 
Pregnyl®, 
Profasi®, 
Chorigon®, 
Choron-10®

SCI / IM Approx. 26 kDa

Busrelin b See downregulation
Decapeptylb See downregulation
Luteal phase support
Progesterone Pro- gest®, 

Prontogest®, 
Prometrium®, 
Crinone®

IM/vaginally Pregn-4- ene- 3,20- dione 314.46 g/Mol

aMolar mass is given in g/mol, molecular mass is given in Dalton (Da), 1 kDa = 1.66 × 10–21 g
bin GnRH antagonist scheme only
SCI, subcutaneous injection; IM, intramuscular

Table 12.1 (continued)
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1. Intercellular route

S
tr

at
um

 c
or

ne
um

2. Transcellular route

horny cells

Plasma membrane Aqueous

Intercellular
spaceLipid

Lipid

Aqueous

Cholesterol

Lipid

Keratin Hair shaft

matrix

Fatty acid

1 2 3

3. Follicular routeFig. 12.2 Simplified scheme 
of the SC and route diagram 
of transdermal drug 
penetration

12.3  Factors Affecting the Skin Permeation

As a matter of fact, TDD within the scope of medically 
assisted reproduction (MAR) is still limited. This is due to 
various reasons. First, reproductive medicine is a relatively 
new medical research field and has only gained in impor-
tance during the last two decades, however, with a strong 
increasing tendency with respect to global demand. Second, 
TDD is usually restricted to the application of a few sub-
stances depending on their molecular weight (ideally 
<0.6 kDa or even lower), a high lipophilicity and, last but not 
least, their ability to be effective at relative low and variable 
doses. Most importantly, the drug must not contain any irri-
tant substances or cause an immune (allergic) response in the 
skin. The success of TDD also depends on the route of per-
meation. And one of the biggest challenges of TDD systems 
is—without any doubt—the inter- and intra-individual varia-
tions in the skin penetration of the drug, up to 45% [6].

12.4  The Advantage of Transdermal Drug 
Delivery in MAR

The greatest advantage of TDD is its noninvasive nature and 
the associated easiness of self-medication. Noninvasive or 
minimally invasive transdermal drug administration is 
undoubtedly an interesting alternative to SCI injections. 
However, in regard to TDD systems for IVF drugs, the pub-
lished data are still limited (Table 12.2). Most studies cover 
TDD of the steroids testosterone (T) and oestrogen (E2.). 
These substances are lipophilic with low molecular weight 
and thus much more comfortable for TDD.

Embryo implantation is limited to proper endometrial 
buildup. Although the role of E2 in regulating endometrial 
growth remains still elusive, it is required to build up a suf-
ficiently thick endometrium. The E2 administration is mainly 
indicated in clomiphene cycles due to the E2 antagonist 
properties of clomiphene.

In fact, the first IVF drugs administered by TDD were E2 
and T.

E2 and T are, however, small molecules and have low 
molecular weight. These facts facilitated the development of 
transdermal E2 and T delivery systems [7]. One big advan-
tage of TDD of E2 compared to other administration routes 
is the avoidance of metabolization and inactivation in the 
intestine and liver [8]. Meanwhile, there are dozens of review 
articles published in the Medline database concerning the 
TDD of E2, indicating the importance of this issue. A 
recently published RCT compared the IVF outcome of oral 
and transdermal E2 administration in frozen-thawed embryo 
transfer [9]. Although there was a significant difference in E2 
concentration on the day of P administration, pregnancy 
rates were similar for those two administration routes.

Androgens such as T have been shown to play a key role 
in the physiology of the ovaries. Recently, attempts have 
been made to improve ovarian response in patients who are 
found to be poor responders by androgen supplementation 
including dehydroepiandrosterone (DHEA) and T [10]. 
Whether or not and to what extent this approach can be really 
purposeful is beyond the scope of this chapter, but in fact, 
TDD of T is gaining more and more importance [11]. Within 
the scope of T administration, there are more studies in the 
medical database using TDD of T instead of oral 
application.
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Table 12.2 Published applications of TDD systems related to ART

Author PMID Application system Substance Brand
Bosdou et al., (2016) 26,956,551 Gel Testosterone Tostran®
Davar et al., (2016) 27,141,464 Transdermal patch Oestrogen Not given
Malinovskaja et al., (2014) 25,173,088 Iontophoresis Leuprorelin Smopex®
Kim et al., (2014) 25,949,183 Gel Testosterone Testogel®
Zech et al., (2011) 21,497,348 Laser- assisted

(Er/YAG laser)
Urinary FSH P.L.E.A.S.E.® laser 

microporation device
Ata et al., (2011) 21,495,800 Transdermal patch Oestrogen Climara®
Kim et al., (2011) 20,801,436 Gel Testosterone Testogel®
Fábregues et al., (2009) 19,054,777 Transdermal patch Testosterone Androderm®
Solnica et al., (2009) 19,356,750 JET rFSH Biojector® 2000
Lavery et al., (2008) 18,166,182 JET rFSH J-tip needle-free 

injection system
Serna et al., (2008) 18,191,847 Transdermal patch Oestrogen Estraderm matrix®
Massin et al. (2006) 16,476,678 Gel Testosterone Not given
Balasch et al., (2006) 16,517,559 Transdermal patch Testosterone Androderm®

PIMD PubMed identifier

Progesterone (P) administration is crucial in IVF/COS for 
subsequent luteal phase support. In regard to TDD, however, 
very few studies have been published leading to highly con-
troversial results. Mostly, the bioavailability of P is low and 
highly variable, most probably due to cutaneous metaboliza-
tion by the enzyme 5α-reductase to 5α-dihydroprogesterone 
[12]. For all other fertility drugs, TDD is mostly experimen-
tal, too. TDD for administering therapeutic peptides such as 
triptorelin is an interesting subject. However, implementa-
tion of TDD is still hampered by the high molecular size of 
the active compounds, especially in the case of TDD for pep-
tides and proteins. Several studies have investigated TDD for 
GnRH analogues. At present, however, they mostly refer to 
animal studies and in vitro systems [13, 14].

In the past, however, the results turned out to be some-
what sobering. This might be due to the fact that e.g. there 
are currently no commercially available transdermal proges-
terone application systems for IVF [7]. Additionally, due to 
proteases in the skin layers, opsonization and agglutination, 
free peptides are often not stable without some modifications 
or the usage of additives [15]. However, enhancing additives, 
in turn, might negatively influence drug stability [16] or drug 
efficiency.

TDD of ovarian stimulation hormones might be regarded 
as one of the most prestigious issues due to the high molecu-
lar weight of gonadotropins and the risk of losing structural 
integrity and thus protein function. Due to short half-life 
(and rapid metabolic clearance) of administered gonadotro-
pins, daily administrations are required. Facing the fact that 
the stratum corneum is an almost insurmountable barrier for 
high molecular weight substances, a minimal invasive tech-
nique is, without any doubt, indispensable for transdermal 
peptide and protein delivery. In fact, the development of new 
generation TDD systems even allowed the transdermal pass 

of proteins using a novel and innovative laser technology 
[17]. Recently, the first pregnancy after IVF involving COS 
with TDD of urinary FSH using a laser microporation-based 
TDD technology was achieved [18]. This approach might 
end up revolutionizing COS processes in MAR.

12.5  Systems for (Improved) Transdermal 
Delivery Systems

Current efforts to improve TDD involve the alternation of 
drug composition or molecular changes to the active sub-
stance to enhance skin permeability without altering medical 
efficacy and the development of sophisticated innovations in 
the area of TDD systems. Meanwhile, several skin- 
permeabilizing techniques have been described and investi-
gated, and a confusing number of combined methods and 
protocols are known to us today. The most commonly used 
methods and approaches are given in Table  12.3 and are 
described briefly below.

12.5.1  Transdermal Patches, Sprays and Gels 
and Enhancers

One of first TDD systems was a 3-day patch for scopol-
amine to treat motion sickness (Novartis Consumer Health, 
Parsippany, NJ). The system was approved for use in the 
United States in 1979 [19]. In transdermal patches the drug 
is usually stored in a reservoir that is surrounded on one 
side by an impermeable backside and an adhesive for skin 
contact on the other [20]. This system, however, is limited 
to extremely stable lipophilic and low-molecular drugs 
such as E2 or T that are effective even at low doses and/or 

12 Transdermal Delivery Systems in Medically Assisted Reproduction



108

with varying TDD. The same holds true for other simple, 
non-skin perforating systems such as liquid sprays and 
gels. In such systems transdermal drug passage takes place 
in a passive way.

In order to expand the scope of application to other, less 
skin permeable substances, the second generation of TDD 
systems contain(ed) (bio-)chemical enhancers to alter the 
skin permeability especially of the SC. An optimal enhancer 
should work rapidly and its effect should be reproducible. 
Meanwhile, there are hundreds of enhancers and thousands 
of combination preparations known to increase skin perme-
ability—in general, amphiphilic substances with saturated 
carbon rings or chains [21]. The best known chemical 
enhancers are urea, propylene glycol (PG), Azone (1- dodecy
lazacycloheptan- 2-one), SEPA I (2-nonyl-1,3-dioxolane) or 
SLS (sodium lauryl sulphate). The problem with enhancers 
is that they must considerably increase the permeability of 
the SC without having skin-irritating, allergic or even toxic 
side effects. However, for many chemical enhancers, the 
underlying mechanisms of action have often remained 
unclear, and, in consequence, some hazardous side effects 
have still remained unclarified. Newer generations of enhanc-
ers such as liposomes or microemulsions do not only enhance 
the TDD but additionally increase the solubilization and par-
titioning of the drug. The use of biochemical enhancers is 
still experimental. They encompass special peptides, also 
known as peptide facilitators with pore-forming properties—
a new approach in TDD [22].

12.5.2  Pressure-Driven JET Injections

Beside the application of transdermal patches, this technique 
is the most ancient technique. For several vaccinations, jet 
injectors have been used for decades. The principle behind it 
is quite simple: the drugs (liquid or solid formulations) are 

administered to the skin by high pressure accelerators, for 
example by using compressed N2 or CO2 from a reservoir. In 
consequence, a high-velocity jet (>100 m/s) penetrates the 
skin. Interestingly, despite their long-term use, jet injections 
mostly failed to replace conventional needle injection. The 
most limiting factor is the inconsistency of penetration, prob-
ably due to the skin’s mechanical properties that vary from 
one person to another [23]. Additionally, relatively strong 
inflammations and bleedings might occur owing to the appli-
cation [24]. And, in addition, needle-free JET injections are 
not always pain-free.

A few studies have investigated this TDD system for 
gonadotropin administration [25, 26]. Although authors 
reported no differences in regard to the COS outcome, the 
patients’ comfort elucidated by questionnaire was not supe-
rior in the group using a needle-free JET injection system 
(Biojector® 2000) compared to patients using standard nee-
dles for gonadotropin administration [25]. This finding and 
the lack of further studies on this TDD technique emphasize 
the weaknesses of this system. Moreover, although the appli-
cation of the Biojector® 2000 device was deemed safe, the 
pharmaceutical company Roche has withdrawn its applica-
tion for antiretroviral drug administration to US regulatory 
authorities. Before, the application of this device was found 
to cause long-lasting nerve pain in a few patients [27].

12.5.3  Microneedles

In contrast to needles (cannulas), microneedles are only min-
imally invasive. The use of microneedles (MN) is—due to 
their shortness  - almost painless, since MN only reach the 
deeper layer of the epidermis but not the dermal nerve end-
ings. MN can be applied as solid (used for pretreatment of 
the skin followed by the application of a topical cream), 
coated MN (where the drug is coated over the MN surface), 

Table 12.3 Overview of the (dis)advantages of different TDD systems

Type of TDD
Time-
consuming Invasive

Intact stratum 
corneum 
mandatory Painful

Applicable for high 
molecular mass drugs

Risk of 
impairment of 
surrounding 
tissue

Drug 
release 
control

Patches/gels/
sprays

Yes No No No No No Poor

Enhancers Yes No No No Extremely limited No Poor
JET injection No Minimal No Sometimes Yes Yes Poor
Microneedles No Minimal No No Yes No Good
Electroporation No Minimal Yes Sometimes Limited Yes Fair
Iontophoresis Yes Minimal Yes Sometimes Limited Yes Fair
Sonophoresis Yes Minimal Yes Sometimes Limited Yes Fair
Laser- assisted 
TDD 
(P.L.E.A.S.E®)

No Minimal No No Yes No Excellent
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hollow MN (for infusion of higher quantities) and dissolving 
MN. MN can be made of metal (mainly for solid MN). Their 
production is quite easy. Silicon has also been used for MN; 
however, silicon-based MN are expensive and often brittle. 
Additionally, silicon is not the best material in terms of bio-
compatibility. Dissolving MN consists of biodegradable 
polymers such as polylactic acid (PLA), polyglycolic acid 
(PGA), polycarbonate or many others. Thereby, the dissolv-
able MN encapsulates the drug (reviewed in [28]).This kind 
of MN even allows a fairly well-controlled drug release that 
is determined by the dissolving rate of the MN [29]. The 
field of biopolymer microstructures is a rapidly growing seg-
ment, and the approaches for dissolvable MN are promising. 
Several MN are now commercially available for vaccination 
or glucose monitoring in diabetes patients.

12.5.4  Electrical TDD Techniques

Electrical TDD encompasses two techniques: electropora-
tion and Iontophoresis.

12.5.4.1  Electroporation
Electroporation (EP) increases the permeability of the SC by 
the application of short voltage pulses (μsec—msec). This 
technique is well known in molecular biological laborato-
ries, e.g. for transfecting cells with DNA, short oligonucle-
otides or iRNA. For TDD, however, higher voltages (> 50 V) 
are required. The efficacy of EP-based TDD additionally 
depends on the shape, amplitude, duration and number of 
electric pulses, as well as on the distance between electrodes 
[30]. The mechanism behind this is the disruption of mem-
branes and the formation of aqueous pores in the lipid bilay-
ers and the reversible membrane disruption of the 
SC. Electroporation has been successfully applied for TDD 
of even high molecular weight substances including pro-
teins, peptides, polysaccharides and oligonucleotides. One 
disadvantage consists in the fact that skin properties may 
change at high voltages. The result might be a nonlinear 
dependence of influx and voltage.

12.5.4.2  Iontophoresis
TDD by iontophoresis encompasses the application of a low- 
density current and low

voltage (˜ 0.1–1.0 mA/cm2) via an electrical circuit consti-
tuted by two drug reservoirs

(positively and negatively charged chambers or anode 
and cathode, respectively) deposited on the skin surface. 
The suggested mode of action consists of electroosmosic 
and electrophoretic or electromigratic effects. The human 
skin has an isoelectric point of approximately pH 4.5. At a 
higher pH value, carboxy groups are ionized (COO−). This 
results in the attraction and movement of small cations. In 
final consequence, uncharged molecules are also carried by 

this flow. Uncharged molecules are moved via this electro-
osmosic effect only; however, this force is quite ineffective. 
Thus, drugs must either have ionic charges or have to be 
solved in an ionic carrier substance. Ions having the same 
polarity as the stimulating electrode are repelled into the 
skin (electrophoretic effect). The advantage of Iontophoresis 
is the lack of adverse effects in short-term use. Currently, 
Iontophoresis is mainly used for TDD of lidocaine for local 
anaesthesia. The iontophoretic TDD, however, is only suf-
ficient for charged molecules [28] and is therefore restricted 
to molecules with a molecular weight of less than ~10–
15 kDa [31]. Additionally, the drawback of this technique is 
the occasional occurrence of skin irritations and pain 
caused by the effects of Iontophoresis which are not 
restricted to the SC [32].

12.5.5  Sonophoresis

This technique can be divided according to the ultrasound 
(US) used in (1) “high frequency (3–10 MHz) or diagnostic 
US,” (2) “medium frequency” (0.7–3 MHz) or “therapeutic 
US” and 3) “low frequency” (18 to 100 KHz) or conveniently 
in cavitating and non-cavitating sonophoresis.

12.5.5.1  Non-cavitating Sonophoresis
Ultrasound (US) is able to disrupt the lipid structure of the 
SC. The effect is, however, limited to lipophilic substances 
with a relatively small molecular weight. Using higher- 
frequency US bears the danger of damaging the deeper 
tissues.

12.5.5.2  Cavitating Sonophoresis
US is also known to induce oscillating cavities at the skin 
surface. In consequence, the SC is disrupted, and thus, skin 
permeability is increased without damaging deeper tissue 
layers: Cavitation, however, can only be achieved by low- 
frequency (<1  MHz) US and is directly correlated to US 
intensity. This enhanced passive transdermal drug transport 
can increase TDD for substances up to tens of kDa [17]. 
Other advantages are a strictly controlled TDD without 
destroying the skin integrity. The disadvantages of this pro-
cedure can be found in the fact that it is time-consuming and 
the results are not always promising. Additionally, irritation 
and burning of the skin have been reported.

12.5.6  Laser-Assisted TDD

There is no question that the laser-based TDD technologies 
are the latest, most innovative and most promising approaches 
in this field. The principle of this technique is based on the 
laser-based thermal ablation of the SC in terms of micro-
pores. The challenge presented by TDD of high molecular 
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substances and controlled drug release can be mastered 
much better thanks to this technique. However, the first gen-
eration of laser-based TDD technology was ineffective due 
to imprecise SC ablation, meaning more skin irritations, 
coagulation or inadequate microporation, and, in conse-
quence, limited TDD and drug uptake (Fig. 12.3). However, 
for laser-assisted TDD, the controllable microporation in 
depth and size is mandatory. Meanwhile, many types of 
lasers with a broad wavelength range are commercially avail-
able. But in fact, only a few of them are actually suitable for 
SC ablation. For example, near-infrared (NIR) or CO2 lasers 
have only little skin absorption effect compared to erbium- 
doped yttrium aluminium garnet (Er/YAG) laser systems 
[32]. Pantec Biosolutions AG (Ruggell, Liechtenstein) has 
developed a “Precise Laser Epidermal System” 
(P.L.E.A.S.E.®) device containing a diode-pumped frac-
tional (Er/YAG) laser. This technology was patented in 2009. 
The P.L.E.A.S.E.® laser can emit short pulses of radiation at 
the excitation wavelength of H2O at approximately 2.940 nm. 
In consequence, laser pulses heat the skin surface causing the 
H2O molecules to evaporate rapidly, thereby creating micro-

pores with a diameter of ~200 μm in the epidermis by ther-
molysis. The advantage of this system consists in its short 
energy pulse which is shorter than the thermal relaxation 
time of H2O. Thus, thermal damage of the surrounding tissue 
can be extremely minimized or even avoided [20, 33]. In 
contrast to conventional (Er/YAG) laser systems that typi-
cally ablate a 7 mm spot on the skin, this technical innova-
tion generates patterns of identical micropores with diameters 
of 100–150  μm [33]. Moreover, modifications of laser- 
induced micropores in terms of depth, diameter and the den-
sity of micropores allow perfect adaption to different drugs 
used as well as an optimal drug release control (Fig. 12.3). 
This high variability allows a broad range of applications. 
Besides some aesthetic applications, the P.L.E.A.S.E.® tech-
nology enables needle-free vaccination, different diagnostic 
applications, immunological applications, the intradermal 
delivery of biological compounds and many other fields of 
application (Fig. 12.4). This is documented by various publi-
cations [34–37]. Most importantly, this technique was suc-
cessfully applied for the TDD of peptides and even proteins 
without losing their structural integrity and function [38, 39]. 
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Fig. 12.3 Ablation by a standard laser and P.L.E.A.S.E.® technology compared. The P.L.E.A.S.E.® technology allows a precise cylinder-shaped 
skin ablation and effective drug delivery at different depth. (Courtesy of Pantec Biosolutions AG)
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The P.L.E.A.S.E.® technology enables even the TDD of 
high molecular weight drugs—up to approximately 150 kDa. 
In fact, the P.L.E.A.S.E.® system was the first reported laser- 
assisted TDD system enabling successful COS by transder-
mal administration of high molecular weight gonadotropins 
that resulted in a pregnancy after oocyte puncture, IVF and 
subsequent embryo transfer [18]. The first laser-induced TDD 
of prednisone, a corticosteroid, has also been achieved using 
the P.L.E.A.S.E.® technology [40]. Although this drug is 
rather used for the treatment of various inflammatory and 
autoimmune diseases, prednisone therapies are sometimes 
MAR-related as prednisone is reported to sometimes attenu-
ate the risks of embryo implantation failure and miscarriage.

The P.L.E.A.S.E.® technology was also proven to be 
effective for TDD of triptorelin in terms of bioavailability 
and safety aspects and has meanwhile completed clinical 
phase I [34].

12.5.7  Others

We know a number of other TDD systems, but they do not 
really play a role in clinical practice, inasmuch as either they 
have hazardous effects on health, are not efficient and are too 
expensive or they still have not passed developmental and 
test phase. However, one of them should be discussed briefly, 
namely a system involving the use of nanocarriers (NC), as 
this technique might gain some importance in the future. NC 
have a size of 10–1000 nm. They can be administered by all 
routes including TDD. They are suggested to be undetectable 
by the immune system. NC encompass nanoparticles, nano-
capsules, nanoemulsions, dendrimers and liposomes. Within 
the last years, huge advances in the development of NC have 
been made [41]. However, potential side effects are still 
unclear. In addition, most NC (jet) are still not suitable for 
TDD.
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ing parameter settings. (a) Demonstration of simple application of the 
P.L.E.A.S.E.® device. Lower graph demonstrates magnification of the 
skin. Dark spots represent laser-induced micropores. Cycled in red 

shows a micropore. (b) Schematic drawing of microporation with dif-
ferent depth by the P.L.E.A.S.E.® technology. (c) Variation of parame-
ter setting allows different scopes of applications. (Courtesy of Pantec 
Biosolutions AG)
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12.6  Outlook and Conclusions

MAR is associated with (sometimes) painful injections of 
fertility drugs. In most IVF patients, injections evoke nega-
tive associations. The self-administration by needle injec-
tions also bears the danger of inadequate drug application. 
There is undoubtedly an overriding requirement for improv-
ing and facilitating drug application in MAR as part of the 
optimization of the entire therapy. Thus, needle-free TDD of 
fertility drugs should be the overarching goal. Although 
TDD in MAR is a new topic and still finds itself at an experi-
mental stage (with the exception of a few applications), there 
are some promising approaches. The next generations of 
laser-assisted TDD devices, such as the scanning fractional 
laser ablation systems, are undoubtedly the most innovative 
and most promising approaches. With their flexibility in 
regard to the control of drug release kinetics by modulation 
of the number of micropores, their depth and size, a precise, 
reliable and painless TDD can be obtained even for high 
molecular weight drugs, while at the same time taking into 
account individual skin conditions. Even though amazing 
progress has been made in other TDD systems, the new laser 
devices are the only approaches not subject to any limitations 
in terms of size, charge and stability of the drug.
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Ovulation Induction for the Woman 
with Hypogonadotropic Hypogonadism

Sezcan Mumusoglu, Pinar Tokdemir Calis, 
and Gurkan Bozdag

13.1  Introduction

Hypogonadotropic hypogonadism is a condition in which 
the testis or ovary could not produce sex hormones due to 
functional or anatomical disorders in pituitary or hypothala-
mus. It should be noted that gonads are not typically affected 
but coincidental cases might be expected.

The incidence of hypogonadotropic hypogonadism varies 
from 1/3000 to 1/4000, and males have a three- to fivefold 
risk of prevalence than female cohort [1]. Among women 
suffering from anovulatory infertility, 5–10% of them have 
been assigned as hypogonadotropic hypogonadism. The 
clinical presentation generally consists of delayed puberty, 
primary or secondary amenorrhea, and hence infertility. 
Although there is a great effort for the diagnosis and man-
agement of women with polycystic ovary syndrome (PCOS) 
in the available literature, there is substantially less consen-
sus not only for the diagnostic criterion but also for the man-
agement in hypogonadotropic hypogonadism, particularly 
for the aspect of infertility. As already addressed by the 
British Fertility Society, the management protocols for WHO 
group I are “non-standardized” and “scarce” [2].

13.2  Definition

WHO group I anovulation reflects a heterogeneous group of 
patients in which three subgroups might be stratified as pre-
viously defined by the British Fertility Society. (a) 
Hypothalamic amenorrhea (HA) refers to a condition due to 
excessive exercise, weight loss, or chronic diseases. 
Generally, there is secondary amenorrhea with more signifi-

cantly depressed levels of LH than FSH concentration. Under 
ultrasonography, polycystic ovary morphology might be 
noted in certain rate of those women [3]. (b) Hypogonadotropic 
hypogonadism (HH) is primarily due to congenital GnRH 
deficiency related with >25 gene polymorphism and thus 
forms a heterogeneous clinical condition. Acquired causes 
include trauma, tumor, radiation, chemotherapy, or infiltra-
tive diseases. In clinical presentation, uterus and ovaries are 
small. Primary or secondary amenorrhea and delay or 
absence of puberty might be encountered due to underlying 
reason. (c) Hypopituitarism (HP) defined conditions when 
production or secretion of pituitary hormones is affected. 
Tumors, infiltrative diseases, and Sheehan’s syndrome are 
known conditions related with hypopituitarism. Notably, 
growth hormone (GH) appears to be more affected than 
thyroid- stimulating hormone (TSH) and adrenocorticotropic 
hormone (ACTH) in patients with HP [4].

13.3  Infertility Treatment

13.3.1  Lifestyle Management

A lifestyle management should be initially recommended in 
patients with HA. Multidisciplinary management should be 
undertaken with dietician and psychiatry. Although there is 
no clearly defined body weight to restore menstrual regular-
ity, a mean increase in weight around 9% was associated 
with treatment success, while it was around 2% in women 
who failed to ovulate in a study including 18 professional 
athletes suffering from HA. Of interest, restoration of men-
struation had taken over 1 year to recover even after those 
women had achieved a target weight gain (15 ± 2.6 months) 
[5]. Similarly, there are also unsuccessful attempts to define 
a high accurate threshold for menstrual restoration with 
regard to fat mass or leptin concentration [6].

For anovulation associated with excessive exercise and 
physical stress, we have to remember the fact that 
corticotrophin- releasing hormone (CRH) plays an important 
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role on hypothalamus-pituitary-ovarian axis. Nevertheless, 
physical and emotional stress may activate instant increase 
in CRH that stimulates pituitary secretion of adrenocortico-
trophic hormone (ACTH). Hence, increased secretion of glu-
cocorticosteroids inhibits secretion of GnRH and finally 
gonadotrophins [7]. In patients who are candidate for 
exercise- related anovulation, limiting exercise level and 
optimizing calorie intake should be initially considered 
which will result in decreased CRH levels and restoration of 
hypothalamus-pituitary-ovarian axis activates [7].

13.3.2  GnRH Pumps

For pharmacological treatment, gonadotropin-releasing hor-
mone (GnRH) pumps could be an option in patients with 
intact pituitary gland. Pulsatile GnRH treatment is generally 
preferred in patients with congenital HH. In women with HA 
who failed to conceive after lifestyle management, utiliza-
tion of GnRH pump is also a valid option before advanced 
treatment [8]. Inducing mono-follicular development with 
maintaining physiological estradiol levels is the goal of pul-
satile GnRH therapy. Commercially, it might be applied via 
subcutaneous, intramuscular, nasal, or intravenous routes. Of 
the available approaches, subcutaneous route appears to be 
feasible and practical with a slower sustained rise in FSH and 
LH [2]. When various intervals were tested among 20 
patients with HA who had been treated over 41 cycles with 
GnRH pumps, the best outcome of ovulation and pregnancy 
rate was achieved with a 90 or 120  min of intervals [9]. 
Commonly, the starting dose of GnRH analogue is 15 μg for 
subcutaneous route. If the follicle development does not 
occur (>10 mm), increasing the dose of GnRH analogue by 
5 μg or adding exogenous gonadotropin is recommended.

The success rate is generally reported to be 25% per cycle 
with GnRH pumps and even be better than induction with 
exogenous gonadotropins [10]. In a randomized controlled 
trial [11], 30 consecutive patients with HA and polycystic 
ovary syndrome (PCOS) were induced with either GnRH 
pump or exogenous gonadotropins (75 IU FSH + 75 IU rec 
LH). The ovarian responses were comparable (73% vs. 
60%), but clinical pregnancy rate was reported to be signifi-
cantly higher in favor of pulsatile GnRH treatment (46% vs. 
15%). Since that study population was heterogeneous with 
its limited sample size, we need more data to decide which 
strategy is superior and should be offered in the first step in 
that group of women.

The major side effect related with its clinical application 
includes skin reactions and antibody formation. In addition, 
it might be more expensive in commercially available coun-
tries when compared with exogenous gonadotropin therapy.

13.3.3  Ovulation Induction with Exogenous 
Gonadotropins

Ovulation induction with exogenous gonadotropins might be 
preferred as an alternative approach in patients with WHO 
group I anovulation. With respect to the theory of 2-cell and 
2-gonadotropin, there appears a necessity to supply LH 
activity with addition to stimulation with FSH [12]. 
According to initial studies on basic reproductive endocri-
nology [2, 13], whereas LH activity induces the production 
of androgens from circulating cholesterol in theca cells, FSH 
is essential to convert androgen precursors to estrogens 
within granulosa cells by inducing aromatase enzyme activ-
ity. Stimulation with only FSH yields less follicular develop-
ment and serum estradiol concentration but much higher 
gonadotropin requirement and lower ovulation rates when 
compared with LH supplementation. Hence, both preclinical 
and clinical findings appear to be concordant with each other 
and propose a need for LH activity particularly in LH-depleted 
women [2].

The potential sources of LH activity might be human 
chorionic gonadotropin (hCG) or recombinant technology. 
Whereas hCG is produced from a α subunit including 92 
amino acids and β chain made of 145 amino acids with 8 
glycosylation sites, LH presents diversity with a β chain 
formed by 121 amino acids and 3 glycosylation sites. 
Although they share the same receptor (LHCGR), there 
might be functional differences at receptor level with regard 
to three pathways analyzed in in vitro cell lines (Fig. 13.1). 
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DNA Transcription &
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Fig. 13.1 Post-receptor pathways of LHCGR receptor
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For the cAMP pathway, whereas biopotency of HCG is five 
times higher, LH action is six times faster, and hGLCs 
become refractory to a continuous LH stimulation over 
24 h [14]. With regard to ERK and AKT pathways, LH is 
more potent and faster than hCG, and high doses of hCG 
seem to inhibit the AKT pathway [14]. The gene expression 
levels of LH/hCG receptor gene in granulosa cells and 
genes involved in biosynthesis of cholesterol and steroids 
might present also diversity when stimulated with either 
LH or hCG [15].

Although significant difference exists between LH and 
hCG activity at molecular and functional level, most of the 
available studies had evaluated women undergoing treatment 
with human menopausal gonadotrophin (hMG). According 
to a systematic review [16], pregnancy rate per cycle is 
around 25%, and miscarriage rate is similar with women 
diagnosed as unexplained infertility. However, multiple 
pregnancy rate is approximately 30% which warrants need 
for low dose of gonadotropin use. Particularly in women 
with a polycystic ovary appearance, 75 IU of daily gonado-
tropin might be preferred, but 150 IU might be a better choice 
when there is no visible antral follicle under ultrasonogra-
phy. Weekly increments might be considered in patients with 
no exceeding follicle in diameter of >10  mm for a given 
dose. To avoid multi-follicular development, monitoring 
with ultrasonography of the cycle is also recommended by 
the British Fertility Society to enhance efficacy and safety 
[2]. Ovarian hyperstimulation syndrome has been generally 
reported with less than 1% [17] of all cases.

Instead of hMG, recombinant LH might be also preferred 
with addition to recombinant FSH supplementation. In a ran-
domized controlled trial including 38 women [18], patients 
were stratified for the dose of LH supplementation as 0 IU, 
25 IU, 75 IU, or 225 IU in addition to 150 IU FSH for all. 
Participants undergoing 75 IU LH with 150 IU FSH had the 
highest chance of optimal response as defined by presence of 
≥1 follicle exceeding 17 mm in diameter and estradiol level 
of >400 pg/ml on the day of triggering with hCG. For the 
comparison of highly purified hMG versus FSH and recom-
binant LH supplementation with a 2:1 ratio, there is only one 
randomized controlled trial including small number of 
patients (n = 35) in women with HH [19]. Following a total 
of 70 cycles, FSH and LH combination yielded similar ovu-
lation rate (88% vs. 70%, p  =  0.11) but higher pregnancy 
rates (55.6% vs. 23.3%, p  =  0.01) when compared with 
highly purified hMG. However, one should be cautious about 
small sample size and lack of validation with further 
studies.

Growth Hormone Supplementation
The utilization of growth hormone (GH) in women with HH 
was first described by Homburg et al. and offered as a new 
approach to ovulation induction [20]. The authors reported 

that the addition of biosynthetic GH (24  IU on alternate 
days) to hMG improved ovarian responsiveness in seven 
patients who were previously hMG resistant [20]. Growth 
hormone reduced both the duration of treatment and daily 
hMG requirement. Subsequent reports documented 
increased circulating levels of insulin-like growth factor 
concentrations that act as a mediator of GH itself [21]. GH 
supplementation can be most beneficial for women with a 
surgical, pathological, or medically induced dysfunction of 
GH kinetics [22]. Although there is no dose-finding study 
for GH, use of 12–24 IU per cycle generally has resulted in 
an adequate ovarian response. In patients with pan-hypopi-
tuitarism, it might be commenced 2 to 4 months before 
ovarian stimulation cycle and continued until the day of 
pregnancy test [23]. However, pregnancy rates in hypopitu-
itary patients might be still worse than those in HH and HA 
patients [2].

Luteal Phase Support in Ovulation Induction Cycles
According to an updated systematic review and meta- 
analysis [24], progesterone luteal phase support is beneficial 
to patients undergoing ovulation induction with gonadotro-
pins in intrauterine insemination cycles. However, there is 
paucity of data for the necessity of luteal phase support 
either in the form of progesterone or with estrogen, particu-
larly for patients with HH undergoing ovarian stimulation. 
For patients treated with a GnRH pulsatile pump, early stud-
ies indicate its sufficiency when administered throughout 
luteal phase [25]. Progesterone support in the form of vagi-
nal preparation or intramuscular injections might be also 
preferred, even though a prospective comparative study is 
not available [2].

13.3.4  Assisted Reproductive Technologies

Women with WHO group I anovulation achieve cumulative 
pregnancy rates between 30 and 96% with ovulation induc-
tion (OI) alone [10, 26]. Yet, assisted reproductive technolo-
gies (ART) are still required for a substantial proportion of 
these women due to failure of OI and/or intrauterine insemi-
nation or the presence of other indications, e.g., tubal 
obstruction or male factor. Within the context of ART, the 
key point in individualization in women with HH is the pres-
ence of intact pituitary function (HA, HH, or HP).

13.3.4.1  Induction of Multiple Follicular 
Developments

In contrast to OI alone, the goal of OI in ART cycle is to 
achieve multi-follicular development. Since there is paucity 
of data with regard to OI protocols in ART cycles in patients 
with HH, we will discuss some unanswered questions in this 
field.
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Pretreatment Before Ovulation Induction (e.g., Oral 
Contraceptive Pill, Rec LH)
Due to lack of gonadotropin and low estrogen levels in women 
with HH, particularly with congenital HH, shorter uterine 
length and a smaller uterine cross-sectional area have been 
reported [27]. Pretreatment with oral contraceptive pill (OCP) 
for 2 or 3 months prior to ovarian stimulation cycles has been 
widely adopted in congenital HH patients as a standard proto-
col. It is assumed that OCP could change the hypo-estrogenic 
environment or increase endometrial development and recep-
tivity. It was also speculated that pretreatment with OCP might 
reduce total gonadotropin consumption by stimulating gonad-
otropin receptor formation in granulosa cells [28]. Nonetheless, 
there is no comparative study to suggest routine pretreatment 
with OCP before ART cycles. Actually, ovarian stimulation 
can be started either randomly during amenorrhea or follow-
ing the withdrawal bleeding with OCP.

As a matter of fact, vast majority of women with HH in 
reproductive age already use OCP not only for inducing 
compatible development of the breasts and genitalia but also 
to maintain cyclic menstrual bleeding and sense of feminin-
ity required for emotional and sexual well-being [29].

Recently, a new pretreatment protocol with rec LH has 
been proposed [30]. Pretreatment with rec LH (300 IU s.c.) 
for 7 days significantly decreased the mean threshold (daily 
effective) FSH dose and the requirement of total FSH doses 
to induce follicular maturation, appropriate serum estradiol 
(E2) level, and endometrial thickness.

Ovarian Reserve Test
Briefly, there are two regulation steps of folliculogenesis in 
ovary: (1) FSH-independent initial recruitment and (2) FSH- 
dependent cyclic recruitment. The first step (initial recruit-
ment) begins immediately after birth [31], and the second 
step (cyclic recruitment) starts at puberty with activation of 
pulsatile secretion of FSH.  Follicle-stimulating hormone- 
deficient hypophysectomized women present with the 
absence of large antral follicles [32]. Therefore, antral folli-
cle count (AFC) is not a good predictor of ovarian response 
in HH patients to tailor the starting dose of gonadotropin. 
Since anti-Müllerian hormone (AMH) is secreted from gran-
ulosa cells of secondary, preantral, and small antral follicles 
<4 mm in diameter [33], it may be a better predictor of ovar-
ian response.

Recently, in ART cycle of 12 patients with congenital HH, 
positive correlations were observed between serum AMH 
levels and number of follicles >14 mm and > 17 mm on the 
day triggering ovulation, serum peak E2 levels, metaphase II 
oocytes, and number of high-quality embryos [34]. Those 
results suggest that AMH might be used as marker of ovarian 
response in patients with congenital HH undergoing 

ART.  Even though most women with congenital HH have 
normal serum AMH levels, still some females with severe 
congenital HH might coincidentally suffer from AMH defi-
ciency [35]. In those women, AMH is unlikely to be an accu-
rate prognostic factor of ovarian response. This is very 
relevant for clinical practice, since decreased AMH levels in 
female women with congenital HH and severe GnRH defi-
ciency may be erroneously interpreted as a decrease in ovar-
ian reserve and therefore a reduced chance of success [35].

Individualization of Gonadotropin Starting Dose
It is very important to adjust starting dose of FSH not only 
for the optimal response but also to prevent complications 
associated with OI. Conventional ovulation induction proto-
col in women with HH for mono-follicular development is a 
“low-dose step-up protocol” with a starting dose of 75  IU 
hMG (human menopausal gonadotropin). However, the goal 
of induction of ovulation in ART is totally different, and 
exogenous gonadotropins are used to ensure the maintenance 
of a suprathreshold level during the time of follicle selection 
for the multi-follicular development. We suggest that FSH 
starting dose should be at least between 150 and 225 IU in 
women with HH. FSH starting dose could also be tailored 
according to AMH level and response to previous ovulation 
induction, as quoted previously [34].

Luteinizing Hormone Supplementation
As mentioned above, although FSH alone can induce follicu-
lar growth in the total absence of LH, the growing follicles 
will have developmental deficiencies such as abnormally low 
production of E2 and inability to luteinize and rupture in 
response to an hCG stimulus. As a result of low E2 level, the 
outcome of the cycle might be threatened with thin and 
potentially non-receptive endometrium [18, 36, 37].

The amount of LH activity necessary for normal follicle 
and oocyte development is unknown, but it is likely low, as 
only <1% of LH receptors need to be occupied to allow nor-
mal steroidogenesis [38]. Serum LH “threshold” level to pro-
vide adequate LH support to FSH-induced follicular 
development is >1.2 IU/L. Subcutaneous co-administration 
of 75 IU rec LH with rec FSH is safe and effective in induc-
ing follicular development in women with profound gonado-
tropin deficiency [37]. It is clear that LH supplementation is 
mandatory in patients with HH.  However, there is a “LH 
ceiling” theory suggesting inhibition of follicular growth 
when the certain level of LH is exceeded [39]. According to 
“LH ceiling” theory, the utilization of increasing rec LH 
doses in the follicular phase decrease the number of growing 
follicles [18].

There is no randomized controlled trial (RCT) comparing 
the efficacy of different LH sources such as hMG, hMG-HP, 
or rec LH in ART cycle of women with HH. Although not 
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conducted in ART cycles, according to one small (n = 35) 
open-labeled RCT, the pregnancy rate of rec FSH/rec LH 
(150 IU/75 IU) for OI is superior to hMG-HP (150 IU) in 
women with HH (55.6% vs. 23.3%, p = 0.01, respectively) 
[19]. Those results might suggest that it is reasonable to use 
rec LH separately with adjunct to rec FSH in patients with 
HH in ART cycles to tailor the rec LH dose per se with stay-
ing under the “LH ceiling” level.

Growth Hormone Supplementation
It is noteworthy that GH co-stimulation could be employed 
in ART cycles particularly in patients with GH deficiency 
and women suffering from HP.  GH regulates the IGF-I or 
IGFBP-3 levels and may play a role in the growth of the fol-
licle [21]. GH appears to selectively increase the sensitivity 
of the dominant follicle to FSH, facilitating mono-follicular 
growth [40]. GH treatment in women with low GH levels 
increases the sensitivity of the ovaries to gonadotropin stim-
ulation [40].

Many women with GH deficiency suffer from subfertility 
and require assisted reproductive technologies to conceive 
[41]. GH supplementation yields more oocytes and higher 
fertilization and pregnancy rates in poor responder women 
with HH [22].

Pituitary Suppression
Pituitary suppression with GnRH analogues to prevent an 
endogenous LH surge is an integral component of con-
trolled ovarian stimulation (COS) protocols. In the absence 
of pituitary suppression, premature luteinization occurs in 
up to 25% of stimulation cycles in women with an intact 
hypothalamic- pituitary-gonadal axis leading to cycle can-
cellation and severely compromised outcomes [42]. Of 
interest, in 2009, it has been shown that pretreatment with 
rLH/rhCG could evoke unambiguous elevations in serum 
levels of endogenous LH during FSH in patients with con-
genital HH and intact pituitary function [30]. Moreover, 
10–22% of patients with congenital HH may have lifetime 
reversal of disease [29]. Both unambiguous elevation of 
endogenous LH and high reversal rates (previously under-
estimated) in women with HH and intact pituitary function 
support the suppression of pituitary with GnRH agonist/
antagonist for the prevention of premature ovulation in 
ART cycles. We recently have tested whether gonadotro-
pin-releasing hormone (GnRH) analogues were beneficial 
in women with HH in a retrospective multicenter cohort 
study. Fifty-seven women with congenintal HH (CHH)
were included, GnRH antagonists were given to 19, and 13 
were stimulated with the long GnRH agonist protocol, 
while 25 were not given pituitary suppression at all. Women 
without pituitary suppression achieved significantly higher 

embryo implantation rates (21.6 vs. 52.6%, p = 0.03), and 
higher live birth rate per cycle (25.0 vs. 40.0%, p = 0.26), 
albeit the latter was short of statistical significance [43].

13.3.4.2  Monitoring the Cycle and Triggering 
Final Oocyte Maturation

Ultrasonography is warranted for monitoring follicular 
growth and endometrial thickness in women with HH.  A 
measurement of E2 for adjusting gonadotropin dose or for 
the timing of triggering of ovulation is not a requirement. 
Ovulation triggering with hCG based on endometrial thick-
ness and follicular growth is associated with improved preg-
nancy rates. Serial ultrasound examinations used alone are 
safe and highly efficient [44].

13.3.4.3  Luteal Phase Support
It is obvious that luteal phase support (LPS) with progester-
one is mandatory in agonist or antagonist OI cycles for 
ART with fresh embryo transfer [45]. Threefold higher 
mid-luteal serum progesterone levels (25–30  ng/ml) are 
required for sustained implantation in ART cycles com-
pared to natural conception cycle [46]. Unfortunately, there 
is scarce of data for the LPS in ART cycles of the women 
with HH.

Different LPS protocols were used in OI alone cycles 
without ART: (1) pulsatile GnRH administration either in a 
same or in a decreased pulse frequency in follicular phase 
[25]; (2) 400–800  mg of vaginal progesterone or 100  mg 
intramuscular (i.m.) progesterone; and (3) subcutaneous 
(s.c.) hCG (1500–2500 IU, twice a week).

Intramuscular progesterone (75–100 mg/d), progesterone 
vaginal gel (twice a day), and estrogen plus progesterone via 
either vaginal or intramuscular injection were given in ART 
cycles with fresh embryo transfer (Table 13.1). These trials 
reported at least similar success rate in women with HH 
compared to patients with tubal factor, male factor, and 
unexplained infertility [47–49]. Since patients supported 
with progesterone alone have comparable pregnancy rates 
when compared with various group of controls, there is no 
evidence in favor of adding estrogen after embryo transfer in 
women with HH [43].

13.3.4.4  Success Rates of ART Cycles
There are six studies in the literature investigating outcomes 
in patients with HH compared the control group patients 
with tubal factor [43, 47, 50, 51], male factor [49], and unex-
plained infertility [48] (Table 13.1). All of them presented 
similar pregnancy outcomes compared to controls with lon-
ger stimulation duration and higher gonadotropin consump-
tion. Only one of them reported higher cancellation rate in 
patients with HH [50].
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Table 13.1 Studies comparing successes rate of assisted reproductive technology cycles in between patient with hypogonadotropic hypogonad-
ism and control group with various infertility reasons

Author, year Cycles, HH vs. control (n) Gonadotropin dose, type Control group Luteal phase support
Ulug, (2005) 58 vs. 116 450–600, hMG Tubal factor Progesterone 100 mg/d, 

i.m.
Kumbak, (2006) 27 vs. 39 300–600, hMG Unexplained Progesterone 75 mg/d, 

i.m.
Yildirim, (2010) 13 vs. 20 NA Tubal factor NA
Ghaffari, (2013) 81 vs. 89 NA Tubal factor NA
Yilmaz, (2015) 33 vs. 47 300–450, hMG Male factor Vaginal progesterone gel, 

2 × 1
Mumusoglu, (2017) 57 vs. 114 225–600, hMG or 

r-FSH + r-LH
Tubal factor Progesterone alone or 

estrogen+progesterone

HH hypogonadotropic hypogonadism; NA not available

13.4  Conclusion

This chapter can be summarized as follows:

• WHO group I anovulation is a rare condition but consists 
of heterogeneous groups of patients including hypotha-
lamic amenorrhea (HA), hypogonadotropic hypogonad-
ism (HH), and hypopituitarism (HP).

• In women with HA, initially lifestyle changes including 
limiting exercise and restoration of body weight, under 
the control of endocrinologist, dietician, and psychiatrist 
with a multidisciplinary approach, should be recom-
mended. Ovulation induction with pharmacological treat-
ment should be offered after optimization of body weight.

• Gonadotropin-releasing hormone (GnRH) pump is a valid 
option in patients with intact pituitary gland (HH, HA). 
However, GnRH pumps are not available in many coun-
tries due to high cost.

• Regarding ovulation induction treatment with gonadotro-
pins, either hMG or rec FSH plus rec LH (with optimum 
75 IU) might be preferred. Particularly in women with a 
polycystic ovary appearance, 75 IU of daily gonadotropin 
might be used, but 150 IU might be a feasible dose when 
no antral follicle was observed under ultrasonography.

• Growth hormone (GH) depletion might be relevant in 
patients with HP. In patients with HP, GH might be com-
menced 2 to 4 months before ovarian stimulation cycle 
and continued until the day of pregnancy test.

• There is lack of data with regard to necessity of luteal 
phase support in OI cycles with HH.

• ART is needed following OI and/or intrauterine insemina-
tion failure or in the presence of other indications, e.g., 
tubal obstruction or male factor.

• In terms of controlled ovarian stimulation in ART, we 
suggest that FSH starting dose should be between 150 and 
225 IU in women with HH. Starting dose of gonadotropin 
could also be tailored according to AMH level and 
response to previous ovulation induction. Since limited 

data suggest that pituitary suppression with GnRH ana-
logues might lead to lower implantation rates, we do not 
recommended routine use of GnRH analogues in patients 
with CHH.

• Ultrasonography is warranted for monitoring follicular 
growth and endometrial thickness in women with HH.

• Optimal approach and dose of progesterone supplementa-
tion for luteal phase in ART are not clear.

• At least similar success rate in ART cycle was reported in 
women with HH when compared to patients with tubal 
factor, male factor, and unexplained infertility.
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Ovarian Stimulation Using Oral Therapy 
Protocols for the Ovulatory Patient 
Undergoing Intrauterine Insemination

Jamie P. Dubaut and La Tasha B. Craig

Clomiphene citrate was originally approved for ovulation 
induction in anovulatory patients [1]. Since then, the use of 
oral agents such as clomiphene and letrozole has been 
extended to include ovulation augmentation in ovulatory 
women: to increase the number of dominant follicles pro-
duced in a single cycle. This “superovulation” (SO) in com-
bination with intrauterine insemination (IUI) increases the 
number of oocytes and motile sperm in the fallopian tubes 
and results in an increased probability that one or more 
conceptions will occur each cycle. A patient must have at 
least one patent fallopian tube and her partner have an ade-
quate sperm sample or donor sperm in order to consider 
this treatment. The effect of SO-IUI on pregnancy rates in 
ovulatory women is modest, but oral SO-IUI is less costly, 
exposes the woman to less risks, and is less invasive than 
gonadotropin SO with IUI (GnSO-IUI) or in vitro fertiliza-
tion (IVF) and should be considered before pursuing these 
more aggressive treatments. This chapter focuses on the 
oral medications used for SO-IUI, the indications, side 
effects, and risks of this treatment, as well as the pregnancy 
and delivery rates.

14.1  SO-IUI Technique

14.1.1  Medications

The primary oral medications that have been utilized for 
SO-IUI in ovulatory women include clomiphene, a selective 
estrogen receptor modulator (SERM), and letrozole, an aro-
matase inhibitor. Other SERMs and aromatase inhibitors 
have been used less frequently for ovulation induction in 
anovulatory women, and there is little data regarding use of 
these medications in ovulatory women.

Clomiphene was first reported to induce ovulation in 1961 
[1]. It is a SERM that has both estrogen agonist and antago-
nist activity [2]. However, the primary mechanism resulting 
in superovulation in ovulatory women is through binding 
and blocking of the estrogen receptor at the level of the hypo-
thalamus. The perception of a low estrogen state results in an 
increase in circulating follicle-stimulating hormone (FSH), 
resulting in selection of more than one dominant follicle to 
ovulate [3]. The multi-follicular development in ovulatory 
women is usually modest resulting in two to three follicles 
[4, 5]. Clomiphene is an estrogen receptor antagonist at the 
level of the uterus and may decrease endometrial thickness, 
impair endometrial development, and alter cervical mucus 
secretion [6]. Clomiphene is approved by the US Food and 
Drug Administration for ovulatory dysfunction rather than 
the indication discussed in this chapter.

Letrozole selectively inhibits the activity of intracellular 
aromatase activity, thereby inhibiting the conversion of 
androgens to estrogens. This decreases local and circulating 
levels of estrogen. As with clomiphene, the hypothalamus 
perceives low estrogen and increases gonadotropin produc-
tion from the anterior pituitary [7]. The intraovarian andro-
gen increase may sensitize the ovary to FSH [8]. It has been 
shown in an animal model that letrozole results in less detri-
mental effects on the endometrium based on markers of 
receptivity [9]. However, clinically, endometrial thickness 
has not been shown to be consistently greater in patients tak-
ing letrozole compared with clomiphene [10]. Of note, letro-
zole is not approved by the US Food and Drug Administration 
for the indication of fertility treatment.

Both medications are dosed for 5 days beginning on cycle 
days 2–5. The medication should be started before a single 
dominant follicle has been selected, in order to achieve 
multi-follicular development. Therefore, in women with 
shorter cycles, consider starting the medication on cycle days 
2 or 3. The dosing to achieve multi-follicular development is 
variable in ovulatory women. In most patients, consider 
starting with either clomiphene 100  mg or letrozole 5  mg 
starting on cycle day 3 [11]. It is advisable not to routinely 
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increase the dose of oral agents in ovulatory SO-IUI without 
ultrasound monitoring due to the risk of multiple gestation. 
However, if monofollicular development is noted on trans-
vaginal ultrasound in an ovulatory patient undergoing oral 
SO-IUI, the medication dose is increased in the subsequent 
cycle (clomiphene 150 mg or letrozole 7.5 mg), to a maxi-
mum of clomiphene 150 mg or letrozole 10 mg daily. If more 
than three follicles are expected to ovulate, then it is recom-
mended to cancel the cycle and decrease the dose in the sub-
sequent cycle, depending on the patient’s age, couple’s 
length of infertility, and previous fertility treatment 
(Fig. 14.1).

14.1.2  Timing of the IUI

Timing the insemination can be accomplished by one of two 
monitoring methods: (1) the female partner uses home uri-
nary ovulation predictor kits (OPKs) to detect the natural 
luteinizing hormone (LH) surge that occurs shortly before 
ovulation and leads to release of the oocyte; or (2) the female 
partner undergoes transvaginal ultrasound (US) monitoring 
of follicular development followed by an injection of hCG 
(5000 to 10,000 units) to mimic the natural LH surge and 
result in ovulation approximately 36–40 h after the injection. 
For women who have no difficulty detecting the LH surge 
using OPKs, at-home urine tests are a less expensive, less 
invasive, and an equally efficacious method to time IUI com-
pared to US-hCG monitoring [12]. Lewis et  al. found no 

 statistical difference in pregnancy rates in subjects random-
ized to US-hCG monitoring versus OPKs for up to 
three cycles of CC-IUI (11.1% versus 12.9%, respectively). 
However, 31% of patients in the OPK group dropped out of 
the study compared to 11% in the US-hCG group. The most 
common reason noted was non-detection of the LH surge in 
17 of 58 women [13]. Both false negatives and false positives 
can result in poorly timed IUI or no IUI. False positives are 
more likely to occur in women with a higher baseline LH 
level including those with decreased ovarian reserve [14]. 
When women choose OPKs to time IUI, we recommend 
daily testing in the early afternoon, starting cycle day 10. The 
LH surge is most likely to begin early in the morning but 
unable to be detected by urine until midday. An OPK per-
formed early afternoon will detect >70% of positive surges 
that will begin that day [15]. Once a patient has a positive 
OPK, we generally perform the insemination within 24 h. 
When women have difficulty detecting the LH surge, we rec-
ommend US-hCG monitoring.

With the goal of multi-follicular development when an 
ovulatory patient undergoes SO-IUI, ultrasound monitoring 
can ensure that the patient is on the correct dose of medica-
tion and that the endometrium is sufficiently thickened. At 
our institution, the patient is generally scheduled for trans-
vaginal US between cycle days 10 to 14 (earlier if they report 
shorter menstrual cycles or have decreased ovarian reserve). 
HCG is typically administered when at least one follicle is 
≥18 mm. Using the rule of thumb that follicles grow approx-
imately 2 mm per day once they are greater than or equal to 
12 mm, we will sometimes have the patient wait an extra day 
to take the hCG injection in order to increase the likelihood 
that two to three follicles will ovulate. One study randomized 
patients to hCG administration early (lead follicle >16 mm) 
versus late (lead follicle >18 mm) and found no difference in 
clinical or ongoing pregnancy rates (11.9 vs 12.1%, 11.0 vs 
8.6%, respectively) [16]. However, another study reported 
larger mean follicle size at trigger in conception cycles using 
CC-IUI compared to cycles without conception (20.4 mm vs 
18.9 mm) [17].

Ultrasound monitoring alone may not be enough to detect 
a premature LH surge before the patient injects hCG and 
schedules IUI. Approximately 30% of patients will have a 
spontaneous LH surge prior to administering hCG if relying 
solely on ultrasound [18, 19]. Additionally, serum estradiol 
levels in combination with US are not predictive of a prema-
ture LH surge [20]. Serum progesterone level, on the other 
hand, may be indicative of premature LH surge. A progester-
one >1.1 on day of hCG injection was associated with lower 
pregnancy rates in GnSO-IUI (gonadotropin superovulation- 
IUI) cycles when IUI was timed 36 h after hCG [21]. We 
routinely draw serum progesterone levels on the day of US 
monitoring. If the progesterone level is <1.2  ng/ml, the 
patient is instructed to take 10,000 units hCG intramuscular 

Method to Time IUI Cycle Response IUI Timing Next Cycle

No changeNext day IUI+ surge

LH kit

No surge
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Us + P4 + hCG
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IF P4>1.2 at prior US,
schedule earlier US

Increase dose,
if not max dose

Measure P4 at US
P4<1.2: hCG 36 hours

prior to IUI
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Fig. 14.1 Practical guide to oral superovulation with intrauterine 
insemination in ovulatory women. LH  luteinizing hormone, 
IUI  intrauterine insemination, US  transvaginal ultrasound, 
P4 progesterone, hCG human chorionic gonadotropin
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or subcuticular at a time that facilitates the IUI to be per-
formed approximately 36  h later [12]. If the progesterone 
level is between 1.2 and 1.6 ng/ml, the patient is instructed to 
take hCG as soon as possible and schedule IUI for the next 
morning.

14.1.3  Endometrial Appearance

A landmark retrospective cohort study described pregnancy 
rates by endometrial thickness and pattern (unilinear, trilin-
ear) in IUI for ovulatory infertility [22]. No pregnancies 
occurred in cycles with endometrial thickness < 6 mm, and 
ongoing pregnancy rates were significantly lower in cycles 
with endometrial thickness 6–8.9  mm (6.9%) compared to 
9  mm or greater (12.6%). However, a meta-analysis of 17 
RCTs and 6 cohort studies on endometrial thickness in IUI 
pregnancies did not confirm these findings. The meta- analysis 
found that clomiphene was associated with a thinner endome-
trium than gonadotropins (mean difference − 0.33 mm, 95% 
CI –0.64 to −0.01); however, endometrial thickness was not 
significantly different in pregnant versus nonpregnant cycles 
[10]. If the endometrium is thin on clomiphene, then we have 
the patient take letrozole in the subsequent cycle. We do not 
recommend cycle cancellation based on endometrial pattern.

14.1.4  After the IUI

Following the IUI, clinics have patients rest for varying 
amounts of time. There have been conflicting results from 
RCTs that evaluated whether immobilization following IUI 
for a short period of time improved pregnancy rates. Some 
studies have found higher pregnancy rates in those random-
ized to recumbence after IUI, with 10–20 min of recumbence 
compared to 0–5 min [23, 24]. However, a large, RCT with 
uniform treatment protocol found no difference between 
15 min immobilization compared to immediate ambulation 
in pregnancy or live birth rates [25]. After a 5-min period of 
immobilization, we recommend no restrictions on physical 
or sexual activity.

Luteal supplementation with progesterone is not routinely 
used following clomiphene or letrozole cycles. A recent sys-
tematic review and meta-analysis concluded that clinical 
pregnancy rates were not statistically different when proges-
terone was taken in the luteal phase in cycles with clomi-
phene or letrozole compared to no progesterone medication, 
in contrast to gonadotropin-IUI cycles [26].

A home pregnancy test should be performed 14–15 days 
following IUI if the patient has not started her menstrual 
cycle. We do not routinely perform baseline ultrasounds 
between cycles unless other issues arise, like hyper- 
stimulation or premature ovulation in the previous cycle.

14.2  Indications for So-IUI

As stated previously, the goal of SO-IUI treatment in ovula-
tory patients is to combine an increased numbers of oocytes 
with increased number of motile sperm in close proximity at 
the appropriate time, which may quicken the time to preg-
nancy. This strategy may overcome subtle ovulatory defects, 
bypass any potential underlying or clomiphene-related cervi-
cal factors, and maximize the chance of fertilization and sub-
sequent pregnancy. Indications for this treatment include 
unexplained infertility, endometriosis, decreased ovarian 
reserve, mild to moderate male factor infertility, and thera-
peutic donor insemination.

14.2.1  Unexplained Infertility

Up to 30% of couples will have no identifiable cause for their 
infertility after completing the diagnostic evaluation, which 
includes confirmation of ovulation, at least one patent fallo-
pian tube, and an adequate semen analysis Dodson [27]. 
Unexplained infertility may be better understood as subfer-
tility, in that the couple’s chance for pregnancy with expect-
ant management is lower than normal, but not absent. In 
research studies, the definition of unexplained infertility var-
ies greatly including the cutoff for a “normal” semen analy-
sis, as well as inclusion of women with endometriosis or 
diminished ovarian reserve. Treatment options for couples 
with unexplained infertility include expectant management, 
SO with oral agents, or gonadotropins with or without IUI 
and IVF [28]. No RCT has attempted to examine all treat-
ment options to date, so decision-making relies on best evi-
dence from less definitive studies. Patient values, cost, and 
likelihood of success all factor into tailoring treatment to a 
particular couple.

A landmark article by Guzick et al. in 1998 aggregated 
data from multiple trials to give the best estimates for the 
efficacy of the different treatment options for unexplained 
infertility. This article is often cited to counsel patients on 
their per cycle pregnancy rates for various treatment options. 
After adjustments were made for study quality, this review 
reported expectant management was associated with 1.3–
4.1% pregnancy rate per cycle, clomiphene or IUI alone 
slightly increased the pregnancy rates, and clomiphene with 
IUI increased it more to 8.3% [29] (Fig. 14.2). The numbers 
are concrete and intuitive, though their use may oversimplify 
and overestimate our certainty of the effectiveness of clomi-
phene, IUI, and clomiphene-IUI.  Furthermore, this review 
did not include letrozole or letrozole-IUI, which are com-
monly used in today’s practice. The success rates for IVF 
have certainly improved since this article was published. 
However, the pregnancy rates per cycle remain similar for 
less aggressive treatment options.
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The validated Hunault model to predict live birth with 
expectant management of unexplained infertility was devel-
oped from a Dutch and Canadian population of 2459 cou-
ples [30]. Female age < 32 years, prior pregnancy, duration 
of infertility <2  years, and progressive motility >40% are 
favorable prognostic factors. An online calculator is avail-
able [31] which uses these factors and predicts probability 
of live birth in the first year of expectant management. If the 
predicted live birth is >40% within 1 year, it is recom-
mended the couple consider expectant management [32]. 
Newer models with more variables have been developed, 
but they have not been externally validated [33]. Although 
expectant management may be acceptable to some couples 
due to its negligible cost and avoidance of treatment-associ-
ated risks, other couples may wish to move on to more pro-
active treatment options [34].

Prescribing clomiphene with timed intercourse for unex-
plained infertility is low cost, widely available, and has been 
common practice for decades. However, a 2010 Cochrane 
review concluded that there was not a significant difference 
in pregnancy rate per cycle compared to expectant manage-
ment or placebo, though moderate heterogeneity between tri-
als was noted [35]. Based on three fairly homogenous RCTs 
published between 1983 and 1990, the 2006 ASRM Practice 
Committee Opinion “Treatment of Unexplained Infertility” 
suggests the overall number of couples needed to treat with 
clomiphene (with timed intercourse) for one additional preg-
nancy is 40 (95% CI 20–202) [36]. A multicenter RCT pub-
lished in 2008 from the United Kingdom for unexplained 
infertility (including some mild male factor and endometrio-
sis) compared expectant management (natural cycle-timed 
intercourse; n = 193), CC-timed intercourse (n = 194), and 
natural cycle-IUI timed by OPKs (n  =  193) for up to 6 
months. The cumulative live birth rates were not signifi-
cantly different between the three groups [34].

CC-IUI has been found to be superior to both expectant 
management and natural cycle-IUI. In one study of patients 

with unexplained infertility or surgically treated endometrio-
sis, CC-IUI was found to have a statistically higher clinical 
pregnancy rate per cycle than expectant management (9.5% 
versus 3.3%, respectively; p < 0.05) [37]. A randomized con-
trolled trial found that the pregnancy rate per cycle in patients 
with unexplained infertility was significantly higher at 26.1% 
per cycle with clomiphene-IUI (n = 23 cycles), compared to 
5% for natural cycle-IUI (n = 20 cycles) [38]. The rigor of 
these findings has been questioned in the intervening years, 
largely due to the small size, study design, and absence of 
live birth outcome per couple in these studies [39]. A recent 
randomized controlled trial with a pragmatic study design 
demonstrated live birth rate was indeed higher in couples 
randomized to 3 months oral SO-IUI compared to 3 months 
expectant management for unexplained infertility. In this 
larger study, 31% of 101 couples in the SO-IUI and 9% of 
the 100 couples in the expectant management group had live 
births [40].

A few recent studies have included letrozole-IUI in com-
parison with CC-IUI. A randomized controlled trial in Canada 
compared letrozole 7.5  mg-IUI (n  =  115  cycles) to clomi-
phene 100 mg-IUI (n = 123 cycles) and found similar preg-
nancy rates per cycle (11.5% versus 8.9%, respectively) but a 
higher miscarriage rate with clomiphene [41]. An Egyptian 
randomized controlled trial comparing letrozole 5 mg-IUI to 
clomiphene 100  mg-IUI (with luteal progesterone) found 
similar, but strikingly high pregnancy rates per cycle (18.2% 
versus 19.3% in 400 and 404 cycles, respectively), with an 
ongoing pregnancy rate per cycle of 15.5% and 16.3%, 
respectively [42]. Another Egyptian study randomized 
patients to extended dose letrozole (2.5 mg cycle days 1–9) or 
clomiphene 100 cycle days 3–7, both with IUI, and found sta-
tistically higher pregnancy rate per cycle with letrozole com-
pared to clomiphene (19.0% versus 11.4%, respectively; 
p = 0.03) and ongoing pregnancy rate per cycle of 16.6% ver-
sus 9.5%, respectively [43]. However, this study dosed letro-
zole for 10 days, rather than 5.

A landmark trial from the Reproductive Medicine 
Network entitled Assessment of Multiple Intrauterine 
Gestations from Ovarian Stimulation (AMIGOS) aimed to 
determine if letrozole resulted in a lower rate of multiple ges-
tations than the current standard ovulation methods of clomi-
phene or gonadotropins. In this partially blinded, multicenter 
RCT, couples were randomized to letrozole 5 mg-IUI, clomi-
phene 100  mg-IUI, or gonadotropin-IUI for unexplained 
infertility up to four cycles [11]. In subsequent cycles, the 
dose could be adjusted to obtain two to three dominant fol-
licles. Clinical pregnancy rates per cycle were not statisti-
cally different between letrozole-IUI (n  =  906  cycles) and 
CC-IUI (n = 887 cycles) groups (7.3% versus 9.6%, respec-
tively) nor were live birth rates different (6.2% versus 7.9%, 
respectively). There was no significant difference in preg-
nancy loss or the rate of multiple gestations (13% letrozole 

Pregnancy rate per cycle

1.3%
4.1% 3.8%

5.6%
8.3% 7.7%

17.1%
20.7%

IVFhMG-IUIhMGCC-IUICCIUIRCT
controls

Treatment

Controls

Fig. 14.2 Per cycle pregnancy rates in couples with unexplained infer-
tility based on the article by Guzick et al. [29]. RCT randomized con-
trolled trial, IUI  intrauterine insemination, CC  clomiphene citrate, 
hMG human menopausal gonadotropin, IVF in vitro fertilization
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versus 9% clomiphene). GnSO-IUI cycles had a significantly 
higher clinical pregnancy rate (13.6%) and live birth rate 
(12.3%) than either oral agent. However, 32% of GnSO-IUI 
pregnancies were multiples, including 9.3% triplets [11]. 
Based on the currently available research, clomiphene and 
letrozole appear equally efficacious for unexplained infertil-
ity couples when combined with IUI.

14.2.2  Male Factor

Many studies of unexplained infertility included subjects 
that could be considered to have mild to moderate male fac-
tor infertility based on the cutoffs used. For example, the 
AMIGOS trial included couples if the male had at least five 
million total motile sperm in the ejaculate [11]. The few 
studies specifically evaluating IUI efficacy in male factor 
infertility are also difficult to interpret due to heterogeneity 
in inclusion criteria and limitations of the semen analysis. 
The general acceptance of IUI as treatment for male factor 
infertility stems from reports of higher pregnancy rates with 
IUI than natural intercourse or intracervical insemination 
[44]. Studies specifically examining oral SO-IUI for male 
factor infertility are limited. A retrospective review of 356 
IUI cycles found no statistical difference in per cycle preg-
nancy rates in natural cycle-IUI 3% (3/94), letrozole-IUI 3% 
(1/39), CC-IUI 7.5% (8/107), and GnSO-IUI 6% (7/116) 
[45]. Of note, the average female age in this study was 38. 
Despite limited evidence, it seems reasonable to stimulate 
mild multi-follicular development in male factor infertility 
treated with IUI.

14.2.3  Age-Related Infertility/Decreased 
Ovarian Reserve

As with IVF, pregnancy rates in SO-IUI cycles are clearly 
linked to female age. A cohort study in the United States of 
2351 CC-IUI cycles showed a progressively decreasing 
pregnancy rate per cycle with increasing female age: 11.5% 
age < 35, 9.2% in 35–37 year olds, 7.3% in 38–40 year olds, 
4.3% in 41–42  year olds, and 1% women greater than 
42  years old [46]. A retrospective study from the United 
Kingdom analyzed 699 IUI cycles with or without superovu-
lation in women 38–40 years old with unexplained infertility 
and suggested a higher per cycle pregnancy rate (PR) and 
live birth rate (LBR) in natural-IUI cycles (PR 12.0% LBR 
7.5%) compared to GnSO-IUI (PR 8.2% LBR 3.5%) and 
CC-IUI cycles (PR 9.3% LBR 2.1%) [47], leading to ques-
tions about the benefit of superovulation in older women. 
However, the retrospective nature of the study indicates con-
cern for selection bias within which poorer prognosis patients 
may have been prescribed more aggressive treatment.

Part of letrozole’s effect may be through upregulation 
and sensitization of FSH receptors, by increasing intrafol-
licular androgens [8]. This has led to the addition of letro-
zole to gonadotropin-IUI cycles [48] and IVF for women 
with diminished ovarian reserve [49]. More definitive 
research in letrozole-IUI for age-related or other DOR is 
lacking.

The AMIGOs study required a FSH ≤12  IU/L and 
age ≤  40 years old, but did not exclude patients based on 
AMH [11]. AMH was measured as part of the trial, and after 
multivariate analysis adjustment, AMH was not associated 
with pregnancy outcome [50]. Overall, the data supports the 
consensus that AMH is a better marker for oocyte quantity 
rather than quality and therefore has a larger impact on thera-
pies where high oocyte number is associated with improved 
pregnancy rate, like IVF [51].

14.2.4  Donor Sperm

Patients undergoing therapeutic donor IUI are not necessar-
ily considered infertile. Therefore, it is reasonable to con-
sider natural cycle-donor IUI for the first three to six 
treatment cycles unless the patient has oligo-ovulation. 
However, the cost of donor IUI is substantial, and it is com-
mon for patients to undergo superovulation in hopes of 
increasing pregnancy rates per cycle. Several cohort studies 
have shown no difference in pregnancy rates between natu-
ral cycle-donor IUI and CC-donor IUI cycles. A large retro-
spective study of 1056 cycles in 261 patients demonstrated 
a pregnancy rate per cycle of 13% (natural-donor IUI), 
7.2% (CC-donor IUI), and 11% (GnSO-donor IUI) cycles 
[52]. However, without randomization or a standardized 
protocol, better prognosis candidates were likely concen-
trated in the natural cycle group. A smaller study of 216 
donor IUI cycles in 101 patients used a standardized 
approach of 3 natural cycles followed by 3 cycles with clo-
miphene and then 3 cycles of gonadotropins, showing per 
cycle pregnancy rates of 13%, 10%, and 21%, respectively. 
The increase for GnSO-donor IUI was statistically signifi-
cant [53]. The design of three natural cycles first selects out 
those with the best prognosis from subsequent groups, as 
they achieve a pregnancy, with the lowest risk of multiple 
pregnancy. One retrospective cohort of ovulatory patients 
compared CC-donor IUI to letrozole-IUI.  Comparing 
CC-donor IUI to letrozole-donor IUI, there were no statisti-
cally significant differences in live birth rate per cycle 
(16.5% vs 11.5%, respectively) or cumulative live birth rate 
after three  cycles (36.6% vs 27.7%, respectively) [54]. 
Stimulation with oral agents as first line for donor insemi-
nation remains common practice, but may not increase 
pregnancy rates while increasing the risk for multiple 
gestations.
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14.2.5  Endometriosis

It is certain that there is overlap in the diagnosis and study of 
endometriosis and unexplained infertility. For example, the 
protocol for the AMIGOs trial included patients with stage I/
II endometriosis (stage III/IV excluded), but laparoscopy 
was not required as part of the workup [11]. With waning use 
of laparoscopy in the workup of infertility, undiagnosed 
endometriosis will undoubtedly continue to be included in 
unexplained infertility trials.

Few have studied oral SO-IUI specifically for 
endometriosis- related infertility. An Egyptian RCT reported 
similar per cycle clinical pregnancy rate in letrozole-IUI 
(5 mg) and CC-IUI (100 mg) in surgically treated stage I/II 
endometriosis (15.9% versus 14.5%, respectively; p = 0.82) 
[55].

14.2.6  Number of Treatment Cycles

In addition to cumulative cost and likelihood of success with 
IUI, aspects to consider when recommending number of 
treatment cycles include point of diminishing returns and 
availability of more efficacious options. A retrospective mul-
ticenter cohort study in the Netherlands is consisting of 3714 
couples who underwent 15,303 IUI cycles, 51% of which 
included clomiphene. Couples underwent up to nine cycles 
with IUI with a 41.2% cumulative ongoing pregnancy rate. 
Of all the pregnancies, nearly half occurred in the first 
three  cycles of treatment, and 75% of the pregnancies 
occurred in the first six cycles. However, ongoing pregnancy 
rate per cycle did not drop lower than 4.4% in each of the 
first nine cycles [56]. Based on this and previous literature, 
we recommend couples to undergo three to four  cycles of 
SO-IUI and then consult with the provider to discuss whether 
to continue oral SO-IUI up to six cycles total versus move on 
to more aggressive and more costly treatment options. Based 
on the fast track and standard treatment trial (FAST-T) and 
the forty and older treatment trial (FORT-T), we typically 
recommend the couple to move on to IVF (rather than GnSO- 
IUI) [57, 58]. When patients cannot afford to move on to IVF 
even when recommended, we allow up to nine cycles of oral 
SO-IUI, but we counsel patients on the decrease in per cycle 
pregnancy rates in successive cycles.

14.3  Risks of So-IUI

14.3.1  Side Effects

Clomiphene and letrozole result in central misperception 
that estrogen levels are low, so it is not unexpected that 
vasomotor symptoms are reported; recent trials have 

reported hot flashes in 30.9% of CC cycles and 16.8% of 
letrozole cycles [11].

Transient mood changes are also common in CC treat-
ment cycles, but this is harder to quantify in the literature. A 
recent review cited five case reports of CC-associated psy-
chosis with a common feature of paranoia; symptoms 
stopped when the drug was withdrawn, and the review sug-
gests that transient psychosis may be underreported, given 
that mood changes are expected [59]. Clomiphene has myd-
riatic action, and vision changes are reported in 1–3% of 
patients taking CC [11, 60], including blurred vision, double 
vision, scotomata, and light sensitivity. Most cases are tran-
sient; however, permanent scotomata, light sensitivity, and 
visual hallucinations have been documented in case reports 
[61, 62]. If vision changes are noted, CC should be discon-
tinued and letrozole considered as an alternative. Clomiphene 
and letrozole both have other side effects such as headaches, 
bloating, nausea, dizziness, fatigue, and joint pain [11]. 
Letrozole is associated with more intra-menstrual bleeding, 
which could be due to low estrogen despite oocyte matura-
tion, but this is anecdotal.

Bleeding from contact with the cervix is a relatively com-
mon and benign side effect of IUI [63]. The IUI procedure 
rarely results in a pelvic infection [64, 65]. The AMIGOs 
study reported pyosalpinx in one patient in the GnSO-IUI 
arm of the study [11].

14.3.2  Multiple Gestations

Despite aiming for two to three follicles to ovulate, >85% 
of patients that conceive have a single IUP after oral medi-
cations and IUI [11]. However, where there is multi-follic-
ular development, there is an increased risk of multiple 
pregnancies. Non-IVF fertility treatment (including gonad-
otropins) also appeared to increase monozygotic twinning 
rates [66].

Most multiple pregnancies resulting from clomiphene are 
twins; however, higher-order multiple pregnancies occur in 
approximately 1% of CC-induced pregnancies [60]. Of 2369 
pregnancies in the clinical trials for FDA approval of CC, 
7.98% were multiples, 6.9% were twins, 0.5% were triplets, 
0.3% were quadruplets, and 0.1% were quintuplets. A sextu-
plet pregnancy was reported outside the original trials, and 
the most recent case report of quintuplets cites five others in 
the literature [67].

The AMIGOs trial was designed to test the hypothesis 
that letrozole may have a lower multiple pregnancy rate than 
clomiphene or gonadotropins in unexplained infertility [68]. 
If letrozole had a lower multiple pregnancy rate, it might 
have become the oral agent of choice, even if pregnancy rates 
were mildly reduced. However, the outcome of the AMIGOs 
trial did not validate the earlier cohort studies. Multiple ges-
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tation was present in 9.4% (8/85) of clinical clomiphene 
pregnancies and 13.4% (9/57) of clinical pregnancies con-
ceived after letrozole, which was not significant (p = 0.44) 
[11]. High-order multiple pregnancies after letrozole have 
occasionally been reported, the most extreme being a sextu-
plet pregnancy in an anovulatory patient treated with 7.5 mg 
of letrozole [69].

The goal of infertility therapy is a healthy pregnancy, and 
the likelihood of achieving this goal is highest with a single-
ton gestation. The risks of multiple gestation are numerous, 
serious, and in high prevalence. Preterm delivery (<37 weeks), 
very preterm delivery (<32 weeks), neonatal morbidity, neo-
natal mortality, and intrauterine fetal death are increased in 
multiple pregnancies [70, 71]. Maternal morbidity is also 
higher, partly due to increase in risk factors including gesta-
tional diabetes, preeclampsia, and cesarean delivery [70, 71].

14.3.3  Pregnancy/Perinatal Outcomes

Miscarriage rates are similar between clomiphene and letro-
zole [11, 72]. The AMIGOs trial found rates of first trimester 
loss in letrozole-IUI of 29.4% (25/85) compared to 26.4% 
(28/106) in CC-IUI cycles. Second and third trimester losses 
were 1.2% (1/85) and 2.8% (3/106), respectively [11].

Congenital anomalies, low birth weight, and small for 
gestational age have been associated with infertility treat-
ments including IUI and IVF, but this association is difficult 
to isolate as subfertility itself is associated with these out-
comes [73, 74]. A large cohort study in Denmark did suggest 
that CC-IUI was associated with higher rates of low birth 
weight and small for gestational age compared to naturally 
conceived infants [75]. Larger published studies have not 
verified this finding [76], and the AMIGOs trial found no 
significant differences in congenital anomalies [11].

14.3.4  Ovarian Cancer: Invasive 
and Borderline

There is no meaningful increased risk of borderline ovarian 
tumors or invasive ovarian cancer with infertility treatment 
including clomiphene [77, 78].

14.3.5  Ovarian Hyperstimulation Syndrome

Severe ovarian hyperstimulation syndrome (OHSS) is an 
exceedingly rare complication of clomiphene use [79]. 
Letrozole does not increase the chance of OHSS and indeed 
has been studied as treatment of OHSS caused by IVF [80]. 
However, symptoms on the spectrum of mild OHSS were 
reported in AMIGOs trial in both clomiphene and letrozole 

groups (abdominal/pelvic pain, 30.5% and 36.1%; bloating, 
16.8% and 18.6%; nausea, 14.1% & 16.8%, respectively). 
Patients undergoing SO-IUI cycles with oral agents can be 
reassured that while bloating, abdominal/pelvic pain, and 
nausea can occur, they are very unlikely to develop severe 
OHSS.

14.4  Conclusion

The use of clomiphene or letrozole in ovulatory women 
undergoing intrauterine insemination is more effective than 
expectant management, natural cycle-IUI, or oral SO-timed 
intercourse. Clomiphene or letrozole with IUI is modestly 
effective and relatively inexpensive treatment with demon-
strated safety. The risk with the most impact is multiple ges-
tations. Randomized controlled trials comparing all available 
treatment options for unexplained infertility, in particular, 
are needed in order to better counsel patients on the success 
of treatment while taking into account the time, cost, and 
side effects.
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15.1  Intrauterine Insemination: 
From Origins to Current Practice

Human intrauterine insemination (IUI) was first described 
by Marion Sims in 1866. He achieved 1 pregnancy, result-
ing in a miscarriage, in 55 inseminations performed on 6 
women. In the early part of the twentieth century, a variety 
of insemination routes were proposed, including intra-
tubal insemination with an insufflator, intra-abdominal 
insemination, injection of sperm into the pouch of Douglas, 
placement of sperm in a cup overlying the cervix, injecting 
donor sperm into the seminal vesicles of the husband for 
subsequent intercourse, intravaginal insemination, intra-
cervical insemination, and IUI. Prior to the development of 
procedures to separate sperm from semen, IUI was limited 
by concerns about endometritis, salpingitis, peritonitis, 
and severe uterine contractions induced by the inseminate 
[1]. Indications for artificial insemination included abnor-
mal sperm count, immunologic infertility, unexplained 
infertility, cervical factor infertility, endometriosis, and 
erectile dysfunction [2].

Louise Brown, the world’s first IVF baby, was born on 
July 25, 1978. Much less heralded, 2 months earlier, Glass 
and Ericsson published their study of 67 cycles of IUI in 19 
couples in which motile sperm were separated from non- 
motile sperm and semen by being passed through a liquid 
albumin column. IUI was timed using temperature charting, 
without the use of fertility drugs. Although no pregnancies 
resulted, no clinically apparent infections occurred, and the 
procedure was well-tolerated [3]. In 1984, Sher and col-
leagues launched the concept of coupling ovulation induc-
tion with IUI (OI-IUI). They described the use of 
gonadotropins and HCG trigger, followed by intrauterine 
insemination of motile sperm separated from semen using 

the swim-up technique and suspended in Hams F-10 solu-
tion. Five pregnancies were achieved in 14 couples [4]. 
Thereafter, paralleling the accelerated use and development 
of assisted reproductive technologies, IUI metamorphosed 
from a relatively uncommon procedure to a ubiquitous treat-
ment for women with subfertility. By 2003, an estimated 
232,601 gonadotropin-IUI cycles were performed in the 
United States, more than double the amount of IVF cycles 
during that year [5]. If one factors in expanded utilization of 
fertility services since 2003, and the likelihood that even 
more oral ovulation induction-IUI cycles than gonadotropin- 
IUI cycles are performed, it is possible that currently more 
than 500,000 IUI cycles are performed in the United States 
annually. The exponential expansion in the use of OI-IUI can 
be attributed to the development of sperm washing proce-
dures which reduce the risk of infection and intense uterine 
contractions, to increased familiarity with fertility drug 
administration in the IVF era by increased numbers of repro-
ductive endocrinologists, and to a desire to reduce the cost of 
infertility treatment for couples with subfertility compared 
with IVF.

The rationale for ovulation induction with intrauterine 
insemination was, and remains, based on the assumption that 
the likelihood of conception will increase if multiple fertiliz-
able oocytes can be recruited in a treatment cycle and if 
motile sperm can be introduced directly into the uterine cav-
ity at the time of ovulation in order to bypass the cervical 
mucus barrier and be placed closer to the oocytes [6]. 
Empirically, a common treatment algorithm evolved, in 
which IUI treatment was initiated in conjunction with clomi-
phene citrate (CC). If pregnancy was not achieved after sev-
eral CC-IUI cycles, then gonadotropins were introduced in 
conjunction with IUI (GT-IUI). If, after several GT-IUI 
cycles, pregnancy had not occurred, then IVF was advised.
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15.2  What Is the Role for IUI, and IUI 
with Gonadotropins, in 2019?

Recently, the role for IUI in the treatment of subfertility has 
been challenged. In 2013, in its clinical guideline of fertility 
assessment and treatment, the UK National Institute for 
Health and Care Excellence (NICE) recommended that IUI 
not be offered to couples with subfertility and that these cou-
ples be triaged directly to IVF after 2 years of expectant 
management [7]. The effectiveness of GT-IUI, specifically, 
has also been challenged, with one investigator describing 
gonadotropin therapy as “a 20th century relic” [8, 9].

Cycle fecundity rates in IUI treatment cycles are modest 
at best, generally in the 8%–12% per cycle range for CC-IUI 
[10, 11] and in the 9%–20% range for GT-IUI [11]. The pre-
ponderance of data suggests that GT-IUI treatment yields 
higher pregnancy rates than CC-IUI treatment [12], but this 
has not been observed universally. One trial of 618 GT-IUI 
cycles in treatment-naïve patients [13] and a second trial 
involving 439 GT-IUI cycles in patients who failed to con-
ceive with CC-IUI [8] both reported cycle fecundity rates in 
the 9%–10% range, similar to fecundity rates reported for 
CC-IUI.

The true benefit of IUI to couples with subfertility is dif-
ficult to ascertain because pregnancies achieved with IUI 
cannot be attributed to the treatment with absolute cer-
tainty. There is always a chance that a successful pregnancy 
has occurred coincidentally with treatment, rather than as a 
result of treatment, since a significant number of subfertile 
couples ultimately conceive even in the absence of a treat-
ment intervention. A multi-center Canadian trial found a 
live birth rate of 21.2% and a 36-month cumulative live 
birth rate of 33.3% among 562 untreated couples with 
unexplained infertility who were referred to academic 
infertility centers [14]. A Dutch study of couples with sub-
fertility in the primary care setting found a cumulative live 
birth rate of 53% without treatment [15]. A multi-center 
Dutch trial of 253 couples, randomized to GT-IUI or to 
6 months of expectant management, showed no difference 
in pregnancy (33% vs 32%) and ongoing pregnancy rates 
(23% vs 27%) between the 2 arms [16]. In contrast, a recent 
New Zealand study of 201 couples randomized to IUI in 
combination with clomiphene citrate or letrozole, or to 
expectant management, demonstrated a benefit to OI-IUI. In 
this trial, the cumulative live birth rate after three cycles of 
treatment was 31%, compared to 9% in the expectant man-
agement group [17].

As IVF has improved over the years, the gap between 
pregnancy rates after IVF vs GT-IUI is widening in favor of 
IVF.  In 1993, the all-age delivery rate per fresh oocyte 
retrieval in the United States was 18.3%, similar to preg-
nancy rates reported per GT-IUI cycle [18]. By 2015 the all- 
age delivery rate per fresh oocyte retrieval was 28% (https://

www.cdc.gov/art/reports/2015/fertility-clinic.html), and the 
cumulative live birth rate per retrieval was 54% in women 
less than age 35, 40% in women in the 35–37 age group, and 
26% in the 38–40 (www.sartcorsonline.com/rptCSR_
PublicMultYear.aspx?reportingYear=2015).

Concern about high-order multiple gestations (HOMP) 
caused by gonadotropin treatment was first expressed nearly 
40 years ago, when Schenker et al. stated that gonadotropin- 
induced multiple gestations “must be regarded as a compli-
cation in light of their frequent association with maternal 
morbidity and their higher rate of pregnancy wastage [19]”. 
As IVF has become increasingly efficient, the recommended 
number of embryos to transfer has declined [20], leading to 
a sharp drop in the occurrence of HOMP resulting from 
IVF.  The relative contribution of GT-IUI to HOMP has 
exceeded that of IVF since 2003, and the gap continues to 
widen. Kulkarni and colleagues estimated that GT-IUI 
accounted for 45% of all HOMP in the United States in 2011, 
whereas IVF accounted for 32%. GT-IUI and IVF contrib-
uted similarly to twin gestations, accounting for 19% and 
17%, respectively, in 2011 [21]. More recently, with the 
expanded use of preimplantation genetic screening and sin-
gle embryo transfers, twin pregnancy rates in IVF, and the 
contribution of IVF to all twin pregnancies, have also started 
to decline [22, 23].

A recent trial from the United Kingdom randomized 207 
subfertile couples to either three cycles of GT-IUI at a low 
fixed gonadotropin dose of 75 IU daily (101 couples) or one 
cycle of IVF (106 couples). Twenty-five singleton live births 
were achieved in the GT-IUI arm (24.7% per couple), and 33 
singleton live births were achieved in the IVF arm (31.1% 
per couple). The multiple pregnancy rate in the GT-IUI group 
was 13.8%, and the multiple pregnancy rate in the IVF group 
was 8.3%, but this difference was not statistically significant. 
The live birth rates per initiated GT-IUI cycle were 8.9% for 
cycle 1, 7.1% for cycle 2, and 4.3% for cycle 3. Seventeen 
couples conceived and delivered spontaneously (8.2% of 
couples), 12 while awaiting IVF and 5 while awaiting or 
between GT-IUI cycles. The trial was terminated prema-
turely when the National Health Service ceased to cover IUI 
[24]. The results of this study delineate the debate about the 
role of GT-IUI in 2018. One conclusion from the study could 
be that three cycles of GT-IUI is equivalent, or nearly equiva-
lent, to one IVF treatment cycle and thus should be offered to 
patients as a reproductive choice. On the other hand, given 
the similar live birth rates between spontaneous conceptions 
during untreated cycles and live birth rates per GT-IUI cycle, 
one could conclude that expectant management while await-
ing IVF is an equivalent, and more economic, choice.

The Fast Track and Standard Treatment Trial (FASTT) 
randomized 503 treatment-naïve couples with subfertility, in 
whom the female partner was between the ages of 21 and 39, 
into a conventional treatment arm (247 couples randomized, 
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200 couples followed the treatment protocol) and an acceler-
ated treatment arm (256 couples randomized, 217 couples 
followed the treatment protocol). Conventional treatment 
involved up to three CC-IUI cycles, followed by up to three 
GT-IUI cycles, followed by up to six IVF cycles. Accelerated 
treatment involved up to three CC-IUI cycles, followed by 
direct triage to up to six IVF attempts, bypassing 
GT-IUI. Time to pregnancy (hazard ratio [HR], 1.25; 95% 
CI, 1.00–1.56; log rank P  =  0.045) and estimated median 
time to pregnancy (8 months vs 11 months) were shorter in 
the accelerated treatment group. For the first 11 months after 
randomization into the trial, the pregnancy rate was higher in 
the accelerated treatment arm (Fig.  15.1). The live birth + 
ongoing pregnancy rate per couple was similar in the two 
groups (75% in the conventional group vs 78% in the accel-
erated group). Charges per delivery in the accelerated group 
($61,553 per delivery; 95% CI, $54,075–$ 69,489) were 
$10,000 lower than they were in the conventional group 
($71,399 per delivery; 95% CI, $60,168–$ 84,490). The 
FASTT found no added benefit to GT-IUI treatment and rec-
ommended triage to IVF if CC-IUI failed to achieve preg-
nancy [8].

An area of consideration could be the role of GT-IUI in 
older reproductive age women and women with diminished 
ovarian reserve. The FORT-T trial randomized 154 subfertile 

couples, in which the women were 38–42 years old, to two 
cycles of CC-IUI followed by IVF, two cycles of GT-IUI fol-
lowed by IVF, or immediate IVF. Cumulative clinical preg-
nancy rates were 21.6% in the CC-IUI group, 17.3% in the 
GT-IUI group, and 49.0% in the immediate IVF group. 84% 
of all live-born infants resulted from IVF. The investigators 
concluded that immediate IVF was a feasible first treatment 
choice in this age group and that for those couples who did 
not wish to initiate treatment with IVF, GT-IUI conferred no 
advantage over CC-IUI [10]. A secondary analysis of the 
FASTT and FORT-T identified a subset of 18 women 
between the ages of 21 and 42 with elevated FSH in the 
10–15 mIU/ml range and elevated estradiol >40  pg/ml, in 
whom no live births occurred after IUI but who had a 33% 
live birth rate after IVF, suggesting that IUI was futile in this 
subset and that immediate triage to IVF should be considered 
[25].

One unanswered question regards the effectiveness of 
GT-IUI in older reproductive age women with good ovarian 
reserve. SART IVF data suggests that the risk of triplets is 
exceedingly low in women greater than age 38 undergoing 
IVF, regardless of the number of embryos transferred [26, 
27]. In the absence of PGS, transfer of up to 3–5 embryos is 
recommended in this age group during IVF treatment, 
depending on embryonic stage and patient age, to increase 
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the likelihood of implantation [20]. Similarly, in a series of 
561 GT-IUI cycles in women between the ages of 38 and 43, 
no triplet or higher multiple gestations occurred, and the 
twin pregnancy rate at 10% was less than half the twin preg-
nancy rates in women who were 37 years or younger [5, 28]. 
Analogous to a “heavy” embryo transfer in IVF, aggressive 
gonadotropin stimulation for IUI may optimize pregnancy 
rates, with little or no risk for HOMP.

In summary, in 2019, GT-IUI treatment for subfertility 
may be limited to patients who do not wish IVF, cannot 
afford IVF, and/or have government-sponsored or private 
insurance health benefits which cover IUI but not IVF. A trial 
to compare GT-IUI to IVF for women of ages 38–42 with 
good ovarian reserve may be warranted.

15.3  Predictors of GT-IUI Outcomes 
and Risk Factors for Multiple 
Gestation

Non-IVF use of gonadotropins, such as for GT-IUI, 
accounted in large part for the 76% increase in twin pregnan-
cies from 1980 to 2009 and the 400% increase in triplet preg-
nancies from 1980 to 1998 [5, 21]. An estimated 32,000 
multiple gestations, including 3000 triplet or greater gesta-
tions, were estimated to have occurred from non-IVF ovula-
tion induction in 2004 [29]. Several large GT-IUI series have 
reported clinical pregnancy rates of 13%–14.5%, twin preg-
nancy rates of 16%–20% of achieved clinical pregnancies, 
and high-order multiple pregnancy rates of 5.7%–6.1% of 
achieved clinical pregnancies [28, 30, 31]. Thus, the goal of 
increasing the chances for pregnancy by increasing the num-
ber of available fertilizable oocytes through GT stimulation 
must be balanced by the inherently increased risk of multiple 
gestation, and HOMP, as the number of available oocytes 
increases.

Intuitively, it could be anticipated that an increasing num-
ber of mature follicles would result in higher pregnancy 
rates. In fact, the available data is more complex. In a series 
of 381 consecutive IUI cycles, we found a significant increase 
in pregnancy rate when two follicles ≥16 mm in diameter 
were recruited compared to when one mature follicle was 
recruited, but pregnancy rates did not increase further (range 
12%–14%) in the presence of three or four mature follicles 
[6]. In a series of 1650 GT-IUI cycles, similar live birth rates 
(range 13.2%–15.7%) were observed whether one, two, 
three, or more than three follicles ≥14 mm were recruited 
[32]. In a large single-center series of 4067 GT-IUI cycles, 
follicle diameters ≥14 mm, ≥ 16 mm, or ≥ 18 mm were not 
significantly associated with pregnancy rate [28]. Moreover, 
the number of mature follicles did not predict HOMP in 
three large series of 1781–4067 GT-IUI cycles [28, 30, 31]. 

Dickey et al. have found that pregnancy rates are linked to 
the number of follicles ≥12 mm in diameter, and HOMP are 
linked to the number of follicles >10 mm in diameter, rather 
than the number of mature follicles [28].

Pregnancy rates vary inversely with the treatment cycle 
number. Dickey et al., and we, found similar pregnancy rates 
in the 14%–16% range in the first two IUI cycles, 10%–11% 
in cycle 3, and less than 10% per cycle beyond the third IUI 
attempt [6, 28]. In a prospective observational study of 594 
couples with unexplained infertility, the cycle fecundity rate 
was 16.4%, and the cumulative pregnancy rate was 39.2% 
after three GT-IUI treatment cycles. The cycle fecundity rate 
dropped to 5.6% among the 91 women who continued 
GT-IUI treatment for cycles 4–6, and the cumulative preg-
nancy rate increased by only an additional 9.3% to 48.5% by 
cycle 6 [33]. A fourth trial did not identify a decline in cycle 
fecundity until the fifth GT-IUI cycle [34]. The substantial 
drop in pregnancy rate per cycle after three GT-IUI attempts 
provides rationale for the typical recommendation to move 
on to IVF after three failed GT-IUI cycles.

Pregnancy rates with GT-IUI are decreased in women of 
advanced reproductive age [6, 10, 28]; hence the recommen-
dation to proceed directly to IVF as a first-line treatment 
exists in women with advanced reproductive age, particu-
larly those with diminished ovarian reserve [10, 25].

Several large series have consistently identified the fol-
lowing predictors of HOMP in GT-IUI treatment: the num-
ber of small or mid-size follicles on the day of HCG, younger 
age, estradiol level on the day of HCG, and treatment cycle 
[28, 30, 31]. For example, Dickey et  al. found that, for 
age < 32 years, the presence of 3–6 follicles ≥10 mm was 
associated with a HOMP risk of 6%. If more than seven fol-
licles ≥10 mm were present, the HOMP rate jumped to 20%. 
Corresponding HOMP rates in the 32–37 age group were 5% 
and 12%. No HOMP occurred in women age 38 or older. 
Women in the 32–37 age group with seven follicles >10 mm 
were at greater risk of triplets if their estradiol exceeded 
1000  pg/ml. During a second GT-IUI cycle, HOMP only 
occurred if seven or more follicles were present, and no 
HOMP occurred in the third GT-IUI treatment cycle or 
beyond [28]. In Tur et al.’s analysis, the probability of HOMP 
in a woman less than age 32, with an estradiol >862 pg/ml 
and ≥ 5 follicles greater than 10 mm in diameter, was 19%. 
By comparison, a woman > age 32, with an estradiol <862 pg/
ml and three or fewer follicles greater than 10 mm in diam-
eter, had a probability of HOMP of only 3.3% [30]. Gleicher 
et  al. found that the risk of high-order multiple pregnancy 
was significantly increased with an estradiol >1385 pg/ml, or 
with seven or more follicles on the day of HCG administra-
tion [31].

The risk of HOMP may be increased in Clomid-naïve 
patients undergoing GT-IUI.  Dickey et  al. compared out-
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comes from 918 GT-IUI cycles in 551 women who had pre-
viously failed Clomid-IUI to outcomes from 1459 GT-IUI 
cycles in 908 Clomid-naïve women in a retrospective study. 
The patients were <  age 38. The pregnancy rate per cycle 
was 22% in the Clomid-naïve patients, 20% in women who 
had previously failed 1–4 Clomid-IUI cycles, and 4% in 
women who had previously failed ≥5 prior Clomid-IUI 
cycles. HOMP with GT-IUI treatment was 9% in the Clomid- 
naïve group, 7.5% with a history of one prior Clomid-IUI 
cycle, and 6% after two prior Clomid-IUI cycles. No HOMP, 
but 36 (19%) clinical pregnancies, occurred during 187 
GT-IUI treatment cycles of women who had previously 
attempted 3 or 4 Clomid-IUI cycles [35]. These findings 
advocate for three cycles of oral ovulation induction-IUI 
before moving on to GT-IUI.

Several studies have reported decreased pregnancy rates 
when GT-IUI is undertaken in the presence of tubal factor or 
peri-adnexal adhesions [6, 28, 36]. In contrast to these find-
ings, a Taiwanese study compared GT-IUI outcomes in 133 
women with unilateral obstruction on HSG to 570 women 
with bilateral tubal patency. Clinical pregnancy rate per cycle 
was 17.3% in the unilateral tubal occlusion group and 18.9% 
in the bilateral tubal patency group, a difference that was not 
significant [37].

Some investigators have found the success of GT-IUI to 
be decreased with endometriosis [6, 38, 39], and in endome-
triosis with tubal factor [28], but others have not [36, 38]. 
One trial showed equivalent pregnancy rates among women 
with unexplained infertility and women with prior laparo-
scopic surgical treatment of minimal or mild endometriosis 
undergoing GT-IUI [40].

15.4  Treatment and Stimulation Strategies 
to Optimize Pregnancy Rates 
and Minimize Multiple Gestation

Considering predictors for success in GT-IUI, and risk fac-
tors for multiple gestation and HOMP, Dickey has recom-
mended several strategies for GT-IUI treatment. These 
include (1) striving to achieve mono-follicular or double fol-
licular ovulation, including use of low-dose gonadotropins 
37.5 IU–75 IU daily for up to six cycles; (2) avoiding GT-IUI 
in the initial cycles of treatment, in favor of oral medications 
with IUI; (3) in women age < 38, canceling in the presence 
of three or more follicles ≥10  mm–12  mm; (4) starting 
gonadotropins after stimulation day 7; (5) not canceling 
cycles in women greater than age 38 given low risk of HOMP 
in this age group; (6) recognizing risk factors for HOMP 
including estradiol greater than 1000 pg/ml, age < 32, pres-
ence of seven or more pre-ovulatory follicles in the 
10 mm–12 mm range, and low BMI; and (7) triaging patients 
at risk for HOMP to IVF [5].

McClamrock et  al. have similarly recommended that 
high-dose GT therapy for IUI be abandoned, in favor of oral 
agents and/or low-dose gonadotropins [41].

An alternative to canceling GT-IUI cycles demonstrating 
excessive follicle recruitment has been to reduce supernu-
merary follicles by transvaginal ultrasound-guided aspira-
tion prior to IUI, using a procedure similar to transvaginal 
oocyte retrieval. In a small series of 26 IUI cycles, transvagi-
nal aspiration was undertaken on the day of HCG adminis-
tration to reduce the number of follicles ≥15  mm from a 
mean of 4.5 follicles to not more than 3 follicles. Additionally, 
follicles <15 mm in diameter were aspirated. Seven singleton 
pregnancies (27% per cycle), and no multiple pregnancies, 
occurred [42]. A much larger series from Germany compared 
outcomes of 226 GT-IUI cycles performed during the years 
1989–1992 to outcomes of 257 GT-IUI cycles performed 
during the years 1992–2006, before and after a policy of 
transvaginal aspiration of supernumerary follicles on the day 
of IUI was introduced, leaving the three largest follicles 
intact but aspirating all others. Cycle fecundity rates (20.4% 
vs 20.5%) were not different comparing the two eras, but 
multiple pregnancy rates fell from 20% to 9%. Aspirations 
occurred in 45% of GT-IUI cycles [43]. While this approach 
may be clinically effective in reducing multiples, given the 
need for rapid planning of a procedure, the invasiveness of 
the intervention, the cost, and the limited efficacy of IUI, it 
may not practical to introduce this intervention to the work-
flow in 2019.

In its committee opinion on multiple gestation associated 
with infertility therapy, the American Society for 
Reproductive Medicine acknowledges the potential benefits 
of low-dose gonadotropin stimulation, and of pre-ovulatory 
transvaginal aspiration of supernumerary follicles. However, 
unlike Dickey and McClamrock, the ASRM states “in the 
absence of any established predictors for multiple pregnan-
cies in OI and SO cycles, it is not possible to propose valid 
guidelines for reducing the rate of multiple gestations.” The 
ASRM opinion further states “regardless of which medica-
tion or stimulation regimen is used, it may not be possible to 
eliminate entirely the risk of multiple gestation associated 
with OI or SO” [44].

What is the optimal gonadotropin dose and administra-
tion frequency for GT-IUI in women less than age 38 with 
normal ovarian reserve? Given that pregnancy rates [6, 28, 
32], and HOMP rates [28, 30, 31], correlate poorly, if at all, 
with the number of mature follicles recruited, a reasonable 
approach might be to stimulate with the lowest possible 
gonadotropin dose capable of achieving recruitment of 1–2 
dominant follicles. At the stage where 1–2 dominant folli-
cles, and not more than 3 dominant follicles, have been 
recruited and HCG administration is contemplated, the final 
decision about whether or not to move forward could be 
made after assessing other factors such as patient age, 
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 number of follicles in the >10 mm in the intermediate range, 
estradiol concentration, cycle number, BMI, number of prior 
oral ovulation induction-IUI cycles, and number of prior 
GT-IUI cycles. Intuitively, one would expect that cycle con-
tributors to HOMP, such as number of follicles in the inter-
mediate range and estradiol concentration, might be 
minimized at the lowest effective gonadotropin dose.

A recent Cochrane Review found that alternate-day 
gonadotropins at doses ranging from 50 IU to 150 IU every 
other day yielded very low pregnancy rates. Only four preg-
nancies occurred in 97 women identified from two studies 
[12, 45, 46]. One of the trials randomized 32 women to 
receive recombinant FSH 50  IU daily and 34 women to 
receive recombinant FSH 50 IU every other day and found a 
30% pregnancy rate in the daily FSH group vs a 3% preg-
nancy rate in the alternating day treatment arm [45]. This 
would suggest that a gonadotropin administration frequency 
of every other day is inadequate and that daily gonadotropin 
administration is preferable.

At the other extreme, Dodson et al. were the first group to 
report results from a reasonably large series, in which they 
performed 148 cycles of GT-IUI on 85 couples, excluding 
women with ovulatory factor. They used an initial gonado-
tropin dose of 225 IU of HMG. Twenty-one clinical pregnan-
cies were achieved in 136  cycles, all within the first two 
treatment cycles, for a pregnancy rate per cycle of 15%. The 
multiple pregnancy rate was 29%, including five sets of 
twins and one set of triplets. This report alerted clinicians to 
the high prevalence of multiple gestation at a dose of 225 IU 
and pointed to the need to assess the effectiveness of lower 
doses of gonadotropins [36].

In determining optimal gonadotropin dosage, the 
Cochrane Review pooled data from two trials involving a 
total of 297 patients in which a gonadotropin dose of 150 IU 
was compared with a gonadotropin dose of 75 IU. There was 
no difference in pregnancy rates between the two doses (OR 

1.2, 95% CI 0.69–1.9), but the higher dose was associated 
with a significantly greater risk of ovarian hyperstimulation 
syndrome (OR 5, 95% CI 1.6–20) [12]. Data from studies in 
which the initial gonadotropin dose is 150  IU or greater 
report twin pregnancy rates in the 15%–20% range and 
HOMP in the 6%–9% range [28, 30, 31]. In comparison, 
data from studies in which the initial gonadotropin dose is 
37.5 IU–75 IU report clinical pregnancy rates per cycle in the 
9%–14% range and multiple pregnancy rates ranging from 
6.5% to 9.5% [47–49]. Only one HOMP was reported in 
3219 GT-IUI cycles in one series, and no HOMP in 1259 
GT-IUI cycles in a second series using low-dose gonadotro-
pins [45, 47].

Taken together, the data provides rationale to the asser-
tion that an optimal dose of gonadotropin for GT-IUI 
cycles is in the range of 37.5 IU–75 IU daily. Figure 15.2 
depicts a possible decision tree for determining when to 
proceed, and when to cancel, a GT-IUI cycle in order to 
avoid HOMP.

15.5  Adjuncts to Gonadotropins in GT-IUI 
Treatment: GNRH Analogs and Luteal 
Phase Progesterone

The introduction of GnRH analogs to IVF gonadotropin ovu-
lation induction protocols heralded a significant improve-
ment in IVF outcomes. The risk of cycle cancelation 
decreased, the average number of oocytes per retrieval 
increased, oocyte retrievals could be scheduled at a pre- 
determined time, and the pregnancy rate per initiated IVF 
cycle increased [50]. Unlike in IVF, incorporating GnRH 
agonists into GT-IUI protocols is not beneficial, and may be 
detrimental. A Cochrane Review of four randomized con-
trolled trials pooling 415 couples concluded that pregnancy 
rates per couple were significantly lower, and multiple preg-

Start Gonadotropins 37.5 IU - 75 IU

4 or more follicles ≥ 14 mm
diameter

Cancel cycle

3 or more follicles 10mm – 13 mm
diameter

3 or fewer follicles ≥14 mm
diameter

2 or fewer follicles 10mm - 13 mm
diameter

Proceed to IUI

individualize

Consider proceeding to IUI

If 3 or more prior unsuccessful CC-IUI cycles
If 2 or more prior unsuccessful GT-IUI cycles

Option 1
Option 2

Fig. 15.2 Decision tree for 
determining when to proceed, 
and when to cancel, a GT-IUI 
cycle in order to avoid HOMP
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nancy rates were significantly higher, when a GnRH agonist 
was added to GT-IUI [12]. Data to support the addition of 
GnRH antagonists to GT-IUI treatment is similarly lacking. 
Most individual trials, and a pooled analysis, have not dem-
onstrated a significant improvement in pregnancy rates with 
the introduction of a GnRH antagonist [12, 51–53], with 
only one randomized controlled trial suggesting a higher 
pregnancy rate per couple when a GnRH antagonist is intro-
duced [54]. In the absence of GnRH analogs, HCG adminis-
tration is generally recommended in GT-IUI when the lead 
follicle approaches a diameter of 16 mm–18 mm, a little ear-
lier than with IVF where the minimum diameter at HCG is 
usually 18 mm or more.

Luteal phase progesterone supplementation is a funda-
mental component of IVF treatment protocols. The luteal 
phase of stimulated IVF cycles is abnormal, particularly 
when GnRH analogues are used. Etiologies of accelerated 
luteolysis during IVF stimulation could include prolonged 
pituitary suppression when GnRH agonists are used and sup-
pression of pituitary LH secretion in the early luteal phase 
due to negative feedback from supra-physiologic levels of 
gonadal steroids in both GnRH agonist and antagonist cycles 
[55]. Gonadotropin stimulation for IUI may similarly be 
associated with an inadequate luteal phase due to negative 
feedback from supra-physiologic estradiol. A recent meta- 
analysis was able to pool data from six randomized con-
trolled trials of GT-IUI with or without luteal phase support, 
permitting an evaluation of 2220 IUI cycles. Clinical preg-
nancies per cycle (RR 1.44 [95% CI 1.18–1.75]), live births 
per cycle (RR 1.59 [95% CI 1.24–2.04]), clinical pregnan-
cies per patient (RR 1.56 [95% CI 1.21–2.02]), and live 
births per patient (RR 1.77 [95% CI 1.30–2.42]) were all 
increased with exogenous luteal phase progesterone support. 
The estimated number needed to treat to achieve one addi-
tional pregnancy was 11 [56].

Summary GT-IUI has a modest, limited, success rate but contributes 
disproportionately to high-order multiple pregnancies (HOMP). As IVF 
has become increasingly more successful, and single embryo transfer 
rates have increased, the gap between IVF and GT-IUI success rates and 
HOMP rates has widened in favor of IVF. Low-dose daily gonadotropin 
regimens confer pregnancy rates that approach those of high-dose regi-
mens and may provide a means of reducing HOMP rates. Luteal phase 
progesterone support may improve GT-IUI results. Women age 38 or 
older, particularly with diminished ovarian reserve, may benefit from 
immediate triage to IVF.  GT-IUI is likely to assume an increasingly 
marginal role as the efficiency of IVF increases.
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Hyperprolactinemia: Effect 
on Reproduction, Diagnosis, 
and Management

Kathleen O’Leary

16.1  Prolactin Physiology

Hyperprolactinemia has many etiologies and is one of the 
most common causes of amenorrhea, accounting for up to 
15–30% of cases. Prolactin (PRL) is encoded by a single 
gene on chromosome 6 and is a 199-amino acid polypeptide 
hormone, 23.4 kDa in size, synthesized and secreted mainly 
by lactotroph cells of the anterior pituitary gland. It com-
prises five coding exons with 40% homology to growth hor-
mone gene and is also similar to placental lactogen [1]. The 
prolactin receptors are included as members of the cytokine 
receptor superfamily, distributed throughout the immune 
system [2]. Several biologic forms of PRL exist due to vari-
ous post-translation modifications, including cleavage, phos-
phorylation, polymerization, glycosylation, and degradation 
[3]. These include the “little” monomeric form (the most 
active and non-glycosylated, 85–95%), the low-activity 
dimeric “big” form (50–60 kDa, 5–15%), and the inactive 
tetrameric “big-big” form (macroprolactin, 150–170  kDa, 
<1%) [3–5]. Differences in splicing and protein modification 
of the PRL hormone create the structural diversity of PRL 
molecules, and it is assumed that the bigger forms of PRL 
have diminished bioactivity due to decreasing receptor- 
binding affinity caused by glycosylation [1]. PRL is 
expressed in sources other than the pituitary, such as the T 
lymphocytes, brain, skin fibroblasts, adipose tissue, breast, 
endometrial decidua, prostate, and even neoplastic cells. 
Decidual PRL has been proposed to affect the functional 
changes of the endometrium from the time of implantation to 
delivery by silencing genes that are detrimental to pregnancy 
[1, 3]. The majority of circulating PRL is of pituitary origin.

The main role of PRL is stimulation of lactation in the 
postpartum period, but PRL has many other diverse physio-
logic functions that include immunomodulation, angiogene-
sis, growth, synergism with steroid hormones, integumentary 
functions, and osmoregulation [6]. The secretion of PRL is 

episodic with an increase of secretion observed 60–90 min-
utes after sleep begins, increasing during REM sleep with 
highest concentrations noted between 2:00 and 5:00 a.m. [5]. 
Normal PRL is regulated by many stimulatory and inhibitory 
factors. Dopamine (prolactin-inhibiting factor) binding to 
the D2 receptors of pituitary lactotroph cell membranes is 
the main inhibitory factor of PRL and is secreted into the 
portal circulation by the arcuate and paraventricular nuclei of 
the hypothalamus. Other neuropeptides and hormones act as 
prolactin-releasing factors, such as thyrotropin-releasing 
hormone (TRH), estradiol, oxytocin, epidermal growth fac-
tor, vasopressin, GnRH, angiotensin II, vasoactive intestinal 
polypeptide, and dopamine antagonists [3, 7–9]. The amount 
of prolactin in the serum is also affected by kidney clearance. 
The factors influencing PRL secretion are listed in Table 16.1.

PRL promotes milk biosynthesis and maintains lactation 
in the postpartum period. The increased estrogen production 
during pregnancy causes lactotroph cells to proliferate, 
increasing PRL secretion starting around 8 weeks’ gestation. 
During pregnancy, prolactin levels rise from the normal level 
of 10–25 ng/mL to a peak of 200–400 ng/mL at term, a ten-
fold increase in PRL [8, 10]. The increased PRL with other 
hormones, such as estradiol, progesterone, placental lacto-
gen, insulin, and cortisol, causes mammary gland growth. 
While estrogen enhances breast development, it blunts the 
effects of PRL on lactation during pregnancy. Progesterone 
also inhibits full lactation during pregnancy [8]. The fall of 
serum estrogens and progesterone to non-pregnant levels 
after delivery results in the initiation of lactation [8]. One 
week postpartum, serum prolactin declines 50% (to about 
100  ng/mL) in postpartum breastfeeding women. During 
breastfeeding, nipple stimulation by the suckling infant 
causes a short-term twofold rise in PRL production, based on 
a neuro-humoral mechanism, which is important for milk 
production [7, 8]. Prolactin levels normalize within 6 months 
after delivery in breastfeeding mothers and return to normal 
within a few weeks in non-nursing women.
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Table 16.1 Factors affecting prolactin secretion

Category Increase Decrease
Physiologic Pregnancy

Luteal phase
Nipple stimulation
Nursing
Exercise
Sleep
Eating
High-protein diet
Hypoglycemia
Seizures
Stress
Surgery
Sex
Neonatal

Endocrine/
autocrine/
paracrine factors

Prolactin-releasing 
factors (PRFs):
Estradiol
TRH
Oxytocin
Epidermal growth factor
Growth hormone- 
releasing hormone
GnRH
Vasoactive intestinal 
polypeptide
Angiotensin II
Histidine
Serotonin
Prolactin-releasing 
peptide

Prolactin-inhibiting 
factors (PIFs)
Dopamine
GABA
GnRH-associated 
protein (GAP)

Pharmacologic Antipsychotics/
neuroleptics
  Risperidone
  Phenothiazines
  Haloperidol
Antidepressants
  Tricyclic 

antidepressants
  Monoamine oxidase 

inhibitors
  Serotonin reuptake 

inhibitors
Benzodiazepines
Amphetamines
Opiates/opioid peptides
  Morphine
  Heroin
  Cocaine
Dopaminergic blockers
  Metoclopramide
  Domperidone
  Cisapride
Antihistamines
  H2 blockers
  Intravenous 

cimetidine
Antihypertensives
  Verapamil
  Methyldopa
  Reserpine
Licorice

Dopamine agonists
   Bromocriptine
   Cabergoline
   Levodopa
   Pergolide
   Apomorphine

Table 16.1 (continued)

Category Increase Decrease
Pathologic
Pituitary

Prolactinomas
Other secretory or 
non-secretory tumors
Acromegaly
Lymphocytic 
hypophysitis
Trauma
Surgery
Radiation
Empty sella syndrome
Histiocytosis X
Cushing’s disease

Hypothalamic Craniopharyngioma
Meningioma
Germinoma
Sarcoidosis
Eosinophilic granuloma
Pituitary stalk section
Rathke’s cleft cyst
Metastasis
Infiltration
Trauma
Encephalitis

Systemic 
conditions

Chronic renal disease
Primary hypothyroidism
Polycystic ovary 
syndrome
Cirrhosis
Renal cell carcinoma
Polycystic kidney 
disease
Bronchogenic 
carcinoma
Addison’s disease
Epilepsy
Chronic uremia
Ectopic production

Neurogenic Herpes zoster
Chest trauma or burns 
(intercostal nerves 
stimulation)
Post-thoracic surgery
Cervical spine lesions
Malignant ovarian 
teratoma

Idiopathic Macroprolactinemia
Pseudocyesis

16.2  Effect of Hyperprolactinemia 
on the Reproductive System

Although PRL does not appear to play a direct physiologic 
role in the regulation of gonadal function, hyperprolac-
tinemia can cause hypogonadotropic hypogonadism in men 
and women. The exact mechanism of disruption of gonadal 
function is not fully defined, but there appears to be altera-
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tion of the hypothalamic-pituitary-gonadal axis. In women, 
pulsatile secretion of FSH and LH is decreased through sup-
pression of GnRH, and the midcycle LH surge is suppressed. 
The decrease in the amplitude and frequency of the LH 
pulses and the decrease in FSH concentration affect Graafian 
follicle development, leading to anovulatory cycles. The sup-
pression of LH secretion also affects the luteal phase by dis-
rupting steroidogenesis in granulosa cells [5]. In addition, 
hyperprolactinemia has direct effects on the ovary by stimu-
lating expression of type II 3B-hydroxysteroid dehydroge-
nase, which is the final step in progesterone biosynthesis and 
increases IGF-II secretion [11]. Hyperprolactinemia indi-
rectly causes an imbalance of lipid metabolism, an increase 
in ACTH and adrenal androgens, disruptions of insulin 
secretion, and a decrease in sex hormone-binding globulin 
[5]. This elevation of androgens affects the developmental 
competence of the oocyte [5].

Depending on the serum level of prolactin, first there is a 
shortening of the luteal phase (20–50 ng/mL). This is due to 
the poor pre-ovulatory follicular development and decreased 
progesterone secretion and premature regression of the cor-
pus luteum; thus high PRL is considered luteolytic [5, 8, 12]. 
Anovulation, oligomenorrhea or amenorrhea, and infertility 
can occur with moderate levels of hyperprolactinemia (50–
100  ng/mL). Serum prolactin levels over 100  ng/mL can 
cause frank hypogonadism by significantly affecting ovarian 
follicles and causing low estrogen levels and resultant clini-
cal symptoms of vasomotor symptoms, vaginal atrophy, dys-
pareunia, lowered libido, disturbances of the arousal phase 
and orgasm, and osteopenia [5]. Other symptoms include 
hirsutism and acne. Delayed puberty and primary amenor-
rhea and even growth arrest can occur if hyperprolactinemia 
occurs before menarche [3]. Only about one-third of women 
with hyperprolactinemia exhibit galactorrhea. This may be 
because breast milk production requires estrogen, and hyper-
prolactinemia often results in anovulation or more severe 
hypogonadotropic hypogonadism with low serum estrogen 
levels.

While hyperprolactinemia mostly affects younger women 
of reproductive age and its incidence decreases with age, 
menopausal women may have symptoms of hyperprolac-
tinemia, including obesity, lipid abnormalities, or insulin 
resistance [5]. Bone fractures are more common in women 
with hyperprolactinemia in menopause due the effects on 
bone mineralization and osteoblast proliferation [5].

In men, most recent data suggest that PRL stimulates tes-
ticular functions [6]. PRL increase LH receptors, cellular 
morphology, steroidogenesis, and androgen function in 
Leydig cells [6]. PRL increases lipids and spermatocyte- 
spermatid changes in germ cells [6]. PRL also has a role in 
sexual responsiveness in men [6]. Hyperprolactinemia can 
cause decreased testosterone and decreased spermatogene-
sis. The decreased testosterone may cause decreased libido, 

impotence (16%), oligospermia (11%), infertility, decreased 
muscle mass and body hair, anemia, and, rarely, gynecomas-
tia and galactorrhea [6, 13, 14]. Prostate volume is decreased 
in hyperprolactinemic men, presumably due to decreased 
testosterone [3].

Decreased bone mineral density can occur in both sexes 
and occurs in 25% of women diagnosed with hyperprolac-
tinemia [9]. Bone loss and progressive atherosclerosis can 
also occur in both men and women due to altered body com-
position with increased body fat and reduced lean mass as 
well as the indirect decrease in estrogen secretion [7]. 
Behavioral and mood changes can also occur with chronic 
hyperprolactinemia [14]. Patients with sellar or parasellar 
lesions that are the cause of hyperprolactinemia may present 
with symptoms of headaches or vision loss in addition to the 
symptoms of hypogonadism.

16.3  Etiologies of Hyperprolactinemia

Hyperprolactinemia can be identified in up to 10% of the 
population and in 5% of patients who present with infertility 
[7, 9]. In reproductive-age women 25–34 years, the annual 
incidence of hyperprolactinemia is reported to be 23.9 per 
100,000 person years [9]. There are many conditions that 
cause hyperprolactinemia (Table 16.1). Physiological etiolo-
gies include pregnancy, lactation, intercourse, exercise, 
stress, and sleep. Pathological causes of hyperprolactinemia 
include renal disease and hepatic cirrhosis—conditions that 
decrease clearance of prolactin—renal and lung cancers, and 
endocrinopathies such as primary hypothyroidism, polycys-
tic ovary syndrome (up to 30%), and primary adrenocortical 
insufficiency. Hypothyroidism causes hyperprolactinemia by 
the compensatory increase in the hypothalamic thyrotropin- 
releasing hormone, which stimulates secretion of prolactin. 
Neurogenic stimulation caused by chest wall injury or severe 
burns can also cause hyperprolactinemia. Pharmacologic 
causes of hyperprolactinemia reduce hypothalamic secretion 
of dopamine, cause antagonistic effects on D2 receptors, or 
have an inhibitory effect on the enzyme that converts L-dopa 
to dopamine [15]. These are mainly antipsychotic medica-
tions (such as risperidone) and neuroleptic drugs. Others 
include antidepressants, antiemetics, opiates, H2-receptor 
blockers, antihypertensives, and calcium channel blockers. 
Sellar lesions, such as prolactinomas or other pituitary ade-
nomas and infiltrative conditions, induce hyperprolactinemia 
by compressing the pituitary stalk and damaging the dopa-
minergic neurons [16]. Hypothalamic-pituitary stalk damage 
can also occur with craniopharyngiomas, granulomas, 
Rathke’s cleft cysts, and other tumors.

Pituitary tumors are common and found in 12% of pitu-
itary glands at autopsy. They can have a diverse range of hor-
monal and growth activity [9]. Prolactinomas are the most 
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common hormone-secreting pituitary tumors, comprising 
40% of all pituitary tumors, and are found in approximately 
half of patients with hyperprolactinemia. Prolactinomas are 
composed mainly of lactotrophs, which secrete prolactin and 
can occasionally secrete other hormones, such as growth 
hormone, an important clinical distinction as treatment 
options will differ [16].

Prolactinomas are characterized by size. Microadenomas, 
found in 1% of women age 20–40, measure less than 10 mm; 
macroadenomas measure 10 mm or larger in diameter [3]. 
Most men present with macroadenomas, often with associ-
ated neurologic symptoms, which may reflect diagnostic 
delay [13]. These tumors are usually found in the lateral 
wings of the anterior pituitary but rarely can infiltrate the sur-
rounding tissue. Because prolactinomas can extend outside 
of the sella, these tumors cause hyperprolactinemia by inter-
rupting dopamine delivery from the hypothalamus to the 
pituitary, causing a loss of the tonic inhibitory release of pro-
lactin. A macroadenoma may expand out of the sella to 
impinge on structures such as the optic chiasm resulting in 
symptoms such as severe headaches and ophthalmoplegia, 
due to entrapment of cranial nerves III, IV, V1 V2, and V1 
[16]. Serum prolactin is usually proportional to tumor bur-
den. Prolactinomas are rarely hereditary but can occur as part 
of the multiple endocrine neoplasia (MEN) syndrome in 
20% of patients diagnosed with MEN type 1 [3, 13]. The 
incidence of a microadenoma enlarging to a macroadenoma 
is low, 3–7% [16], and the risk of enlargement during preg-
nancy is also very low. However, tumor growth of macroad-
enomas is up to 25% in pregnancy [13].

Macroprolactinemia is implicated as a major cause of 
hyperprolactinemia (in up to 46% of cases of hyperprolac-
tinemia in a retrospective analysis) and occurs in 3.7% of the 
general population [5, 7]. It is a heterogeneous, benign, and 
usually asymptomatic condition with many different causes 
[9]. IgG complexes bind the 23  kDa prolactin molecule, 
especially anti-PRL autoantibodies, and form a large macro-
prolactin complex. The resulting molecular mass of over 150 
kDA can increase the circulating serum PRL, likely by 
delayed clearance of prolactin. The complexes are immuno-
logically detectable but not usually biologically active, as the 
polymer cannot interact with the prolactin receptor. However, 
a small proportion of patients may have clinical symptoms of 
hyperprolactinemia such as galactorrhea or oligomenorrhea 
[9]. This is thought due to intermittent dissociation of mono-
meric PRL from the low affinity, high capacity IgG antibody 
[17]. Alternatively, this could be due coincidental findings or 
another etiology such as polycystic ovary syndrome. In cer-
tain instances, a patient may have both hyperprolactinemia 
and macroprolactinemia [5, 18].

Up to 30% of etiologies of hyperprolactinemia are classi-
fied as “idiopathic” because no etiology has been determined 
[4]. In many cases, small prolactinomas may be present that 

are too small to be detected radiologically [3]. Long-term 
follow-up in these patients found that many have normal 
PRL levels (30%), while 10–15% will develop an increase in 
PRL over baseline [3].

16.4  Diagnosis of Hyperprolactinemia

In most laboratories, normal serum prolactin levels are less 
than 25 ng/mL in women and less than 20 ng/mL in men. 
Slight elevations of less than twofold could reflect a stressful 
phlebotomy and should be repeated to prevent otherwise 
costly imaging [8]. Most secondary causes and macroprolac-
tinemia induce mild elevations of prolactin from 25 to 
100  ng/mL.  Hypothalamic damage or pituitary stalk com-
pression typically causes prolactin levels of 100–150  ng/
mL. Prolactin levels often correspond to prolactin size, but 
symptoms do not correspond well with prolactin levels. A 
macroadenoma will usually have a prolactin level of over 
200 ng/mL [3]. The prolactin level is rarely above 250 ng/
mL if a non-prolactin-secreting tumor is present. In cases of 
large pituitary tumors with only mild hyperprolactinemia, 
prolactin should be repeated with dilutions to rule out the 
“hook effect,” which artifactually lowers the lab value [3, 
16]. Levels higher than 250 ng/ML may suggest a macroad-
enoma. However some drugs such as risperidone or pheno-
thiazines can induce prolactin to levels higher than 200 ng/
ML, indicating overlap between different conditions causing 
hyperprolactinemia [19].

A thorough medical history may help provide clues for 
determining whether physiological, pharmacologic, or 
pathological etiologies are causing hyperprolactinemia. 
The physical exam should be focused on evidence of hypo-
thyroidism, hypogonadism, systemic disease like renal or 
hepatic failure, and visual field defects. A thorough history 
and exam are important, because pituitary incidentaloma 
can be found in 10% of pituitary MRI in normal patients 
[15]. Depending on the medical and physical exam, the 
next step in diagnostic approach is a lab and radiologic 
evaluation. Because PRL is secreted in a pulsatile fashion, 
a single elevated value if obtained in the morning, 2–3 hours 
after awaking and in a fasting state, is recommended, 
although the Endocrine Society states that an atraumatic 
venipuncture performed at any time of the day is adequate 
to diagnose hyperprolactinemia [9]. Since macroprolac-
tinemia can occur in up to 20% of patients with hyperpro-
lactinemia, it should be measured in all asymptomatic 
patients by precipitation of the sample with polyethylene 
glycol (PEG) [19]. Macroprolactinemia should also be 
evaluated if the patient has an atypical clinical picture or 
conflicting PRL results in distinct assays [15]. 
Macroprolactinemia is present when the recovery of mono-
meric PRL following treatment with PEG is less than 40% 

K. O’Leary



145

[17]. In patients with symptoms of hyperprolactinemia or a 
known macroadenoma but in which PRL is within the nor-
mal range or is only mildly elevated, further evaluation 
with lab dilutional measurements (1100) of the original 
sample should be performed to rule out a “hook effect” 
which is an assay artifact when high serum prolactin levels 
saturate antibodies in the two-site immunoradiometric 
assay [9]. This will help distinguish between a large 
macroadenoma and a large nonfunctioning tumor [19].

After the diagnosis of hyperprolactinemia, other labs 
such as thyroid function tests, liver panel, and kidney func-
tion tests should be considered [19]. A pregnancy test 
should be obtained in all reproductive-age women. In 
amenorrheic women, follicle-stimulating hormone should 
be obtained to rule out primary ovarian insufficiency [13]. 
Testosterone should be measured in men with hyperprolac-
tinemia. Once hyperprolactinemia is diagnosed and sec-
ondary causes ruled out, imaging of the pituitary fossa 
should be performed with T1-weighted MRI with gadolin-
ium to rule out a pituitary tumor, pituitary stalk lesion, 
hypothalamic tumors, granulomas, or other lesions, espe-
cially if there are neurologic symptoms present [18]. 
Microprolactinomas often appear to be hypointense com-
pared to the bright pituitary gland and usually do not distort 
the pituitary shape [3]. Often, microadenomas may not be 
seen on the MRI, suggesting that the lesion is less than 
2 mm in diameter or that the patient has lactotroph hyper-
plasia [18]. Larger macroadenomas have a variable 
enhancement with gadolinium and appear to cause the infe-
rior portion of the pituitary stalk to be distorted [3]. It is 
also important to rule out acromegaly. Growth hormone 
(GH) is a prolactogen, so galactorrhea in a patient with a 
pituitary adenoma and elevated prolactin could be second-
ary to a growth hormone-secreting tumor (somatotropi-
noma); treatment with a dopamine agonist would decrease 
serum prolactin, but undiagnosed acromegaly could cause 
irreversible consequences from continued somatotropi-
noma growth [3, 16]. Importantly, in patients who are found 
to have a lesion in the pituitary or hypothalamus, it is pos-
sible that partial or complete hypopituitarism may be pres-
ent, and a complete evaluation of the other pituitary 
hormones and pituitary-adrenal axis may be necessary [18].

In patients with drug-induced hyperprolactinemia, a 
repeat measurement 72  hours after discontinuation of the 
drug can be considered unless it is a psychotropic medication 
[19]. Antipsychotics should only be stopped or changed 
under the supervision of the psychiatrist. A pituitary MRI 
should be considered if the drug cannot be discontinued or if 
the onset of the symptoms does not coincide with initiation 
of the drug.

Other diagnostic elements to consider are visual field tests 
or pituitary function tests, especially in the presence of a 
macroadenoma or if the lesion compresses the optic chiasm 

[19]. Bone density tests should be considered if long-term 
hypogonadism has been present. A semen analysis should be 
obtained in men [6].

16.5  Treatment

Once physiological and pathological causes of hyperprolac-
tinemia have been discerned, treatment options are decided 
based on the patient’s symptoms and treatment goals. 
Medical therapy is the first line of therapy to achieve eugo-
nadism by restoring ovarian function, normalizing both 
cyclical estrogen production and ovulation, suppressing lac-
tation, and preventing further reductions in bone mineral 
density [18]. An important treatment goal is to also control 
tumor growth in patients with prolactinomas [7]. Dopamine 
agonists are first-line treatment to reduce prolactin levels and 
tumor size by absorbing lactotroph cell cytoplasm and limit-
ing cell multiplication, causing tumor shrinkage [3, 10]. 
Asymptomatic patients or patients with microadenomas do 
not necessarily need treatment as 93% of microadenomas do 
not enlarge over a 4- to 6-year period [3].

Cabergoline, an ergot and selective D2 agonist, is the 
most favorable dopamine agonist due to its long half-life, 
tolerability, and efficacy. The long duration of action is due 
to its higher affinity for lactotroph dopamine receptor bind-
ing sites, slow elimination from pituitary tissue, and exten-
sive enterohepatic recycling [3, 7, 9]. The starting dose is 
0.25–0.5  mg/week, slowly increased to normalize PRL 
(mean dose 0.5–1  mg/week) [19]. At dose of 0.5  mg per 
week in 95% of patients with microadenomas and at a dose 
of 1 mg per week in 80% of patients with macroadenomas, 
hypogonadism can be reversed and prolactinoma size 
decreased [7, 9]. A placebo-controlled study showed that 
cabergoline in doses of 0.125–1  mg twice weekly for 
1–2 years resulted in restoration of menses in 82% of patients 
[9]. Another retrospective study of over 400 patients showed 
benefit of cabergoline in 92% of patients with either a micro-
adenoma or idiopathic hyperprolactinemia [9]. While there 
have been no clinical trials directly comparing the tumor 
shrinkage effects of the different dopamine agonists, various 
studies show that cabergoline decreases pituitary tumor size 
by 90% versus 50% with bromocriptine in two-thirds of 
patients [9].

Bromocriptine, a semisynthetic ergot derivative and a 
D2-selective dopamine agonist and D1 antagonist, was the 
first drug introduced to treat hyperprolactinemia. 
Bromocriptine is an inexpensive and effective alternative to 
cabergoline, although multiple daily doses may be required 
to be therapeutic (2.5–15 mg/day) because of its short half- 
life [7]. Bromocriptine is often associated with gastrointesti-
nal side effects, such as nausea, vomiting, constipation, and 
reflux [19]. It may also cause nasal congestion, postural 
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hypotension, and lightheadedness, or dizziness [3, 19]. 
Higher doses up to 20–30 mg/daily are often not tolerated 
due to the side effects. Bromocriptine should be taken with a 
meal and may be used intravaginally if patients are intolerant 
of taking it orally.

Women with microadenomas causing menstrual distur-
bances, such as amenorrhea, can be treated with an oral con-
traceptive pill as an alternative to dopamine agonist or if they 
do not wish to conceive or if they have minimal galactorrhea 
and wish to prevent bone loss [7]. Importantly, no random-
ized controlled trials have compared treatment with a dopa-
mine agonist versus oral contraceptive in this context, but it 
does not appear that microadenomas increase in size after 
2  years of treatment with oral contraceptive treatment [9, 
13]. The low incidence of tumor growth during pregnancy 
(when estrogen levels are elevated) also further supports that 
oral contraceptive therapy is a safe option. PRL levels should 
still be checked annually in these women, and caution should 
be used in women who have macroadenomas [10].

Once a dopamine agonist is initiated, the patient should 
be followed with repeat prolactin measurements starting 
1 month after therapy to help guide dosing adjustments to 
achieve normoprolactinemia and resolution of hypogonad-
ism symptoms. An MRI should be repeated in 1 year if pro-
lactin levels continue to increase despite therapy or if new 
symptoms develop (or sooner, at 3  months, if there is a 
known macroadenoma) [9]. Visual field testing is recom-
mended for patients with macroadenomas that may impinge 
the optic chiasm [9]. MRIs should be performed annually in 
patients with macroprolactinomas. Bone mineral density 
tests should be repeated if the baseline tests showed 
osteopenia.

Patients who do not tolerate or respond to medications 
may need transsphenoidal surgical resection of a prolacti-
noma. Patients have a 75% cure rate for surgical removal of 
microadenomas but only a 26% long-term success rate for 
macroadenomas [3]. Surgical results depend on the initial 
tumor size, prolactin levels, and experience of the surgeon [3, 
19]. Most recurrences occur within 3 years [19]. Dopamine 
agonists are not definitive therapy for nonfunctioning pitu-
itary adenomas. Adenomas that secrete both growth hormone 
and prolactin should be treated with transsphenoidal surgery 
or a long-acting somatostatin analog [16].

Dopamine agonist therapy provides effective improve-
ment of clinical symptoms in most patients. Eighty percent 
of macroadenomas may decrease in size with treatment [18]. 
However, recurrence of symptoms or regrowth can occur 
within months of stopping dopamine agonists, ranging from 
26 to 69% [9]. The higher the level of prolactin and the larger 
the pituitary tumor at the time of diagnosis correlates with 
the risk of recurrence [9]. Dopamine agonist treatment can 
be decreased after 2–3 years of normal prolactin levels and 
no evidence of residual tumor on MRI and may be stopped if 

serum prolactin has been normal after a period of 1 year at 
the reduced dose. If dopamine agonists are stopped, monitor-
ing for symptoms of recurrence and prolactin levels should 
be checked monthly for 3 months for the first year and annu-
ally afterward for at least 5 years, especially if a patient has 
a macroadenoma [9, 19]. If prolactin levels again increase 
above normal range, an MRI may be indicated. Even without 
tumor regrowth, up to 28% of patients may develop symp-
toms of hypogonadism, which suggests the importance of 
long-term monitoring [9]. It is reasonable to discontinue 
therapy after a patient has reached menopause in women 
with microadenomas or idiopathic hyperprolactinemia since 
the protection of ovarian function is no longer needed [3, 5]. 
Estrogen hormone therapy can be considered if bone mineral 
density is a concern as long as PRL level and pituitary ade-
noma size is monitored [18].

Because men often have a more indolent course, many 
present to clinicians with large macroadenomas and very 
elevated prolactin levels, which may affect treatment. Men 
often already have compression symptoms such as diplopia 
or vision loss or significant hypogonadism, including erectile 
dysfunction. Sperm counts can be affected if the patient has 
gone for several years without treatment. However, sperm 
count and motility and normal sexual function has resulted 
after 6 months of treatment with cabergoline in some studies 
[6, 9].

Men respond well to dopamine agonists, unless hypogo-
nadism has occurred for many years. While the restoration of 
ovarian function occurs in almost 90% of women, the tes-
ticular function in males may be less completely restored, 
with up to 50% of patients requiring testosterone replace-
ment therapy despite an adequate reduction of serum prolac-
tin [18]. Further, sperm counts that do not improve with 
dopamine agonists may require human chorionic gonadotro-
pin for fertility. Sexual problems, such as erectile dysfunc-
tion, may not fully improve with a dopamine agonist and 
testosterone until the prolactin level has returned to the nor-
mal range [3].

In a small subset of patients and for reasons not entirely 
known (possibly due to a decreased number of D2 receptors 
on lactotroph cells), standard doses of dopamine agonists do 
not result in tumor shrinkage or normoprolactinemia. If max-
imum doses of dopamine agonists are used and not success-
ful in reducing the tumor by 50%, the patient is noted to have 
a dopamine agonist-resistant prolactinoma [9]. 
Macroadenomas and males are more likely to be resistant to 
treatment [9]. Resistance to dopamine agonist therapy at 
standard doses may also be reflected in continued infertility. 
Caution must be used if increasing cabergoline to maximal 
doses (such as 11 mg/week), as there have been incidences 
of cardiac valvular regurgitation at doses higher than 3 mg 
daily as in Parkinson’s patients [9]. The valvular disease 
appears to be due to serotonin receptor agonism leading to 
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fibromyoblast proliferation by cabergoline [3, 13]. 
Monitoring patients with periodic echocardiography is 
 recommended if using high-dose cabergoline (over 2  mg/
week) or after 5 years of treatment [9, 19, 20]. Referral to an 
experienced pituitary surgeon for transsphenoidal surgery in 
symptomatic patients who are resistant or intolerant to maxi-
mum doses of dopamine agonists is recommended. Post- 
operative risks include hypopituitarism, cerebrospinal fluid 
leak, and diabetes insipidus [9]. Surgically treated dopamine 
agonist-resistant tumors may recur in 7–50% of patients [3, 
9]. Radiotherapy is another option for malignant or medi-
cally resistant prolactinomas but may take decades for 
tumors to respond to treatment [9].

For patients with pharmacologic-induced hyperprolac-
tinemia who are symptomatic, the recommendation is assess-
ment of the advantages and disadvantages of continuing the 
medication. If possible, discontinuation of the medication or 
substitution of another drug with less dopamine agonist 
properties can be attempted. Antipsychotic drugs should not 
be stopped without consultation and supervision by the treat-
ing physician. A dopamine agonist should only be added to 
antipsychotic-induced hyperprolactinemia with extreme 
caution as exacerbation of the underlying psychiatric disor-
der can occur [9]. Asymptomatic patients with drug-induced 
hyperprolactinemia do not need treatment, but there are 
reports of women with decreased bone density who have 
antipsychotic-induced hyperprolactinemia [9]. In symptom-
atic patients where the medication cannot be stopped, women 
can be treated with estrogens and men with testosterone to 
prevent long-term effects of hypogonadism [19].

For women trying to conceive, hyperprolactinemia occurs 
in 30–40% and has been shown to act as an aromatase inhibi-
tor and can affect follicular fluid steroid metabolism [12, 17]. 
High PRL disrupts follicular maturation and corpus luteum 
function and may even reduce fertilization [12]. Some have 
suggested that hyperprolactinemia can affect the immune 
system and has opened the door to many studies investigat-
ing the neuroendocrine-immune axis (such as the role of 
natural killer cells) and primary infertility or recurrent preg-
nancy loss [2]. Further high-quality studies are needed to 
determine the relationship between hyperprolactinemia and 
recurrent loss [21]. However, dopamine agonists remain the 
first line of treatment in women hoping to conceive. Ovulation 
rates achieved by dopamine agonist treatment only are about 
80–90% if hyperprolactinemia is the only cause for anovula-
tion [21, 22]. There is question over management of infertile 
patients who have elevated levels of PRL who are otherwise 
asymptomatic, a condition termed “asymptomatic incidental 
hyperprolactinemia” [12]. Little is known about the initia-
tion of dopamine agonists during ovarian stimulation in 
in vitro fertilization (IVF) in this situation, but neither caber-
goline nor bromocriptine seems to have a deleterious effect 
on IVF outcomes [12] and may even improve responses in 

women considered poor responders [12]. If reproductive hor-
mone levels remain low with persistent hyperprolactinemia 
even after maximal doses of dopamine agonists, injectable 
gonadotropins replacement therapy may be needed to treat 
the hypogonadism symptoms [13]. Women with microade-
nomas can be cycled on and off dopamine agonists to allow 
for subsequent pregnancies [3].

16.6  Hyperprolactinemia and Pregnancy

While there is no evidence of increased adverse outcomes, 
such as miscarriage, ectopic pregnancy, trophoblastic dis-
ease, birth defects, multiples, or preterm delivery, associated 
with dopamine agonists in pregnancy, pregnant women with 
microadenomas should stop bromocriptine or cabergoline, 
because the risk of tumor expansion is low (less than 3%) 
and the drugs do cross the placenta [9, 10, 22]. However, the 
growth of a macroadenoma in pregnancy is possible in up to 
31% of patients, so continued use of bromocriptine (which 
has been studied more extensively than cabergoline in preg-
nancy) is advised or reinitiation of bromocriptine if previ-
ously discontinued [9, 11]. If clinical evidence for tumor 
growth, such as visual field defects or worsening headaches, 
develops while a patient is on bromocriptine, MRI without 
gadolinium is recommended with possible referral for pos-
sible pituitary surgery [11]. Preconception counseling for 
patients with macroadenomas that have not responded to 
dopamine agonist therapy should include consideration of 
surgical resection before pregnancy [9], which has shown to 
limit macroadenoma growth to about 5% [10]. However, 
patients should be informed that post-procedural risks 
include hypopituitarism with resulting pituitary hormone 
deficiencies necessitating fertility treatment with injectable 
gonadotropins to conceive [9].

Patients with prolactinomas should be clinically assessed 
every trimester during pregnancy, but formal visual testing is 
not needed in the absence of compressive symptoms unless a 
known macroadenoma is present. Obtaining serum prolactin 
levels during pregnancy is not recommended because prolac-
tin levels increase tenfold by term [3, 9, 10]. Also, physio-
logic changes to the pituitary gland during pregnancy 
includes lactotroph hyperplasia and volume increase due to 
estrogen stimulation from the placenta. The increase in pro-
lactin levels does not accurately correspond with activity or 
size of prolactinoma [9]. Routine MRIs should not be 
obtained during pregnancy with microadenomas or mac-
roadenomas unless compressive symptoms develop. If mass 
effect symptoms develop during pregnancy, dopamine ago-
nist therapy with bromocriptine can be initiated or referral 
for surgical treatment. There are no studies comparing dopa-
mine agonist therapy to surgical resection in this circum-
stance in pregnancy.
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Women can breastfeed their infant postpartum, but if she 
plans to do this, treatment with dopamine agonists is not 
 recommended since the resulting decrease in PRL would 
disrupt lactation. There is no evidence that breastfeeding 
causes pituitary tumor enlargement [3]. Pregnancy may 
have a favorable effect on a prolactinoma in that PRL levels 
are lower after delivery and remission of hyperprolactinemia 
has been reported in up to 37% of women [3, 10]. However, 
a woman with a macroadenoma should restart dopamine 
agonist therapy after pregnancy, unless breastfeeding is 
planned.

References

 1. Nawroth F. Hyperprolactinaemia and the regular menstrual cycle 
in asymptomatic women: should it be treated during therapy for 
infertility? Reprod Biomed Online. 2005;11(5):581–8.

 2. Triggianese P, Perricone C, Perricone R, De Carolis C. Prolactin 
and natural killer cells: evaluating the neuroendocrine-immune axis 
in women with primary infertility and recurrent spontaneous abor-
tion. Am J Reprod Immunol. 2015;73:56–65.

 3. Strauss JF, Barbieri RL.  Yen and Jaffe’s reproductive endocri-
nology: Physiology, pathophysiology, and clinical management. 
Philadelphia, PA: Saunders/Elsevier; 2009.

 4. Lu C, Hsieh C. The importance of measuring macroprolactin in the 
differential diagnosis of hyperprolactinemic patients. Kaohsiung J 
Med Sci. 2012;28:94–9.

 5. Palubska S, Adamiak-Godlewska A, Winkler I, Romanek-Piva 
K, Rechberger T, Gogacz M.  Hyperprolactinemia-a problem in 
patients from the reproductive period to the menopause. Menopause 
Rev. 2017;16(1):1–7.

 6. Bolyakov A, Paduch DA.  Prolactin in men’s health and disease. 
Curr Opin Urol. 2011;21:527–34.

 7. Capozzi A, Scambia G, Pontecorvi A, Lello A. Hyperprolactinemia: 
pathophysiology and therapeutic approach. Gyncol Endocrinol. 
2015;31(7):506–10.

 8. Fritz MA, Speroff L. Clinical gynecologic endocrinology and infer-
tility. 8th ed. Philadelphia: Lippincott Williams and Wilkins; 2011.

 9. Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori 
VM, Schlechte JA, Wass JAH. Diagnosis and treatment of hyper-
prolactinemia: an endocrine society clinical practice guideline. J 
Clin Endocrinol Metab. 2011;96(2):273–88.

 10. Shibli-Rahhal A, Schlechte J.  Hyperprolactinemia and infertility. 
Endocrinol Metab Clin N Am. 2011;40:837–46.

 11. Molitch ME.  Prolactinoma in pregnancy. Best Pract Res Clin 
Endocrinol Metab. 2011;25:885–96.

 12. Bahceci M, Sismanoglu A, Ulug U.  Comparison of cabergo-
line and bromocriptine in patients with asymptomatic incidental 
hyperprolactinemia undergoing ICSI-ET.  Gynecol Endocrinol. 
2010;26(7):505–8.

 13. Klibanski A.  Clinical practice. Prolactinomas. N Eng J Med. 
2010;362:1219–26.

 14. Wong-Anuchit C.  Clinical management of antipsychotic-induced 
hyperprolactinemia. Perspect Psychiatr Care. 2016;52:145–52.

 15. Glezer A, Bronstein MD. Approach to the patient with persistent 
hyperprolactinemia and negative sellar imaging. J Clin Endocrinol 
Metab. 2012;97(7):2211–6.

 16. Gardner DG, Shoback D. Greenspan’s basic and clinical endocri-
nology. 8th ed. New York: McGraw-Hill; 2007.

 17. Thirunavakkarasu K, Dutta P, Sridhar S, Dhaliwal L, Prashad GRV, 
Gainder S, Sachdva N, Bhansali A. Macroprolactinemia in hyperp-
rolactinemic infertile women. Encocrine. 2013;44:750–5.

 18. Davis JR. Prolactin and reproductive medicine. Curr Opin Obstet 
Gynecol. 2004;16:331–7.

 19. Rabinovich IH, Gomez RC, Mouriz MG, Garcia-Agullo 
DO. Clinical guidelines for diagnosis and treatment of prolactinoma 
and hyperprolactinemia. Endocrinol Nutr. 2013;60(6):308–19.

 20. Nachtigall LB. Cabergoline for hyperprolactinemia: getting to the 
heart of it. Endocrine. 2017;57:3.

 21. Chen H, Fu J, Huang W.  Dopamine agonists for preventing 
future miscarriage in women with idiopathic hyperprolactinemia 
and recurrent miscarriage history. Cochrane Database Syst Rev. 
2016;7:1–25.

 22. Berinder K, Hulting A, Granath F, Hirschberg AL, Akre O. Parity, 
pregnancy and neonatal outcomes in women treated for hyper-
prolactinemia compared with a control group. Clin Endocrinol. 
2007;67:393–7.

K. O’Leary



149© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_17

Natural Cycle IVF/Modified Natural 
Cycle IVF and Natural Cycle IVF/IVM

Justin Tan and Seang Lin Tan

17.1  Chapter Objectives

 1. Appreciate the historical milestones of in vitro fertiliza-
tion (IVF) development.

 2. Identify the major types of ovarian stimulation during 
IVF:
 (a) Controlled ovarian hyperstimulation IVF 

(COH-IVF)
 (b) Natural cycle IVF (NC-IVF)
 (c) Modified natural cycle IVF (MNC-IVF)
 (d) Mild stimulation IVF

 3. Recognize the rationale and indications for NC-IVF.
 4. Identify the benefits and reproductive outcomes of NC- 

IVF vs. COH-IVF.
 5. Understand the limitations and alternatives to NC-IVF vs. 

COH-IVF.
 6. Future advancements and implications.

17.2  Background

17.2.1  Definitions

Infertility is defined as the failure of a couple of reproductive 
age to conceive after at least 12 months of regular intercourse 
without contraception, affecting 15–20% of couples trying to 
conceive [1]. More specifically, primary infertility occurs 
in a couple who have never had a child, while secondary 
infertility is failure to conceive following a previous preg-

nancy. In the last 40  years, numerous improvements to 
assisted reproductive technologies (ARTs) have been devel-
oped, especially for in  vitro fertilization (IVF), greatly 
improving the chances of achieving pregnancy and live 
births.

17.2.2  Brief History of IVF

The field of assisted reproductive technologies (ARTs) began 
to take shape in the late nineteenth century, starting with the 
first systematic approach to human artificial insemination 
(AI) performed by the nineteenth-century surgeon- 
gynecologist Dr. J. Marion Sims at the Women’s Hospital in 
New York [1]. Although his findings from 55 fresh intrauter-
ine inseminations (IUIs) resulted in only one pregnancy that 
ended in miscarriage, his revolutionary approach to female 
infertility with an emphasis on treatment was well ahead of 
his time, albeit rife with ethical controversies as he experi-
mented on vulnerable populations without informed consent 
[2]. The first successful AI resulting in live birth occurred in 
1884 when Dr. William Pancoast of the Jefferson Medical 
College in Philadelphia used donor sperm from one of his 
medical students (unbeknownst to the patient) to perform the 
IUI—after he found the husband’s semen to be deficient in 
sperm. Despite the success of this case, the lack of informed 
consent would be completely unacceptable today. With the 
exception of IUI and rudimentary microscopic semen analy-
sis, fertility treatment in the late nineteenth to early twentieth 
centuries still mostly consisted of gynecological operations.

As the understanding of human physiology, embryology, 
and reproductive endocrinology flourished in the early to 
mid-twentieth century, so did the advancements in ART and 
laboratory techniques in cell culture. In 1934, biologists 
Gregory Pincus and Ernst Vinzenz Enzmann attempted the 
first “in vitro” fertilization (IVF) with rabbits. Although their 
attempt resulted in a successful pregnancy, further analysis 
revealed that fertilization had actually occurred in  vivo, 
rather than in  vitro, as they had implanted immature eggs 
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into the rabbit’s uterus without sufficient exposure to sperm. 
It wasn’t until 1951, when Colin Austin from Australia and 
Min Chueh Chang from the Worcester Foundation in the 
United Sates independently demonstrated that spermatozoa 
and oocytes need to mature through certain stages before 
they develop the capacity to fertilize. By 1959, Chang clearly 
demonstrated that in vitro fertilization of rabbit oocytes and 
subsequent uterine transfer were indeed capable of preg-
nancy and live birth of a rabbit. Not only did this seminal 
study propel IVF to the forefront of ART and embryology 
research, but the successes of IVF in an animal model sug-
gested that the same procedure might be possible in humans.

In 1944, obstetrician-gynecologist Dr. John Rock first 
successfully fertilized a human egg outside of the body [3]. 
Due to the societal hesitancy toward ARTs and embryology 
research at the time, the fertilized embryos were never 
implanted in humans. Nonetheless, Rock demonstrated that 
a successful IVF technique in humans was within reach. The 
first human pregnancy achieved through IVF was achieved 
by Alan Trounson, John Leeton, and Carl Wood of Monash 
University in 1973, although it resulted in a biochemical 
pregnancy. Around the same time, English physiologist Dr. 
Robert Edwards began research on the genetics of human 
oocyte maturation and fertilization of oocytes in  vitro [4]. 
Shortly after, Dr. Patrick Steptoe, an obstetrician- 
gynecologist who practiced laparoscopic retrieval of human 
oocytes, collaborated with Edwards in 1966 on human IVF 
development—combining laboratory innovation with clini-
cal application. Although their initial efforts resulted in an 
ectopic pregnancy, they finally succeeded in the first IVF 
baby, Louise Joy Brown, who was born in England on July 
25, 1978, using an unstimulated natural cycle IVF [5]. As the 
news resounded throughout the world and paved the way for 
IVF to take center stage for infertility treatment, Edwards 
would go on to receive the 2010 Nobel Prize in Medicine for 
their contributions to the field.

As human IVF moved from an experimental laboratory 
procedure to established clinical practice for infertile cou-
ples in the 1980s, many scientists and physicians from 
around the world sought to optimize the IVF ovulatory cycle 
protocol through incorporating exogenous hormones like 
clomiphene citrate (CC) and human menopausal hormone 
(hMG) to stimulate folliculogenesis. The rationale was that 
inducing a cohort of follicles to mature would increase the 
yield of oocyte retrieval, therefore improving the chances of 
creating embryos for transfer [6]. Alan Trounson and Howard 
Jones pioneered the use of these hormones in a regimen 
referred to as controlled ovarian hyperstimulation (COH) in 
order to increase the yield of oocytes retrieved [7, 8]. 
Similarly, gonadotropin-releasing hormone (GnRH) agonists 
and antagonists enhanced protocols [9–14] by improving 
oocyte quality on retrieval and minimize complications and 
risks such as premature ovulation, ovarian hyperstimulation 

syndrome, and multiple gestations [15]. By the 1990s, the 
sophistication of IVF protocols has led to the expansion of 
treatment options and improved pregnancy outcomes. These 
include new recombinant injectable gonadotropin agents, 
in  vitro maturation and fertilization for women with poor 
ovarian response [16], and cryopreservation of embryos for 
subsequent uterine transfer. Cryopreservation and vitrifica-
tion of oocytes and embryos meant that women do not have 
to repeat the full fertility treatment cycle when implantation 
of a fresh embryo fails. Furthermore, Gianpiero Palermo and 
his team helped couples better overcome male factor infertil-
ity from defective sperm function with the development of 
intracytoplasmic sperm injection (ICSI) in 1991. Procedural 
sophistication such as the advent of transvaginal ultrasound 
aspiration of oocytes made egg retrieval more tolerable and 
less invasive for patients [17].

While historic IVF live birth rates were less than 16% per 
transfer, current clinics report live birth rates of up to 25% 
per cycle for women under 40 years [9]. In 2012, an esti-
mated total of 5 million babies were born around the world 
as a result of ART, with around 1.5 million cycles being per-
formed each year globally. The demand for IVF and other 
ARTs has seen a dramatic increase in the last decade, due to 
a combination of delayed childbearing and increased acces-
sibility to infertility treatment. While ART-assisted births 
account for 2–3% of all births in Europe, only 0.7% of all 
births in the United States are the result of ARTs. The impact 
of IVF on the patient’s health, her pregnancy, and her infant 
has some researchers begin to question the safety of ARTs 
[10]. IVF pregnancies have been well documented to be of 
higher risk than those from spontaneous conception, result-
ing in significantly higher odds of perinatal mortality, pre-
term delivery, low birth weight, and small for gestational age 
babies [10].

A successful IVF cycle entails the balance between opti-
mizing egg retrieval to create high-quality embryos for uter-
ine transfer while minimizing the exposure of the patient to 
the risks of excessive ovarian stimulation. The current con-
ventional IVF approach for an infertile couple is the con-
trolled ovarian hyperstimulation IVF (COH-IVF), where a 
cocktail of fertility medications to stimulate follicular growth 
and maturation aim to maximize the yield of oocytes 
retrieved from each cycle. The introduction of COH-IVF led 
to it becoming the standard ovarian stimulation method 
because of the improved birth rates. In this chapter we 
explore the rationale, outcomes, limitations, and alternatives 
to COH-IVF by focusing on the “natural cycle IVF” 
(NC-IVF), where the patient is brought through an unstimu-
lated cycle with minimal to no medication before oocyte 
retrieval and uterine transfer of a single embryo—just like 
how Louise Brown was conceived. While NC-IVF intends to 
lower the incidence of ovarian stimulation side effects, suc-
cess rates were low secondary to unpredictable luteinizing 
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hormone (LH) surges which resulted in premature ovulation 
and cycle cancelations. Yet, in context of a patient who can-
not tolerate or prefers minimal ovarian stimulation due to 
side effects or financial restrictions, NC-IVF may be prefer-
able choice. Whereas some scientists and physicians aim to 
find the right protocol that best simulates the physiologic 
ovulatory cycle while tailoring to the patient’s needs and 
wishes, others are trying to compare whether ovarian stimu-
lation affects embryo quality and perinatal outcomes. 
Needless to say, the reconsideration of NC-IVF in personal-
ized clinical practice may reshape the future of ART devel-
opment and convention.

17.3  Types of Ovarian Stimulation 
Protocols

17.3.1  Controlled Ovarian Hyperstimulation 
(COH)

A successful IVF cycle depends on the optimization of egg 
retrieval for generating high-quality embryos and minimizing 
the patients’ exposure to excessive ovarian stimulation. The aim 
of exogenous hormones in COH is to initiate the maturation of 
a group of follicles while preventing premature spontaneous 
ovulation which would result in cycle cancelation. Therefore, 
all COH protocols comprise the following three components:

 1. Stimulation of multiple follicles through oral or injectable 
exogenous gonadotropins (CC, hMG, recombinant FSH, 
etc.)

 2. Additional therapy with either GnRH agonist or antago-
nists to prevent premature ovulation through pituitary 
axis suppression

 3. Triggering of final oocyte maturation about 34–36 hours 
prior to oocyte retrieval when the follicles are 17 mm in 
diameter, with human chorionic gonadotropin (hCG) or 
GnRH agonist

 4. Transvaginal oocyte retrieval via ultrasound-guided aspi-
ration under mild sedation

COH increases oocyte yield and thus the potential for 
having multiple embryos, facilitating preimplantation 
genetic screening and cryopreservation of surplus embryos, 
improving the success rates, and minimizing repeated gonad-
otropin exposure if there was pregnancy failure [11] 
(Table  17.1). Segmented IVF, where oocyte retrieval and 
frozen-thaw embryo transfers are performed in separate 
cycles, is thought to improve implantation success through 
luteal phase support of the endometrium and makes the ini-
tial cycle more tolerable for the patient. Use of exogenous 
hormone regimens, however, also means increased costs and 

complications for the patient. Most patients initially use oral 
medications such as clomiphene and letrozole for ovarian 
stimulation through dampening of the negative feedback of 
endogenous estrogen on the hypothalamus-pituitary axis. 
Although pregnancy rates are higher with injectable hor-
mones such as recombinant follicle stimulation hormone 
(rFSH) and hMG, they do confer a higher risk of multiple 
gestation, ovarian hyperstimulation syndrome (OHSS), 
costs, and monitoring time [12].

17.3.2  Mild Stimulation IVF (MS-IVF)

MS-IVF is a gentler form of COH-IVF where a lower daily 
dose of gonadotropins (i.e., FSH, hMG) is given for a shorter 
duration in a flexible GnRH-antagonist cycle. Oral antiestro-
gens (CC, letrozole) may also be used either alone or in com-
bination with gonadotropins [13]. The clinical significance 
of MS-IVF revolves around the concept that gentler follicu-
lar stimulation would improve oocyte quality at retrieval. 
Although FSH dose is directly correlated with the number of 
oocytes recovered, the number of good-quality blastocysts 
was not found to have a similar relationship with gonadotro-
pin dose. Essentially, the blastocyst-oocyte ratio and fertil-
ization rate showed an inverse relationship with the 
magnitude of ovarian stimulation [14]. Furthermore, the 
cumulative pregnancy outcomes of MS-IVF versus COH- 
IVF were found to be similar, despite less oocytes or embryos 
being available with MS-IVF [13].

Table 17.1 Types in  vitro fertilization (IVF) cycle stimulation 
protocols

Terminology Aim Methodology
Classical natural cycle 
IVF

Single oocyte No medication, hCG at 
17–18

Classical modified 
natural cycle IVF

Single oocyte hCG at 17–18 mm, 
antagonist from 14 mm 
and FSH/hMG add-back

Early stimulation, early 
trigger modified natural 
cycle IVF/IVM

1–125 
oocytes 
(some MII, 
some GV)*

FSH day 4, 6, 8 hCG 
when lead follicle 
14 mm

Mild IVF 2–7 oocytes Low-dose FSH/hMG + 
antagonists or oral 
compounds

Conventional IVF ≥8 oocytes Agonist or antagonist 
conventional FSH/hMG 
dose

COH controlled ovarian hyperstimulation, hCG human chorionic 
gonadotropin, FSH follicle-stimulating hormone, hMG human meno-
pausal gonadotropin
*From Dahan MH, Ata B, Rosenberg R, Chunh JT, Son WY, Tan 
SL. Collection of 125 oocytes in an in vitro maturation cycle using a 
new oocyte collection technique. J Obstet Gynaecol Can. 2014; 
36:900–3, with permission
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17.3.3  Natural Cycle IVF and Variants

Natural differs from COH-IVF and MS-IVF in that little to 
no hormone treatments are administered to stimulate follicu-
logenesis. Rather, clinicians rely on the monitoring of fol-
licular maturation by measuring their size and structure. 
When the follicle reaches an estimated size of 15–20 mm, 
final maturation of the oocyte can either be anticipated before 
spontaneous ovulation or induced by administering ovula-
tion triggers like subcutaneous hCG [18]. The oocyte is then 
retrieved by follicle aspiration under transvaginal ultrasound 
guidance, similar to that of COH-IVF.  There are several 
types of natural cycle IVF:

 1. Unstimulated NC-IVF
• When a follicle approaches maturity (approximately 

10–12  mm in diameter), the oocyte retrieval date is 
anticipated. hCG is administered to trigger ovulation 
when follicle is about 18–20 mm in size, or when the 
serum estradiol rises [19]. In the case of premature 
spontaneous LH surge (measured in urine), either 
cycle cancelation or earlier oocyte retrieval occurs 
[17].

 2. Modified natural cycle IVF (MNC-IVF)
• For MNC-IVF, a short course (2–6 days) of gonadotro-

pins is given for follicular stimulation. Daily GnRH 
antagonist injections are used to suppress premature 
ovulation after a short period of ovarian stimulation or 
when the largest follicle reaches a diameter of 14 mm.

• Similar to COH-IVF, hCG is given to trigger oocyte 
maturation when the leading follicle reaches a size of 
15–20  mm, but only one fully matured oocyte is 
retrieved.

• Luteal phase support is required despite immediate 
recovery of the pituitary after cessation of the GnRH 
antagonist [20].

17.4  Rationale, Indications, and Potential 
Risks for Natural Cycle IVF

The main differences between NC-IVF and COH-IVF arise 
as a consequence of not using gonadotropin agents for ovar-
ian stimulation. Patients undergoing COH-IVF increased 
risk of multiple gestation pregnancies than in NC-IVF [21]. 
Multiple gestations are associated with a high risk of prema-
turity, causing considerable morbidity and mortality in neo-
nates [22]. Women undergoing COH-IVF cycles may also 
experience OHSS in up to 10% of cases [23]. OHSS is a 
serious and sometimes life-threatening iatrogenic adverse 
effect as a result of prolonged gonadotropin therapy. NC-IVF 
and MNC-IVF reduce this risk by minimizing exposure time 
to ovarian stimulation. This also results in a less physically 

and emotionally demanding, less time-consuming proce-
dure. Since no resting cycle is needed following a failed 
cycle, patients can undergo back-to-back cycles to increase 
cumulative success rates [19]. Finally, for couples with male 
factor subfertility, which comprises 20% of all causes of 
infertility [24], NC-IVF may be more appropriate to mini-
mize the physical, psychological, and financial burden that 
comes with COH-IVF for the couple [11]. NC-IVF is also a 
desirable alternative from conventional COH-IVF for women 
with poor ovarian response or a history of failed stimulated 
IVF cycles. These patients may have low anti-Mullerian hor-
mone (AMH) and high FSH or have had a poor response to 
fertility drugs previously. For financially restricted couples, 
NC-IVF is less costly overall, up to 97.5% less than the least 
expensive conventional IVF cycle [25, 26]. Even when com-
paring ovulatory cycles used in conjunction with IUI, 
unstimulated cycles were statistically significantly less 
costly than stimulated cycles [26].

17.5  Benefits and Outcomes

Although pregnancy rate per NC-IVF cycle does not match 
that of COH-IVF, cumulative pregnancy rates are similar. 
Nargund and colleagues compared cumulative outcome of 
successive cycles of NC-IVF with COH-IVF [18]. They 
reported a cumulative probability of pregnancy of 46% and 
live birth rate of 32%. It seems a series of NC-IVF should be 
offered as an alternative to COH-IVF [18]. Decreased cost of 
drugs and monitoring can render NC-IVF more affordable 
than conventional treatment. In that same study, they calcu-
lated that even a series of NC-IVF cycles cost only 23% of 
one stimulated cycle, suggesting that it may be a cost- 
effective alternative to conventional IVF [18].

Despite mimicking maternal normal physiology, perinatal 
outcomes are worse for families that have undergone IVF 
cycles than that of spontaneous conception. For example, 
lower birth weights and an increased risk of preterm birth 
were found in a recent prospective analysis of over 60,000 
singleton stimulated IVF live births [27]. Pelinck in 2010 
also found a correlation between these adverse perinatal out-
comes with ovarian hyperstimulation and higher oocyte 
count [28]. Interestingly, infants conceived by unstimulated 
or natural IVF have a lower risk of being low birth weight 
than infants conceived by stimulated IVF [29]. This risk, 
however, did not remain significant after adjusting for gesta-
tion age at birth. More recent retrospective studies examin-
ing the effects of exogenous gonadotropins on embryo 
quality showed that cleavage capacity and objective qualita-
tive assessment of resulting embryos were not affected by 
hormonal stimulation. Neither the cleavage rate of oocytes 
nor the early cleavage stage morphology of embryos differed 
between stimulated and natural IVF cycles [30]. However, 
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the same study did not assess the effects of gonadotropin 
administration on post-implantation embryonic develop-
ment, which could still contribute to perinatal outcomes. 
Overall, these findings seem to suggest that the contributing 
difference in reproductive outcomes between COH-IVF and 
NC-IVF seems to be mostly due to the difference in oocyte 
numbers.

17.6  Limitations and Alternatives

One potential disadvantage of NC-IVF includes a higher 
cycle cancelation rate due to unpredictability of premature 
LH surges. Furthermore, because only one dominant follicle 
develops into an oocyte when retrieved, there is a lower 
chance of successful embryo transfer. The utility of preim-
plantation genetic screening is also limited due to a limited 
pool of embryos formed. While the MNC-IVF employs the 
use of short-term gonadotropins and GnRH antagonists to 
prevent premature ovulation, oocyte yield is still minimal, 
with 1–2 eggs retrieved per cycle. When compared with con-
ventional COH-IVF, where there are well-established ther-
apy regimens with a long track record of success rates, 
NC-IVF has lower live birth rates (LBR) per cycle after fresh 
embryo transfer, depending on the provider experience and 
the clinical factors of each individual patient [31]. The lower 
LBR per cycle may mean that it could be potentially more 
time-consuming and require more effort for a couple to reach 
successful pregnancy [11, 25, 32]. With LBR as low as 7% 
per cycle, this is the most significant reason against attempt-
ing NC-IVF for many patients.

One alternative to address the issue of low oocyte yield 
and premature ovulation is through the combination of 
NC-IVF with in vitro maturation (IVM), where follicles are 
retrieved at 14 mm and oocytes are matured in the laboratory. 
Benefits include a much higher oocyte yield and the ability to 
perform genetic screening and embryo cryopreservation for 
a subsequent transfer. However, this could potentially be 
more resource intensive, utilizing other adjunctive ARTs 
such as ICSI after IVM. A few studies have also assessed the 
risk of congenital abnormalities and adverse obstetrical out-
comes for NC-IVF and IVM versus COH-IVF and found no 
differences between the two modalities [33]. Interestingly, a 
smaller retrospective study in 2010 found that embryos 
derived from IVM oocytes that matured more than 48 hours 
after retrieval had higher chromosomal abnormality rates 
than those that matured within 24 hours or matured in vivo 
[34]. The use of IVM in ART is still an active area of research 
and innovation, ever since Dr. Edwards began his research on 
human oocyte maturation in his lab.

Mild stimulation IVF has also been explored as an alter-
native to both COH and NC-IVF, as a way to combine the 
strengths of each modality. While MS-IVF has comparable 

reproductive outcomes with COH-IVF, it is associated with a 
more favorable safety profile, with higher perinatal birth 
weights and higher patient satisfaction [13]. One MS-IVF 
cycle also yields a higher oocyte count than that of NC-IVF, 
increasing the chances for successful embryo transfer, and 
allows for genetic screening and cryopreservation. With a 
lower dose of gonadotropins, patients are at a lower risk for 
OHSS and thrombosis, making MS-IVF a more suitable, 
accessible alternative for both couples and IVF providers 
[35]. Emerging economic analyses for MS-IVF have addi-
tionally shown its cost-saving impact on clinical practice, 
where a multicenter randomized controlled trial demon-
strated the considerable savings accrued through lowering 
gonadotropins doses while maintaining comparable preg-
nancy outcomes.

17.7  Future Advancements

When cryopreservation techniques were first developed in 
the 1990s, the procedure was largely experimental and 
reserved mostly for embryo storage. The more recent inno-
vation of “vitrification” or flash-freezing has significantly 
improved the freeze quality, making egg-freezing a poten-
tial way to preserve fertility [36]. This expansion of “social 
oocyte cryopreservation” in recent years has been largely 
due to the increased number of couples who delay child-
bearing for a multitude of personal, professional, financial, 
and psychological reasons [37]. In the early 2010s, the 
Society for Assisted Reproductive Technology (SART) 
announced that oocyte cryopreservation was no longer an 
experimental procedure but cautioned against the use of 
egg-freezing to defer age-related fertility decline. The data 
on its efficacy, safety, and cost-effectiveness were limited 
for healthy women of reproductive age. For a couple under-
going conventional COH-IVF, one can see the potential 
harms, adverse effects, and financial costs of the process on 
the patient. On the other hand, a woman seeking to freeze 
her eggs using NC-IVF can achieve similar success with 
lower costs, health risks, and emotional and physical bur-
den as no drugs are used in the process. Future analysis and 
trials should be conducted to illustrate the impact of 
unstimulated IVF cycles on the acceptability of social egg-
freezing [38].

17.8  Conclusion

NC-IVF combines the body’s natural process of folliculo-
genesis and endometrial development with the precision of 
oocyte retrieval at maturity and improved laboratory tech-
niques in order to optimize oocyte embryo quality within a 
less physically demanding treatment cycle. While pregnancy 
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rates can be as low as 6% per cycle, the cumulative rate after 
several repeated cycles is comparable to one conventional 
COH-IVF cycle, especially for poor-responder women to 
fertility medication. Whereas direct benefits of NC-IVF 
include no risk of OHSS and multiple gestation, minimal 
side effects, and less financial burden, cycle cancelation rates 
are higher due to unpredictable premature ovulation. As 
such, more frequent intrusive monitoring may be warranted 
for the patient to prevent this [11]. In addition, there are no 
surplus eggs or embryos for use in future transfers should the 
current cycle fail.

To date, no large-scale randomized controlled trials exist 
that directly compares NC-IVF with standard COH-IVF, 
with primary outcomes focusing on cumulative live birth 
rates, the number of treatment cycles per woman necessary 
to reach live birth, adverse effects, and treatment costs of the 
drugs. Other alternative IVF protocols, such as MNC-IVF 
and MS-IVF, should be investigated in the same matter, with 
the data analysis geared toward a clear comparison in repro-
ductive outcomes per woman [11].

The natural cycle IVF aims to achieve quality over quan-
tity of oocytes and embryos while making the process more 
affordable for couples. The accessibility of IVF treatments, 
and ARTs in general, can only be realized by reducing the 
costs and complications [39]. In the four decades since 
Louise Brown was born, ART innovation has only acceler-
ated, aided by new technologies and bedside techniques to 
better understand and preserve human fertility—both in vivo 
and in vitro.
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Unconventional Ovarian Stimulation 
for Medically Assisted Reproduction

Sule Yildiz and Baris Ata

Ovarian stimulation for assisted reproductive technology 
(ART) or medically assisted reproduction (MAR) aims to 
provide multiple oocytes available for in  vitro fertilization 
since the chances of a live birth increase in parallel to the 
number of oocytes [1, 2]. Multifollicular development is 
achieved by maintaining follicle-stimulating hormone (FSH) 
levels above the threshold required to drive growth of FSH- 
sensitive follicles. The spontaneous luteinizing hormone 
(LH) surge is suppressed by the use of gonadotropin- 
releasing hormone (GnRH) analogues to prevent ovulation 
before oocyte retrieval, and oocyte maturation is triggered 
with either human chorionic gonadotropin (hCG) or a GnRH 
agonist, depending on the stimulation protocol.

Traditionally, exogenous gonadotropin stimulation is 
started at the beginning of follicular phase to ensure the growth 
of the cohort of antral follicles, which are recruited during the 
luteo-follicular transition. This enables OR at the end of fol-
licular phase and in  vitro embryo development during the 
early luteal phase. Thus, embryo development is synchronized 
with endometrial development, transition to the secretory 
phase, and importantly with the implantation window, enabling 
fresh embryo transfer. However, with the advent of successful 
vitrification, a fresh embryo transfer is not considered manda-
tory on certain occasions, including total cryopreservation to 
prevent ovarian hyperstimulation syndrome and to increase 
the chances of a live birth in hyper- responders, women under-
going preimplantation genetic testing (PGT), or when the 
intent is to use the oocytes/embryos in the future for fertility 
preservation for a medical or social indication.

It is realized that multiple waves of antral follicles develop 
during one menstrual cycle rather than a single recruitment 
episode during the follicular phase [3]. This understanding 
has brought about the concepts of starting ovarian stimula-
tion at any time during a menstrual cycle, dubbed as “random- 
start stimulation” and ovarian stimulation during the luteal 
phase. The wave theory provides the rationale for ovarian 
stimulation during the luteal phase. In a natural cycle, the 
dominant follicle formed in the final wave of the inter- 
ovulatory interval reaches ovulation, and the other waves are 
anovulatory [3]. However, follicles that are recruited during 
the anovulatory waves have the potential to reach ovulation 
when exposed to FSH stimulation, enabling random-start 
stimulation [4].

While random-start stimulation was initially used for 
fertility preservation in women with cancer [5, 6], encour-
aging results have been reported with luteal phase-start 
ovarian stimulation in healthy women undergoing MAR [7, 
8]. Stimulating the ovaries twice during one menstrual 
cycle has also been used to rapidly accumulate embryos for 
women with a low ovarian reserve. The first round of stim-
ulation is commenced in the follicular phase with the use of 
a GnRH antagonist to suppress the LH surge, usually a 
GnRH agonist is used to trigger final oocyte maturation, 
and the second round of stimulation is initiated after OR 
[7]. Since the endogenous progesterone secreted by the cor-
pora lutea can suppress endogenous LH production, the 
second round of stimulation in the luteal phase stimulation 
can be done without using GnRH antagonist in many cases. 
However, ovarian stimulation in the luteal phase can take 
longer (on average 1.5 days), require more gonadotropins 
(on average 817  IU), but can provide higher number of 
mature oocytes [8–10]. Blastocyst development from the 
oocytes collected in the luteal phase seems similar with 
oocytes collected from stimulation in the follicular phase. 
Ubaldi et al. reported that 42% and 54% of 42 women, with 
an average age of 39 years who underwent double stimula-
tion, had at least one euploid blastocyst following stimula-
tion in the follicular and luteal phases, respectively. These 
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blastocysts seem to be similarly likely to be euploid and 
provide similar pregnancy rates when transferred in a sub-
sequent cycle [10, 11]. Limited data on obstetric outcome 
of and congenital anomalies in pregnancies derived from 
frozen-thawed transfer of embryos derived from luteal 
phase stimulation ovaries suggest similar results with fol-
licular phase oocyte retrievals [12]. Chen et al. reported the 
obstetric outcomes of 587 children born from luteal phase 
stimulation and compared with 1257 children born from 
frozen-thawed embryo transfers following conventional 
MAR cycles and 216 children from mild ovarian stimula-
tion cycles. Gestational age, birth weight and length, and 
early neonatal death rates were comparable. Likewise, the 
incidence of live-birth defects were similar among the three 
groups: 1.02% in the luteal stimulation, 0.64% in the short 
GnRH-a protocol, and 0.46% in the mild ovarian-stimula-
tion group. Prevalence of congenital anomalies were also 
similar between the three groups.

References

 1. Sunkara SK, Rittenberg V, Raine-Fenning N, Bhattacharya S, 
Zamora J, Coomarasamy A.  Association between the number of 
eggs and live birth in IVF treatment: an analysis of 400 135 treat-
ment cycles. Hum Reprod. 2011;26:1768–74.

 2. Polyzos NP, Drakopoulos P, Parra J, Pellicer A, Santos-Ribeiro S, 
Tournaye H, Bosch E, Garcia-Velasco J. Cumulative live birth rates 
according to the number of oocytes retrieved after the first ovarian 
stimulation for in vitro fertilization/intracytoplasmic sperm injec-
tion: a multicenter multinational analysis including approximately 
15,000 women. Fertil Steril. 2018;110:661–670e1.

 3. Baerwald AR, Adams GP, Pierson RA.  Ovarian antral folliculo-
genesis during the human menstrual cycle: a review. Hum Reprod 
Update. 2012;18:73–91.

 4. Sonmezer M, Turkcuoglu I, Coskun U, Oktay K.  Random-start 
controlled ovarian hyperstimulation for emergency fertility preser-
vation in letrozole cycles. Fertil Steril. 2011;95:2125e9–11.

 5. Cakmak H, Rosen MP. Random-start ovarian stimulation in patients 
with cancer. Curr Opin Obstet Gynecol. 2015;27:215–21.

 6. Kim JH, Kim SK, Lee HJ, Lee JR, Jee BC, Suh CS, Kim 
SH. Efficacy of random-start controlled ovarian stimulation in can-
cer patients. J Korean Med Sci. 2015;30:290–5.

 7. Kuang Y, Chen Q, Hong Q, Lyu Q, Ai A, Fu Y, Shoham Z. Double 
stimulations during the follicular and luteal phases of poor respond-
ers in IVF/ICSI programmes (Shanghai protocol). Reprod Biomed 
Online. 2014;29:684–91.

 8. Kuang Y, Hong Q, Chen Q, Lyu Q, Ai A, Fu Y, Shoham 
Z.  Luteal- phase ovarian stimulation is feasible for producing 
competent oocytes in women undergoing in vitro fertilization/intra-
cytoplasmic sperm injection treatment, with optimal pregnancy 
outcomes in frozen- thawed embryo transfer cycles. Fertil Steril. 
2014;101:105–11.

 9. Boots CE, Meister M, Cooper AR, Hardi A, Jungheim ES. Ovarian 
stimulation in the luteal phase: systematic review and meta- 
analysis. J Assist Reprod Genet. 2016;33:971–80.

 10. Liu C, Jiang H, Zhang W, Yin H. Double ovarian stimulation during 
the follicular and luteal phase in women >/=38 years: a retrospec-
tive case-control study. Reprod Biomed Online. 2017;35:678–84.

 11. Ubaldi FM, Capalbo A, Vaiarelli A, Cimadomo D, Colamaria S, 
Alviggi C, Trabucco E, Venturella R, Vajta G, Rienzi L. Follicular 
versus luteal phase ovarian stimulation during the same menstrual 
cycle (DuoStim) in a reduced ovarian reserve population results in 
a similar euploid blastocyst formation rate: new insight in ovarian 
reserve exploitation. Fertil Steril. 2016;105:1488–1495e1.

 12. Chen H, Wang Y, Lyu Q, Ai A, Fu Y, Tian H, Cai R, Hong Q, Chen 
Q, Shoham Z, Kuang Y.  Comparison of live-birth defects after 
luteal-phase ovarian stimulation vs. conventional ovarian stimula-
tion for in vitro fertilization and vitrified embryo transfer cycles. 
Fertil Steril. 2015;103:1194–1201e2.

S. Yildiz and B. Ata



159© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_19

Endocrine Monitoring of Controlled 
Ovarian Stimulation for Medically 
Assisted Reproduction

Paula Celada, Elena Labarta, and Ernesto Bosch

19.1  Introduction

Since the first in  vitro fertilization (IVF) birth in 1978, 
assisted reproductive techniques (ART) have evolved, and 
the use of natural cycles was very soon replaced by ovarian 
stimulation protocols to optimize the results of the technique. 
The main goal of controlled ovarian stimulation (COS) is to 
obtain a large number of mature oocytes that can be fertilized 
resulting in a cohort of embryos. This strategy has substan-
tially increased pregnancy rates in patients because more 
oocytes are obtained per cycle and, presumably, a greater 
embryo selection for transfer becomes possible [1].

This technique involves the use of drugs to force the pro-
duction of oocytes; as a consequence, there is an alteration of 
the ovarian cycle.

It is important to understand ovarian function and related 
hormonal changes in order to correctly manage treatments.

19.2  Hormonal Assessment Prior to a Cycle 
of Ovarian Stimulation

19.2.1  Biomarkers of Ovarian Response

Patients requiring IVF treatment are heterogeneous; there-
fore, it is important to make a good pretreatment assessment. 
Among the parameters to take into account for the prognosis 
of a cycle of IVF, those that have shown to have a greater 
impact on cycle outcome are age, body mass index (BMI), 
and the state of ovarian function.

Ovarian response to COS can now be predicted with a 
high degree of accuracy using two biomarkers that estimate 
the ovarian reserve: antral follicle count (AFC) and anti- 
Müllerian hormone (AMH) level in serum. Depending on the 
expected ovarian response to stimulation, the objectives of 

the treatment can be defined in advance, providing more reli-
able information to the patient about the prognosis and facili-
tating counselling about the process. On the other hand, 
clinicians can adopt therapeutic strategies specific to each 
patient, selecting a personalized protocol [2] (Table 19.1).

Serum AMH measurement has been observed to be highly 
predictive of ovarian response; furthermore, it has been posi-
tively related to the probability of newborn once adjusted for 
age [3].

It has been postulated that AMH can be determined at any 
point in the cycle, without affecting its values; however, 
AMH values can be artificially diminished due to the prior 
intake of anovulatory, either orally, transdermally, or vagi-
nally. This decrease is directly related to the dose and the 
time of administration [4]. It has also been observed that 
AMH is significantly decreased in patients undergoing endo-
metriosis surgery [5]. In contrast, patients with polycystic 
ovarian syndrome (PCOS) have higher AMH levels than 
control patients, or even than patients with polycystic ovaries 
appearance, but without a diagnosis of PCOS [6].

19.2.2  Other Hormonal Factors That May 
Influence the Ovarian Response

The response of a particular patient to COS is fundamentally 
conditioned by the ovarian reserve and age. However, there 
are other hormonal factors that can influence this response. It 
is important to evaluate these parameters before starting 
treatment.

19.2.2.1  Age
Ovarian aging involves endocrinological changes that influ-
ence the response to a COS cycle. Serum FSH levels increase 
at the beginning of the follicular phase, and this event may 
lead to accelerated folliculogenesis, which in the context of a 
COS cycle for IVF will result in an asynchronous follicular 
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Table 19.1 Correlation between serum AMH levels and the number of Metaphase II oocytes obtained with stimulation (internal data IVI Valencia)

AMH Gen II (pMol/L) AMH-Roche (pMol/L) Median (pp 25–75) Mean ± SD 95% CI Min-Max
<0.57 0.1–0.8 1.5 (0–2) 1.8 ± 1.5 1.4–2.2 0–7
0.57–1.0 0.8–1.5 2 (2–3) 3.1 ± 3.0 1.5–4.6 0–13
1.1–1.5 1.5–2.0 3 (2–5) 2.9 ± 2.2 1.8–3.9 0–7
1.6–2.0 2.1–3.0 4 (2.5–6) 4.1 ± 2.1 3.2–5.2 0–8
2.1–5.0 3.1–5.0 4 (2–7) 4.7 ± 2.7 3.8–5.6 0–11
5.1–7.5 5.1–6.0 6 (4–9) 6.8 ± 4.0 5.8–7.9 0–21
7.6–10.0 6.0–8.0 7 (5–9) 7.6 ± 4.1 6.0–9.1 1–17
10.1–15.0 8.1–12.0 8 (5–9) 7.7 ± 3.2 6.4–8.8 2–15
15.1–20.0 12.0–15.0 8 (5–10) 8.0 ± 3.8 6.4–9.7 2–18
20.1–30.0 15.1–22.5 13 (9–16) 12.4 ± 4.7 10.1–14.6 5–22
>30 >22.5 21 (17–23) 19.3 ± 5.9 15.3–23.2 7–29

However, this is not the only hormonal change in these 
patients. In late reproductive age, there is a decrease in basal 
androgen levels occurring despite the maintenance of sex 
hormone binding globulin levels (SHBG). In addition to this 
hypoandrogenic condition, follicular capability for inducing 
androstenedione synthesis after rFSH administration is sig-
nificantly impaired in older patients compared with younger 
reproductive- aged patients, whereas estradiol (E2) secretion 
is preserved by increased aromatase function [7].

19.2.2.2  Basal Levels of Androgens
Both ovary and adrenal gland contribute to androgen produc-
tion in women with normal reproductive function. Androgens 
play an important role in ovarian functioning as they stimu-
late pre-antral and antral follicle growth and are the precur-
sors for estradiol synthesis following FSH receptor 
stimulation to promote granulosa cell proliferation. The syn-
thesis of androgens in the follicle is induced by the luteiniz-
ing hormone (LH). Patients with low androgen levels would 
hypothetically benefit from LH administration during ovar-
ian stimulation, which could explain the better results 
observed in patients older than 35  years who used this 
gonadotrophin in IVF treatments. Our group proposed a 
study to test this hypothesis whose results showed a great 
pregnancy rate in patients who received LH during stimula-
tion when their testosterone levels were low, whereas no dif-
ferences were observed in patients with normal or high 
testosterone levels. Thus basal levels of androgens could 
constitute an appropriate biomarker to determine the suit-
ability for LH administration during ovarian stimulation.

19.2.2.3  Basal Levels of Gonadotropins
It is necessary to evaluate the basal levels of gonadotropins 
because ovarian reserve markers such as AMH or antral fol-
licles count are normal in patients with hypogonadotropic 
hypogonadism. However, it has been demonstrated that these 

patients need the administration of LH during ovarian stimu-
lation in order to obtain an adequate estrogen production and 
therefore a correct oocyte maturation and a good endometrial 
proliferation [8]. Stimulation with FSH alone in these cases 
can lead to follicular development but not to an adequate 
oocyte maturation, hence the importance of knowing the 
basal levels of gonadotrophins to choose a correct protocol.

Otherwise basal FSH levels increase on days 2–4 on the 
menstrual cycle with advancing age, so high levels have been 
associated with both poor ovarian stimulation and the failure 
to conceive.

However, a single elevated FSH value in women <40 years 
of age may not predict a poor response to stimulation or fail-
ure to achieve pregnancy due to the variability in FSH levels. 
Given the inter-assay variability of FSH, the cut-off point 
selected by an IVF program ideally should be based on its 
own data or on data from studies using the same FSH assay 
[9].

19.2.2.4  Hyperinsulinism
The production of E2 and progesterone (P) is significantly 
increased during FSH stimulation when elevated levels of 
insulin are present [10]. In a situation of hyperinsulinism, 
presumably there is a better response to COS and therefore 
an increased risk of (ovarian hyperstimulation syndrome) 
OHSS.

19.2.2.5  Hyperprolactinemia
Prolactin (PRL) influences the hypothalamus-pituitary-ovary 
axis as far as levels of PRL are related in a dose-dependent 
manner to the LH production. However, very low (<5  ng/
mL) or very high (≥500 ng/mL) levels of PRL result in an 
increased LH production under GnRH stimulus [11]. It is 
important to know the basal levels of PRL before proceeding 
to COS cycle, since the response to stimulation may 
fluctuate.
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19.2.2.6  Gonadotropin Receptor 
Polymorphisms

In recent years, several studies correlating the presence of 
gonadotropin receptor polymorphisms with the response to 
ovarian stimulation have been published. The normal pheno-
type of FSH receptor is aspargine/aspargine (Asn/Asn), and 
a heterozygous polymorphism Asn/Serine (Ser) and homo-
zygous (Ser/Ser) are distinguished. It was observed that, 
although there were no differences in AMH levels in the 
three groups, patients with Asn/Asn phenotype required 
fewer FSH doses during the stimulation cycle and those with 
Ser/Ser phenotype required the most doses [12].

As for the LH receptor, a higher incidence of polymor-
phism (31.8%) was found in women who required high doses 
of FSH than in those requiring intermediate doses (6.8%). 
No case of polymorphism was observed in patients who 
responded well to low doses of FSH [13].

19.2.2.7  Thyroid Dysfunction
An association of thyroid function and ART success has been 
widely studied. Although hyperthyroidism and hypothyroid-
ism have been associated with infertility, pregnancy loss, and 
other adverse obstetrical and fetal outcomes, the effects of 
subclinical hypothyroidism on reproduction are not very well 
known. Indeed, the findings regarding implantation success 
may be different from those that have adverse outcomes.

Some studies suggest that untreated subclinical hypo-
thyroidism (TSH level > 4.5 mIU/L, with normal free thy-
roxine levels) negatively impacts the implantation rate after 
ART [14].

Regarding pregnancy losses the results remain controver-
sial. Since previous studies reported higher risk of pregnancy 
loss in women with subclinical hypothyroidism, a prospec-
tive study of 1228 women with a history of pregnancy loss 
found no association between preconception subclinical 
hypothyroidism and miscarriage [15].

A threshold of 2.5 mIU/L TSH has been commonly used 
to start thyroid hormone treatment in many ART programs. 
This is to maintain the Endocrine Society’s suggested TSH 
levels of <2.5 mIU/L during the first trimester. Few studies 
have evaluated whether thyroid hormone replacement for 
women with TSH levels between 2.5 mIU/L and the upper 
limit of normal affects implantation or miscarriage rates after 
IVF.  One large prospective study reported that the rate of 
spontaneous pregnancy loss was significantly lower among 
pregnant women with TSH levels less than 2.5 mUI/L com-
pared with those with TSH level between 2.5 and 5 mIU/ml 
[16]. Other studies have failed to reproduce similar findings; 
on the contrary they failed to show an association between 
TSH levels and IVF outcomes including pregnancy, live 
birth, or miscarriage rates [17, 18].

Available evidence does not suggest that thyroid autoim-
munity curbs implantation, but different studies reported 

conflicting results regarding the association with miscarriage 
[14, 15].

19.2.3  Hormonal Evaluation Prior to COS

Based on the above, the following endocrine evaluation is 
recommended prior to a COS.

• Minimum: FSH + E2, AMH, PRL, TSH, free T4
• In certain cases: Testosterone, sex hormone binding glob-

ulin (SHBG), insulin/glycemia, FSH/LH receptor poly-
morphisms, 17-alpha-hydroxyprogesterone

19.3  Endocrine Monitoring in COS for IVF

Controlled ovarian stimulation is an important factor that 
determines the success of IVF cycles. The aim of the stimu-
lation is to procure a good number of mature oocytes, result-
ing in an adequate number of embryos that can be transferred 
or frozen for the future use. Monitoring these cycles is essen-
tial to maximize success through collecting an ideal number 
of oocytes while maintaining a low rate of complication such 
as an ovarian hyperstimulation syndrome (OHSS) or detect-
ing a poor response.

Ultrasound imaging of the ovarian response to gonadotro-
pins and hormone analysis are the most commonly methods 
used in clinics to control the cycle. However, the role of 
intensive monitoring combining both techniques, ultrasound 
and hormonal serum levels, is controversial; there is no evi-
dence that combined monitoring is more efficacious than 
monitoring by ultrasound alone with regard to the number of 
oocytes retrieved and clinical pregnancy rates [19].

Despite the above, in this chapter we describe how useful 
it is to measure serum hormone levels involved in folliculo-
genesis and endometrial receptivity.

Endocrine monitoring is essential to:

• Monitor follicular growth and evaluate the progression of 
the stimulation

• Adjust daily gonadotropin therapy for each patient
• Predict the optimal day for the induction of the ovulation
• Avoid the major complication of OHSS
• Improve implantation rates by avoiding fresh embryo 

transfer if necessary

19.3.1  Gonadotropin During Controlled 
Ovarian Stimulation

According to the two-cell model, both FSH and LH are 
required for promoting follicular growth and differentiation. 
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While it is clear that hormonal assay cannot reflect ade-
quately the biologic activity of gonadotropins, over the last 
decades, its measurement performed to understand the con-
tribution to folliculogenesis has allowed the assessment of 
the supplementation of FSH and LH required in ART cycles.

19.3.1.1  Follicular-Stimulating Hormone (FSH)
FSH plays a role in recruitment, selection, and dominance of 
follicles during the follicular phase. Two important concepts 
can explain this process: “FSH threshold” and “FSH 
window.”

In 1978 Brown describes that it is necessary a certain 
amount of FSH secretion to induce the follicular growth, 
defined as the “FSH threshold” [20]. However, this threshold 
seems to vary for each follicle, even those of the same cohort. 
Follicles with an FSH threshold below plasma levels will not 
grow.

The concept of an open gate or “FSH window” was intro-
duced by Braid after few years [21].

A follicle continues growth as long as the FSH level is 
above its growth threshold. The number of days that serum 
FSH levels are above the threshold determines the number of 
follicles that will be activated.

In a natural cycle, the gradual increase of FSH involves a 
negative feedback of ovarian hormones on the pituitary, 
causing a progressive decrease in FSH secretion; as a conse-
quence, a follicle is selected, and the others undergo atresia, 
contributing to the dominance of the follicle.

Using the FSH threshold and the FSH window, it is easy 
to explain why FSH is the main therapeutic agent to control 
folliculogenesis. Increasing FSH in the early stage of the 
cycle is a key factor for the follicular recruitment process; 
thus, exogenous FSH is crucial in COS cycles to induce a 
multiple follicular development.

The FSH dose should be higher than the threshold of the 
least FSH-sensitive follicles, and these levels have to be 
maintained until the final stage of follicular development, 
resulting in multiple follicles at the time of trigger.

Despite the importance of the FSH level to recruit folli-
cles, the determination of plasma FSH levels during COS 
doesn’t provide any benefit in adjusting the dose of gonado-
tropin to improve the ovarian response due to its variability.

A plateau of serum FSH is obtained after 5 consecutive 
days of injections due to the long elimination half-life of the 
FSH molecule (30–35 hours). This FSH accumulation lasts 
for 5  days after cessation of exogenous administration. 
Furthermore, after an intramuscular or subcutaneous dose, 
plasma FSH levels can rise moderately during 4–8  hours, 
which cannot reflect the bioactivity of the molecule [22].

Moreover, there is a poor correlation between plasma 
FSH levels and the FSH threshold as plasma FSH levels are 
similar in patients with multiple follicular recruitment and 
patients who did not recruit follicles [23].

Resultantly, serum FSH measurement during stimulation 
is not justified since it does not provide any benefit in adjust-
ing doses or prognosis results.

19.3.1.2  Luteinizing Hormone (LH)
Physiologically, the LH acts synergistically with FSH in 
both folliculogenesis and steroidogenesis. FSH induces the 
expression of LH receptors and enables its action.

On one hand, LH acts on the theca cells ensuring the 
production of androgens during the follicular phase. 
Androgens are aromatized to E2 by the granulosa cells. LH 
induces a dose-dependent production of E2, which is nec-
essary to ensure endometrial preparation for embryo 
implantation. The term “LH threshold” refers to the mini-
mum LH level required for pregnancy [24]. However, the 
determination of plasma LH levels is not helpful for an 
accurate assessment of the LH threshold as low endoge-
nous serum LH levels during ovarian stimulation for IVF 
are not associated with a decreased probability of ongoing 
pregnancy [25].

On the other hand, LH participates in the control of gran-
ulosa cells’ function. It has been observed that high doses of 
LH have a negative influence on follicular development 
because of the suppression of granulosa cells’ proliferation, 
resulting in atresia of less mature follicles [26].

The use of gonadotrophins with LH activity in ovarian 
stimulation continues to be a topic of debate.

It is accepted that it does not generate any benefit in the 
general patient population. However, the most recent evi-
dence shows significantly better results when used in patients 
older than 35  years [27] and poor responders [28]. The 
mechanism of action by which LH can improve the results in 
these subpopulations could be due to the restoration of the 
follicular microenvironment, which would result in a better 
oocyte and embryonic quality and a better endometrial 
receptivity, associated with lower levels of P at the end of the 
stimulation.

19.3.2  Steroid Hormones

Unlike gonadotrophins, steroid hormones are commonly 
evaluated during COS since they directly reflect the biologi-
cal activity of the gonadotropins on the ovary. Serum E2 lev-
els are useful to evaluate follicular maturity before triggering 
ovulation. Measuring P levels helps to evaluate early 
increases, before triggering. Steroids are also involved in the 
implantation process, which is crucial in determining the 
outcome of assisted reproductive technology treatments.

19.3.2.1  Estradiol (E2)
Serum E2 levels are correlated to the stage of follicular 
development. The amount of estrogen produced by the domi-
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nant follicle increases as it grows, and there is a linear cor-
relation between follicular diameter and E2 levels [29].

The total serum E2 at a given moment in the cycle reflects 
the state of maturity of all follicles present at that time.

Therefore, monitoring E2 during ovarian stimulation is 
useful to predict the response, but, even if ovarian response 
can be identified early in the cycle, the optimum levels of E2 
are not defined because of the diversity of protocols.

• In the GnRH agonist long protocol, downregulation is 
indicated by serum E2 levels below 50 pg/ml. An increase 
of E2 levels after 6 days of gonadotrophins is defined as 
optimal response since these levels increase by 50% per 
day. Low serum E2 values after the first few days of stim-
ulation have been associated with poor outcome and 
higher cancelation rates. Thus, a better outcome of in vitro 
fertilization may be expected when serum E2 starts early 
in the cycle and adopts a moderate growth rate [30]. A 
plateau in plasma E2 for more than 3 days suggests a poor 
response.

• In GnRH antagonist protocols, plasma E2 levels are 
higher before the addition of the GnRH antagonist to con-
trol the LH surge. After that, E2 levels may decrease or 
remain the same, but these variations do not compromise 
the cycle outcome. The E2 value does not help to adjust 
the dose of gonadotropins after administration of the 
antagonist.

In good outcome cycles, E2 continued to rise until hCG 
was administered, but in nonpregnant cycles, E2 plateaued 
on the day before hCG administration, which suggests that 
luteinization or atresia of the more advanced follicles had 
commenced spontaneously.

The levels of E2 reached at the time of hCG administra-
tion are more relevant than the slope’s increase. A value of 
100–200  pg/ml per dominant follicle suggests adequate 
response [31].

Furthermore, a high serum E2 concentration on the day of 
hCG trigger has been suggested as a predictor of OHSS. The 
E2 level threshold above which there is a considerable risk of 
OHSS varies widely among different studies. Most of the 
studies selected an E2 of 3000 pg/ml as threshold; however, 
applying this E2 threshold would have only predicted 1/3 of 
the total OHSS cases [32, 33].

Some studies suggest that the number of follicles on the 
day of hCG administration is a better predictor of severe 
OHSS than E2 levels. Papanikolaou et al. [33] revealed that 
the predictive value of the threshold of ≥13 follicles ≥11 mm 
on the day of hCG (85.5% sensitivity; 69% specificity) was 
statistically significantly superior to the optimal threshold of 
2560 ng/L for E2 concentrations (53% sensitivity, 77% spec-
ificity) in identifying patients at risk for OHSS. Recently, a 
retrospective analysis of combined data from three trials 

found that the optimal threshold of follicles ≥11 mm on the 
day of hCG to identify patients at risk of moderate and severe 
OHSS was 19, while E2 levels were less prognostic of OHSS 
than the number of follicles ≥11 mm [34].

Number of follicles is probably a better predictor of 
OHSS than E2 levels because OHSS develops due to vascu-
lar endothelial growth factor production of the follicles 
rather than their E2 production [33].

Serum Estradiol and Endometrial Receptivity
It is well known from basic studies that the success of embry-
onic implantation relies on a perfect dialogue between good- 
quality embryos and a receptive endometrium.

The aim of COS is to recruit more follicles. As a conse-
quence, the ovary produces supraphysiologic levels of ste-
roid hormones, inducing relevant changes in endometrial 
receptivity. These changes are detrimental, since uterine 
receptivity deteriorates during COS compared with hormone 
replacement therapy and natural cycles [35].

Some studies have demonstrated that there was a poor 
IVF outcome in high-responder patients compared with 
normal- responder patients treated with gonadotrophins and 
GnRH analogues.

Simon et  al. [36] showed that E2 concentrations above 
3000 pg/ml the day of HCG administration have a deleteri-
ous effect on implantation, not only in high-responder 
patients but also in normal-responder patients (Fig. 19.1). It 
has been proposed that high E2 levels impair endometrial 
receptivity instead of oocyte quality because fertilization rate 
and embryo cleavage (until day 2) in patients with a high 
response were normal. Indeed, the quality of embryos and 
the implantation rate in recipients of embryos derived from 
oocytes of high responders are similar to those in normal 
responders.

However, other authors have failed to find an association 
between high E2 levels on the day of hCG administration 
and a harmful effect on pregnancy outcomes [37, 38]. Due to 
the controversy in this regard, a well-designed prospective 

60%

50
Pregnancy (%)

Implantation (%)

40

30

20

10

0
<500 <1000 <1500 <2000 <2500

Serum E2

<3000 <3500

Fig. 19.1 Serum E2 and IVF outcome

19 Endocrine Monitoring of Controlled Ovarian Stimulation for Medically Assisted Reproduction



164

study is needed to establish the degree of endometrial 
advancement related to the serum E2 levels.

19.3.2.2  Progesterone (P)
Despite an effective suppression of endogenous gonadotro-
phins by GnRH analogues, a small increment in serum pro-
gesterone levels has been reported in 5–30% of COS cycles 
before HCG administration [39–42].

The origin of this premature elevation of serum P cannot 
be explained by luteinization of granulosa cells, since endog-
enous LH levels are low due to suppression by GnRH ana-
logues. Besides LH and P levels do not seem to be related 
since the observed increases in P at the end of the follicular 
phase were not accompanied by increase in LH [39]. Some 
studies have shown a positive correlation between P levels 
and the administered FSH dose [43] as well with a longer 
stimulation period [39]. In a retrospective study performed in 
a total of 4032 COS cycles in our center, a multivariate anal-
ysis highlighted that higher daily FSH dose was the factor 
most closely related to serum P elevation [44].

Otherwise, P increase is correlated with a high ovarian 
response, as it was demonstrated recently that patients with 
high E2 concentrations and a great number of follicles on 
the day of hCG have significantly higher P concentrations 
[45, 46].

Whether serum P elevation on the day of hCG administra-
tion is associated with ongoing pregnancy rate is debatable. 
However, it has been widely demonstrated to have a negative 
impact on embryo implantation and therefore on cycle out-
come [37, 42, 45].

Although P increase has been subject of multiple studies 
in recent years, the cutoff point beyond which high these 
increases could affect clinical data remains controversial. 
Our group has reported that serum P level ≥ 1.5 ng/ml on the 
last day of COS leads to a significant decrease in the ongoing 
pregnancy rate, irrespective of the GnRH analogue used for 
pituitary downregulation [44]. Nevertheless, it seems that in 
high responders the detrimental threshold could be higher 
[46–48]. In these patients the negative impact of premature P 
elevation has less of an impact on pregnancy rate than other 
patients. Probably the negative effect of elevated P is out-
weighed by other factors with a positive effect in high 
responders. They may have better and faster developing 
embryos, which can keep up with endometrial advancement 
due to premature P elevation [49].

Serum Progesterone and Endometrial Receptivity
Progesterone plays an important role during luteal phase, 
particularly in creating decidualization changes needed for 
implantation and progression of pregnancy.

The mechanism underlying the deleterious effect of an 
elevated P level is related to the endometrial receptivity 
rather than oocyte quality [50]. It has been proposed that in 

COS cycles, there is an abnormal accelerated endometrial 
maturation due to the exposure to supraphysiological con-
centrations of P in the late follicular phase of IVF cycles 
[51]. This endometrial advancement anticipates the window 
of implantation, in which the endometrial epithelium 
acquires a functional ability to support blastocyst adhesion 
[52, 53].

In order to investigate whether the worse IVF outcomes in 
the presence of P elevation on the day of hCG administration 
are due to impaired endometrial receptivity, Labarta et  al. 
[54] analyzed the endometrial gene expression profiles of 
young healthy oocyte donors with different serum P levels. 
They reported that women with late follicular phase P levels 
≥1.5 ng/ml had substantially different gene expression pro-
files than women with normal P levels.

Based on these results, it is recommended to monitor P 
levels, especially during late follicular phase of a COS cycle. 
It is advisable to vitrify all the embryos for a deferred trans-
fer when P is elevated, because P elevation does not seem to 
affect frozen-thawed transfer of embryos obtained in the 
index cycle [47, 55].

19.4  Conclusions

Adequate monitoring of COS is essential. Endocrine charac-
teristics of ART cycles depend largely on the drugs used to 
achieve COS.  It is clear that FSH therapy is mandatory in 
every stimulation cycle, but assessment of serum FSH values 
is not sufficiently predictive of the adequacy of FSH supply 
to be routinely determined. Furthermore, there is no evi-
dence that serum LH measurements could help detect 
patients who might need the addition of some LH during 
ART cycles.

Nevertheless, steroid measurement could be helpful to 
control stimulation. As we have described in this chapter, too 
high E2 and an early P increase have an impact on cycle 
outcome.

On the one hand, although the growing follicles can be 
visualized by ultrasound, E2 production by granulosa cells 
also reflects the maturation of oocytes. Combined monitor-
ing has been almost universally practiced. Some studies pos-
tulated that E2 monitoring is not essential since mature 
oocyte yield was not improved over monitoring follicle size 
alone [56]. However, Orvieto [31] suggest that serum E2 
level per oocyte is predictive of pregnancy rate per cycle. 
Moreover, even if combined monitoring with E2 levels does 
not improve cycle outcome, it would still be valuable until it 
is proven that OHSS can be avoided without hormonal moni-
toring [19].

Regarding serum P levels, its measurement helps us to 
determine an early increase, before triggering, which has a 
negative impact on endometrial receptivity. If this event 
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occurs, it is recommended to vitrify all the embryos and 
defer the transfer to a subsequent cycle where endometrial 
receptivity will not be compromised by elevated P as in the 
stimulated cycle.
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Ovulation Triggers

Esra Bulgan Kılıçdağ and Erhan Şimşek

Ovulation is the release of a viable oocyte from a selected 
mature follicle in the menstrual cycle. Monthly ovulation 
and menses, unless pregnancy occurs, is the rule for proper 
and regular cycle of a woman. Normally one egg is released 
each month in humans; but occasionally, two and very rarely 
more can be ovulated in one menstrual cycle. Timing and 
process of ovulation are regulated by extensive interactions 
of various hormones and peptides functional in the reproduc-
tive system. Therefore, a thorough knowledge of menstrual 
cycle physiology is essential for understanding ovulation 
triggers. Ovulation triggers are advocated as a surrogate for 
the endogenous LH surge to achieve better control of the 
timing of ovulation in stimulated assisted reproductive tech-
nology (ART) cycles. Multifollicular development and resul-
tant excess amount of steroid hormone production and the 
agents for prevention of premature luteinization suppress the 
endogenous LH surge. Suppression of endogenous gonado-
tropins both by GnRH analogues and supraphysiologic ste-
roid hormone levels results in defective luteal phase and 
demise of corpora lutea and decreased chances of pregnancy 
and/or increased rates of miscarriages. Controlled ovarian 
stimulation (COS) protocols inevitably require luteal phase 
support to maintain live birth rates.

Increasing estrogen production from the growing follicle is 
thought to elicit the LH surge. This surge triggers the resump-
tion of meiosis and eventually results in expulsion of the 
oocyte from the ovarian follicle. After the selection of domi-
nant follicle, estrogen levels produced by this follicle rises 
to 150–200 pg/ml as its diameter reaches 20 mm or more. The 
critical event which initiates LH surge is the elevated estrogen 
levels for a critical period of time which starts a surge on the 
hypophyseal LH by positive central feedback [1].

Human chorionic gonadotropin (hCG) is traditionally 
used as the LH surrogate to induce final oocyte matura-
tion. Final oocyte maturation is a crucial step in in vitro 
fertilization, usually achieved with a single bolus of 5000–
10000  IU hCG given approximately 36  hours before 
oocyte retrieval. This approach carries a potential risk of 
ovarian hyperstimulation syndrome (OHSS) in susceptible 
women. Furthermore, the severity of OHSS is proportional 
to the amount of follicles and corpora lutea obtained after 
ovarian stimulation. OHSS might be even life-threatening 
for otherwise healthy young women on in vitro fertiliza-
tion (IVF) treatment. Therefore, identification of risk fac-
tors, use of  milder ovarian stimulation protocols, 
withholding hCG, and withholding follicle stimulating 
hormone (FSH) doses (coasting) were the mainstay of 
therapy for years to prevent OHSS. After popularization of 
GnRH antagonist stimulation protocols, OHSS prevention 
became easier by substituting the long- acting hCG trigger 
by a single injection of a GnRH agonist. Research intro-
duces promising new agents like kisspeptin for more phys-
iologic ovulation trigger mimics and even lower OHSS 
incidence. This chapter will describe various methods 
used to trigger final oocyte maturation and advancement 
and alternatives of ovulation trigger agents and their use in 
clinical practice.

20.1  hCG Trigger

hCG is a glycoprotein hormone produced primarily by the 
trophoblast, and it sustains the production of progesterone 
from the corpus luteum which is indispensable for implanta-
tion. Structurally, the hCG molecule has two subunits (alpha 
and beta), and the alpha subunit is similar to the alpha sub-
units of LH, FSH, and TSH. hCG bolus injection was used 
for final oocyte maturation for many years as the standard of 
care. During IVF treatment, 5000–10000 IU hCG has been 
routinely used to trigger final oocyte maturation and resump-
tion of meiosis prior to oocyte retrieval as the standard. hCG 
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has the same effect of luteinizing hormone (LH) but with a 
longer half-life around 4–5 days. The long half-life of hCG 
increases the risk of OHSS in susceptible patients due to its 
sustained luteotropic effect. hCG triggering of ovulation in 
combination with the luteal supra-physiological estradiol 
(E) and progesterone (P) levels in COS cycles suppresses 
endogenous LH secretion by the pituitary. LH deficiency in 
early luteal phase results in disruption of luteal phase, and 
unless supported by exogenous luteotropic agents, preg-
nancy rates are poor. Significantly longer half-life of hCG 
causes very low luteal LH levels due to inhibitory effects on 
the pituitary. Therefore corpus luteum function relies 
entirely on LH-like activity of exogenously administered 
hCG at the time of ovulation [2]. Around the time of implan-
tation, exogenous progesterone support is obligatory until 
embryo produces enough hCG for adequate secretion of 
progesterone by corpus luteum. Therefore, defective luteal 
phase of hCG- triggered COS cycles is supported by hCG at 
the early stage and by progesterone thereafter, both of which 
are indispensable for luteal phase support in hCG-triggered 
COS protocol.

The combination of ovarian stimulation by gonadotro-
pins after GnRH agonist-induced pituitary downregulation 
and hCG as final oocyte maturation trigger carries a risk of 
OHSS especially in susceptible patients. The prolonged 
half-life of hCG provides excellent pregnancy rates but 
supports survival of multiple corpora lutea, resulting in an 
increased risk of OHSS. Early OHSS is almost exclusively 
due to prolonged LH activity as seen after hCG trigger. 
Thirty-eight hours-long half-life of hCG results in pro-
longed stimulation of LH receptors, i.e., over a week [3, 
4]. Long half-life of hCG leads two types of derangement 
in the stimulation cycle. First, risk of OHSS due to multi-
ple corpora lutea formation and secondly, luteal insuffi-
ciency around the time of implantation after the end of 
hCG stimulation.

hCG can cause moderate-severe OHSS in 15.3% of 
patients undergoing IVF treatment [5]. In high-risk patients, 
such as women with polycystic ovarian syndrome (PCOS), 
the risk of severe OHSS is increased fivefold [6]. Moreover, 
the risks of late pregnancy complications including prema-
turity and low birth weight are increased in women affected 
by OHSS in early pregnancy [7]. Several measures can be 
taken to prevent OHSS. Withholding hCG injection, lower-
ing the dose of hCG, coasting, total freeze of all embryos, 
and preventative measures during oocyte pickup such as 
macromolecule infusion in high-risk patients are some of 
these measures [3], but none of those approaches are as 
effective as GnRH agonist use for ovulation trigger. The 
introduction of the GnRH agonist trigger after widespread 
use of GnRH antagonists in ovulation induction curbed 
OHSS incidence.

20.2  GnRH Agonist Trigger

GnRH agonist triggering was introduced in the early 1990s 
[8, 9] but its use was hampered by the long GnRH agonist 
protocol being commonly used for pituitary downregulation 
in ART cycles. After the introduction of GnRH antagonist 
for the prevention of early LH surge, GnRH agonist trigger-
ing enjoyed a renewed interest.

In general, affinity of GnRH analogues for the GnRH 
receptor is 2–50 times of that of endogenous GnRH [10, 11]. 
A bolus of GnRH agonist displaced GnRH antagonists from 
the GnRH receptors and caused the release of both LH and 
FSH from the gonadotropic cells of the anterior pituitary.

The simultaneous FSH surge may have some physio-
logic functions, yet the exact role of the mid-cycle FSH is 
not known. FSH, among other actions, promotes nuclear 
maturation, i.e., resumption of meiosis [12]. This might 
have contributed to the collection of more mature oocytes 
after a GnRHa trigger compared with hCG trigger as 
reported in some studies [13, 14]. However, this is not con-
firmed across all studies. While the natural mid-cycle LH 
surge has three phases, i.e., ascent, plateau, and decline, 
lasting for a total of 48  hours, a GnRH agonist-induced 
surge consists of only two phases without a plateau and 
lasts for 24–36 hours [8] (Fig. 20.1). This relatively short-
lived LH and FSH surge is inadequate to support corpus 
luteum functions properly. Moreover, some in vitro studies 
suggest that GnRH agonist can have direct apoptotic 
effects on granulosa cells [15, 16]. GnRH agonist trigger 
causes corpus luteum dysfunction and premature corpus 
luteum demise. Therefore initial studies reported unac-
ceptably high rates of miscarriage [2]. The observation of 
increased risk of miscarriage due to inadequate luteal 
function led to freezing all embryos after a GnRHa trigger, 

LH-surge after GnRHa triggering versus natural cycle
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Fig. 20.1 Differences in LH surge after GnRH agonist triggering when 
compared with a natural cycle. (From Humaidan P, Kol S. GnRH ago-
nist for triggering of final oocyte maturation: time for a change of prac-
tice? Human Reproduction Update, Volume 17, Issue 4, July–August 
2011, 510–524, with permission)
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followed by frozen-thawed embryo transfer in subsequent 
cycles, dubbed as cycle segmentation. Thus, GnRHa trig-
ger when used for women at risk of developing OHSS is 
commonly followed by a “freeze all” policy.

Few cases of OHSS are still reported following a GnRH 
agonist trigger and are most probably related to unexpected 
mutations or polymorphisms of the GnRH, FSH, or LH 
receptors [10].

GnRH agonist trigger was suggested to have some 
advantages other than OHSS risk reduction. In some but 
not all studies, GnRH analogue trigger was shown to 
increase the number of metaphase-two (MII) oocytes and 
two pronuclear (2PN) embryos available for cryopreserva-
tion in cancer patients undergoing ovarian stimulation for 
fertility preservation. Pereira et  al. have retrospectively 
showed that approximately three more MII oocytes and 
2PN embryos were  available for cryopreservation in the 
GnRH agonist trigger group [13]. It is also suggested that 
GnRH agonist administration after the use of GnRH antag-
onist in an ART cycle brings about true benefits for implan-
tation, since the antagonists block endometrial GnRH 
receptors, supposedly worsening endometrial function. 
Once a GnRH agonist, which has much higher affinity for 
the receptors than GnRH antagonists, is administered, the 
latter is displaced from endometrial receptors, possibly 
improving endometrial receptivity [17, 18]. Another 
advantage of GnRH agonists is tolerability. Compared 
with the hCG trigger, GnRHa trigger is associated with 
less fluid accumulation in the cul-de-sac, reduced ovarian 
volume and discomfort, and, thus, a higher patient conve-
nience [1, 19, 20].

Empty follicle syndrome, i.e., failure to collect mature 
oocytes, has been reported following GnRH agonist trigger. 
However, empty follicle syndrome rates were similar with 
GnRH agonist and hCG triggers (3.5% vs 3.1%, respec-
tively) [21].

Dissociation of the trigger and luteal phase support, 
allowing individualization of luteal support according to 
ovarian response, can be regarded as another advantage of 
the GnRH agonist trigger. GnRH agonist trigger allows 
“exogenous progesterone-free luteal phase protocol,” which 
relies solely on endogenous progesterone driven by repeated 
GnRH agonist injections providing LH-like or luteinizing 
activity for corpora lutea [22]. This would provide relief for 
women by eliminating vaginal discharge and the need for 
painful progesterone injections [14]. However, more studies 
are needed to confirm its effectiveness.

GnRH agonist trigger is the best available ovulation trig-
ger for egg donors and for women undergoing fertility pres-
ervation since they do not have a fresh embryo transfer and 
the concerns regarding luteal phase after GnRHa trigger 
become irrelevant.

20.3  Combined Approaches: Dual Trigger

Combination of hCG with a GnRH agonist for final oocyte 
maturation is dubbed as “dual trigger” and was introduced 
by Shapiro et al. as a solution to prevent OHSS while main-
taining pregnancy/live birth rates in high responders [23, 24].

Theoretically, dual trigger combines the advantages of 
both GnRHa and hCG trigger. First of all, a lower dose of 
hCG is used to decrease the risk of OHSS while maintaining 
some support for corpora lutea. Meanwhile the GnRH ago-
nist causes endogenous LH and FSH surges, providing addi-
tional but short-lived stimulus for oocyte maturation. 
However, these potential advantages are questionable espe-
cially as far as OHSS risk is concerned [18].

20.3.1  Double Trigger

A modification of the “dual trigger” (hCG+ GnRH agonist) 
is the so-called Double trigger (hCG + GnRH agonist at dif-
ferent times). The dual trigger is first described in a woman 
who was given a GnRH agonist injection 40  hours before 
oocyte pickup and hCG  6 hours after this  GnRH agonist 
injection [25]. Two small case series observed a significant 
improvement in mature/MII oocytes yield with a reasonable 
clinical pregnancy rate [26, 27]. The “double trigger,” which 
consists of the co-administration of GnRH agonist and hCG 
for final oocyte maturation 40 and 34 hours prior to OPU, 
respectively, differs from the “dual trigger” by the additional 
prolongation of the time between ovulation triggering and 
oocyte pickup. This later prolongation may explain the ben-
eficial effect in terms of both oocyte maturation and preg-
nancy rate.

20.3.2  New Options in Ovulation Trigger: 
Kisspeptin

Kisspeptin (Kp) is a neuropeptide produced in the ventral 
hypothalamus and is the major positive modulator of GnRH 
release. Kisspeptin neurons are located in arcuate nucleus 
and preoptic area in the hypothalamus, and these neurons are 
in direct contact with GnRH neurons which express kiss-
peptin receptors. In humans, the KiSS1 gene is translated 
into a 145-amino acid-long precursor, which is cleaved into 
a C-terminally amidated 54-amino acid peptide, called Kp54 
[28, 29]. Additional cleavage causes shorter peptides like 
Kp10, but Kisspeptin-54 is a key regulator of the human 
reproductive axis [30]. Kisspeptins play crucial roles in onset 
of puberty and ovulatory functions in mammals [31]. 
Kisspeptin receptor, KISS1R, is a member of G-protein 
coupled receptor superfamily. KISS1R activation causes 
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calcium influx into the cell. Kisspeptin system is also crucial 
for normal reproductive function and fertility. A loss-of-
function mutation in KISS1R leads to hypogonadotropic 
hypogonadism and infertility in humans [32].

Jayasena et al. reported first ovulation trigger study with 
Kp54  in 53 normal responder women. They reported 23% 
ongoing pregnancy rate with no case of OHSS [33]. The first 
two clinical phase 2 trials of kisspeptin trigger in women at 
risk of OHSS were reported by same group. They were able 
to collect at least one mature oocyte from 95% of patients 
[34]. Single injection of Kp54 caused a relatively short-lived 
LH surge of 12–14 hours in duration. The same group per-
formed another phase 2 study to observe whether repeated 
doses of Kp54 provided better oocyte yield. Two doses of 
Kp54 were given 10  hours apart to 62 patients at risk of 
OHSS after stimulation. Patients were randomized to 
either  single or two doses of Kp54, and the oocyte yield, 
number of follicles >14 mm, and number of oocytes retrieved 
were compared. The proportion of patients achieving an 
oocyte yield of ≥60% was improved from 45% in the single 
kisspeptin-54 group to 71% in the double kisspeptin-54 
group (P = 0.042). There were one moderate early OHSS in 
the single-dose group and one late OHSS in the two doses of 
Kp54 group. Despite the study population being at high risk 
of developing OHSS, a second dose of kisspeptin-54 did not 
increase the occurrence of excessive ovarian response or 
OHSS [35]. Studies of Abbara et al. have showed that kiss-
peptin family might present a good alternative for oocyte 
maturation in patients at risk for OHSS. However, the luteal 
phase is severely defective after the kisspeptin trigger, even 
more than it is following GnRHa trigger. This is because the 
triggered LH surge is significantly shorter and has a lower 
amplitude; thus, the total gonadotropin release is substan-
tially reduced compared with the GnRHa trigger. Therefore 
luteal phase support should be adapted to these conditions 
after kisspeptin trigger [36].

References

 1. Engmann L, Siano L, Schmidt D, Nulsen J, Maier D, Benadiva 
C. GnRH agonist to induce oocyte maturation during IVF in patients 
at high risk of OHSS. Reprod Biomed Online. 2006;13(5):639–44.

 2. Humaidan P, Ejdrup Bredkjær H, Bungum L, et al. GnRH agonist 
(buserelin) or hCG for ovulation induction in GnRH antagonist 
IVF/ICSI cycles: a prospective randomized study. Hum Reprod. 
2005;20(5):1213–20.

 3. Ezcurra D, Humaidan P.  A review of luteinising hormone and 
human chorionic gonadotropin when used in assisted reproductive 
technology. Reprod Biol Endocrinol. 2014;12(1):95.

 4. HOFF JD, QUIGLEY ME, YEN SSC.  Hormonal dynam-
ics at Midcycle: a reevaluation*. J Clin Endocrinol Metab. 
1983;57(4):792–6.

 5. Toftager M, Bogstad J, Bryndorf T, et  al. Risk of severe ovarian 
hyperstimulation syndrome in GnRH antagonist versus GnRH 

agonist protocol: RCT including 1050 first IVF/ICSI cycles. Hum 
Reprod. 2016;31(6):1253–64.

 6. Seyhan A, Ata B, Polat M, Son W-Y, Yarali H, Dahan MH. Severe 
early ovarian hyperstimulation syndrome following GnRH ago-
nist trigger with the addition of 1500  IU hCG.  Hum Reprod. 
2013;28(9):2522–8.

 7. Courbiere B, Oborski V, Braunstein D, Desparoir A, Noizet A, 
Gamerre M. Obstetric outcome of women with in vitro fertilization 
pregnancies hospitalized for ovarian hyperstimulation syndrome: a 
case-control study. Fertil Steril. 2011;95(5):1629–32.

 8. Itskovitz J, Boldes R, Levron J, Erlik Y, Kahana L, Brandes 
JM. Induction of preovulatory luteinizing hormone surge and pre-
vention of ovarian hyperstimulation syndrome by gonadotropin- 
releasing hormone agonist*. Fertil Steril. 1991;56(2):213–20.

 9. Suda T, Balakier H, Powell W, Casper RF. Use of gonadotropin- 
releasing hormone agonist to trigger follicular maturation for 
in vitro fertilization. J Clin Endocrinol Metab. 1990;71(4):918–22. 
https://doi.org/10.1210/jcem-71-4-918.

 10. Dosouto C, Haahr T, Humaidan P.  Gonadotropin-releasing hor-
mone agonist (GnRHa) trigger  – state of the art. Reprod Biol. 
2017;17(1):1–8.

 11. Beckers T, Bernd M, Kutscher B, Kühne R, Hoffmann S, Reissmann 
T. Structure-function studies of linear and cyclized peptide antag-
onists of the GnRH receptor. Biochem Biophys Res Commun. 
2001;289(3):653–63.

 12. Zelinski-Wooten MB, Hutchison JS, Hess DL, Wolf DP, Stouffer 
RL.  Follicle stimulating hormone alone supports follicle growth 
and oocyte development in gonadotrophin-releasing hormone 
antagonist-treated monkeys. Hum Reprod. 1995;10(7):1658–66.

 13. Pereira N, Kelly AG, Stone LD, et  al. Gonadotropin-releasing 
hormone agonist trigger increases the number of oocytes and 
embryos available for cryopreservation in cancer patients under-
going ovarian stimulation for fertility preservation. Fertil Steril. 
2017;108(3):532–8.

 14. Humaidan P, Alsbjerg B.  GnRHa trigger for final oocyte mat-
uration: is HCG trigger history? Reprod Biomed Online. 
2014;29(3):274–80.

 15. Ranta T, Knecht M, Kody M, Catt KJ. GnRH receptors in cultured 
rat granulosa cells: mediation of the inhibitory and stimulatory 
actions of GnRH. Mol Cell Endocrinol. 1982;27(2):233–40.

 16. Takekida S, Deguchi J, Samoto T, Matsuo H, Maruo T. Comparative 
analysis of the effects of gonadotropin-releasing hormone agonist 
on the proliferative activity, apoptosis, and steroidogenesis in cul-
tured porcine granulosa cells at varying stages of follicular growth. 
Endocrine. 2000;12(1):61–8.

 17. Schachter M, Friedler S, Ron-El R, et  al. Can pregnancy rate be 
improved in gonadotropin-releasing hormone (GnRH) antagonist 
cycles by administering GnRH agonist before oocyte retrieval? A 
prospective, randomized study. Fertil Steril. 2008;90(4):1087–93.

 18. de Oliveira SA, Calsavara VF, Cortés GC.  Final oocyte matura-
tion in assisted reproduction with human chorionic gonadotropin 
and gonadotropin-releasing hormone agonist (dual trigger). JBRA 
Assist Reprod. 2016;20(4):246–50.

 19. Garcia-Velasco JA, Motta L, López A, Mayoral M, Cerrillo M, 
Pacheco A. Low-dose human chorionic gonadotropin versus estra-
diol/progesterone luteal phase support in gonadotropin-releasing 
hormone agonist-triggered assisted reproductive technique cycles: 
understanding a new approach. Fertil Steril. 2010;94(7):2820–3.

 20. Cerrillo M, Rodríguez S, Mayoral M, Pacheco A, Martínez-Salazar 
J, Garcia-Velasco JA.  Differential regulation of VEGF after final 
oocyte maturation with GnRH agonist versus hCG: a rationale for 
OHSS reduction. Fertil Steril. 2009;91(4 Suppl):1526–8.

 21. Castillo JC, Garcia-Velasco J, Humaidan P.  Empty follicle syn-
drome after GnRHa triggering versus hCG triggering in COS.  J 
Assist Reprod Genet. 2012;29(3):249–53.

E. B. Kılıçdağ and E. Şimşek

https://doi.org/10.1210/jcem-71-4-918


171

 22. Kol S, Humaidan P, Itskovitz-Eldor J. GnRH agonist ovulation trig-
ger and hCG-based, progesterone-free luteal support: a proof of 
concept study. Hum Reprod. 2011;26(10):2874–7.

 23. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Thomas 
S.  Gonadotropin-releasing hormone agonist combined with a 
reduced dose of human chorionic gonadotropin for final oocyte 
maturation in fresh autologous cycles of in vitro fertilization. Fertil 
Steril. 2008;90(1):231–3.

 24. Griffin D, Benadiva C, Kummer N, Budinetz T, Nulsen J, Engmann 
L. Dual trigger of oocyte maturation with gonadotropin- releasing 
hormone agonist and low-dose human chorionic gonadotro-
pin to optimize live birth rates in high responders. Fertil Steril. 
2012;97(6):1316–20.

 25. Beck-Fruchter R, Weiss A, Lavee M, Geslevich Y, Shalev E. Empty 
follicle syndrome: successful treatment in a recurrent case and 
review of the literature. Hum Reprod. 2012;27(5):1357–67.

 26. Zilberberg E, Haas J, Dar S, Kedem A, Machtinger R, Orvieto 
R. Co-administration of GnRH-agonist and hCG, for final oocyte 
maturation (double trigger), in patients with low proportion of 
mature oocytes. Gynecol Endocrinol. 2015;31(2):145–7.

 27. Haas J, Zilberberg E, Dar S, Kedem A, Machtinger R, Orvieto 
R. Co-administration of GnRH-agonist and hCG for final oocyte 
maturation (double trigger) in patients with low number of oocytes 
retrieved per number of preovulatory follicles--a preliminary report. 
J Ovarian Res. 2014;7:77.

 28. Pinilla L, Aguilar E, Dieguez C, Millar RP, Tena-Sempere 
M. Kisspeptins and reproduction: physiological roles and regula-
tory mechanisms. Physiol Rev. 2012;92(3):1235–316.

 29. Beltramo M, Decourt C. Towards new strategies to manage livestock 
reproduction using kisspeptin analogs. Theriogenology. September 
2017;112:2. https://doi.org/10.1016/j.theriogenology.2017.08.026.

 30. Clarke SA, Dhillo WS.  Kisspeptin across the human lifes-
pan: evidence from animal studies and beyond. J Endocrinol. 
2016;229(3):R83–98.

 31. Seminara SB, Messager S, Chatzidaki EE, et al. The GPR54 gene 
as a regulator of puberty. N Engl J Med. 2003;349(17):1614–27.

 32. de Roux N, Genin E, Carel J-C, Matsuda F, Chaussain J-L, Milgrom 
E. Hypogonadotropic hypogonadism due to loss of function of the 
KiSS1-derived peptide receptor GPR54. Proc Natl Acad Sci U S A. 
2003;100(19):10972–6.

 33. Jayasena CN, Abbara A, Comninos AN, et al. Kisspeptin-54 trig-
gers egg maturation in women undergoing in vitro fertilization. J 
Clin Invest. 2014;124(8):3667–77.

 34. Abbara A, Jayasena CN, Christopoulos G, et  al. Efficacy of 
Kisspeptin-54 to trigger oocyte maturation in women at high 
risk of ovarian Hyperstimulation syndrome (OHSS) during 
in  vitro fertilization (IVF) therapy. J Clin Endocrinol Metab. 
2015;100(9):3322–31.

 35. Abbara A, Clarke S, Islam R, et al. A second dose of kisspeptin-54 
improves oocyte maturation in women at high risk of ovarian 
hyperstimulation syndrome: a phase 2 randomized controlled trial. 
Hum Reprod. 2017;32(9):1915–24.

 36. Thomsen L, Humaidan P.  Ovarian hyperstimulation syndrome 
in the 21st century: the role of gonadotropin-releasing hor-
mone agonist trigger and kisspeptin. Curr Opin Obstet Gynecol. 
2015;27(3):210–4.

20 Ovulation Triggers

https://doi.org/10.1016/j.theriogenology.2017.08.026


173© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_21

The Art of Anesthesia in Medically 
Assisted Reproduction

Marjorie Gloff, Melissa Kreso, and Stewart Lustik

The field of ART has advanced at an incredible rate, and as a 
result, the field of anesthesia as it pertains to ART has been 
required to match pace. Improvements in the ultrasound 
technology have morphed the oocyte retrieval procedure 
from very invasive into one that is now accomplished under 
ultrasound guidance transvaginally. This has enabled the 
procedure to be performed routinely in ambulatory centers 
and even in properly equipped offices. The importance of 
patient safety and efficiency in this setting is paramount, as 
there is increasing focus on decreasing length of stay as well 
as postanesthetic side effects, such as postoperative nausea, 
vomiting, and excessive sedation. The objectives of this 
chapter include presenting standards for maintaining patient 
safety in the field of anesthesiology; presenting medications 
commonly used in ART and reviewing mechanisms of action 
and safety; presenting standard definitions used in the field 
of anesthesiology with regard to depth of sedation; and pre-
senting some routine techniques for anesthesia and analgesia 
in a patient undergoing ART.

21.1  Basics of Anesthesia

It is important to understand the types of anesthesia available 
for ART.  To do this, it is vital to understand the levels of 
sedation and the various combinations of techniques that 
have been successful in these types of procedures. Table 21.1 
outlines the various types of anesthesia as well as benefits 

and risks of each that can be offered to patients for various 
ART procedures [1].

Local anesthesia is what is referred to when anesthesia is 
provided by the use of local anesthetics alone. A common 
example of a local anesthetic technique pertaining to ART 
would be a paracervical block. Despite no direct cervical 
involvement with transvaginal ultrasound-guided oocyte 
retrieval, there has been evidence that paracervical blocks 
can reduce the abdominal pain associated with this proce-
dure [2]. There have been studies to look at patient satisfac-
tion with sedation alone and sedation with local anesthesia. 
For example, Ng et  al. showed that patient’s satisfaction 
improved substantially when paracervical block was com-
bined with a sedative. However, in cases of strict local anes-
thesia, the absence of sedation is unlikely to be well tolerated. 
When most studies look at the success of a particular anes-
thetic technique over local anesthesia, the patients have gen-
erally been given a premedication. For example, a study by 
Christiaens et  al. looked at a comparison of ART perfor-
mance after oocyte retrieval with general anesthesia versus 
paracervical block only. However, upon analysis of the meth-
ods, the patients were provided a premedication anxiolytic, 
therefore incorrectly calling it a local-only procedure. Care 
needs to be exercised when interpreting the studies and the 
various techniques [2].

Neuraxial anesthesia is what is referred to when an anes-
thesiologist places a spinal or epidural. Spinal anesthesia 
involves injecting local anesthetics with or without opioid or 
other adjunct medications in the intrathecal space, whereas 
epidural anesthesia involves injection into the epidural space. 
The anesthesiologist can control the amount of motor and 
sensory blockade with the dosage and concentration of local 
anesthetics provided. While generally referred to as neurax-
ial anesthesia, spinals and epidurals can also be considered a 
form of regional anesthesia. In an early approach to ART, 
oocyte retrieval was performed via a transvesicular approach 
requiring the bladder to be distended with saline to optimize 
the ultrasonic images of the ovaries. This was a very stimu-
lating transabdominal injection which required the needle to 
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traverse an overdistended bladder with concomitant external 
bladder pressure from the ultrasound probe. Epidural anes-
thesia was found to be particularly effective in the care of 
these patients [3]. However, with the standardization of the 
transvaginal ultrasound and transvaginal collection, neurax-
ial anesthesia has fallen out of favor for ART. Yet, it is still 
safe and effective and may be the anesthetic of choice in dis-
tinct clinical scenarios, such as in patients with severe 
obstructive sleep apnea.

The American Society of Anesthesiologists (ASA) has 
defined the spectrum of sedation as follows [1]:

Light sedation is also known as anxiolysis. This is a drug- 
induced state during which patients can respond appropri-
ately to verbal commands. By definition, airway reflexes, 
ventilation, and cardiovascular support are unaffected.

Moderate sedation (colloquially called “conscious seda-
tion”) is the state that results when the patient has a drug- 
induced depression of consciousness during which the 
patient will respond purposefully when provided verbal 
commands or a combination of verbal commands and light 
tactile stimulation. Another key feature of moderate sedation 
is that airway reflexes are maintained and no interventions to 
maintain a patent airway are required.

Deep sedation is the depth of anesthesia where a patient 
cannot be easily aroused. If a patient is provided repeated or 

painful stimulation, however, she will have a purposeful 
response. Purposeful, by definition, is a response that is not a 
reflex withdrawal response. With deep sedation, the patient 
may require assistance maintaining a patent airway, and 
spontaneous ventilation may be inadequate.

General anesthesia is the depth of anesthesia where 
patients become unarousable to painful stimulation. The 
patient may or may not need assistance ventilating, but fre-
quently they do.

Notice, the term monitored anesthesia care (or MAC) is 
not a defined term on the sedation spectrum because MAC 
does not correlate to an anesthetic depth. MAC simply means 
any anesthetic prescribed by an anesthesiologist or certified 
anesthesia care provider.

Regardless of the type of anesthesia a patient receives, the 
American Society of Anesthesiologists has specific 
 guidelines for preoperative fasting to help prevent pulmo-
nary aspiration in the perioperative period (Table  21.2). 
These guidelines pertain to any patient undergoing an elec-
tive procedure where upper airway protective reflexes have a 
reasonable risk of being impaired. This can occur during all 
anesthetic types listed above except local anesthetic only [4].

When providing anesthesia, it is vitally important to mon-
itor the patient according to ASA standards and to ensure 
that all needed safety equipment to deal with any serious 

Table 21.1 Common types of anesthesia and risks and benefits for a patient undergoing ART

Type of anesthesia Definition Benefits Risks
Local anesthesia Use of local anesthetics alone Generally quicker time to discharge, 

no need for an anesthesiologist, low 
chance for post-op nausea/vomiting, 
no need for NPO

Full recall of events, patient anxiety may 
make procedure challenging, patient may 
move during procedure

Neuraxial anesthesia 
(i.e., spinal or epidural 
anesthesia/analgesia)

Use of local anesthetics 
+/− adjuncts in the epidural or 
intrathecal space

Dense anesthesia can be obtained, 
motor blockade prevents movement, 
no absolute need for sedatives

Longer time to discharge is possible, 
urinary retention, rarer but possible risks 
include: post-dural puncture headache, 
neuraxial hematoma, nerve injury, 
transient neurologic symptoms (TNS)

Light sedation Also known as anxiolysis Maintenance of airway reflexes, 
responds appropriately to verbal 
commands, generally quicker recovery, 
lower risk of Post Operative Nausea 
and Vomiting (PONV) (but not zero)

Recall of event, patient may move during 
procedure`

Moderate sedation A drug-induced depression in 
consciousness; patient can 
respond appropriately to 
verbal +/− tactile stimulation

Able to tolerate more stimulating 
procedures, generally quick recovery

Can easily slip into deep sedation or 
general anesthesia; patient may have recall 
of event; patient may move during 
procedure; PONV risk

Deep sedation A drug-induced depression in 
consciousness where with 
repeated painful stimulation, 
the patient will respond 
appropriately

Able to tolerate stimulating 
procedures, recall is less likely

May need airway support, can easily slip 
into general anesthesia, patient may move 
during the procedure

General anesthesia Unarousable to painful 
stimulation

Low risk of recall, can impose 
paralysis, able to tolerate the most 
stimulating of procedures

Likely will need airway support, PONV 
can be more pronounced

From the Practice Guidelines for Sedation and Analgesia by Non- Anesthesiologists, An Updated Report by the American Society of Anesthesiologists 
Task Force on Sedation and Analgesia by Non- Anesthesiologists. Anesthesiology 2002; 96:1004–17, with permission
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complications is available. The ASA requires that for all 
patients undergoing anesthesia, monitors to ensure adequacy 
of oxygenation, ventilation, circulation, and temperature 
must be used. It is required to have monitors such as a pulse 
oximeter, capnography, ECG, blood pressure monitoring, 
and thermometers available. There also needs to be a backup 
supply of oxygen available. In addition, safety equipment 
such as a bed safety strap to ensure safe positioning, a bag- 
valve mask to assist ventilation, airway equipment such as 
appropriate laryngoscopes, endotracheal tubes (ETTs), 
laryngeal mask airways (LMAs), and oral and nasal airways 
need to be within reach. It is also important to have a code 
cart stocked with appropriate medications as well as a defi-
brillator to ensure adequate treatment in the rare but poten-
tially fatal case of cardiovascular collapse. Pictures of a 
working oocyte retrieval procedure room, with required 
equipment, are shown.

No anesthetic technique has been described as being ulti-
mately superior to the others, and furthermore, it is hard to 
decipher meaningful information from many of the studies 
since the anesthetic and surgical techniques are so varied. 
Much of the early literature utilized laparoscopic techniques 
for oocyte retrieval followed by transvesicular ultrasound- 
guided retrievals, both of which have fallen out of favor. As a 
result of the emerging field of ART, much of the earlier lit-
erature evaluated the safety standards of common medica-
tions used for anesthesia for oocyte retrieval. In these studies, 
the retrieval, fertilization, cleavage, and implantation rates 
were evaluated along with the concentration of medication 
found in the serum and follicular fluids at various times of 
exposure. More recent studies have shifted to evaluating the 
shorter- acting medications and techniques because of the 
new emphasis on efficiency and patient satisfaction. With 
this armamentarium of information, an anesthesiologist aims 
to select the appropriate agents for these procedures and 
administer them in a technique that will maximally benefit 
the patient and surgeon. Benefits of each medication should 
be weighed against potential risks. Optimally, the prescrip-

tion for an anesthetic will decrease nausea, provide good 
analgesia, decrease motor involvement, ensure hemody-
namic stability, and ensure a rapid recovery while balancing 
the hypothetical risk of lower pregnancy rates.

21.2  Medications

21.2.1  Local Anesthetics

As discussed above, the use of local anesthetics is highly 
effective for periprocedural pain tolerance, for reduction in 
the amount of other anesthetic agents required and improved 
side-effect profile.

21.2.1.1  Lidocaine
Lidocaine is an amide local anesthetic. It has a relatively 
short duration of action and is a good choice for paracervical 
block for ART.

Experience in Humans Human studies include a study of 46 
women whom received 50 mg of lidocaine in the form of a 
paracervical block and 46 women who did not. There was no 
statistical difference in lidocaine concentration between fol-
licles containing oocytes that were fertilized and those that 
were not. Fertilization, cleavage, and pregnancy rates did not 
differ significantly either in these two groups; however there 
is no mention in this paper on the anesthetic method of anal-
gesia utilized in the group not receiving a paracervical block 
[5]. It is also common to provide a bolus dose of IV lidocaine 
while administering propofol, to lessen the pain associated 
with injection. Therefore, additive dosing of the IV and para-
cervical lidocaine should be considered.

Ng et al. studied 152 double-blinded women undergoing 
transvaginal ultrasound-guided oocyte retrieval to various 
doses of lidocaine to elicit the minimally effective dose for 
paracervical blockade. The women were matched demo-
graphically and all ranked pain to IV insertion and transvagi-
nal ultrasonography similarly, suggesting similar baseline 
pain tolerance. The paracervical lidocaine doses compared 
were 10 ml 0.5% lidocaine; 10 ml 1% lidocaine; and 10 ml 
1.5% lidocaine. There were no differences in the pain during 
the procedure and no differences for the first 4  hours 
 postoperatively. Thus, lidocaine, while a useful adjunct to 
women undergoing oocyte retrieval, can be minimized with-
out sacrificing pain control [6].

21.2.1.2  Benzodiazepines
This class of medication is useful for anxiolysis and antero-
grade memory loss. Midazolam and diazepam have been 
used for decades in ART and are considered safe. Midazolam 
is the most frequently utilized benzodiazepine for ART given 

Table 21.2 Guidelines for preoperative fasting and the use of pharma-
cologic agents to reduce the risk of pulmonary aspiration

Food type
Fasting guidelines prior to 
procedure

Clears (e.g., water, sodas, apple juice) 2+ hours
Light meal (e.g., toast and a clear 
liquid, nonhuman milk)

6+ hours

Solids (e.g., heavy, fatty, fried, or 
protein-based food)

8+ hours

From “Practice Guidelines for Preoperative Fasting and the Use of 
Pharmacologic Agents to Reduce the Risk of Pulmonary Aspiration: 
Application to Healthy Patients Undergoing Elective Procedures.” 
Updated Report by the American Society of Anesthesiologists 
Committee on Standards and Practice Parameters. Anesthesiology 
2011; 114:495–511, with permission
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its relatively short half-life and relative comfort and familiar-
ity among healthcare providers. There are many studies that 
evaluate midazolam with respect to safety and tolerability. 
Some of these studies are summarized below.

Experience in Animals In a two-cell mouse embryo study, 
embryos were co-cultured with increasing concentrations of 
midazolam to determine any effects on development. 
Midazolam did not produce any inhibitory effects on in vitro 
two-cell blastocyst embryo development up to and including 
a concentration of 12,500  ng/mL.  A second set of experi-
ments in the same study included simulating conditions of 
human ovum exposure to midazolam in follicular fluids dur-
ing egg retrieval. This was injected intraperitoneally into 
mice about 10–13 hours before ovulation and was found not 
to impair fertilization. Doses up to 500-fold normal did not 
inhibit fertilization. In fact, in both sets of experiments, mid-
azolam appeared to accelerate embryo development [7].

Experience in Humans Midazolam is found in the follicular 
fluid in women undergoing ART.  One study looked at 15 
women who were given a single dose of 0.1  mg/kg mid-
azolam. While this dose is quite high for anxiolysis, it isn’t 
unreasonable; in this study, a 50 kg person would be provided 
5 mg intravenously. The amount of drug found in follicular 
fluid was significantly smaller compared to plasma levels and 
had a slow rise peaking at 25 minutes whereas the plasma 
levels of the drug peaked at around 5 minutes and then expo-
nentially decreased. Pregnancy rates were not affected in this 
study. Although this was a very small investigation, it does 
suggest that depending on the length of the ART procedure 
itself, the drug amount found in the follicular fluid should be 
less in faster procedures relative to slower ones [8].

A survey questioned 30 women who received a combina-
tion of midazolam and a continuous remifentanil infusion 
were compared to 30 women who received a continuous 
infusion of propofol- and fentanyl-based anesthetic for 
oocyte retrieval. Common unwanted experiences in the mid-
azolam/remifentanil group included muscular rigidity (13%), 
itching (20%), patient motion (37%), and recall of the proce-
dure (70%). The survey found that four patients would refuse 
this type of anesthetic for subsequent procedures due to the 
perceived discomfort and recall. While this may have been 
mitigated by an increased dose of midazolam, there is a 
dose-dependent synergistic effect of respiratory depression 
when combined with opioids or propofol that is important to 
consider. Interestingly, three surgeons also opted against this 
type of anesthetic for future procedures because of patient 
movement. In contrast, all of the patients and surgeons in the 
propofol/fentanyl group thought the overall conditions were 
satisfactory and would have this type of anesthesia adminis-
tered again. This was despite the need to increase support to 

facemask (spontaneous) ventilation more frequently in this 
group and even advance to manual ventilation in 57% of 
patients. This study highlights that there are different and 
effective anesthetic methods for performing oocyte retriev-
als. Balancing various side effects with the patient’s and sur-
geon’s wishes is vitally important to ensure satisfaction 
among all parties [9].

21.2.1.3  Propofol
Propofol is a 2,6-diisopropylphenol which is a short-acting 
intravenous anesthetic that can cause moderate sedation in 
lower doses and unconsciousness at higher doses. It also is 
an excellent antiemetic. It has a rapid onset of action and also 
exhibits rapid recovery secondary to redistribution into the 
tissues given its lipophilicity and therefore large volume of 
distribution.

Propofol is a helpful adjunct to both general anesthesia 
and anesthesia that falls on the spectrum of sedation. It is 
vital to understand the implications prior to using this medi-
cation. Many people attempt to utilize propofol with a seda-
tion plan in mind, but very easily and quickly a patient’s 
anesthetic depth can move into the general anesthesia range. 
A study looked at 50 patients scheduled for oocyte retrieval 
utilizing a fentanyl and propofol anesthetic. The thought was 
that patients undergoing oocyte retrieval could potentially 
need a deeper propofol-based anesthetic since there can be a 
high level of anxiety with this procedure and there is unreli-
able coverage by local anesthesia for both needle insertion 
and repeated ovarian puncture. Bispectral index values and 
modified Ramsey sedation scores were recorded during the 
retrieval in this study. Moderate sedation was found during 
the first 5–10 minutes of the oocyte retrieval, but thereafter in 
ALL patients, deep sedation or general anesthesia was 
achieved. This was quantified by the modified observer’s 
assessment of alertness/sedation scale, BIS scores, and lack 
of response to painful stimulation. It is highly likely that 
many research studies are underestimating the level of seda-
tion used during oocyte retrievals [10]. If an anesthesia ser-
vice is not directly responsible for providing anesthesia for 
patients, then it is prudent that the deepest level of sedation 
achieved remains at a level where the patient can maintain 
verbal contact the entire time. It is also important to know 
what your institution’s policy is for procedural use of propo-
fol by non-anesthesiologists.

Experience in Animals Propofol is found in the murine fol-
licular fluid. Early animal studies showed a dose- and time- 
dependent effect of propofol on the fertilization of mouse 
oocytes while in  vitro development of fertilized oocytes 
remained normal [11]. Varying concentrations of propofol 
(0.1–10 ug/mL) were studied in the mouse model to evaluate 
the effect of concentration on the ability of the oocytes to 
mature in vitro. There was a notable reduction in maturation 
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rate when mouse oocytes were exposed to concentrations 
higher than 10ug/mL of propofol for 30 minutes. However, 
all mature oocytes had similar fertilization and cleavage rates 
compared to controls [12]. In another mouse study, adverse 
effects of concentration (0.01–10  ug/ml) and duration 
(1 hour) of propofol exposure on oocyte fertilization were 
examined. Oocytes exposed to concentrations at 0.4ug/ml or 
higher had a significant decrease in fusion rates. The oocytes 
that could be fertilized showed no differences in their ability 
to form pronuclei and no differences in the extrusion of the 
polar body. They also looked at embryos exposed to different 
concentrations of propofol 0.01–10ug/ml for 14 hours and 
saw no difference in blastocyst formation rates [13]. This 
raises the possibility of a potentially harmful effect of propo-
fol at higher concentrations when administered for longer 
periods of time.

Experience in Humans Propofol is widely used for ART but 
can have potential negative implications. Propofol given as a 
single bolus is less likely to continuously accumulate in the 
follicular fluid, as compared to continuous infusions. This 
effect is secondary to the redistribution properties of propo-
fol. In one small study of 20 women, a single dose of propo-
fol 2.5 mg/kg was found to have no effect on cleavage rate, 
which was approximately 70%. In fact, the oocytes that 
failed to cleave in this study were surrounded by follicular 
fluid containing significantly less propofol than those that 
did cleave. In this study, propofol blood concentrations were 
the highest between the 8th and 11th minutes with a ratio of 
propofol concentration in the follicular fluid/blood of 
0.2 ± 0.11 [14]. Comparatively, propofol accumulation was 
demonstrated in oocytes over time in nine women receiving 
propofol infusions at ten mg/kg/hr. (166 mcg/kg/min) with 
one to two 20 mg propofol boluses during the procedures. 
Venous blood was sampled every 15 minutes up to 45 min-
utes (corresponding to the longest aspiration time). Each 
patient had a minimum of ten oocytes aspirated. It was found 
that serum blood levels did not correlate exactly with 
increases in follicular fluid, but there was significant correla-
tion with duration of infusion and the increase in the propo-
fol concentration of the last follicle. In this small study, 
follicular fluid concentrations of propofol were well below 
serum propofol levels. One hypothesis for this finding is that 
ovarian tissue and or the follicular wall may cause a barrier 
to the equilibration of propofol between serum and follicular 
fluid [15]. In another study of 30 women, propofol concen-
tration in follicular fluid was assessed after a 2 mg/kg initial 
bolus followed by an infusion of 10 mg/kg/hr (166 mcg/kg/
min). These patients also received a single 0.5 mg dose of 
alfentanil. This study also showed that the follicular fluid rise 
in concentration also correlates to duration of infusion. From 
these studies it was determined that follicular fluid most 
likely lies in the deep peripheral compartment of the three- 

compartment open model for propofol. The process of pro-
pofol transfer from blood to follicular fluid was very slow 
with a clearance ratio of 6%. However, this study only took 
2–4 arterial blood samples per patient, so estimations of 
pharmacokinetic models for propofol concentrations in fol-
licular fluid could not be completed [16].

21.2.1.4  Etomidate
Etomidate, an imidazole derivative, has been less well studied 
for its role in ART. Etomidate is a medication, much like propo-
fol, that is generally administered by credentialed providers 
such as anesthesiologists. In 1987, Fragen et  al. showed that 
etomidate inhibits adrenocortical steroidogenesis [17]. That 
same year, a study evaluated eight patients undergoing 
 laparoscopic oocyte retrieval. These patients were randomized 
to etomidate versus thiopental induction groups followed by 
isoflurane maintenance. In the etomidate group, a sharp 
decrease in plasma concentrations of 17beta- oestradiol, 
17OH-progesterone, and testosterone levels was found within 
10 minutes of induction. This was followed by a gradual return 
to baseline levels. Thiopental did not show this decrease. While 
the study size was small, it can still be hypothesized that etomi-
date interferes with the endocrine function of the ovary in addi-
tion to that of the adrenal glands [18].

21.2.1.5  Ketamine
Ketamine is a unique anesthetic in that it provides good anal-
gesia while also providing a dissociative anesthesia. This is 
unlike any other anesthetic on the market today.

Experience in Humans One study randomized 50 women to 
receive either a midazolam-ketamine sedation technique for 
egg retrieval or a general anesthestic technique with propo-
fol, fentanyl, and isoflurane. This study, although small, 
showed no differences between the two groups for number of 
oocytes obtained, fertilization rates, implantation rates, nor 
pregnancy rates [19].

21.2.1.6  Opioids
Opioids are a staple to any balanced anesthetic plan. Fraught 
with side effects, they are still widely used and depended 
upon for adequate procedural and post-procedural pain con-
trol. In an attempt to improve tolerability and clearance, 
there are now multiple formulations and delivery options 
which can impact duration of action and therefore safety and 
tolerability.

21.2.1.7  Fentanyl
Fentanyl is a very potent opioid with a fairly short duration 
of action when administered IV (0.5–1 hour). It can be used 
systemically, in the epidural space and in the intrathecal 
space. Fentanyl has been used for years in ART and consid-
ered safe and effective. Its side-effect profile and duration of 
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action make it particularly useful for efficient care in the 
ambulatory setting.

In a study looking at 15 patients that were given a single 
dose of 1 ug/kg fentanyl, fentanyl was found in the follicular 
fluid of oocytes. The amount of drug found in follicular fluid 
was significantly small compared to plasma levels and had a 
slow rise which again suggests that shorter procedures will 
have less accumulation of fentanyl in follicular fluid. Fentanyl 
also works in a three-compartment model of distribution. In 
this study there was no impact on pregnancy outcomes 
although this was not the primary intent of the study [8].

21.2.1.8  Alfentanil
Alfentanil, much like fentanyl, has a quick onset and short 
duration of action (0.5–1 hour). These properties make this a 
useful agent for the balanced anesthetic management of ART 
patients. Of note, it also is found in the follicular fluid. The 
accumulation of alfentanil in the follicular fluid confirms 
that the follicular fluid belongs to the scarcely perfused or 
shallow compartment in the three-compartment model of 
pharmacokinetics [20], with a slow rate of equilibration 
compared with the central compartment. The ratio of serum 
to follicular fluid concentrations was about 10:1 at 15 min-
utes after the initial bolus injection of alfentanil. There is 
evidence that about 10% of serum alfentanil is unbound to 
serum proteins and able to diffuse into peripheral tissues and 
fluids. Since the follicular fluid proteins do not include alpha- 
l- acid glycoprotein that is related to the binding of alfentanil, 
the amount of alfentanil detected in the follicular fluid may 
reflect the free fraction of alfentanil [21].

Experience in Humans Studies to evaluate the pharmacoki-
netics of alfentanil have been performed in women undergo-
ing oocyte retrieval. One study evaluated 14 ASA 1 patients 
undergoing ART with an anesthetic induced by 15 mcg/ml of 
alfentanil and 2 mg midazolam initially. Patients were main-
tained with nitrous oxide and with additional boluses of 0.5 mg 
alfentanil and midazolam (up to 4 mg total). These patients 
showed a tenfold difference in serum levels (higher) relative to 
follicular fluid levels at the same time points. This was similar 
when propofol was utilized for maintenance [21]. This study 
also evaluated serum and follicular alfentanil levels in 13 
patients given a single dose of 10 ug/kg alfentanil. Alfentanil 
was found in follicular fluid with the similar pattern slowly 
rising at progressively longer time points. The peak ratio of 
alfentanil (1:40) in follicular fluid was lower relative to fen-
tanyl (1:10). There is no evidence to suggest that this impacts 
pregnancy outcomes [22]. In another study evaluating the tol-
erability of alfentanil, 36 women were randomized into either 
an alfentanil 0.025 mg/kg group or a fentanyl 0.0025 mg/kg 
group. It was found that time to induction was shorter in the 
alfentanil group and patients were less drowsy at the end of the 
procedure relative to the fentanyl group [23].

21.2.1.9  Remifentanil
Remifentanil is an ultrashort-acting opioid agent that is 
metabolized by nonspecific tissue esterases. Given its incred-
ibly short duration of action, it is generally provided by con-
tinuous infusion. Remifentanil does not appear to be harmful 
in ART procedures.

Experience in Humans One retrospective study compared 
548 similar (except for age) infertile women. One group was 
provided a paracervical lidocaine block for anesthesia, 
while the other half was anesthetized using a paracervical 
lidocaine block with the adjunct of a continuous remifent-
anil infusion. The paracervical block-only group’s average 
age was 34.8. This is compared to the remifentanil group’s 
average age of 35.9 years. Because of the higher age in the 
remifentanil group, these women received a high dose of 
gonadotropin on average to reach an equivalent ovarian 
response as the no remifentanil group. Interestingly, the 
number of oocytes retrieved in the remifentanil group was 
higher, and the quality of the oocytes was not deteriorated. 
Since the perceived ovarian response was intended to be 
similar despite the extra gonadotropin stimuli (to make up 
for the difference in ages), possibly the better pain control 
allowed for more oocytes to be retrieved. It is reasonable to 
assume that remifentanil does not appear to affect the qual-
ity of oocytes retrieved [24]. Anesthesia generally requires a 
balance between sedative agents, anxiolytic agents, and 
local anesthetics. A study evaluating 40 patients broken into 
2 even groups compared remifentanil sedation alone versus 
remifentanil in combination with a paracervical block. It 
was discovered that there are higher concentrations of 
plasma remifentanil at the time of second ovarian puncture 
in the remifentanil-only group relative to combining this 
with a paracervical block. This illustrates that anesthetics 
can be used more sparingly when combining medications 
that work via different mechanisms of action [25].

21.2.1.10  Buprenorphine
Buprenorphine is becoming more popular as the epidemic 
of opioid tolerance and dependence increases. Buprenorphine 
is a partial opioid agonist that in higher doses can function 
as an opioid antagonist. While buprenorphine is not rou-
tinely used for specific procedural pain management in 
practice, it is important to account for how a patient may 
respond differently to anesthesia if she is already on these 
medications. Generally, it would be considered safe to con-
tinue opioid partial agonists and antagonists during this 
fairly short ambulatory procedure. However, it would be 
pertinent to ensure that there is access to medications for 
pain control that are not in the opioid class. It would also be 
pertinent to consider consulting with an anesthesiologist 
regarding the periprocedural pain and anesthetic manage-
ment of these patients.
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Experience in Animals An animal study utilized buprenor-
phine as a longer-acting opioid for more optimal pain control 
in 33 rodents undergoing ART.  The opioid addition to the 
anesthesia regimen showed no obvious effect on the number 
of embryo implantations, and it was noted that stimuli led to 
less heart rate and blood pressure elevations [26].

21.2.1.11  Nonsteroidal Anti-inflammatory 
Agents

Ketorolac and diclofenac are effective analgesics especially 
for alleviating cramping pain after oocyte retrievals and are 
commonly used adjuvants for anesthesia in ART.  Both of 
these medications have potent COX1 and COX2 inhibitory 
activity. It was previously thought that this action would neg-
atively impact implantation due to this inhibitory effect on 
prostaglandin synthesis. The studies, summarized below 
however, have not shown this to be the case.

Experience in Animals In the mouse model, NSAID use was 
studied specifically looking at yield and birth rate in 99 sur-
gical sets. Multimodal analgesia utilizing opioid and NSAIDs 
did not positively or negatively impact the ability to create 
novel lines of transgenic mice by blastocyst transfer [27]. 
Another animal study randomized a total of 96 mice to 
receive an opioid, an NSAID, or saline. No significant differ-
ence was seen in the pregnancy rates or live birth rates in any 
group [28].

Experience in Humans A retrospective study conducted by 
Mesen et al. evaluated 454 women undergoing fresh trans-
fers over a 7-year period. Approximately one fifth of these 
patients received ketorolac immediately after oocyte 
retrieval. The pregnancy rate in both groups was approxi-
mately 50%, and the implantation rate and live birth rate 
between the two groups was not statistically different. Not 
surprisingly, patients who received the NSAID had improved 
pain scores in recovery (visual analog scale (VAS) = 2) com-
pared to their counterparts (VAS = 5). A likely explanation 
for this comes from the pharmacokinetics of ketorolac. 
Ketorolac has a half-life of 4–7 hours, and only 2% of the 
drug remains in the body after 24 hours. Implantation occurs 
typically 6–8 days post-retrieval. By this time, ketorolac has 
long been metabolized away. Also, now with the more wide-
spread use of frozen transfers, ketorolac is even more con-
vincingly safe [29].

Diclofenac was also investigated with respect to ART out-
comes and pain scores. Kailasam et al. assembled a random-
ized prospective double-blind study of 381 assisted 
conception cycles. Two groups were established and con-
sisted of 187 women who received 100 mg of diclofenac via 
suppository at the end of the procedure and 194 women who 
received nothing. The number of women progressing to 

embryo transfer was 185 and 190, respectively. Implantation 
rates were found to be 25.3% in the diclofenac group and 
21.6% in the non-diclofenac group. Pregnancy occurred in 
38.9% of women in the diclofenac group and 32.6% in the 
non-diclofenac group. These rates were not statistically dif-
ferent. However there were reduced pain scores in the group 
receiving diclofenac prior to discharge, and this reached sta-
tistical significance. The use of diclofenac reduced pain 
scores without compromising fertility outcomes [30].

21.2.1.12  Antiemetic Agents
While key to a smooth anesthetic, antiemetic agents are not 
without potential risk. Some antiemetics have been associated 
with elevations in plasma and or follicular fluid prolactin con-
centrations, an effect that has been associated with impaired 
follicular maturation, steroidogenesis, ovulation, and corpus 
luteum function. Drugs that have induced hyperprolactinemia 
rapidly like droperidol and metoclopramide cause impair-
ment of the ovarian follicle maturation and corpus luteum 
function, and thus should not be used [31]. Ondansetron and 
dexamethasone are two standard antiemetics used for postop-
erative nausea prophylaxis that appear to be safe in ART.

21.2.1.13  Nitrous Oxide
Nitrous oxide is one of the oldest anesthetics still in use. It 
has an excellent safety profile and works to both cause amne-
sia and to treat acute pain. There has been concern docu-
mented that nitrous oxide is teratogenic.

Experience in Animals Warren et al. studied the effects of 
nitrous oxide in mouse embryo development. This study 
looked specifically at nitrous oxide administered to embryos 
at various time points prior to expected cleavage. They 
showed that zygotes exposed to nitrous oxide close to the 
expected time of cleavage did indeed have deleterious effects 
on further development. For instance, only 4.7% of zygotes 
that were exposed to nitrous oxide at 0–1  hour prior to 
expected cleavage went on to complete division versus 77% 
of controls. These stats improved with time out from the 
expected cleavage [32].

21.2.1.14  Volatile Anesthetics
Volatile anesthetics (i.e., inhalational anesthetics such as iso-
flurane and sevoflurane) have largely fallen out of favor with 
the push toward performing ART in office-based settings. A 
balanced anesthetic with propofol, benzodiazepines, local 
anesthetics, and short-acting opioids is an efficient anesthetic 
that is well tolerated and has been shown to have minimal 
risk to the oocytes and the patient. The use of volatile anes-
thetics also requires an anesthesia machine, which is expen-
sive and potentially unavailable in office locations.

Despite that, there could be a situation where a volatile- 
based general anesthetic would be indicated. There is little 
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literature that evaluates the safety of volatile anesthetics in 
oocyte retrieval.

Experience in Humans Early in the development and estab-
lishment of oocyte retrieval techniques, Hayes et al. evaluated 
276 women patients who had presented for IVF over a 3.5-
year span. These procedures were all performed under laparo-
scopic conditions and therefore under a combination of 
thiopental, nitrous oxide, isoflurane, fentanyl, and succinyl-
choline for induction and maintenance of general anesthesia. 
Interestingly, the average time for anesthesia exposure to 
oocytes was 36.8 ± 16.7 minutes with a range of 5–99 min-
utes – considerably longer than current practice. This study 
showed that oocytes retrieved from the second ovary had sig-
nificantly less chance of cleavage compared to their maturity 
matched counterpart from the first ovary. The group concluded 
that perhaps length of anesthesia, the CO2 pneumoperitoneum 
or some combination of the two resulted in these findings [33].

21.2.1.15  Alternative Techniques 
and Multimodal Analgesia

Much research has looked at the role of acupuncture in 
ART. Acupuncture techniques have been described as an addi-
tional multimodal method of analgesia during oocyte retrieval 
procedures. In a study comparing remifentanil to acupuncture 
techniques including electro- and auricular acupuncture, 
patients had reduced pain intensity and reduced consumption 
of remifentanil during their procedures with the addition of 
electroacupuncture. However, all patients requested a remifen-
tanil PCA in this study, so this seemed to be insufficient at pro-
viding sole analgesia. Electroacupuncture seems like a good 
additive therapy in facilities where this is possible but likely not 
sufficient for analgesia alone [34]. For instance, VAS pain 
scores were significantly higher at oocyte aspiration in a study 
out of Sweden randomizing patients to an electroacupuncture/
paracervical block technique relative to a paracervical/alfent-
anil technique [35]. Humaidan et al. have also found this effect 
but noted the time to discharge from their facility was found to 
be 8 minutes shorter with the acupuncture technique [36].

21.3  Associated Conditions and Effect 
on Anesthesia

21.3.1  Hyperprolactinemia

Historically there has been great interest on studying the 
effects anesthetics on prolactin levels. Hyperprolactinemia 
has been found to impair ovarian follicle maturation as well 
as corpus luteum function [31]. Stress-related increases in 
prolactin can be seen in surgical procedures. There is some 
evidence to suggest that this may be increased with both total 
IV anesthetics and volatile anesthetics such as sevoflurane 

[37]. Bromocriptine has been used successfully in women 
undergoing ART.  Bromocriptine (a prolactin inhibitor) 1 
hour prior to the procedure has been shown to decrease 
serum prolactin levels and also decrease the level of prolac-
tin in follicular fluid hormone concentrations. Fertilization 
and pregnancy rates were not affected by administration of 
bromocriptine. Prevention of hyperprolactinemia may 
improve embryonic cleavage rates after IVF [38]. However, 
routine oocyte retrieval procedures are so short in duration, 
and this is not routinely used in practice.

21.3.2  Ovarian Hyperstimulation Syndrome

Ovarian hyperstimulation syndrome can range from mild to 
severe and can be life-threatening. The syndrome in its 
severe form is classified by fluid shifts that can be extensive 
resulting in ascites, pleural effusions, pericardial effusions, 
electrolyte abnormalities, renal impairment, and profound 
hypovolemia. While it is still uncertain, there is some evi-
dence to suggest that a mutation in the FSH receptor can lead 
to this process [39]. Regardless, performing procedures in 
these patients with sedation needs to be approached very 
carefully as their pathophysiology makes arrhythmia, pro-
found hypotension, hypoxemia, and aspiration much more 
likely. Careful monitoring in a hospital should occur – even 
for routine procedures such as a paracentesis  – to insure 
hemodynamic stability and adequate resuscitation. If a pro-
cedure needs sedation, it would not be unreasonable to con-
sult with an anesthesiologist in this scenario.

21.3.3  Patient Characteristics

No matter what the technique, each patient deserves to have 
their needs met on an individualized basis. Patient character-
istics certainly do play a role into optimizing analgesia and 
safety. It is so imperative that each patient be screened for 
comorbidities that may complicate their perioperative and 
anesthetic care. A screening paradigm should be developed 
collaboratively between the reproductive endocrinologist 
and the anesthesiologist as there is no nationally accepted 
patient exclusion/inclusion criteria for office-based or ambu-
latory anesthesia centers. It cannot be highlighted enough 
that each patient be deemed appropriate to have anesthesia in 
the planned setting. Office-based anesthesia has by definition 
minimal ancillary resources physically present. It is poor 
patient care to have oocyte retrievals canceled for predictable 
reasons on the day of the procedure because of poor planning 
and communication. This can have serious downstream 
implications on the ART cycle and on the patient.

Given the nature of all the energy expended prior to get-
ting to the point of egg retrieval, it is predictable that women 
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present with anxiety, sometimes severe. In a study where 150 
women undergoing oocyte retrieval were divided into 2 
groups based on their anxiety assessed by the VAS scoring 
system, patients in the high-anxiety group required more 
propofol for their induction, and overall required a larger 
dose of propofol for sedation relative to the low-anxiety 
group. Similarly context-sensitive half time was longer in the 
high-anxiety group. Interestingly, patients with higher anxi-
ety also tended to have a higher postoperative pain score. 
This study highlights that a patient’s level of anxiety should 
be taken into account when determining the dosing and the 
agents to administer for oocyte retrieval [40].

21.4  Conclusions

The primary goals when choosing an anesthetic technique 
are to alleviate pain during the procedure and minimize 
recovery time afterward. One should utilize medications 
with minimal adverse effects. There have been myriad tech-
niques described in the literature, which range from a para-
cervical block to general anesthesia. Although the average 
type of anesthesia has changed with time and the invention 
of the transvaginal ultrasound probe, there are pros and cons 
to using each type. Sedation and analgesia embrace a con-
tinuum ranging from minimal sedation all the way to general 
anesthesia.
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Embryo Transfer

Richard Thomas Russell and Daphne Chong

Successful implantation of embryos remains the most crucial 
and least successful step in assisted reproduction. Success 
depends on the selection of a high-quality chromosomally 
competent embryo, replaced in a synchronized and receptive 
endometrium, in the least traumatic process possible. 
Embryo transfer (ET) is therefore one of the most critical 
steps in the IVF process, and implantation success is known 
to correlate with the ease of transfer [1, 2]. Training in the ET 
technique is variable, with many clinicians performing very 
few embryo transfers before going ‘live’.

ET is a relatively easy to learn and hardly ‘unlearned’ 
procedure with training individualized and monitored. The 
reader may be surprised that proficiency is usually achieved 
by procedure number 15 [3]. However, several studies have 
demonstrated variability in IVF pregnancy rates dependent 
on the clinician performing the ET [4–6].

Varying techniques of ET have been reported [7]. This 
chapter aims to cover some of the key elements in affording 
success.

22.1  Pre-Embryo Transfer

22.1.1  Acupuncture

Acupuncture is increasingly practised as part of the IVF pro-
cess, and whilst there is a wealth of literature to look at, the 
trials are often poorly conceived with varying acupuncture 
techniques and treatments advocated. Dating back over 
3000 years of Chinese tradition, the practice involves inser-
tion of fine needles through the skin to modulate hormones, 
alter energy flow (chi), improve uterine blood flow and 
reduce stress.

There have been several randomized controlled trials 
(RCTs) demonstrating the benefits of acupuncture [8–12]. 

The trial by Qu et al. demonstrated higher implantation, clin-
ical and live birth rates in the auricular acupuncture groups 
[10], whilst Westergaard et al. demonstrated a higher clinical 
pregnancy rate in patients who had acupuncture on the day of 
ET (39% versus 24%) compared to those that had no acu-
puncture [12]. A subsequent meta-analysis of seven trials 
also demonstrated improved clinical pregnancy rates (odds 
ratio (OR) 1.65, 95% CI 1.27–2.14) and live birth rates (OR 
1.91, CI 1.39–2.64) when acupuncture was given in combi-
nation with ET [13].

By contrast, several RCTs have shown no benefit of acu-
puncture [14–21], including  meta-analyses [22]. Although 
acupuncture is widely practised, there is insufficient evi-
dence, at present, to recommend it as part of routine IVF 
protocol.

22.1.2  Anaesthesia

Pain experienced by patients at ET has been reported to be 
independently associated with significantly lower pregnancy 
rate [23], leading to studies invested in assessing efforts to 
minimize patients’ discomfort. Only one large comparative 
trial has looked at the effect of anaesthesia for ET and found 
no beneficial impact [24]. The routine use of anaesthesia dur-
ing ET is not generally recommended considering the poten-
tial complications; however, there are certain situations 
where it could be considered, e.g. difficult previous proce-
dures, vaginismus, psychosexual issues or transmyometrial 
ETs. It is worth considering that although general anaesthe-
sia is not recommended, neither is there any evidence of 
reduced pregnancy outcomes with its use.

22.1.3  Antibiotics

It is common sense that a clinical or possibly subclinical 
endometrial infection may result in lower implantation rates, 
as similarly observed in patients with chronic endometritis. 
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Although the use of prophylactic broad-spectrum antibiotics 
around the time of ET has successfully demonstrated a 
reduction in bacteria isolated from the catheter tip post- 
transfer, it did not confer an improvement in clinical or live 
birth rates [25].

22.1.4  Cleaning the Cervix

It is generally considered that cleaning the cervix is benefi-
cial prior to ET. It has been suggested that cervical mucus 
may impede the passage of embryo through the tip of the 
catheter and may even pull the embryos back in to the cath-
eter from the site of expulsion.

It has been postulated that traversing cervical mucus 
could introduce subclinical infection along with the embryo. 
Furthermore, some might argue that removing mucus might 
stimulate uterine contractility or bleeding that may nega-
tively impact on pregnancy outcomes. However, there is very 
little evidence in the literature to draw from as cervical clean-
ing is essentially considered accepted practice. In a large 
RCT, clinical pregnancy rates (39.2% study vs 22.6% con-
trols, P, 0.001) and live birth rates (33.6% study vs 17.4% 
controls, P  <  0.001) favoured removal of cervical mucus 
[26], with similar results also observed in another non- 
randomized study [27].

22.1.5  Uterine Relaxants

Uterine contractility is associated with reduced IVF success. 
Increased contractility has been linked to ovarian stimulation 
as well as induced contractility should the ET catheter touch 
the uterine fundus [28, 29]. A few observational studies have 
suggested a benefit of atosiban (an inhibitor of the hormones 
oxytocin and vasopressin) around the time of ET. However, a 
large multicentre RCT reported no difference following the 
use of uterine relaxants in terms of implantation, pregnancy, 
miscarriage or ectopic pregnancy rate [30]. Similar studies 
have looked at the role of beta2-adrenergic agonists (terbuta-
line and ritodrine) used during controlled ovarian stimula-
tion, with no difference in pregnancy, implantation and 
miscarriage rates [31]. We await the results of an ongoing 
double-blinded RCT assessing the effect of nifedipine as a 
smooth muscle relaxant on improving outcome of ET [32].

22.2  Embryo Transfer

22.2.1  Type of Catheter

There are numerous ET catheters available; they are most 
commonly ascribed as a soft or firm catheter. The latter is not 

commonly used in today’s practice as firm catheters are tra-
ditionally recognized as having poorer IVF outcomes. This is 
supported by a meta-analysis by the American Society for 
Reproductive Medicine (ASRM), which demonstrated 
higher pregnancy rates with soft catheters compared with 
firm catheters (RR 1.36, 95%CI 1.16–1.59) [33].

There is a significant amount of data comparing differing 
types of soft catheters with no difference in implantation, 
pregnancy or live birth rates noted [33]. Therefore, it appears 
that no soft catheter is superior.

22.2.2  Deposition of the Embryo at Transfer

The exact position to deposit the embryo has yet to be explic-
itly defined, although data is emerging to show that there 
may be a better ‘area’ within the uterus. It is generally 
accepted that touching the uterine fundus with the catheter 
tip should be avoided, as this can initiate uterine contractility 
that may expel the embryo. If this practice takes place, then 
significantly reduced pregnancy rates will result.

There are a number of good-quality RCTs that have 
attempted to identify the optimal location of embryo deposit. 
One RCT examined three different placement locations, 1.0, 
1.5 and 2.0 cm from the fundus. Significantly higher implan-
tation rates were observed for embryos deposited between 
1.5 and 2.0 cm compared to 1.0 cm, and statistically higher 
pregnancy rates were reported when the selected location 
was at 2.0 cm compared with 1.0 cm from the fundus [34]. 
When placement was compared between <1.0 and 1–1.5 cm, 
both implantation and pregnancy rates were higher in the lat-
ter group [35].

Two additional RCTs compared dividing placement 
between the upper and lower half of the uterine cavity [36] 
and compared the 2.0 cm point from the fundus versus the 
uterine cavity midpoint [37]. However, neither study reported 
a difference in implantation and pregnancy rates.

All of the available evidence suggests the highest preg-
nancy rates are associated with embryo placement in the 
upper or middle third of the uterine cavity, at least 1.0 cm 
away from the fundus [34, 35, 37–41].

Embryo migration post-ET has also ignited recent 
research interest. In a novel study, a 3D ultrasound assess-
ment of the embryo ‘flash’ was assessed at 1, 5 and 60 min-
utes after ET (remembering that the ‘flash’ appears as an 
area of white pixilation on the ultrasound monitor, relating to 
the air bubble that is injected along with the bolus containing 
the embryo; Fig. 22.1). Within 60 minutes of the ET, 76.4% 
of the embryo flashes migrated towards the fundus, 12.4% 
migrated towards the cervix, and 11.2% remained static. 
There was no significant association between the embryo 
position at 1 and 5 minutes. At 60 minutes, the pregnancy 
and implantation rates with the embryo flashes located less 
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than 15 mm from the fundus were significantly higher than 
those located more than 15 mm from the fundus (46.5% vs 
32.8% and 25.8 vs 18.2%, respectively, P < 0.05). The preg-
nancy and implantation rates when the embryo flash was 
seen moving towards the cervix were significantly lower 
(25% and 15%) compared with those that were static or mov-
ing towards the fundus [42].

During ET, it is sometimes necessary to switch from a 
soft catheter to a more rigid outer catheter to navigate a dif-
ficult cervix. This may confer increased bleeding and trauma 
which may affect success. A study by Abdelmassih et  al. 
demonstrated a significantly lower pregnancy rate (57% vs 
43%, P = 0.0054) when the outer sheath did not go beyond 
the internal os at ET [43].

Some practitioners ‘pause’ the ET procedure once the 
embryo has been dispelled from the catheter and before with-
drawing the catheter from the uterus. It is thought that this 
slight delay may reduce contractility of the uterus and allow 
the embryo to settle. Two RCTs have attempted to address 
this issue, but neither study suggested a difference in preg-
nancy rates comparing either a 30 second or 60 second delay 
versus immediate catheter withdrawal [44, 45].

22.2.3  Ultrasound-Guided Embryo Transfer

Traditionally, embryos were transferred into the uterine cav-
ity using the ‘clinical touch’ method, which was essentially a 
‘blind’ procedure relying on the clinician’s tactile sense to 
judge when the ET catheter was in the correct position. Some 
clinicians then transferred the embryos at a fixed distance 
from the external os (~6 cm). However, this approach did not 

account for the variability in anatomy in terms of cervical 
and uterine lengths and uterine positions. As such, the ‘clini-
cal touch’ method was generally considered unreliable, with 
suboptimal catheter placement in more than half of cases, 
such that the catheter could indent or embed in the endome-
trium [44].

The use of ultrasound guidance to facilitate ET is one of 
the most studied aspects of the overall process. Direct visu-
alization of the catheter is thought to assist navigation of the 
cervix with less trauma, to allow deposition of the embryo 
within the uterus to enable a higher pregnancy rate. Patients 
also tend to feel reassured that they have witnessed the pro-
cess for themselves. Evidence from a number of RCTs is 
available, with several meta-analyses confirming improved 
implantation, clinical or ongoing pregnancy and live birth 
rates with ultrasound-guided ET compared with ‘clinical 
touch’ techniques ([46–51]). The latest meta-analysis involv-
ing nearly 6000 patients suggested an ongoing pregnancy/
live birth rate (OR 1.47, 95%CI 1.20–1.65) in favour of 
ultrasound- guided ET versus ‘clinical touch’ [52]. Other 
studies have similarly demonstrated improved outcomes 
with ETs of frozen-thawed embryos and from programmed 
cycles utilizing donor oocytes [53, 54]. A number of studies 
have looked at the role of ultrasound guidance with difficult 
procedures, with two studies suggesting a benefit [54, 55].

Transvaginal ultrasound for ET has also been investi-
gated. The rationale is that this will provide greater clarity of 
pelvic images, resulting in more accurate embryo placement 
as well as higher expertise in optimal performance capture 
[56–59]. However, proven superiority of the technique is 
lacking, although it is appreciated that the procedure is better 
tolerated by the patient due to not filling the bladder, albeit 
with longer procedural times [58, 59]. In the authors’ experi-
ence, a transvaginal guided ET is a worthwhile technique 
provided an appropriate ET catheter is used and the resolu-
tion of the ultrasound monitor is suitably high. At the time of 
writing, there is at least one RCT ongoing looking at this 
specific use along with live 4D ultrasound guidance.

Although Sarevlos et al. found no improvement in preg-
nancy rates when comparing 2D with 3D ET [60], the further 
advancement in ultrasound has led Gergely et al. to propose 
utilizing live transabdominal 4D ultrasound guidance when 
replacing the embryos in a study involving over 5000 
patients. The technique involved mapping the point of maxi-
mal implantation potential (the MIP point) utilizing live 3D 
and 4D imaging of the endometrial cavity. This study showed 
an increase in the pregnancy rate by 10.04% with a reduction 
in incidence of ectopic pregnancy from 1.82 to 0.49% [61].

22.2.4  Velocity of Embryo Injection

The velocity with which an embryo is expelled from the 
catheter and how it affects implantation are difficult to gauge. 

Fig. 22.1 Ultrasound at the time of embryo transfer. The white ‘flash’ 
appears as an area of white pixilation on the ultrasound monitor, relat-
ing to the air bubble that is injected along with the bolus containing the 
embryo. (From Allahbadia G, Merchant R, Gahdhi G, et al. Ultrasound- 
guided ETs or Clinical Touch ETs, in Allahbadia GN, Chillik CF, ed., 
Human Embryo Transfer. New York: Springer, 2015, with permission)
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Large inter- and intra-observer injection speeds have been 
noted even in the most experienced practitioners [62]. In the 
hands of an embryologist, the velocity speeds of syringe 
expulsion may be more controlled, as they are used to 
 micro- manipulating gametes; however, the authors do not 
know of any studies to support this suggestion. A number of 
studies have attempted to standardize injection speeds by 
using a ‘pump-regulated embryo transfer’ (PRET) device. 
Use has also been supported by a RCT which confirmed less 
variance in embryo positioning when compared with manual 
injection, as assessed by ultrasound measurement [63].

22.2.5  Retained Embryos After Attempted 
Embryo Replacement

The rate of embryo retention in the ET catheter has been 
reported at 7.5%; however, immediate re-transfer of the 
embryo in the same or a  replacement catheter has consis-
tently demonstrated maintenance in implantation and clini-
cal pregnancy rates [64].

22.3  Post-Embryo Transfer

Bed rest is one of the most common practices following ET 
despite a lack of scientific evidence. The idea postulates that 
if patients are kept supine post-ET, this position may prevent 
premature expulsion of the embryos by either lowering uter-
ine contractility or the effect of gravity.

Periods of rest for as long as 24  hours have been sug-
gested, but commonly 20–120 minutes are observed in prac-
tice. However, three systematic reviews have failed to 
demonstrate any benefits comparing immediate ambulation 
versus bed rest [65–67]. It is worth noting the RCT by 
Gaikwad et al. that suggested that live birth rates were sig-
nificantly higher in the ‘no bed rest group’ compared with 
the ‘10 minutes bed rest group’ (56.7% versus 41.6%, 
p = 0.02), for the first time suggesting that bed rest might 
cause relative harm in terms of success rates [68]. The find-
ings were even more striking given that this study was per-
formed in recent years benefiting from more current success 
rates and population demographics similar to present-day 
patients undergoing fertility treatments.

In a novel study of over 600 patients, prevention of 
embryo expulsion following ET was attempted by exerting 
gentle mechanical pressure on the cervix using the vaginal 
speculum for a period of 7 minutes after. The clinical preg-
nancy rates were significantly higher in the study group ver-
sus the control group (67% vs 48%; OR 1.39; 95% CI 
1.11–1.74); however, it does not appear that this has been 
widely introduced into practice [69].

22.4  Other Considerations

22.4.1  Transmyometrial Embryo Transfer

A difficult ET has been reported in 5–7% of patients under-
going IVF treatment [70]. All clinicians at some point will 
encounter an attempted ET where it is impossible to navigate 
the cervix and gain entry to the uterine cavity, most often due 
to anatomical/pathological reasons such as congenital cervi-
cal stenosis or previous trachelectomy. In these instances, 
alternative routes of embryo replacement can be considered, 
principally via the transmyometrial route or replacement of 
the embryo via the fallopian tubes.

Transmyometrial transfer was first described in 1993 
[71], but is very infrequently used due to fear of potential 
trauma of the endometrium and myometrium which can her-
ald bleeding and junctional zone contractions which are 
believed to decrease the chance of implantation [72]. In a 
study comparing very difficult transcervical embryo replace-
ments with transmyometrial replacements, the pregnancy 
rates were very similar (33% vs 25%, respectively) without 
any major complications. In fact, the success of both proce-
dures was comparable to national databases comparing rou-
tine ET success. The results were also generally in keeping 
with other studies [71, 73, 74].

The ability of a tubal transfer of embryos to result in a live 
birth was reported in 1986 with early reports suggesting 
superiority of zygote intra-fallopian tube (ZIFT) transfer 
compared with transcervical embryo replacement [75]. 
However, with the development of softer ET catheters and 
higher-resolution ultrasound, ZIFT is a procedure that has 
lost favour. Nowadays, ZIFT and TET (Tubal Embryo 
Transfer) may be reserved for patients in whom it is not pos-
sible to cannulate the cervix.

Most retrospective studies show an increased pregnancy 
rate with ZIFT [76, 77]. Many non-randomized studies have 
also reported higher pregnancy rates for tubal transfers of 
embryos than for intrauterine ETs [78, 79]. In the largest 
uncontrolled study, the SART registry has consistently dem-
onstrated higher pregnancy rates with tubal transfers than 
with uterine transfers in the last decade, with a superior clini-
cal pregnancy rate per retrieval (37.5% vs 31.1%) and per 
transfer (40.1% vs 33.3%) [80].

Whilst ZIFT has commonly been associated with 
replacement of pronuclear and cleavage-stage embryos, 
successful pregnancy has been reported following the tubal 
transfer of blastocysts, although in the authors’ experience, 
transfer of a day 4 embryo seems most appropriate. The 
risks of the procedure are essentially those of a routine 
laparoscopy although the hyperstimulated ovaries often 
make the pelvis more difficult to navigate and may confer 
a higher risk of intraperitoneal bleeding should any of the 
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haemorrhagic follicles rupture through accidental punc-
ture. Some studies also report a trend towards increased 
risk of ectopic pregnancies with ZIFT [81, 82]. Mechanical 
dilatation of the cervix at the time of oocyte retrieval has 
been described and may result in a technically easier ET; 
however, it does not always yield good pregnancy rates 
[83, 84].

22.5  Conclusion

This chapter has discussed the main considerations for 
ET. Before an ET takes place, a patient may decide to have 
acupuncture or even anaesthesia or uterine relaxants to help 
abate any stress. At the time of the procedure, attention should 
be paid to cleaning the cervix and the choice of the most 
appropriate catheter to gain access to the uterus with minimal 
trauma. The advantages of ultrasound guidance have been 
discussed together with the need to consider the site and 
speed of embryo deposition. Despite our best efforts, some-
times an embryo may be retained after the ET, yet provided 
the embryo is quickly and carefully reloaded by the embry-
ologist, then the chances of pregnancy do not appear to be 
compromised. ET is the final part of the IVF process and is 
thus a critical step. Providing a careful methodical approach 
with an experienced team will offer the best chance for people 
undergoing the ET procedure. Furthermore, future  technol-
ogy, such as 4D ultrasound, may further improve the chance 
of successful treatment.
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Surgical Sperm Retrieval and MicroTESE

Ivor Cullen and Asıf Muneer

Surgical sperm retrieval (SSR) techniques are surgical meth-
ods that are used to retrieve mature spermatozoa from the 
epididymides or testicles of azoospermic men seeking fertil-
ity treatment using intracytoplasmic sperm injection (ICSI). 
The sperm can either be used fresh or be cryopreserved for 
use in future ICSI cycles [1]. The use of non-ejaculated 
sperm combined with ICSI has now become an established 
procedure for couples where the male is azoospermic in 
order to father their own biological offspring [2].

Nowadays, microdissection testicular sperm extraction 
(microTESE) allows successful assisted reproduction treat-
ments (ART) for many previously untreatable patients with 
non-obstructive azoospermia.

In contrast to obstructive azoospermia (OA), where there 
is an obstruction within the reproductive tract, non- 
obstructive azoospermia (NOA) is characterized by a com-
plete absence of spermatozoa in semen because of minimal 
or no spermatogenesis. Possible aetiologies include genetic 
disorders such as sex chromosome abnormalities, transloca-
tion and microdeletions of the Y-chromosome (AZFa, b, c), 
cryptorchidism, testicular torsion, radiotherapy and exposure 
to toxins [3]. Approximately 1% of all men, 60% of all azo-
ospermic men and 10% of infertile men are affected by tes-
ticular failure as a result of NOA [4, 5]. The histologic 
patterns associated with NOA include Sertoli cell-only syn-

drome (SCOS), maturation arrest (MA), hypospermatogen-
esis and sclera-hyalinosis.

Different options are available for obtaining viable sper-
matozoa in these patients: fine needle aspiration (FNA), con-
ventional testicular sperm extraction (cTESE) and 
microdissection TESE (microTESE). Testicular spermato-
zoa can be retrieved in some NOA men because of the exis-
tence of isolated foci of active spermatogenesis.

23.1  History

In 1999, Schlegel et al. [6] reported on a novel microsurgical 
technique to perform TESE, known as microTESE. Prior to 
this, a variety of surgical approaches had been used to under-
take the sperm retrieval. The most common of these is a con-
ventional testicular sperm extraction (cTESE), which is a 
random procedure whereby small samples of testicular tissue 
are obtained from the testis via multiple stab incisions 
through the tunica albuginea. cTESE was described for 
obstructive azoospermia by Schoysman et al. [7] as well as 
Craft et al. [8] and then later used for NOA (Silber et al. [9] 
and Devroey et al. [10]).

Schlegel’s concept was simple: seminiferous tubules 
with Sertoli cells only (SCO) are deemed to be thinner 
than tubules containing spermatogenic cells. The differ-
ence between the larger and smaller tubules is not visible 
without optical magnification. With microTESE, the tunica 
albuginea is opened, followed by an examination of the 
testicular tissue at 20–25× magnification using an operat-
ing microscope. This allows identification of the larger and 
more opaque tubules which are more likely to contain 
active spermatogenesis. Another benefit of microTESE is 
that the technique allows the opportunity to better identify 
sub-tunical vessels, thereby reducing the risk of testicular 
devascularization.

In Schlegel’s hands, this technique of microTESE resulted in 
an improvement of sperm retrieval rates from 45% to 63% [11].
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23.2  MicroTESE Versus Conventional TESE

Conventional TESE (cTESE) consists of random stab inci-
sions through the tunica albuginea of the testis followed by 
multiple sampling of extruded seminiferous tubules. This 
can result in atrophy and devascularization of the surround-
ing testicular tissue. This effect, together with the intrates-
ticular bleeding and parenchymal fibrosis, can result in 
impaired spermatogenesis and compromise the endocrine 
function of the testis.

MicroTESE is more selective and removes much smaller 
amounts of testicular tissue. This is important for testicular 
function, particularly if a man already has testicles of 
smaller than normal size, associated with infertility. In 
addition, the identification of avascular regions in the tunica 
albuginea minimizes the chance of vascular injury. 
Multifocal sampling from different regions of the testicle 

may increase the possibility of detecting spermatozoa when 
compared with cTESE.

It is well established that men with NOA can still have 
some focal areas of spermatogenesis within the testicles, 
whereas others have complete absence of germ cells and/or 
full block of maturation of spermatozoa within the tubules. 
Contrary to expectations, a histological diagnosis of Sertoli 
cell-only syndrome (SCOS) may indeed still be associated 
with areas of focal spermatogenesis [12].

MicroTESE has advantages and disadvantages compared 
with other open surgical methods. Implementation of micro-
TESE in a clinical ART setting requires the availability of an 
operating room equipped with a top-quality operating micro-
scope located next door to the IVF laboratory. Moreover, 
microTESE is a labour-intensive procedure that requires 
microsurgical expertise as well as urological training in scro-
tal and testicular surgery.

Fig. 23.1 The microTESE operation involves using a midline raphe incision in the scrotum approximately 3–5 cm in length, depending on the 
size of the testicles (Courtesy of the Lister Hospital and Fertility Centre, Accra, Ghana)
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23.3  Technical Aspects

MicroTESE should commence on the more favourable testis/
larger volume testicle if this is applicable. The surgeon 
moves to the contralateral testis in all cases of negative sperm 
retrieval, in order to maximize the chance of success.

The microTESE operation involves using a midline raphe 
incision in the scrotum approximately 3–5  cm in length, 
depending on the size of the testicles. This provides access 
into the right and left hemiscrotum to deliver each testicle 
through the incision. The testis and its overlying layers are 
then incised, and the tunica vaginalis is opened to deliver the 
testicle (Figs. 23.1 and 23.2).

A single equatorial incision covering approximately 270° 
of the circumference of each testicle is performed parallel to 
the tunical blood vessels using 6–8X magnification. A cou-
ple of haemostats are then attached to the tunica which 
allows the testicular parenchyma to be exposed.

A small testicular biopsy is taken and placed into Bouin’s 
solution so that a pathological diagnosis can be obtained as 
well as confirmation of azoospermia should no sperm are 
successfully retrieved. A 5mm3 biopsy yields a sufficient 
number of tubules (<50 cross sections) to perform an ade-
quate quantitative analysis for performing a Johnsen’s score 
[13] to evaluate spermatogenesis and also to rule out any 
concomitant neoplasia or pre-malignant intratubular germ 
cell neoplasia (ITGCN).

Sertoli cell-only syndrome (SCOS) is characterized by 
tubules lined with Sertoli cells and devoid of germ cells. 
Maturation arrest (MA) is defined as an absence of mature 
spermatozoa, despite normal early stages of spermatogene-
sis. Normal spermatogenesis is defined as the presence of 
tubules exhibiting all stages of spermatogenesis up to mature 
sperm.

Dissection of the testicular parenchyma is undertaken at 
×16–25 magnification searching for the best seminiferous 
tubules (STs), which are more likely to contain germ cells, as 
originally described by Schlegel. Microsurgical dissection 
between the lobules in an avascular plane allows most of the 
regions in the testicle to be examined.

If enlarged tubules are not seen, or the tubules appear 
homogenous within a lobule, then microsurgical biopsies of 
the lobules can be performed and examined for the presence 
of sperm within the theatre setting. This can be repeated until 
each testicle has been sampled.

The tunica albuginea is closed using continuous or inter-
rupted sutures (4/0 or 5/0). Following haemostasis, the tunica 
vaginalis is then closed in a running fashion using absorb-
able sutures followed by a layered closure of the dartos and 
skin.

A spermatic cord nerve block is a useful adjunct to ensure 
post-operative analgesia.

Patients are generally able to be discharged home on the 
same day of surgery. Bed rest and application of ice packs 
over the scrotum are recommended for the first 48  hours. 
Patients should be instructed to remove the scrotal dressing 
after 24 hours.

The use of a scrotal support is recommended for 72 hours  
post-operatively. Patients should be instructed to abstain 
from sports activities, heavy lifting and sexual intercourse 
for 21 days and need to be informed of the likelihood of scro-
tal swelling, ecchymosis at the wound site and mild discom-
fort that usually subsides within approximately 1  week. 
Scrotal ultrasound is indicated in cases of complications.

Sterile handling conditions under a laminar flow cabinet 
must be used during all laboratory steps. MicroTESE frag-
ments are examined under stereomicroscopy [14]. Firstly, a 
23-gauge needled-tuberculin syringe can be used to remove 

Fig. 23.2 The testis and its overlying layers are incised and the tunica vaginalis is opened to deliver the testicle (Courtesy of the Lister Hospital 
and Fertility Centre, Accra, Ghana)
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any blood clots from the tissue and to disperse the STs [15]. 
Then the specimens are transferred to dishes containing fresh 
sperm handling buffered culture medium where they are dis-
sected and ‘minced’ in order to release sperm into the 
medium. The medium can then be examined using an 
inverted microscope.

The diameter of the tubules may be determined using a 
digital imaging system (CIVA, Hamilton Thorne, USA) 
attached to the inverted microscope. For this, the operator 
captures the images of individual ST at ×100 magnification 
(Fig. 23.3).

Measurements are taken in microns from edge to edge of 
the most dilated tubules, and the larger ones from each 
patient are considered for analysis. Subsequently, mechani-
cal mincing of the STs is carried out using two needled- 
tuberculin syringes (one is used to hold the tubules in place 
at the bottom of the dish, while the other squeezes and opens 
the tubules).

This step is repeated until no intact tubules are seen. 
Homogenates are then examined on a warm-staged inverted 
microscope at ×200–400 magnification to confirm the pres-
ence of sperm. If multiple microTESE specimens are 
received, all described steps are repeated.

It is recommended that a minimum of two laboratory 
technicians/embryologists are involved in processing the 
microTESE specimens: one to mince the tubules under ste-
reomicroscopy and the other to search for spermatozoa under 
the inverted microscope.

Optimally, the surgeon can then be informed when sperm 
are found on initial examination. If sperm are not observed 
after initial microscopic examination, extensive mechanical 

processing and searching must be undertaken. For this, cell 
suspensions are diluted with sperm medium and centrifuged 
at ×300 g for 7 minutes. The supernatants are discarded, and 
the pellets should be resuspended in approximately 0.2 mL 
of sperm handling buffered culture medium. It is beneficial 
for the culture medium temperature to be maintained in the 
range of 32–37 °C during sperm handling and processing to 
optimize sperm motility.

23.4  Success Rates for Sperm Retrieval

Within the literature, sperm retrieval rates for microTESE in 
cases of NOA range from 35% to 77% [15–18]. More impor-
tantly, controlled series have demonstrated that microTESE 
performs better than conventional sperm extraction (cTESE) 
or percutaneous aspirations (TESA), in terms of obtaining 
viable sperm (Table 23.1).

Okada et al. [19] performed a retrospective comparative 
study of patients undergoing conventional TESE and micro-
TESE. Forty-six patients, including 22 patients with OA and 
24 with NOA, underwent conventional TESE. Another 100 
patients, including 26 with OA and 74 with NOA, underwent 
microTESE.  Conventional TESE was performed via three 
small 5 mm incisions in the tunica albuginea. Sperm recov-
ery rates were compared, as were complication rates assessed 
by ultrasonographic and endocrinological evaluations. For 
the OA cases, the sperm recovery rate was 100% for each 
procedure, as expected. However, for the NOA cases, sperm 
were recovered in 16.7 and 44.6% by conventional and 
microTESE, respectively (p = 0.0271).

Deruyver et  al. [20] performed a systematic review to 
compare the efficacy and safety of microTESE with cTESE 
in men with NOA. The primary outcome was sperm retrieval 
rate (SRR). Secondary outcomes were clinical predictors of 
sperm retrieval as well as complication rate. A total of seven 
studies were included in the final analysis. Overall, the SRR 
was significantly higher in the microTESE group (42.9–
63%) compared with the cTESE group (16.7–45%) in five of 
these studies. A sub-analysis of the SRR according to testic-
ular histology was available in four of the selected articles. 
MicroTESE in men with SCOS and hypospermatogenesis 
carried a small but significant more favourable outcome 
according to, respectively, two and one of the studies. There 
was a variable correlation of serum FSH and testicular vol-
ume with a positive outcome. However, fewer complications 
were observed on ultrasound examination after microTESE.

To date, there are still no absolute preoperative predictive 
factors for successful SRR in NOA.  FSH and testosterone 
levels, together with testes volume, reflect global testicular 

Fig. 23.3 Processing the tubules prior to determining tubule diameter 
using a digital imaging system (Courtesy of the Lister Hospital and 
Fertility Centre, Accra, Ghana)
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function and not the presence of a site of normal sperm pro-
duction within a dysfunctional testis [21]. By contrast, tes-
ticular histopathology results confer a better prognostic 
value compared with the aforesaid markers. SRRs by micro-
TESE are significantly higher in hypospermatogenesis (93%) 
compared with MA (64%) and SCOS (20%) [22]. This 
observation indicates that sperm production is distributed in 
a heterogeneous pattern within the testis and histologic 
assessment of a single testicular fragment is limited in its 
ability to determine the presence of rare foci of sperm pro-
duction in NOA [22].

Greater tubule diameter in cases of successful retrievals 
has been corroborated by a report in which the mean maxi-
mal diameter of sperm-containing ST was significantly 
higher than non-sperm-containing tubules (298 vs. 225 
microns, P > 0.0001) [23]. This study showed that the best 
sensitivity and specificity for a positive result on SR were 
obtained at a cut-off level of 250 microns [23].

Although in some small series and anecdotal reports, ele-
vated FSH levels are postulated to reduce successful out-
come for microTESE procedures, it is questionable whether 
serum FSH levels are really predictive for successful sperm 
retrieval. A large retrospective study by Ramasamy et al. [21] 
demonstrated that the chances of sperm retrieval are just as 
common for NOA men with elevated FSH levels than for 
men with lower FSH levels.

Success at obtaining testicular sperm by microTESE has 
shown to be comparable among different aetiologies such as 

cryptorchidism, varicocele, orchitis, genetic, radio-/chemo-
therapy and idiopathic [24–26].

Medical therapy to enhance endogenous testosterone lev-
els prior to SR has been suggested to optimize the retrieval 
rates in men with NOA [27]. The rationale of such interven-
tion relies on the fact that most men with NOA have testes of 
reduced volume, which is associated with decreased testos-
terone production and hypogonadism.

Adequate levels of intratesticular androgenic bioactivity 
are essential to sustain spermatogenesis that might be com-
promised in NOA [28]. Indeed, aromatase inhibitors, clomi-
phene citrate and hCG have been successfully used to boost 
testosterone production in men with NOA and nonmosaic 
Klinefelter syndrome (KS). Indeed, it has been shown that 
SR rates were increased by 1.4-fold in KS men who 
responded to medical therapy [29].

Despite being greatly anticipated in men with NOA who 
will be halted in their attempt to conceive due to the absence 
of testicular sperm on retrieval, medical treatment is still 
under investigation [28]. In a recent retrospective study on 
the role of optimizing testosterone before microTESE in 
men with NOA, Reifsnyder et al. evaluated 736 individuals 
and concluded that hormonal therapy had no impact on 
retrieval rate [27]. As such, a definitive conclusion cannot 
yet be drawn on the role of medical therapy in NOA. This 
dilemma will only be resolved if randomized trials are 
undertaken, for different subsets of men with NOA in 
whom intratesticular androgenic activity is measured.

Table 23.1 Comparison of sperm retrieval rates (SRRs)

Authors
Overall SRR (%) cTESE 
(n) microTESE (n)

SRR in SCO (%) cTESE (n) 
microTESE (n)

SRR in maturation arrest (%) 
cTESE (n) microTESE (n)

SRR in 
hypospermatogenesis (%) 
cTESE (n) microTESE (n)

Schlegel (1999) 45 (n = 22)
63 (n = 27)

Amer et al. (2000) 30 (n = 100 testes)
47 (n = 100 testes)a

Okada et al. (2002) 16.7 (n = 24)
44.6 (n = 74)a

6.3 (n = 16)
33.9 (n = 56)a

37.5 (n = 8)
75 (n = 12)

Tsujimura et al. (2002) 35.1 (n = 37)
42.9 (n = 56)

13 (n = 23)
22.5 (n = 40)

0 (n = 1)
75 (n = 4)

76.9 (n = 13)
100 (n = 12)

Ramasamy et al. (2005) 32 (n = 83)
57 (n = 460)a

29 (n = 24)
41 (n = 237)

20 (n = 10)
44 (n = 62)

50 (n = 14)
81 (n = 73)a

Ghalayini et al. (2011) 38.2 (n = 68)
56.9 (n = 65)a

6.2 (n = 32)
26.9 (n = 26)a

27.3 (n = 11)
36.4 (n = 11)

84 (n = 25)
92.9 (n = 28)

Mean SRR weighed by 
sample size

33
54

14
37

27
49

73
85

From Deruyver Y, Vanderschueren D, Van der Aa F. Outcome of microdissection TESE compared with conventional TESE in non-obstructive 
azoospermia: a systematic review. Andrology. 2013;2(1):20–24, with permission
aStatistically significant (p < 0.05)
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23.5  Sperm Retrieval Rates After 
Failed TESE

MicroTESE has been shown to be successful in approxi-
mately one-third of previous failed retrievals by other meth-
ods. Tsujimura and colleagues reported a SRR of 45% 
obtained with salvage microTESE performed after previous 
failed conventional TESE [30].

Similarly Kalsi et al. looked at 58 men with NOA who 
had previously undergone either single/multiple TESE or 
TESA with no sperm found [31]. Spermatozoa were success-
fully retrieved in 27 men by microTESE (46.5%). When the 
various histological subtypes were analysed, patients with a 
diagnosis of SCOS [14/35 (40%)] and maturation arrest [4 of 
11 (36%)] had lower SRRs than those in the hypospermato-
genesis group [9 of 12 (75.0%)] (P < 0.05). Interestingly pre-
operative serum testosterone correlated with the microTESE 
outcome.

23.6  ICSI Success Rates: Fresh Versus 
Frozen Sperm

Studies have reported conflicting findings with regard to the 
reproductive potential of fresh and frozen-thawed testicular 
sperm from men with NOA [32–35].

While some investigators have suggested impaired fertil-
ization [33], embryo development [34] and implantation [35] 
using frozen testicular sperm compared with fresh, others 
could not find significant differences in these parameters [36].

In a meta-analysis of 10 studies involving 825 cycles, fer-
tilization rates remained similar, but implantation rates were 
significantly higher (by 73%) when ICSI was performed 
with fresh rather than frozen-thawed testicular sperm [35].

However, ongoing pregnancy rates in the aforementioned 
study were not negatively affected by the state of testicular 
sperm used for ICSI, that is, fresh or frozen-thawed (relative 
risk [RR], 0.88; 95% confidence interval [CI], 0.58–1.33).

23.7  MicroTESE and ICSI: Take-Home Baby 
Rates

ICSI success is reduced when using sperm retrieved from men 
with NOA compared to sperm from ejaculated semen and from 
men with OA [37]. ICSI results in significantly lower fertiliza-
tion and implantation rates, and birth rates are also lower fol-
lowing ICSI for NOA vs. OA (19% vs. 28%) [38].

In longitudinal studies including patients with NOA as 
defined by testicular histopathology, only one out of seven 
NOA patients embarking for microTESE and ICSI will suc-
cessfully father their genetically own child [39]. Nevertheless, 

it must be emphasized that this is a population of men that 
prior to microTESE/ICSI had zero chance of paternity.

23.8  Complications

MicroTESE allows the identification of testicular vessels 
under the tunica albuginea, and these can be avoided when 
performing the incision. Microsurgery also allows preserva-
tion of intratesticular blood supply. This reduces the chance 
of complications due to haematoma formation and testicular 
devascularization, which is more likely to occur in cases of 
cTESE [40, 41]. In addition, cTESE may lead to removal of 
comparatively excessive amounts of testicular tissue, which 
may jeopardize androgen production and limit the chances 
of a repeat SSR. This factor is important for men with NOA, 
since they usually have small and highly dysfunctional 
testicles.

The testicular blood supply penetrates the tunica albu-
ginea and runs under the tunica before penetrating between 
the septa and lobules of seminiferous tubules. As these are 
end arteries, any injury to these blood vessels may cause 
devascularization of a segment of the testicle. Schlegel et al. 
looked at severe complications after testicular biopsy in the 
pre-microTESE era and reported on two cases of complete 
testicular atrophy in a series of 64 patients [42].

They reported that 82% of the patients who underwent a 
TESE procedure had intratesticular abnormalities on ultra-
sound as long as 3 months following surgery. Most of the 
lesions seemed to disappear 6 months after the procedure, 
leaving only linear scars visible on ultrasound.

Schill et al. evaluated the risk of testicular damage from 
testicular biopsies that were carried out during cTESE in 
infertile men [43]. This group found that endocrine testicular 
function and testicular size were not impaired after testicular 
biopsy when compared with preoperative data. However, 
they did note that in the NOA population, rates of subnormal 
testosterone were higher post-operatively than preopera-
tively (12 of 26 patients had subnormal testosterone values 
before TESE; 14 of 39 patients had subnormal levels 
afterwards).

Similarly, Manning et al. described a decrease in serum 
testosterone levels following cTESE in patients with NOA 
for up to 1 year after the procedure [44]. It is therefore rea-
sonable to conclude that patients with NOA show an 
increased risk of androgen deficiency following cTESE and 
recommend long-term follow-up in this group of patients.

Everaert and colleagues looked at the endocrine implica-
tions of microTESE in 48 patients with NOA [45]. Patients 
with de novo androgen deficiency were asked to perform a 
second blood analysis, where all blood samples were taken 
between 8 and 10 am. Their minimum reference value for 
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testosterone was 280  ng/dl. Biochemical androgen defi-
ciency was diagnosed if testosterone levels in serum were 
below the reference value on two occasions. 8.9% (4 out of 
45) of the patients had serum testosterone levels below the 
reference range at the preoperative evaluation (280  ng/dl). 
Hormonal follow-up was available on 31 patients. Serum 
testosterone levels were on average 10% lower at follow-up 
compared to preoperative levels (p < 0.05). 16.1% (5 out of 
31) of the patients were found to have a de novo androgen 
deficiency at follow-up. Among the eight patients of whom a 
clinical evaluation was available during post- operative fol-
low-up, no symptoms or signs of androgen deficiency were 
noted. These patients all had also normal testosterone levels 
both preoperatively and at the follow-up visit (433 ± 99 ng/
dl) (paired t-test: p > 0.05). Interestingly, no significant cor-
relations were found between serum testosterone and the 
male age or testicular volume.

Komori et al. also demonstrated no significant endocrine 
changes after microTESE. This group recorded serum testos-
terone concentrations and the presence of antisperm antibod-
ies (ASA) 12 months after cTESE or microTESE [46], of 13 
patients undergoing cTESE and 12 patients undergoing 
microTESE.  Serum total and free testosterone concentra-
tions were evaluated preoperatively and at 1, 6 and 12 months 
following the procedure. Serum ASAs were also evaluated 
before and 12 months after TESE. Serum total and free tes-
tosterone concentrations in all patients in both groups showed 
no significant post-operative decrease. A comparison 
between the two groups of serum total and free testosterone 
concentrations showed no significant difference (total testos-
terone, p = 0.2477; free testosterone, p = 0.3098). No inci-
dence of new ASA formation was identified in the study.

Takada et  al. investigated the endocrine implications of 
microTESE on patients (n = 69) with NOA and KS [47]. The 
overall SRR was 50.7%. The endocrinological data was eval-
uated before and 3, 6, and 12 months following surgery. The 
mean serum total testosterone level in patients with hypo-
spermatogenesis decreased post-operatively but recovered 
by 12 months. The mean serum total testosterone level in the 
patients with KS also decreased post-operatively but had 
recovered to only 50% of the baseline value at 12 months 
after microTESE.

Isikawa et  al. also demonstrated a significant post- 
operative decrease in serum testosterone following micro-
TESE in men with KS [48]. Mean testosterone levels 
significantly decreased an average of 30–35% vs. baseline 
when assessed 1, 3, 6, 9 and 12  months post-operatively. 
However, mean testosterone levels returned to 75% of the 
preoperative level after 18 months.

It is therefore important that patients are informed on the 
long-term consequences of microTESE, including the poten-
tial for androgen deficiency necessitating testosterone 
replacement therapy in the future. However, before starting 

hormone replacement therapy, it seems advisable to wait for 
about 1 year after the surgery, since some degree of sponta-
neous recovery may occur [44].

23.9  MESA

Microsurgical-guided sperm acquisition has also been 
applied in epididymal sperm retrievals. The goal of micro-
surgical epididymal sperm aspiration (MESA) is to identify 
and open a single epididymal tubule in order to aspirate a 
sperm-rich, red blood cell-free fluid that can be used for 
ICSI. In contrast to microTESE, MESA is indicated for cases 
of OA.

MESA was first described in 1985 [49]. This surgical 
technique requires exposure of the testicle through a 2–3 cm 
scrotal incision. The epididymal tunica is incised, and a sin-
gle enlarged tubule is then selected. The epididymal tubule is 
dissected and opened with sharp microsurgical scissors. The 
fluid that flows out of the tubule is aspirated with the aid of a 
silicone tube or a needle attached to a tuberculin syringe. The 
aspirate is flushed into a tube containing warmed sperm han-
dling buffered medium, which is transferred to the laboratory 
for microscopic examination.

MESA can be repeated at a different site on the same epi-
didymis (from the cauda to caput regions) and/or the contra-
lateral epididymis until motile sperm are retrieved [50].

A single MESA procedure usually enables retrieval of a 
large number of high-quality sperm that can be used for ICSI 
or cryopreservation for subsequent ICSI attempts [51, 52]. 
However, if MESA fails to retrieve motile sperm, TESA or 
TESE can be performed as part of the same procedure.

When compared to traditional TESE or PESA, MESA has 
been reported to be an excellent option for sperm retrieval in 
men with congenital bilateral absence of the vas deferens 
(CBAVD) [53]. The technique can also be employed at the 
time of an epididymovasostomy which allows ‘backup’ 
sperm to be obtained for cryopreservation. This also con-
firms that the tubule being used for the anastomosis has via-
ble sperm within it.

23.10  OncoTESE

In view of the high cure rates for testicular germ cell 
tumours (TGCTs) and malignant lymphomas, increasing 
clinical importance is attached to preserving fertility. 
High-dose cytotoxic chemotherapy may cause long-term 
infertility. Thus, the standard procedure for fertility pres-
ervation is cryopreservation of ejaculated spermatozoa 
before undergoing potentially gonadotoxic therapy [54]. 
However, it should be noted that impairment of spermato-
genesis may have already occurred before any chemother-
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apy has commenced in a significant proportion of young 
patients with a TGCT [55]. Furthermore, some patients 
may be azoospermic prior to treatment due to various fac-
tors (see below).

The mechanisms underlying the cancer-related impair-
ment to spermatogenesis are poorly understood [56]. The 
following causes have been postulated and investigated:

 1. Disorders of urogenital development and/or primary 
endocrine dysfunction [56].

 2. The presence of contralateral testicular pathology (atro-
phy or unclassified intratubular germ cell neoplasia).

 3. Possible tumour-related factors including endocrine 
activity of β-human chorionic gonadotropin (hCG), ele-
vated concentrations of total serum estradiol and serum 
estradiol not bound to sex-hormone-binding globulin and 
blocking of multiple enzymes necessary for steroidogen-
esis [56]. It is assumed that tumour-derived hCG stimu-
lates estradiol production in ‘normal’ testicular tissue but 
not in tumour tissue and that the resulting high estradiol 
levels then impair spermatogenesis [57].

A further mechanism under discussion is enhanced aro-
matization and in situ oestrogen production in Leydig cells 
of the non-neoplastic testis and in interstitial or stromal cells 
of the tumour in patients with NS [57]. Moreover, ASAs 
have also been detected in germ cell tumour patients [58].

Emotional stress has also been discussed as another factor 
contributing towards reduced fertility of tumour patients. 
This impairment of spermatogenesis is reversible in some 
cases after surgical treatment [59].

Evidence of a carcinoma-induced alteration of spermato-
genesis is also supported by studies demonstrating that the 
sole removal and/or successful treatment of germ cell cancer 
is associated with an improvement of spermatogenesis in at 
least some of the patients [59].

Schrader et al. proposed a new strategy for cryopreserva-
tion of spermatozoa in azoospermic men, via spermatozoa 
retrieval at the time of orchidectomy. This has been termed 
‘oncoTESE’ [60]. When performing the contralateral testic-
ular biopsy to exclude an intratubular germ cell neoplasia, a 
part of the specimen from all azoospermic patients is cryo-
preserved in a fashion analogous to TESE.  This ensures 
sperm extraction before spermatogenesis is additionally 
compromised by cytotoxic therapy. Moreover, TESE does 
not require an additional intervention if performed during the 
contralateral testicular biopsy.

MicroTESE appears to be the optimum strategy for men 
with coexistent NOA and testicular cancer, particularly at the 
time of radical orchiectomy [61]. OncoTESE can be per-
formed on the non-malignant testicular tissue, separate from 
the malignant lesion in men with NOA and testicular cancer. 
This is particularly relevant in those men with NOA and 

bilateral testicular cancer, absent contralateral testicle and 
atrophic contralateral testicle.

23.11  Conclusion, Commentary and Future 
Directions

The treatment of NOA has undergone many recent advances 
[11]. Surgical extraction of spermatozoa from focal areas of 
sperm production in men with NOA has been a primary chal-
lenge to the successful treatment of these patients. Using a 
microsurgical approach, sperm retrieval is effective in 56% 
of men with NOA, and pregnancy is possible in 45% of cou-
ples once sperm are retrieved. The microTESE approach 
seems to be safer than other sperm retrieval approaches and 
has a specific application for subsets of men with NOA.

In a recent correspondence with the journal Andrology, 
Professor Song has highlighted the broad range of reported 
success rates for microTESE and suggested that the real- 
world experience of many urologists often results in lower 
success rates than the ranges reported [62]. Song proposed 
that specific changes are needed to the reporting and analy-
ses of microTESE studies and calls for a need for standard-
ization so that definitions are explicit. For example, 
‘successful microTESE’ may be defined broadly by some as 
the isolation of any form of an elongated spermatid, rather 
than isolation of viable mature sperm suitable for ICSI. Song 
proposed that the procedure be considered ‘successful’ only 
if viable sperm suitable for ICSI are obtained. While the 
identification and processing of spermatogonia, round sper-
matids and/or elongating spermatids may be relevant and 
important, especially in the future, such data should be 
reported in a separate category.

In agreement with Song’s recommendations, SRR com-
pared within specific groups, e.g. from NOA patients with 
elevated serum FSH, could be one effective way to objec-
tively compare the results. Furthermore, microTESE data for 
cryptozoospermia perhaps should be excluded from the 
overall outcome data reported, since a higher chance of 
sperm retrieval can be expected because ongoing spermato-
genesis has already been proven in these patients. Finally, we 
suggest reporting units exclude azoospermia patients with 
normal FSH and normal testis size who have not undergone 
testis biopsy showing impaired spermatogenesis. If these 
patients are not excluded, OA might be included in outcome 
reporting resulting in higher reported SRRs.

Looking to the future, multiphoton microscopy has been 
applied successfully to differentiate normal from abnormal 
spermatogenesis in an ex vivo rodent model, and encourag-
ing preliminary results have been reported in humans [63, 
64]. Confocal fluorescence microscopy has also been used in 
a murine model of microTESE [65]. Although the latter 
offers the advantage of rapid in vivo detection of sperm in 
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the ST, a concern might be the use of fluorescein to label 
sperm may limit the translation of this method to the clinical 
setting.

Lastly, full-field optical coherence tomography, which 
uses a safe light source with no apparent detrimental effect 
on sperm quality, was recently described as a useful tool to 
facilitate real-time visualization of spermatogenesis in an 
ex vivo rodent SCO model [66]. Thus, the aforesaid methods 
have the potential to be coupled with the operating micro-
scope and aid in microTESE.
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Surgical Management of Endometriosis

Jorge F. Carrillo and Yolianne Lozada-Capriles

Endometriosis is a condition where endometrial glands and 
stroma are found outside the uterine cavity, frequently at the 
ovarian fossa, ovaries, fallopian tubes, and the cul-de-sac. 
Sometimes it can involve intraabdominal or pelvic organs 
like the bowel, bladder, and ureter, endopelvic fascia compo-
nents like the uterosacral ligaments, the rectovaginal septum, 
and in rare occasions extra-abdominal organs, such as the 
lung and pleura.

The exact prevalence or incidence is difficult to estimate, 
but is thought to affect 7–10% of female population [1]. It is 
thought to have a prevalence between 20 and 50% among 
patients with infertility [2, 3]. Endometriosis is found in 30% 
of chronic pelvic pain patients who undergo laparoscopy [4]. 
A retrospective study by Mowers et al. revealed that of 9622 
patients who underwent laparoscopic or abdominal hysterec-
tomy for benign indications, 15.2% had endometriosis. This 
same study also showed that only 21% of patients with 
chronic pelvic pain had endometriosis and among patients 
with a preoperative diagnosis of suspected endometriosis, 
only 42% had pathology-confirmed disease [5].

Although patients are not always symptomatic, they usu-
ally present in their reproductive age with dysmenorrhea, 
infertility, pelvic mass, deep dyspareunia, or organ-specific 
symptoms like dysuria, dyschezia, or hemoptysis [6, 7]. 
Empirical medical therapy may be started if there is a clini-
cal suspicion; however the final diagnosis can only be made 
with histological confirmation [8]. There is data suggesting 
that a visual diagnosis of endometriosis has a positive predic-

tive value of 45% [9]. Endometriosis has many different 
forms of visual presentation. Thus, the surgeon must be 
familiar with these patterns to decide which lesions to biopsy 
(Table 24.1, Fig. 24.1).

The current classification by the American Society for 
Reproductive Medicine is surgical and unfortunately does 
not correlate with the clinical presentation of this condition.

Surgery is an important therapy available to offer patients 
who are suspected to have or have been diagnosed with 
endometriosis. Who, when, how, and how much are just a 
few of the many questions a gynecologic surgeon should ask 
themselves before offering surgical treatment for this condi-
tion. For example, when treated surgically, it has always 
been the thought that aggressively treating most endometrio-
sis lesions would improve patient’s symptoms. Nonetheless, 
there is recent data suggesting that patients with stage 3 or 4 
endometriosis have better response rates in their pain symp-
toms when compared to patients with stage 1–2 disease [10]. 
There are many aspects to consider when offering a surgical 
approach to a patient with suspected or confirmed endome-
triosis whether it is for pain or fertility indications.

In this chapter, we will discuss these points and the cur-
rent surgical management of this interesting and complex 
condition.
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Table 24.1 Appearances of endometriosis

    1. Red raspberries 2. Purple raspberries
    3. Blueberries 4. Blebs
    5. Peritoneal pockets 6. Whitish scar tissue
    7. Stellate scar tissue 8.  Strawberry-colored 

lesions
    9. Red vesicles 10. White vesicles
    11. Clear vesicles 12. Powder burns
    13. Peritoneal windows 14. Yellow-brown patches
    15. Brown-black patches 16. Adhesions
    17. Clear polypoid lesions 18. Red polypoid lesions
    19. Red flame-like lesions 20. Black puckered spots
    21.  White plaques with black 

puckers
22. Chocolate cysts
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24.1  Surgical Considerations

When to perform surgery on a patient with suspected or con-
firmed endometriosis is a very important decision to make, 
especially if one of the indications is chronic pelvic pain. A 
comprehensive history and physical exam must be per-
formed. The most common indications for a surgical 
approach are persistent pain despite hormonal suppression, 
any contraindication for medical management, an adnexal 
mass, some infertility related reasons, and to confirm diag-
nosis, among others (Table 24.2).

Preoperative evaluation with imaging such as ultrasound 
or magnetic resonance might be helpful to identify pelvic 
masses and deep infiltrative lesions of the bladder, rectovagi-
nal septum, or bowel. The main goal with a surgical approach 
is to remove/ablate endometriosis lesions and to restore nor-
mal anatomy, and depending on the patient’s desire, this 
should be achieved by sparing fertility. It is important for the 
surgeon to be conscious that, as mentioned before, because 
endometriosis staging does not correlate with symptoms, one 
should be prepared to manage distorted anatomy and lesions 
invading organs such as the bladder, rectum, and ureter, 
among others. Being cautious and self-aware of her or his 
own surgical skills should permit the surgeon to decide if the 

complexity of the surgery allows appropriate achievement of 
goals or if the patient should be referred to a specialized cen-
ter. Inadequate procedures or failure to recognize and treat 
lesions can lead to persistent symptoms.

24.2  Techniques

24.2.1  Laparotomy Versus Laparoscopy

The advantages of laparoscopic surgery versus laparotomy 
are very well known and have been described; recovery time 
and cost are just a few of them. A laparoscopic approach is 

a
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Fig. 24.1 Some appearances for endometriosis. (a) Clear vesicles, (b) peritoneal defects/pockets, (c) adhesions, (d) white lesions, (e) powder burn 
lesions, (f) cribiform peritoneal lesions

Table 24.2 Criteria for surgical management of endometriosis

Appropriate candidate Non-candidate
    1.  Failed/contraindicated medical 

treatment
1. Incomplete evaluation

    2. Establish diagnosis 2.  Multiple non-effective 
surgeries

    3. Adnexal masses 3. Postmenopausal
    4. Infertility
    5.  Deep infiltrative endometriosis 

(bowel, bladder involvement)
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considered routine for the diagnosis and removal of endome-
triosis [8, 11, 12]. Having said this, laparoscopy and lapa-
rotomy are equally effective in treating endometriosis pelvic 
pain [13]. Laparoscopy provides a better visualization of 
lesions that otherwise would go unnoticed, and “near con-
tact” laparoscopy allows about an eightfold magnification. 
Techniques used at our institution include “zoom in, zoom 
out” and “blood painting” (Fig. 24.2) in which blood is used 
to enhance elevated borders of lesions implanted at the peri-
toneum in the cul-de-sac or the pelvic side walls [8].

A thorough survey of the pelvis and abdomen should 
take place at the beginning of the procedure, and it should 
be performed in a systematic fashion. This is especially 
important in patients with chronic pelvic pain. We start at 
the insertion of the left round ligament and then inspect the 
anterior cul- de- sac, followed by the insertion of the right 
round ligament. After this, the uterus is anteverted, and a 
Maryland forceps is used to grasp one of the utero-ovarian 
ligaments and rotate the tips to expose the ovarian fossa. 
This allows excellent visualization of the ovary, the pelvic 
sidewall, the ipsilateral ureter, and uterosacral ligament. 
Following this, we inspect the posterior cul-de-sac. In a 
similar fashion, the contralateral ovarian fossa and pelvic 
side wall are explored (Fig. 24.3). Lastly, the sigmoid and 
the appendix are also visualized and inspected; this is 
important since appendiceal endometriosis has been 
reported in 2–4% of patients with endometriosis [14]. If a 
“peritoneal pocket” is visualized, this is inspected down to 
its base because lesions will be frequently found inside. 
The purpose of performing a systematic inspection is to 
avoid missing lesions at less frequent areas. At our institu-
tion, we document the exact area in which endometriosis 
lesions are found, and we describe the appearance of the 
lesion so there is a comparison if a repeat surgery is needed. 

Sometimes extensive disease and very distorted anatomy 
necessitate converting a laparoscopic procedure to open, 
depending on the goal of the surgery.

24.2.2  Ablation Versus Excision

Ablation refers to the destruction of lesions with electrosur-
gical techniques, laser vaporization, or ultrasonic scalpel. 
By excision we refer to the dissection of lesions away from 
normal tissue, generally using the laparoscopic scissors. A 
recent systematic review from the Cochrane Collaboration 
evaluating laparoscopic surgery for endometriosis revealed 
that laparoscopic surgery (with either ablation or excision) 
reduced overall pain associated with minimal and moderate 
endometriosis, when compared to just diagnostic laparos-
copy at 6 and 12  months. It was also found that laparo-
scopic treatment of minimal or moderate endometriosis 
improves pregnancy and live birth in couples with infertil-
ity [15]. When both ablation and excision were compared, 
it was found that they had similar effects in reducing pain 
[15, 16]. We should be mindful of the invasive nature of 
endometriosis when we are treating lesions. Sometimes it is 
not enough to ablate the lesion due to the depth of infiltra-
tion. When deep infiltrative endometriosis is found, the tac-
tile feedback provided by conventional laparoscopy could 
be useful; a “sand paper” or “rough” consistency is per-
ceived, and once the abnormal tissue is removed, this area 
should feel “smooth.” At our institution, we excise lesions 
and often use laparoscopic scissors without energy to dis-
sect the peritoneum away from the sub-peritoneal fat to 
avoid bleeding (Fig. 24.4). This technique is especially use-

Fig. 24.2 This is how lesions can be enhanced after “painting” them 
with blood. We use the suction to spread blood over the lesions or sus-
pected area Fig. 24.3 Technique to expose ovarian fossa, with Maryland forceps; 

the ovarian ligament is grasped proximally, and the instrument tip is 
rotated clockwise, rotating the ovary

24 Surgical Management of Endometriosis
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ful when the lesions are near to vital organs such as the 
ureter or blood vessels.

24.2.3  Neurectomies

Pelvic neurectomies have been described since the late 
1800s. These procedures were developed with the thought of 
interrupting ascending pathway of sensory fibers from the 
uterus and cervix. They are offered when patients with dys-
menorrhea or endometriosis have poor response to medical 
therapy and desire a fertility-sparing procedure. There are 
essentially two procedures described: uterine nerve ablation 
(UNA) and presacral neurectomy (PSN).

UNA gained popularity in the 1960s. In 1985, the first 
laparoscopic UNA (LUNA) was described [17]. The proce-
dure consisted of transecting a segment of the uterosacral 

ligaments, from their insertion into the cervix (1 cm in length 
and depth). Four prospective randomized trials and a 
Cochrane review concluded that LUNA has no role in the 
treatment of chronic pelvic pain and should not be performed 
for endometriosis-related pelvic pain [17–20].

The superior hypogastric plexus or presacral nerve is a 
neurologic plexus formed primarily by sympathetic (T12–
L2) and visceral afferent fibers. It is located in the interiliac 
triangle at the level of L4–L5–S1 vertebral bodies. 
Anteriorly, this plexus nerve is covered by preperitoneal fat 
and parietal peritoneum. Posteriorly, it is in relation to the 
left common iliac vein (at the superior end of it), the middle 
sacral artery, and the anterior longitudinal ligament of the 
spine. It then divides into two inferior hypogastric plexuses 
which will receive the pelvic splanchnic nerves or nervi eri-
gentes coming from S2, S3, and S4, adding parasympathetic 
fibers to form the three plexuses that will innervate the blad-

a b

c

e

d

Fig. 24.4 Excision of 
endometriosis lesion. (a) With 
a grasper elevate the lesion, 
and with scissors incise the 
peritoneum. (b, c) Use a 
“poke and open” technique to 
dissect the subperitoneal fat to 
avoid bleeding. (d) Finish 
incision around the lesion. (e) 
Area of peritoneum excised
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der, uterus-vagina (Frankehauser’s plexus), and rectum [21, 
22]. By transecting the presacral nerve, one can interrupt 
this pathway between the uterus and the central nervous sys-
tem. Before starting a laparoscopic PSN (LPSN), the sur-
geon needs to identify all the structures of the interiliac 
triangle. The sigmoid colon is retracted laterally exposing 
the space. The promontory is identified and the bifurcation 
of the aorta visualized. The left common iliac vein is identi-
fied. The right ureter is the right limit of the dissection, and 
the inferior mesenteric artery is the left border. Then the 
parietal peritoneum is incised at the interiliac triangle; this 
incision can be vertical or horizontal and is extended just 
below the bifurcation. The peritoneum is dissected off the 
peritoneal fat. At our institution, we prefer to use the ultra-
sonic scalpel, but bipolar or monopolar energy can be used 
for dissection as well. The anterior longitudinal ligament 
should be exposed, taking care during dissection around the 
left common iliac to avoid injuries and to ensure proper 
resection of the neurologic fibers. The specimen should be 

sent to pathology to confirm presence of neural tissue 
(Fig. 24.5). In the same Cochrane review cited previously, it 
was found that LPSN combined with surgical treatment for 
endometriosis was more beneficial than surgical treatment 
of endometriosis only, in cases where midline pelvic pain 
was described [20]. When LPSN was performed for primary 
dysmenorrhea, success rates of 80% have been reported; 
when it was performed for pelvic pain associated with endo-
metriosis, success rates ranged from 73 to 94% in decreas-
ing pain [23]. At out institution, patients undergo a 
CT-guided hypogastric nerve block before being considered 
for a LPSN.  This ensures that interruption of these nerve 
fibers will be effective in alleviating their pain. Associated 
complications are low, but could be very serious due to the 
surgical area and the vascular relations leading to cata-
strophic injuries. Also, by disrupting the neurologic path-
way, visceral side effects can present, the most frequent one 
being severe constipation (14.3%), followed by urinary 
urgency (4.8%) [24, 25].

a b

c d

Fig. 24.5 Presacral neurectomy. (a) Landmarks to identify. (b) Superior hypogastric plexus. (c) Left common iliac identified. (d) Middle sacral 
artery identified
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24.3  Endometrioma Management

Endometriomas are ovarian cysts that arise from the endo-
metrial tissue located at their inner wall. These cysts contain 
dark thick fluid resembling old blood, frequently described 
as “chocolate cysts,” that are usually adherent to the ovarian 
cortex and surrounding organs, such as the bowel, ureter, 
peritoneum, fallopian tubes, uterus, and uterosacral liga-
ments. It is thought that endometriomas can present in 
17–44% of patients with endometriosis [26]. Their size can 
range from 1 to >15 cm size [27]. Patients may complain of 
pelvic pain, and the pelvic exam could reveal an adnexal 
mass and limited uterine mobility. A transvaginal pelvic 
ultrasound is the best imaging modality to make the diagno-
sis with a sensitivity and specificity of almost 90% [26]. 
Ultrasound findings typically describe a unilocular ovarian 
cyst with a ground-glass appearance. Among surgical treat-
ments for endometriomas, excision of the cyst wall with 
stripping seems to be superior in terms of endometrioma 
recurrence and pelvic pain symptoms and increase concep-
tion rates when compared to fenestration with ablation/coag-
ulation [10, 26]; it also provides a final diagnosis. Proper 
excision technique of an endometrioma requires training and 
experience to minimize ovarian trauma and potential impact 
of ovarian function. Regarding the technique, it is very 
important to identify the relevant anatomical structures 
nearby, like the fallopian tube, infundibulopelvic ligament, 
or ureter to name some. If lysis of adhesions needs to be 
performed, it should be done taking care to identify these 
structures, as the ovary is frequently adherent to other organs 
such as the uterus, bowel, or pelvic side wall. We usually 
plan our first ovarian incision by making very small, superfi-
cial punctures in a linear fashion along the ovarian cortex. 
Then, we use scissors with blunt and sharp dissection to 
“connect the dots.” This results in a longitudinal incision that 
reveals the cyst capsule. The ovarian cortex is grasped and 
peeled from the cyst wall. Sometimes, drainage of the cyst is 
necessary to gain better visualization, definition of the 
 dissection planes, and more adequate control of the tissue. 
The use of injected diluted vasopressin into the space 
between the cyst and the ovarian cortex has been described, 
with findings suggesting a reduction in operating times and 
ovarian damage to ovarian reserve (by reducing the loss of 
healthy ovarian tissue and use of cautery on it); but more 
studies are needed to further investigate these effects [27, 
28]. There is conflicting data about the impact on infertility 
after cystectomy. On one hand, there are some studies that 
reveal increase of spontaneous pregnancy (20–60%) after 
laparoscopic treatment of endometriomas, while others con-
cluded there was no significant difference [26]. Multiple 
reviews discussing the impact of cystectomy on ovarian 

reserve and anti-Müllerian hormone (AMH) levels have con-
cluded that a reduction in levels for up to 9 months postop-
eratively is common. Factors that should be taken into 
consideration when planning surgery for infertility purposes 
and the impact in ovarian function are baseline AMH level, 
the size of the endometrioma (removal of larger cysts can 
present with larger incidental removal of healthy ovarian tis-
sue), and previous cystectomies [26].

24.4  Lysis of Adhesions

It is common to encounter intraperitoneal adhesions in 
women with endometriosis [29]. It is well known that adhe-
sions can occur spontaneously, but often are the consequence 
of peritoneal trauma or inflammation. With endometriosis, 
the inflammatory process from the endometrial implants 
could lead to this. There is controversy regarding whether 
adhesions are a cause of pain or not, but adhesions could 
compromise fertility by affecting ovaries or fallopian tubes. 
The presence of dense adhesions can add difficulty and risks 
to a planned surgical procedure. We do not recommend treat-
ment of all adhesions, and it is our practice to only treat 
adhesions that are thought to be affecting fertility, the ones 
that are necessary to treat when performing a specific proce-
dure (endometrioma resection, hysterectomy), if they are 
dense and vascular, compromising viscera, or if they are sus-
picious of being a cause of pain based on location. When 
adhesions are identified, and treated surgically, either liquid 
or solid barrier agents could be used to try to prevent recur-
rence or de novo formation, including lactated Ringer’s, 4% 
icodextrin, hyaluronic acid and ferric ion, HAL-C bioresorb-
able membrane, hydrogel, expanded polytetrafluoroethyl-
ene, hyaluronic acid and carboxymethylcellulose, or oxidized 
regenerated cellulose, among others [10].

24.5  Deep Infiltrative Endometriosis

Deep infiltrative endometriosis (DIE) refers to the presence 
of endometriotic lesions that invade the peritoneal surface by 
at least 5 mm in depth [30]. It can extend into the retroperi-
toneal space or into the wall of abdominopelvic organs such 
as the bladder and bowel (Fig. 24.6). Patients may be asymp-
tomatic, have nonspecific symptoms such as chronic pelvic 
pain, or present with organ-specific symptomatology like 
dysuria, hematuria, constipation, or rectal bleeding. In some 
patients, it can be severely debilitating [31, 32].

Deep infiltrative endometriosis is less likely to respond 
adequately to medical or hormonal treatment. Many studies 
have shown that excision is the standard of care for these 
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patients as it improves postoperative pain scores and recur-
rence rates. Extensive knowledge and comprehension of the 
retroperitoneal spaces and anatomy is essential for the gyne-
cologic surgeon who will treat advanced endometriosis.

The retroperitoneal spaces include paravesical, paravagi-
nal, pararectal, retrorectal, vesicovaginal, rectovaginal, and 
retropubic spaces [33]. The gynecologic surgeon must be 
familiar with the three surgical layers that are found within 
the pelvic sidewall:

• First layer: contains the ureter on the parietal peritoneum
• Second layer: contains the internal iliac artery and its 

branches
• Third layer: includes the external iliac vessels and the 

obturator bundle

Complete excision of DIE often requires dissection into 
these planes. Various techniques that facilitate retroperito-
neal entry and dissection have been described. The surgeon 
must always start at an area where there is no distortion of 
the anatomy. This will make it easier to identify surrounding 
structures and avoid inadvertent injuries.

In the presence of severe pelvic adhesions or disease, 
access to the retroperitoneum may be gained at the level of 
the pelvic brim. The peritoneum lateral to the infundibulo-
pelvic ligament is grasped and tented upward. A small super-
ficial incision is made parallel to the ovarian vessels using 
scissors. Monopolar energy may be used for this step. If the 
procedure is being performed laparoscopically, carbon diox-
ide will enter the retroperitoneal space and help develop the 
avascular planes. This aids in the separation of the medial 
and lateral leaves of the peritoneum. Access can also be 
obtained by transecting the round ligament and separating 

the broad ligament into anterior and posterior leaves and 
gaining access to the base of the broad ligament.

Once within this space, the surgeon must always be aware 
of the surroundings, keeping in mind that “every millimeter 
counts” will prevent the surgeon from being too aggressive 
or making large cuts. Techniques like gentle “wiping” of the 
tissues, “push and spread,” or “poke and open” can be used 
for dissection of the areolar avascular tissue that surrounds 
the retroperitoneal structures. Always trying to dissect vas-
cular structures and ureters in a parallel fashion to their axis 
will avoid potential transection or injuries. “Traction- 
countertraction” can be extremely helpful for resection of 
endometriosis and deep lesions as it facilitates definition and 
identification of tissue planes (Table 24.3). During this dis-
section, vital structures like the iliac vessels, ureters, psoas 
muscles, and obturator nerve should be exposed and safe-
guarded when relevant (Fig. 24.7).

Fig. 24.6 Deep infiltrating endometriosis lesions found along left 
uterosacral ligament

Table 24.3 Tips and tricks for DIE dissection

Tips and tricks for DIE dissection
    •  Comprehensive understanding of retroperitoneal anatomy, 

spaces, and surgical planes
    •  Begin dissection at “clean” areas where anatomy is not 

distorted
    •  Initial peritoneal incision should be superficial and small
    •  Allow carbon dioxide (in laparoscopy) to aid in developing 

surgical planes
    •  The suction-irrigator is helpful for blunt dissection and 

hydrodissection
    • Maintain philosophy of “every millimeter counts”
    •  Techniques for blunt dissection include traction-

countertraction, gentle “wiping, or teasing” of tissue
    •  The tip of the scissors or dissectors can be used for “push-and- 

spread” or “poke-and-open” techniques

Fig. 24.7 Appearance of posterior cul-de-sac after resection of lesions 
using a combination of blunt and sharp dissection and monopolar 
energy
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24.6  Urinary Tract Endometriosis

Urinary tract endometriosis (UTE) refers to presence of endo-
metriotic disease in the bladder, ureters, urethra, or kidneys. 
The occurrence has been reported to range from 0.3 to 12% 
among women with endometriosis. The bladder accounts for 
80% of these cases, followed by the ureters (14%) and the 
kidneys and urethra comprising the remainder of them. 
Bladder and ureteral endometriosis rarely coexist [31, 34, 35].

24.6.1  Bladder

Endometriosis affecting the bladder causes urinary symptoms 
in approximately one-third of women, while the rest may be 
asymptomatic. The symptoms typically mimic those of a uri-
nary tract infection or interstitial cystitis. Contrary to popular 
belief, hematuria is only present in 20 to 30% of affected 
women. This is because bladder nodules do not commonly 
penetrate through the mucosa [36]. The first imaging modal-
ity used for diagnosis is the transvaginal ultrasound 
(Fig. 24.8). MRI and three-dimensional ultrasound may also 
be helpful, but further studies are needed to establish which 
one has superior sensitivity and specificity [37, 38].

Treatment of bladder endometriosis should aim for com-
plete removal of the lesion. Laparoscopic partial cystectomy 
is considered the treatment of choice and has a low recur-
rence rate. The cystoscopic approach has been described, but 
given that most lesions are not transmural, it has a high rate 
of incomplete resection and bladder perforation.

When there is a known bladder lesion or nodule, the case 
should begin with a cystoscopy to assess for involvement of 
the mucosal layer and the distance from the nodule to the 

ureteral orifices and trigone. Ureteral stents are recom-
mended to facilitate identification of the ureteral orifices 
during partial cystectomy or in cases where ureteral re-
implantation is warranted. Reimplantation is often required 
when the nodule is within 2 cm of the interureteric ridge.

Backfilling the bladder with normal saline, sterile milk, or 
methylene blue helps delineate the lesion and begin dissec-
tion. Monopolar cutting energy is used to incise the perito-
neum around the nodule. Blunt and sharp dissection is used 
until the base of the nodule is reached while the layers of the 
bladder are identified. The surgeon should avoid using 
energy to cut the mucosa. It is important to leave adequate 
margins. The defect is repaired in two layers using 2–0/3–0 
delayed absorbable suture. An indwelling Foley catheter is 
left in place for approximately 7 days (5–14); after which, a 
cystogram is performed to ensure integrity of the repair.

Most lesions are found at the bladder dome and can be 
resected without much difficulty. However, lesions in the tri-
gone may be technically more challenging and are associated 
with more bothersome postoperative sequelae.

24.6.2  Ureters

Ureteral endometriosis is not usually accompanied by uri-
nary symptoms. More frequently, nonspecific symptoms 
such as pelvic, back, or flank pain are reported. Essentially, 
two types of ureteral disease have been described: extrinsic 
and intrinsic. Extrinsic disease is caused by endometriosis 
that is external and compresses the ureter by causing fibrosis 
of the overlying peritoneum or uterosacral-cardinal complex. 
Intrinsic disease, which is less common, refers to disease 
that invades the muscularis or mucosa. The most serious 
complication that can arise from ureteral involvement is 
hydronephrosis and loss of kidney function. The left ureter is 
more frequently affected; bilateral disease is only encoun-
tered in 10% of cases [39].

The specific surgical approach will depend on the type 
and extent of disease as well as the surgeon’s skills. Routine 
ureteral stenting may facilitate the procedure and is recom-
mended albeit not mandatory. Ureterolysis alone is sufficient 
for the treatment of extrinsic disease in almost 90% of 
patients. The dissection begins at the pelvic brim and contin-
ues caudally toward the bladder. The aim is to fully free the 
ureter from restrictive lesions while removing any endome-
triotic nodules encountered along the dissection. In contrast, 
intrinsic disease may necessitate resection of the ureter with 
ureteroureterostomy or ureteroneocystostomy.

In any of these cases, consultation with a urologist to plan 
a joint approach is reasonable and an advisable course of 
action. Patients should be counseled that the reoperation rate 
can be as high as 3.9% [34]. Complications arising from uri-

Fig. 24.8 Appearance of a 2.7 cm endometriosis nodule in the poste-
rior wall of the bladder
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nary tract endometriosis include fistula formation (rates vary 
depending on exact location and extent of disease), bleeding 
requiring blood transfusion, and altered urinary function 
such as neurogenic bladder.

24.7  Bowel Endometriosis

The most common site of extragenital endometriosis is the 
bowel. Chronic pelvic pain, constipation, and dyschezia are 
the symptoms more frequently reported, which are fre-
quently cyclical [40]. Imaging studies that can be helpful in 
providing information are the transvaginal and transrectal 
ultrasounds. MRI is also widely used due to a high sensitiv-
ity and specificity. Colonoscopy is not routinely recom-
mended as lesions that penetrate the mucosa are unusual. It 
may be useful, however, to exclude a neoplasm or to assess 
for stenosis if suspected.

Techniques for treating bowel endometriosis are basically 
divided into three categories [41]:

• Shaving  – only applied for lesions that do not invade 
beyond the serosa. Electrosurgery or laser may be used.

• Discoid full-thickness excision – for lesions that penetrate 
beyond the serosa. The lesion and surrounding bowel are 
removed in “full thickness.” The defect is then repaired in 
two layers.

• Segmental resection  – reserved for larger or multifocal 
lesions, lesions causing stenosis or sigmoid involvement. 
Decision to perform primary anastomosis or diversion 
depends on location of disease. Consultation with a 
colorectal surgeon is recommended.

Surgical treatments are tailored to size and location of the 
lesion(s) as described in Table 24.4.

24.8  Extra-pelvic Endometriosis

Some of the extra-pelvic sites of endometriosis are the 
abdominal wall (AWE), diaphragm, lungs, and nervous 
system. AWE has been described in laparotomy scars and 
trocar site incisions. Cases of isolated umbilical endome-
triosis without a prior incision have also been reported. The 
most common presenting symptom is a palpable, painful 
abdominal mass. Surgical resection ensuring adequate mar-
gins is the mainstay of treatment. Large nodules in the 
umbilicus may require umbilical reconstruction. 
Consultation with a plastic surgeon should be considered if 
extensive reconstruction is anticipated (Fig. 24.9).

24.9  Conservative Versus Extirpative 
Surgery: The Role of Hysterectomy

Conservative surgery refers to procedures that are fertility- 
sparing. These include excision or ablation of implants, cys-
tectomy, adhesiolysis, and, in some cases, unilateral 
oophorectomy. This should be the first-line option for women 
who opt for surgical management of endometriosis. In con-
trast, definitive therapy refers to hysterectomy with or with-
out oophorectomy. This modality should be reserved for 
patients with persistent symptoms who have completed 
childbearing and have failed medical treatment and conser-
vative surgery. Preoperative counseling should include 

Table 24.4 Tips and tricks for DIE dissection 4. Treatment for endo-
metriosis affecting bowel

Size Treatment
<3 cm Shaving or discoid 

resection
>3 cm (or more 
than 50% of 
circumference)

Segmental resection 
with anastomosis

Distance from 
anal verge

Treatment Most common 
complications

<5 cm May require temporary 
ileostomy/colostomy

RV fistula (up to 10%)
Urinary retention/
bladder dysfunction

>5 cm Segmental resection 
with anastomosis

RV fistula (up to 2.7%)
Anastomotic leakage 
(1.6%)
Abscess (0.3%)

Fig. 24.9 Abdominal wall endometrioma removed from a cesarean 
section incision in a 36-year-old female with a history of one prior 
cesarean delivery

24 Surgical Management of Endometriosis
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higher potential intraoperative complications, known adverse 
health effects of early menopause, potential need to hormone 
replacement, and possibility of regret. It is of vital impor-
tance that other chronic pelvic pain-associated conditions are 
diagnosed and adequately treated prior to performing extir-
pative surgery. Among the benefits of hysterectomy are a 
high rate of satisfaction and a significantly lower reoperation 
rate. Shakiba et al. reported that women who had conserva-
tive laparoscopy versus those who had hysterectomy with 
bilateral salpingo-oophorectomy had reoperation rates at 
7 years of 59 vs 8%, respectively. For patients who had hys-
terectomy with one or both ovaries preserved, this rate was 
24 and 22% [42]. Patients who opt for a supracervical hyster-
ectomy should be counseled on the 10% rate of future trach-
electomy [43].

24.10  Role of Robotic Surgery

The benefits of conventional laparoscopic surgery over 
laparotomy have been well-established. In recent years, 
attention has been turned to robotic-assisted technology. 
Few studies have assessed the advantage of robotic sur-
gery in endometriosis cases. Available data suggests that 
robot-assisted  laparoscopy is safe and effective for the 
treatment of endometriosis, especially in cases of 
advanced disease. Overall operative time appears to be 
longer with the use of the robot, with no difference in 
terms of blood loss, complication rate, or outcomes 
[44, 45].

24.11  Postoperative Considerations

Postoperative medical therapy is recommended for women 
who are not actively seeking pregnancy. Long-term medi-
cal suppression (6–24 months) appears to be more effec-
tive at reducing symptom recurrence and the need for 
repeat surgery than short-term therapy (3 months or less). 
The use of combined oral contraceptives or the levonorg-
estrel-releasing intrauterine device seems to have the most 
benefit. However, any of the known alternatives may be 
used (i.e., gonadotropin- releasing hormone analogues, 
danazol, progestin-only pills).

Hormone replacement therapy (HRT) may be indicated 
for reproductive-aged women who undergo definitive sur-
gery with removal of both ovaries to decrease health-
related adverse effects of early surgical menopause. HRT is 
also indicated to treat menopausal symptoms such as hot 
flashes, night sweats, sleep disturbance, and sexual dys-
function. The addition of HRT does not seem to be associ-
ated with an increased risk of symptom or disease 
recurrence [46, 47].

24.12  Conclusions

The decision to operate on a patient with endometriosis 
should be based on her symptoms and her desire for future 
fertility. When surgery is performed for pain symptoms, a 
detailed history and physical exam is key to potentially dis-
cover other conditions that are not likely to respond to sur-
gery. Self-awareness of surgical skills is crucial to offer a 
safe procedure, and when needed an interdisciplinary 
approach should be considered. Review of postoperative 
expectations is very important to avoid frustrations due to 
undesired outcomes.
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Elective Surgical Removal 
of Hydrosalpinges

Laura C. Gemmell and Jeffrey M. Goldberg

This chapter aims to discuss the optimal surgical manage-
ment of hydrosalpinges. The chapter will begin with a dis-
cussion on the diagnosis and impact of hydrosalpinges on 
IVF success rates before paying particular attention to vari-
ous surgical treatment options. Important preoperative con-
siderations, surgical procedures, and postoperative success 
rates are included. Evidence for the efficacy of these treat-
ment options, as well as potential alternative treatments, will 
close the chapter.

25.1  Background

Up to a third of female factor infertility is due to tubal dis-
ease [1]. Hydrosalpinx is a distally occluded fallopian tube 
filled with fluid that may be asymptomatic or result in infer-
tility or chronic pelvic pain. Hydrosalpinges are generally 
due to a prior episode of salpingitis, most commonly from 
gonorrhea or chlamydia. Other causes of pelvic inflamma-
tion such as appendicitis or endometriosis may also lead to 
distal tubal occlusion as can a prior ectopic pregnancy. 
Hydrosalpinges can be treated surgically to improve 
fertility.

25.2  Investigating Tubal Patency

At the present time, nonsurgical assessment of tubal anat-
omy and patency in the subfertile patient is best assessed by 
a hysterosalpingogram (HSG) [2]. HSG involves the trans-
cervical injection of X-ray contrast medium while observing 

the flow of contrast though the fallopian tubes under fluoro-
scopic visualization. As a first-line diagnostic tool that is 
relatively non-invasive, HSG not only investigates tubal 
patency but also may provide therapeutic effect. This is 
likely due to flushing mucus plugs and/or debris from the 
proximal tubal lumen, though the exact mechanism is 
unknown. A recent meta-analysis reports higher live birth 
rates and ongoing pregnancy in patients that underwent HSG 
[3]. The same meta-analysis noted higher pregnancy rates 
with oil-soluble contrast media compared to no HSG, 
whereas pregnancy rates with water-soluble contrast vs no 
HSG were not different. However, studies comparing HSGs 
performed using oil vs water-soluble contrast found compa-
rable pregnancy rates.

Information obtained from the hysterosalpingogram can 
help with diagnosis and appropriate therapy. For example, 
the potential for neosalpingostomy can be estimated based 
on the diameter of the hydrosalpinx and the presence of 
mucosal folds. Fimbrial phimosis appears as a distally dilated 
tube with free spill and may be amenable to laparoscopic 
fimbrioplasty. Salpingitis isthmica nodosa is best diagnosed 
by HSG, and post-spill loculation of contrast is suggestive of 
peritubal adhesions.

Although the negative predictive value of HSG is rela-
tively high [4], it is important for clinicians to be aware that 
a positive HSG is by no means definitive, especially for 
proximal tubal occlusion. A prospective study of 360 infer-
tile women found that over 60% of patients with a finding of 
proximal tubal occlusion on HSG will be patent on a second 
HSG 1 month later [5]. This is likely due to functional spasm 
of the utero-tubal ostium. Even the direct visualization of 
bilateral occlusion during laparoscopy is not 100 percent 
definitive, as spontaneous pregnancies after this finding have 
been reported [6].

Tubal patency can also be investigated using 
hysterosalpingo- contrast sonography (HyCoSy) [7]. Saline 
or albumin containing small bubbles is injected through a 
transcervical catheter, and the echogenic medium is observed 
to traverse the tubes and enter the peritoneal cavity by 
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 transvaginal ultrasonography. It has the advantages of avoid-
ing ionizing radiation exposure and also provides informa-
tion about the myometrium and ovaries. However, it lacks 
the anatomic details of the tubal lumen seen with HSG, and 
there is no evidence of a therapeutic effect.

25.3  Hydrosalpinx and Poor IVF Outcome

Women with unilateral or bilateral hydrosalpinges have sig-
nificantly decreased implantation and pregnancy rates fol-
lowing in  vitro fertilization and embryo transfer (IVF-ET) 
compared to patients without hydrosalpinges [8]. Two meta- 
analyses have explored these associations [9, 10].

The first meta-analysis included 13 published reports and 
10 abstracts, none of which were prospective in design. 
IVF-ET cycles without hydrosalpinx (n  =  5569) and with 
hydrosalpinx (n = 1144) were compared. Results indicated 
that both implantation and clinical pregnancy rates were 
reduced by 50% in patients with a hydrosalpinx. In addition, 
the presence of a hydrosalpinx appeared to increase the risk 
of pregnancy loss, as the abortion rate was increased 2.3 fold 
(95% CI: 1.6–3.5) [9]. The second meta-analysis, published 
a year later, included many of the same studies (nine pub-
lished studies and five abstracts) and similarly concluded 
that hydrosalpinx during IVF-ET was associated with a 
reduced (i) pregnancy rate (OR: 0.64; 95% CI: 0.56–0.74), 
(ii) implantation rate (8.5% vs. 13.7% in the non- hydrosalpinx 
group), and (iii) delivery rate (13.4% vs. 23.4% in the non- 
hydrosalpinx group) [10].

Several theories exist to explain the negative impact of 
hydrosalpinges on IVF outcomes. The proximal end of the 
hydrosalpinx is usually open, and thus immunologic media-
tors, toxic debris, and excess fluid may enter the uterine cav-
ity. The fluid may have a direct embryotoxic effect, decrease 
endometrial receptivity (via decreased beta-3 integrin, 
HOXA10, VEGF, and/or vascular perfusion) [11–14], or 
mechanically flush the embryo from the uterus prior to 
implantation. Whatever the mechanism may be, it is clear 
that surgical intervention in patients with hydrosalpinges 
before IVF improves pregnancy rates and outcomes.

25.4  Surgical Management 
of Hydrosalpinges Prior to IVF

25.4.1  Salpingectomy

A Cochran meta-analysis of three randomized controlled tri-
als (RCTs) with 395 patients compared IVF clinical preg-
nancy rates with and without prior laparoscopic 
salpingectomy and reported that salpingectomy restored the 
IVF pregnancy rate back to normal, OR 2.31 (CI 1.48–3.62) 

[15]. Salpingectomy involves removal of the fallopian tube. 
The procedure is typically performed laparoscopically with a 
5 mm laparoscopic port in each lower quadrant and a 10 mm 
port in the umbilicus to extract the tube from the abdominal 
cavity. The surgeon may begin proximally or distally. The 
proximal tube and mesosalpinx are coagulated and divided. 
This can be accomplished with whatever modality is pre-
ferred such as bipolar graspers and scissors, harmonic scal-
pel, or vessel sealing devices such as LigaSure (Covidien, 
Minneapolis). During this coagulation, it is important to stay 
as close to the tube as possible to limit the chance of compro-
mising the ovarian blood supply resulting in diminished 
ovarian reserve. However, a randomized controlled trial 
challenged this by finding no significant differences in ovar-
ian reserve between this technique and wide excision of the 
mesosalpinx [16]. The tube is removed through the 10 mm 
umbilical port while observing through the laparoscope in 
one of the lower quadrant 5 mm ports. The abdomen is irri-
gated, and the vascular pedicles are checked for hemostasis, 
while the insufflation pressure is reduced. Postoperatively, 
patients may undergo IVF once menses resume.

25.4.2  Tubal Ligation

Laparoscopic tubal ligation may be performed in cases where 
extensive pelvic adhesions make salpingectomy not only tech-
nically difficult but also risky to the patient. Given that hydro-
salpinges may exert their adverse effects on fertility outcome 
via communication with the uterine cavity, proximal tubal 
ligation can interrupt this mechanism. However, there is a 
theoretical concern that this may cause the hydrosalpinges to 
dilate further and cause pain. It is therefore recommended that 
the hydrosalpinx be fenestrated as fully as possible. If one 
does accept that salpingectomy has the potential to diminish 
ovarian reserve, tubal ligation should eliminate or, at least, 
minimize the risk. However, a prospective cohort study of 
134  cycles found no significant difference in anti-mullerian 
hormone (AMH) or ovarian response to stimulation for IVF in 
patients who underwent salpingectomy vs proximal tubal 
occlusion [17]. A RCT compared salpingectomy (n = 50) to 
bipolar tubal ligation (n = 50 and 15 patients with untreated 
hydrosalpinges) [18]. In addition to confirming no significant 
difference in response to controlled ovarian hyperstimulation 
for IVF as above, there were no differences between the num-
ber of eggs and embryos obtained. Furthermore, the clinical 
pregnancy and live birth rates were not different between sal-
pingectomy and tubal ligation, but both treatments were sig-
nificantly better than the untreated control group [18]. 
Table  25.1 summarizes the RCTs of salpingectomy vs 
untreated hydrosalpinges (control), tubal ligation vs control, 
and salpingectomy vs tubal ligation [15]. The outcome is the 
IVF clinical pregnancy rate.
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25.4.3  Hysteroscopic Proximal Tubal Occlusion

For patients who are poor surgical candidates for even lapa-
roscopic tubal ligation, hysteroscopic proximal tubal occlu-
sion can be accomplished with the Essure device (Bayer, 
Whippany, NJ). However, the trailing coils within the endo-
metrial cavity have the hypothetical risk of an IUD-like 
effect on the endometrial cavity. A non-randomized study 
found no difference in clinical pregnancy rate with IVF in 
patients who underwent prior laparoscopic tubal ligation or 
hysteroscopic proximal tubal occlusion. Unfortunately, the 
spontaneous abortion rate was double with Essure, 50% vs 
25%, and the live birth rate was lower, 23.8% vs 32.1% [19]. 
A subsequent RCT between tubal ligation and Essure also 
reported that the spontaneous abortion rate with Essure was 
double [20]. This study also noted that the implantation rate, 
clinical pregnancy, and live birth rates with tubal ligation 
were approximately twice those with Essure, 16.7% vs 
38.3%, 31.0% vs 58.1%, and 21.4% vs 46.5%, respectively. 
Thus, it appears that IVF outcomes following hysteroscopic 
proximal tubal occlusion with the Essure device are not dif-
ferent from those with untreated hydrosalpinges [20].

25.4.4  Salpingostomy

Another option for managing hydrosalpinges prior to IVF is 
laparoscopic distal neosalpingostomy. A nonrandomized 
study looked at IVF pregnancy rates in patients with hydro-
salpinges treated with salpingectomy vs salpingostomy [21]. 
Of the 24 patients treated with bilateral salpingectomy, 11 
conceived for a 47.8% pregnancy rate. The pregnancy rate in 
the 22 patients following salpingostomy was 45.5%. In addi-
tion, 10/34 (29.4%) conceived spontaneously after salpin-
gostomy alone. The effect of salpingostomy on fertility 
outcome was recently explored by a systematic review and 
meta-analysis. Twenty-two observational studies with 2810 
patients were included. All patients had undergone salpin-
gostomy as treatment for hydrosalpinx and attempted natural 
conception. The reported pooled natural clinical pregnancy 
rate from this cohort was 27% [22]. This low rate may be 
attributed to significant heterogeneity in numerous clinical 
aspects such as surgical technique, surgeons’ experience, 
duration of follow-up, and, most importantly, the degree of 
tubal damage. Studies that stratified outcomes based on the 
extent of disease reported that in those classified as having 

mild disease, pregnancy rates were 58–77% compared to 
0–22% in those with severe tubal disease who had higher 
ectopic pregnancy rates as well [23]. Table 25.2 summarizes 
the pros and cons of salpingectomy vs salpingostomy prior 
to IVF.

Salpingostomy should be considered first-line treatment 
in relatively young patients with no other significant infertil-
ity factors and good prognosis mild hydrosalpinges. Although 
there is no standard scoring system for grading hydrosalpin-
ges, good prognosis features include tubal dilation <3 cm, no 
more than mild adnexal adhesions, thin pliable tubal walls, 
mucosal folds on HSG, and normal appearing endosalpinx 
upon opening of the tube [24]. Patients should be consented 
for both salpingostomy and salpingectomy, as the final deci-
sion is made upon direct visualization of the tube during 
laparoscopy. Preoperative intravenous antibiotics should be 
routinely administered to avoid stimulating a chronic salpin-
gitis infection.

Neosalpingostomy is performed laparoscopically using 
microsurgical technique. The precepts of microsurgical tech-
nique are attention to gentle tissue handling, irrigation to pre-
vent tissue desiccation, meticulous hemostasis, avoiding 
foreign body contamination, and use of fine non-reactive 
sutures placed without undue tension to prevent tissue isch-
emia. An orogastric tube and indwelling Foley catheter are 
placed at the start of every laparoscopic procedure to reduce 
the risk of trocar injuries. A uterine manipulator with chro-
motubation capability is also inserted. Our preference is to 
place the laparoscope through a 5  mm umbilical port and 
insert an additional 5 mm laparoscopic port in each lower 
quadrant.

The neosalpingostomy begins with complete excision of 
all adhesions and transcervical chromotubation to confirm 
patency of the proximal tubes. The distal mesosalpinx is 
injected with dilute vasopressin (20  units in 100  mL of 
injectable saline) to improve hemostasis. The vasoconstric-
tion reduces bleeding and limits the need for electrosurgery 
with the potential for thermal injury. During neosalpingos-
tomy, the distal end of the hydrosalpinx is incised using a 
unipolar needle with cutting current. Thermal spread is mini-
mized due to the high power density at the needle tip. The 
incision is opened widely to assess the endosalpinx for nor-
mal tubal mucosa and to fully evert the edges of the opened 

Table 25.1 RCTs of salpingectomy vs untreated hydrosalpinges (con-
trol), tubal ligation vs control, and salpingectomy vs tubal ligation

Studies/patients OR (95% CI)
Salpingectomy vs control 3/395 2.3 (1.48, 3.62)
Tubal ligation vs control 2/209 4.7 (2.17, 10.01)
Salpingectomy vs ligation 2/228 1.3 (0.76, 2.14)

Table 25.2 The pros and cons of salpingectomy vs salpingostomy 
prior to IVF

Salpingectomy Salpingostomy
Proven efficacy in RCTs Limited data
Can’t conceive without IVF Spontaneous conception is 

possible
May decrease ovarian reserve May reocclude. Ectopic risk
For moderate—severe 
hydrosalpinges

For mild hydrosalpinges
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tube. The newly created flaps are maintained in the everted 
position by suturing them to the adjacent tubal serosa with 
4–0 delayed absorbable suture using intracorporeal knot 
tying. Both the surgeon and assistant together complete the 
knot tying, eliminating the need for a third ancillary laparo-
scopic port. To facilitate passage of the needle through the 
5 mm port, the suture end of the SH needle may be straight-
ened using hemostats to form a “ski.” Transcervical chro-
mopertubation with dilute indigo carmine or methylene blue 
dye is performed through the uterine manipulator to docu-
ment tubal patency. Lastly, Interceed (Ethicon, Somerville, 
NJ), a self-adhering absorbable sheet of oxidized regener-
ated cellulose, is placed over the tube to aid in the prevention 
of postoperative adhesions. Utilizing the unipolar needle to 
open the tube and sutures to keep the tube open has been 
shown to yield higher intrauterine pregnancy rates compared 
to using scissors to open the tube and the Bruhat technique of 
using thermal energy to evert the tubal flaps (Table  25.3) 
[25].

Postoperative considerations focus on time before 
attempting conception and ectopic pregnancy precautions. 
Typically, patients are instructed to wait two cycles prior to 
attempting conception. If a patient is not pregnant within 6 
months of attempting conception, tubal patency should be 
reassessed using HSG.  If reocclusion were apparent on 
imaging, salpingectomy prior to IVF would be recom-
mended. In a very small percentage of patients where IVF is 
not an option, repeat operations for distal occlusions may be 
considered, although success rates are very low in this cohort 
[26]. Patients are also thoroughly counseled regarding the 
risk and symptoms of ectopic pregnancy and are instructed 
to call immediately with a positive pregnancy test.

25.5  Nonsurgical Options

In cases where salpingectomy is not practical or safe, trans-
vaginal ultrasound-guided aspiration of hydrosalpinges at 
oocyte retrieval may provide an alternative option. A retro-
spective study with 34 patients noted that aspiration of the 
hydrosalpinges improved IVF implantation and clinical and 
ongoing pregnancy rates vs untreated hydrosalpinges [27]. 
Another retrospective study with 48 patients could not con-
firm a benefit to aspiration [28]. A more recent RCT with 66 
hydrosalpinges patients found that aspiration increased the 
biochemical pregnancy rate compared to the untreated con-

trol group, but there was no significant difference in implan-
tation, clinical pregnancy, or spontaneous abortion rates 
[29]. This study also treated those in the aspiration group 
with a 3-day course of oral antibiotics. An uncontrolled ret-
rospective study treated 17 hydrosalpinges patients with 
doxycycline for a week before and after oocyte retrieval and 
noted that the live birth rate was similar to patients undergo-
ing IVF without hydrosalpinges [30]. The obvious limita-
tions of this study preclude making any conclusions regarding 
the effectiveness of antibiotic treatment.

In the RTC above, 30.8% of the aspirated hydrosalpinges 
had re-accumulated within 2 weeks, though it did not appear 
to affect the IVF success rates [29]. A subsequent study per-
formed sclerotherapy in 123 patients by injecting 98% etha-
nol into the aspirated hydrosalpinges for 5–10  min [31]. 
Despite this, 21.7% of the hydrosalpinges recurred. The 
implantation, clinical pregnancy, and live birth rates were no 
different whether or not the hydrosalpinges recurred com-
pared to a non-hydrosalpinx control group. All three groups 
were significantly higher than the untreated hydrosalpinx 
group [31]. This treatment option warrants further investiga-
tion. Obviously, only hydrosalpinges that are visible by 
ultrasonography are amenable to sclerotherapy. This opens 
the ongoing debate as to whether hydrosalpinges that are not 
visible by ultrasonography have the same detrimental effect 
as those that are seen. Thus, there are no data to guide the 
decision regarding the necessity to treat mild hydrosalpinges 
seen only on HSG prior to IVF.

25.6  Summary

Evidence suggests that women with unilateral or bilateral 
hydrosalpinges prior to IVF-ET have reduced pregnancy out-
comes. Surgical management in the form of laparoscopic 
neosalpingostomy is considered first-line treatment for good 
prognosis patients. Salpingectomy or tubal ligation proce-
dures are recommended for all other patients with hydrosal-
pinges. Essure placement is indicated only in high-risk 
surgical patients but may negate the benefit of treating hydro-
salpinges. Insufficient data exists on the efficacy of transvagi-
nal aspiration, with or without sclerotherapy, at the time of 
oocyte retrieval to make any conclusions with confidence.
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Lateral Metroplasty and Hysteroscopic 
Uterine Septum Surgery

Ian Waldman and Stephanie J. Estes

26.1  Chapter Objectives

At the end of this chapter, the reader will be able to identify 
characteristics of a T-shaped and septate uterus. The reader 
will also understand the current literature on surgical treat-
ment focused on achieving optimal pregnancy outcomes for 
these uterine anomalies.

26.2  Uterine Physiology: T-Shaped 
and Septate Uteri

26.2.1  General Embryology

The paramesonephric ducts are the embryologic origin of the 
uterus and are created by the midline fusion of the mullerian 
ducts by the tenth week of gestation. Typical developmental 
milestones include uterine canalization by the 22nd week of 
gestation with formation of the endometrial cavity that will 
then be ready for implantation and the carrying of a gestation 
once pubarche occurs [1].

Normal growth and development of the uterus does not 
always occur which can result in mullerian anomalies such 
as uterine agenesis or hypoplasia, unicornuate uterus, bicor-
nuate uterus, uterine didelphys, septate uterus, arcuate uterus, 
T-shaped uterus, or other unclassified abnormalities. The 
prevalence of uterine malformations in the general popula-
tion is approximately 2–4% [2, 3]; however, in the patients 
with infertility or recurrent pregnancy loss, the frequency of 
a uterine anomaly increases to 8.0% and 25%, respectively 
[4, 5]. Traditionally, a septate uterus is the most common 

form of mullerian abnormalities and is approximately 35% 
of cases when evaluating the combined population of fertile 
and infertile women (Fig.  26.1) [6]. In a study of 1089 
women without a history of infertility or recurrent pregnancy 
loss, the prevalence of septate uterus was 3% and arcuate 
uterus was 5% [7]. The prevalence of a “T”-shaped uterus is 
more difficult to ascertain as it has been most commonly 
associated with fetal diethylstilbestrol (DES) exposure in 
utero which was discontinued in the 1970s [8, 9].

The “T”-shaped uterus is primarily seen in those women 
whose mothers’ were treated between 1950 and 1957 with 
DES, a potent non-steroidal estrogen to prevent preterm 
labor. At least 4 million women, and subsequently their 
fetuses, were exposed to DES in utero prior to its discontinu-
ation after determining it had a mild carcinogenic effect and 
a potent teratogenic effect [10]. In a study of 267 DES 
exposed women, it was found that 69% demonstrated an 
abnormality of the reproductive tract. Of those with an 
abnormal finding, the “T”-shaped uterus occurred in 89% 
and was the most common anomaly found [11]. Uterine 
anomalies such as a T-shaped uterus (19%), hypoplastic 
uterus (13%), and T-shaped/hypoplastic uterus (30%) have 
been described [12]. Fortunately, none of the “third- 
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Fig. 26.1 Transvaginal ultrasound transverse view of uterine septum. 
Dotted line indicates uterine width. Green arrows designate the endo-
metrial cavities. Red arrow notes the area of the uterine septum
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generation” daughters of women exposed to DES were found 
to have the changes that were usually associated with DES 
exposure making the carryover effects of in utero DES expo-
sure unlikely [13].

The mullerian duct is the embryologic origin of the female 
reproductive tract, and once differentiation occurs, the 
homeobox (Hox) and wingless-type MMTV integration site 
(Wnt) gene signaling pathways are likely linked to normal 
female reproductive tract development [14]. In mouse mod-
els, the primary Hox genes involved in this process include 
Hoxa9 (oviduct), Hoxa10 (uterine mesenchyme), Hoxa11 
(posterior uterus and cervix), and Hoxa13 (cervix and upper 
vagina) [15]. Mutations in these genes have been found to 
have subsequent anomalies, and there exists a synergistic 
and overlapping gene expression for the different Hox genes 
[14]. Abnormalities related to Hox genes are a theoretical 
cause of mullerian anomalies found in humans. All of the 
genetic and molecular mechanisms causing uterine anoma-
lies have not yet been elucidated, but continued study could 
one day result in targeted gene therapy.

26.2.2  T-Shaped Uterus

The exact pathophysiology of the “T”-shaped morphology is 
not known. In DES cases, inhibition of Wnt5a, Wnt7a, 
Hoxa10, and Hoxa11 genes are probable targets as they are 
important in development of the uterotubal junction, stratifi-
cation of the uterine epithelium, organization of uterine mus-
cle layers, and uterine adenogenesis, which are all aberrant 
in the DES-exposed fetus [14, 16]. Abnormal uterine mor-
phology has been replicated utilizing Hox and Wnt null 
mice. Wnt7a has been shown to be necessary to the mainte-
nance of Hoxa10 and Hoxa11 expression, and lack of Wnt7a 
expression results in a thin, small uterus lacking glands [17]. 
In a DES-exposed mouse model, this caused a shift in Hoxa9 
resulting in downregulation of Hoxa10 and Hoxa11 which 
subsequently expressed the phenotypic malformations of the 
reproductive tract consistent with aberrant uterine transfor-
mation [18].

In a meta-analysis evaluating DES-exposed patients, 
there was found to be a tenfold increase in ectopic pregnancy 
(5% vs 0.05%), doubling of spontaneous abortion rate (24% 
vs 13%), doubling of preterm delivery (14% vs. 7%), and a 
decrease in live birth rate (76% vs. 92%) compared to age- 
matched controls [19]. Physiologically, several explanations 
have been found to account for these poor pregnancy out-
comes in those patients who had been exposed to DES. There 
was found to be decreased endometrial thickness in the luteal 
phase making early embryo support lacking, increased 
impedance through the uterine arteries thereby decreasing 
uterine perfusion and making it difficult to sustain the 
increase blood flow necessary to maintain a pregnancy, 

higher rates of autoimmune disease (such as antiphospho-
lipid syndrome) found in women exposed to DES, and mul-
tiple altered immune responses [20–22].

26.2.3  Septate Uterus

The septate uterus is formed from a complete or partial lack 
of resorption of the septum between the two fused mullerian 
ducts. Candidate genes in cohorts with septate uteri have 
been noted for Hoxa10, Hoxa11, and Hoxa13 variants. In a 
prospective observational study, Zhu et  al. evaluated the 
presence of Hoxa10, empty spiracles homeobox 2 (EMX2), 
and tenascin-M (TENM1) in patients with a partial uterine 
septum and infertility [23]. Significantly increased expres-
sion of Hoxa10 compared to controls and a significantly 
decreased expression of both EMX2 and TENM1 in the mid- 
secretory endometrium suggest their involvement in uterine 
septum formation and other mullerian anomalies. Another 
potential gene of interest is the hepatocyte nuclear factor 1B 
(HNF1B). HNF1B has been implicated in familial syn-
dromes with congenital absence of the uterus and subse-
quently in variable uterine malformations with HNF1B 
heterozygous mutations [24]. HNF1B is primarily seen in 
those syndromic patients who also have a coexistent renal 
anomaly but is of interest for continued research in those 
with isolated uterine malformations.

The physiology of the septate uterus contributes to poten-
tial adverse pregnancy outcomes in situations such as recur-
rent pregnancy loss. The rationale for pregnancy loss is felt, 
in part, to be secondary to the septal implantation site which 
does not contain the necessary physiologic requirements due 
to inadequate vascularization of the septum to support preg-
nancy [25]. A uterine septum can lead to a variation in basal 
state that can negatively affect embryonic or placental 
implantation [26, 27]. In the past, others opined that a sep-
tum could result in irregular uterine contractions that alter 
sperm migration and transport [28]. Another possible etiol-
ogy may be a defect in messenger RNA (mRNA) expression 
in vascular endothelial growth factor (VEGF) receptors. 
Raga et al. found, in a prospective observational study, the 
mRNA expressions of VEGF receptors were significantly 
lower in the endometrium overlying the septum compared to 
the normal lateral uterine side walls [29].

26.3  Classification of Uterine Anomalies

Diagnosis by the American Fertility Society criterion 
(ASRM) [30] or European Society of Human Reproduction 
and Embryology-European Society for Gynaecological 
Endoscopy (ESHRE-ESGE) has been proposed [31] in the 
search for an all-encompassing useful and facile 
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 categorization of female genital tract anomalies [32]. Sub-
classifications for the American Fertility Society Classes V 
and VI uterine anomalies have been suggested as well [33]. 
Classification regarding structural anatomy is critical for 
standardization, not only for clarifying treatment interven-
tion and their outcomes but also for communication between 
providers and ultimately prognosis counseling for patients.

The American Fertility Society (AFS) created a classifi-
cation system that was published in 1988. This categorizes a 
T-shaped uterus as a Group VII DES Drug-related anomaly 
and a septate uterus (partial or complete) within a Group V 
designation with the depth of the external fundal indentation 
no greater than 1 cm and internal fundal indentation ≥1.5 cm. 
An arcuate uterus is separately listed in Group VI and is 
described as an internal fundal indentation of ≥1  cm and 
≤1.5 cm [30].

The European Society of Human Reproduction and 
Embryology (ESHRE)/European Society for Gynaecological 
Endoscopy (ESGE) system was published in 2013 to account 
for the known anomalies that were not included in the AFS 
system and eliminate the subjective diagnosis of septate 
uterus by the AFS criteria [34, 35]. This classification reports 
a T-shaped uterus a Class I (dysmorphic) uterus. The septate 
uterus is Class II which incorporates all cases with normal 
fusion and abnormal absorption of the midline septum. The 
diagnosis of a septate uterus occurs with an internal fundal 
indentation greater than 50% of the uterine wall, if the depth 
of the external intercornual cleft is less than 50%. No spe-
cific measurement, as in millimeters of thickness, is utilized 
[36].

The primary issue with the ESHRE-ESGE criteria for 
diagnosis of septate uteri is the significantly higher frequency 
of diagnosis compared to the AFS criteria (RR 2.74), thereby 
increasing the likelihood of potential unnecessary therapy 
and associated morbidity [34]. This is emphasized by noting 
that 16 of the 44 patients diagnosed with septate uteri by the 
ESHRE-ESGE criteria had internal fundal indentations less 
than 1 cm in this prospective trial and therefore would not 
have met ASRM criteria [34]. Multiple authors have come 
forward with a variety of other classification strategies. One 
example is the Tompkins Index (the height of the defect/
length of the interostia line) with a value more than 25% con-
sidered to be a septate or bicornuate uterus rather than an 
arcuate uterus [37]. Also, some have used an angle less than 
75 degrees between the uterine horns to suggest a septate 
uterus and an angle >105 degrees to be a bicornuate uterus 
[38]. Until various classification systems are studied in rela-
tionship to outcomes, they will not encompass their full 
potential. In the meantime, clearly describing the uterine 
anomaly is the best practice.

The anatomical description can begin with an initial eval-
uation with transvaginal 2D ultrasound as a valuable first- 
line tool given its ease of accessibility, low cost, noninvasive 

nature, and acceptable accuracy. Sonohysterography or 
transvaginal 3D ultrasonography have improved sensitivity 
in addition to specificity and predictive values, but MRI pro-
vides complete detailed images of the mullerian duct anoma-
lies for complex anomalies and is consistently superior in 
evaluating the vaginal and cervix anatomy (Fig. 26.2) [39, 
40].

26.4  Uterine Cavity Surgical Procedures

Pre-operative preparation with gonadotropin-releasing hor-
mone analogues, testosterone analogues (danazol), or oral 
contraceptive agents is not necessary [41], but it is helpful to 
schedule the procedure in the follicular phase (day 5 to 10 is 
optimal) to decrease the interference of a thickening endo-
metrium. A fluid management system is essential so that 
fluid overload and electrolyte abnormalities can be avoided. 
Transvaginal hysteroscopic metroplasty is preferable to the 
abdominal route in terms of decreased morbidity, blood loss, 
and hospital stay [42]. Additionally, reproductive outcomes 
are excellent, and there is no need for cesarean delivery [42–
45]. Laparoscopic guidance has been reported, especially in 
the case of a complete septate uterus, but often ultrasound 
guidance is sufficient [46].

26.5  Hysteroscopic Lateral Metroplasty

Historically, hysteroscopic lateral metroplasty has been 
described for a T-shaped uterus, especially in relation to the 
diethylstilbestrol (DES) exposure. Nagel et al. first reported 

Fig. 26.2 MRI of complete uterine septum. Red arrow runs parallel to 
complete uterine septum which extends from the uterine fundus to the 
cervix
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on the lateral metroplasty technique in DES exposed cases 
and also included three out of eight patients who did not have 
DES exposure but were found to have a T-shaped uterus [47]. 
One patient had recurrent pregnancy loss, one had recurrent 
pregnancy loss with secondary infertility, and one had pri-
mary infertility. After hysteroscopic metroplasty, two of the 
three patients had live births. The third patient was found to 
also have a hydrosalpinx with adhesions at laparoscopy and 
did not conceive [47].

Various instrumentation has be utilized to perform lateral 
metroplasty including, electrocautery (monopolar hook, 
monopolar knife, bipolar devices) and rigid scissors. The 
goal is to normalize the triangular shape of the uterine cavity 
with incisions that do not damage the uterine myometrium, 
and this technique was achieved for both Katz et  al., who 
surgically treated 8 T-shaped uteri, and Giacomucci et  al., 
who described 17 (out of 352 cases) T-shaped uteri in patients 
with 2 or more pregnancy losses [48, 49]. Garbin et  al. 
treated 24 women with hysteroscopic lateral metroplasty 
with a depth of incision not to exceed 7 mm [50]. Di Spiezio 
et  al. described non-DES-exposed women with T-shaped 
uteri characterized by two-thirds uterine corpus and one- 
third cervix with abnormal lateral wall shape in the setting of 
a normal uterine outline [51]. The outpatient procedure per-
formed involved incisions on not only the lateral uterine 
walls but also the anterior and posterior uterine walls from 
the fundus to the isthmus [51]. This technique was utilized in 
30 women with T-shaped or tubular-shaped uteri that had 
history of primary infertility after exclusion of other infertil-
ity factors. Seventeen women became pregnant after metro-
plasty with a live birth rate of 71% [35]. A summary of 
hysteroscopic metroplasty for patients with a T-shaped uterus 
is shown (Table 26.1).

In a poster abstract from the 24th World Congress on 
Ultrasound in Obstetrics and Gynecology, the role of hys-
teroscopic lateral metroplasty in a narrow normal appearing 
uterine cavity prior to IVF/ICSI cycle was prospectively 
evaluated. Fifty-seven patients who had a prior IVF/ICSI 
failed cycle had a 3D ultrasound with measurements obtained 
at the fundus and at 1 cm below the fundus. Then, 29 patients 
underwent hysteroscopic lateral metroplasty and 28 under-
went diagnostic hysteroscopy. Pregnancy rate following sur-
gical correction was 48% compared to 21% in the diagnostic 
hysteroscopy group [53]. Full publication of this data in 
manuscript format with peer-review has not yet been found.

In a review of 1402 subfertile women with congenital 
uterine anomalies undergoing assisted reproduction, only 1 
T-shaped uterus was identified [54]. Therefore, the preva-
lence of this type of uterine anomaly may be too low to accu-
rately evaluate outcomes in a clinical trial, and given that 
DES exposure will no longer create a cohort of patients 
acquiring this anomaly, the numbers are not expected to rise. 
However, the few reports on lateral metroplasty in patients 
with poor reproductive outcomes suggest that with minimal 

intervention by skilled hysteroscopists, there may be possi-
ble improvement in uterine remodeling and subsequent preg-
nancy/live birth rates.

26.6  Hysteroscopic Uterine Septum 
Resection/Division/Transection

Hysteroscopic transection of the uterine septum has been 
performed with electrocautery (loops and needle electrode), 
scissors, laser energy, and even with hysteroscopic mechani-
cal tissue removal devices. The key factors to success of the 
procedure are correct timing (early follicular phase) and 
adequate visualization. Hysteroscopic fluid must flow con-
tinuously and clear the cavity to allow visualization of the 
bilateral tubal ostia as a guide to complete septum division. 
Alternatively, transabdominal ultrasound guidance can prove 
beneficial, especially in the setting of uterine septa that 
extends to the cervix. Others utilize transrectal ultrasonogra-
phy [55]. Antibiotic prophylaxis is not indicated [56].

The septoplasty technique involves incising the septum 
equidistant between the anterior and posterior uterine walls 
and continuing in the midline toward the fundus. Ultrasound 
guidance can assist with identifying the extent of the uterine 
septum division (Fig. 26.3), and ultrasound-guided hystero-
scopic metroplasty surgeries need less re-intervention than 
those without guidance (39% vs. 18%, respectively) [57]. As 
one is nearing the normal uterine musculature, bleeding will 
increase. Once both tubal ostia are visualized in line with the 
septum resection line, the procedure is complete.

In the authors’ experience, hysteroscopic septum division 
can also easily be accomplished with the routine use of a 
standard hysteroscope that would typically be used with a 
hysteroscopic morcellator [(e.g., Myosure (Hologic, 
Marlborough, Massachusetts) or Truclear (Medtronic, New 
Haven, CT)]. Urologic semirigid scissors are placed down 
the hysteroscope to provide the dissection necessary 
(Figs. 26.4 and 26.5). While these scissors are not as rigid as 
those with an operative hysteroscope (i.e., Olympus or 
Storz), this technique requires less set-up and less dilation, 
which can augment the ease of the procedure. Also, there is 
no cautery which is potentially a benefit to decreasing adhe-
sive disease. Saline is used as the distention media. While 
report of uterine septum resection with the disposable hys-
teroscopic morcellator component has been described in a 
video abstract [58], we do not find the side cutting window to 
be an effective means of true septum division. The goal is to 
have a normal cavity with a residual septum length <1 cm in 
length for the internal fundal indentation.

Office hysteroscopic metroplasty has also been success-
fully performed with careful case selection and when the 
septum does not extend to the cervix [33, 59]. Bettocchi et al. 
described the characteristics that are found to be associated 
with identifying the septum-myometrium interface which is 
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advantageous to consider in the office setting as (1) the color 
of the cut tissue due to the fibrosis of the septum was white, 
with myometrium being pink; (2) the septum has no vessels 

until the border with the myometrium is reached; and (3) the 
septum has no sensitive innervation, and the onset of pain 
occurs when myometrium is reached [59]. Counseling 

Table 26.1 Hysteroscopic metroplasty review for T-shaped/hypoplastic uterus cases

Author, year 
(ref)

Patients, 
n

DES 
exposure Type of surgery Surgical procedure Adhesion prevention Outcome

Nagel, 1993 
[47]

8 Yes (5 of 8) Laparoscopy/
hysteroscopic 
metroplasty with 
6.2 mm
0 degree 
hysteroscope; 
rigid scissors

Continued incision until 
cavity had assumed a 
smooth straight line from 
the lower uterine cavity to 
the tubal ostium or until 
bleeding was vigorous

Intracavitary balloon
(5 mL) combined with 
conjugated equine estrogens at 
2.5 mg two times per day for 
25 days with 
medroxyprogesterone acetate 
10 mg/day for the last 5 days

−2/5 DES patients 
conceived and had 
live births
−2/3 patients not 
exposed to DES 
conceived and had 
live births

Katz, 1996 
[49]

8 Yes (4 of 8) Resectoscope; 
“cutting 
electrode”

Uterine side walls incised 
until a normal triangular 
uterine cavity was 
achieved with 
intraoperative HSG

IUD combined with estradiol 
valerate 4 mg for 11 days 
followed by estradiol valerate 
4 mg with norgestrel 0.5 mg for 
10 days

–No term 
deliveries in 11 
preoperative 
pregnancies −2/4 
DES patients 
conceived and had 
live births
−1/3 patients not 
exposed to DES 
conceived and had 
live birth

Garbin, 1998 
[50]

24 Yes (15 of 
24)

Resectoscope; 
monopolar hook

Hook introduced to 
uterine horn and incision 
from fundus to isthmus 
perpendicular to the 
lateral wall of the uterus 
(2 to 3 incisions in the 
same groove)

Silastic sheet and 50 μg ethinyl 
estradiol for 2 months followed 
by 15 tablets of 50 μg ethinyl 
estradiol and 2.5 mg 
Lynestrenol

−8/15 with 
previous 
pregnancies 
became pregnant 
(7/8 term delivery)
−5/9 with previous 
infertility became 
pregnant (3 term 
deliveries, 1 
preterm, 1 ectopic)

Giacomucci, 
2011 [48]

17 No 
(History of 
2 
pregnancy 
losses)

26-F 
hysteroscope; 0 
degree knife 
with monopolar 
energy

Incision of lateral wall of 
the uterine cavity to 
obtain triangular-shaped 
cavity

None −21 pregnancies 
with 66.7% 
pregnancy rate
–Term delivery 
rate 66.6% (no 
term pregnancies 
prior to 
metroplasty)

Fernandez, 
2011 [52]

97 Yes 63/97 26-F 
resectoscope; 
monopolar hook 
or bipolar 
(Versapoint)

Depth of incision does 
not exceed
5–7 mm

Sequential estroprogestative 
combination for 2 months (50 
μg ethinyl estradiol)

–No term 
deliveries 
preoperatively in 
78 pregnancies
–48/97 became 
pregnant after 
surgery
(28 term, 8 
preterm, 5 ectopic, 
16 miscarriage)

Di Spiezio, 
2015 [51]

30 No Size “5” 
hysteroscope, 30 
degree; 5 Fr 
bipolar twizzle 
electrode

HOME-DU technique: 
two incisions on the 
fibro-muscular 
constriction rings in the 
isthmic area of the uterine 
side wall, incisions on 
anterior and posterior 
wall from fundus to the 
isthmus; depth not to 
exceed 5–6 mm

Polyethylene oxide sodium 
carboxymethylcellulose gel 
(intercoat gel)

−17/30 became 
pregnant
−11/17 term 
delivery
−9/22 term 
delivery rate for 
infertility patients
−3/5 live births for 
patients with 
recurrent 
pregnancy loss
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patients about the possible need for a staged procedure with 
resection of larger septi is also prudent. Complications are 
low for hysteroscopic metroplasty but can include bleeding, 
infection, uterine perforation, and adhesions [33].

The optimal waiting time for subsequent attempt at con-
ception after hysteroscopic metroplasty is not absolutely 
known, but based on office hysteroscopic inspection, it 
appears that 1–2  months results in a well-healed endome-
trium [60]. Follow-up second look office hysteroscopy can 
confirm normalization of the uterine cavity. There is still 

controversy among practitioners on whether to offer hystero-
scopic metroplasty to women with uterine septa or wait until 
miscarriage/pregnancy failure has occurred (Fig.  26.6) [4, 
61, 62].

26.7  Adhesion Prevention 
for Hysteroscopic Metroplasty

Adhesion development after traumatic injury to the uterine 
cavity has been previously characterized and is also known 
as Asherman syndrome, a name acquired in 1948 from 
Joseph Asherman who organized the description of this 
condition [63]. Asherman syndrome can include symptoms 
such as amenorrhea, hypomenorrhea, subfertility, recurrent 

Fig. 26.3 Intraoperative transabdominal ultrasound guidance for uter-
ine surgery. The red arrow indicates the Foley catheter balloon within 
the bladder. The yellow arrow points to the endometrial cavity in sagit-
tal view distended by normal saline during hysteroscopy

Fig. 26.4 Hysteroscopic view of 2 cm uterine septum with scissors in 
place to start metroplasty

Fig. 26.5 Hysteroscopic view of postsurgical resection of uterine 
septum

Fig. 26.6 Septate uterus with left sided pregnancy
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pregnancy loss, or a history related to abnormal placenta-
tion along with the presence of intrauterine adhesions by 
hysteroscopy and/or histologically confirmed intrauterine 
fibrosis [63, 64]. If no symptoms are present, then the term 
asymptomatic intrauterine adhesions is the most appropri-
ate terminology [64]. Multiple classification systems for 
intrauterine adhesions have been created [30, 65, 66]. The 
modified version of the classification system originally 
described by March et al. is noted in Table 26.2 [66, 67]. 
Also, a proposed clinicohysteroscopic scoring system 
based on a retrospective review of both hysteroscopic and 
clinical data of 42 patients suggests that tubular uterine 
cavities with the inability to visualize both tubal ostia and 
sclerotic atrophic endometrium are the most severe find-
ings, especially in the setting of amenorrhea or infertility. 
But the prognostic value of this specific scoring system has 
not been validated [65].

Historically, between 5 and 25% of women develop adhe-
sions after uterine septum transection [68]. In a prospective, 
randomized trial, approximately 7% of women developed 
intrauterine adhesions after uterine septum resection and 
45% after hysteroscopic removal of multiple fibroids [38]. 
Yang et al. observed in retrospective data that adhesiolysis of 
centrally located adhesions in the uterine cavity had a lower 
number of postoperative interventions compared to adhe-
sions at the cornua, cervico-isthmic region or if the adhe-
sions occluded part of the uterine cavity [69]. If intrauterine 
adhesions are more severe, then pregnancy rate is lower 
compared to mild intrauterine adhesions (20% vs. 81.5%) 
[70]. Additionally, the type and locations of adhesions such 
as AFS classification IV (extensive dense adhesions with 
occlusion of part of the uterine cavity other than cervico- 
isthmic region) and II (central type adhesions at the uterine 
cornua) have lower pregnancy rates than central adhesions in 
the middle area of the uterine cavity or those at the cervico- 
isthmic region [70].

Experience from the largest women’s hospital in China 
reported on 357 patients that underwent hysteroscopic adhe-
siolysis with 334 (93.6%) having complete restoration of a 

normal uterine cavity. A 7 mm hysteroscope with microscis-
sors was utilized for most cases with Versapoint bipolar sys-
tem (Gynecare, Ethicon, NJ) used for the remaining cases. 
Postoperative hormonal therapy was given with estradiol 
4 mg/day for 7 days, 3 mg/day for 7 days, and then estradiol 
valerate 2 mg/day and medroxyprogesterone acetate 10 mg/
day for 7 days which was repeated for 2 months. The extent 
of preoperative adhesive disease was related to the concep-
tion rate after surgery. For mild intrauterine adhesions, 61% 
conceived; however, for severe intrauterine adhesions, only 
25% conceived. Moderate adhesions were associated with a 
53% conception rate. In those who conceived, miscarriage 
rate was approximately 9%, and term delivery occurred in 
84% [71]. Prevention of intrauterine adhesions is therefore 
of utmost importance in reproductive surgery.

Multiple methods have been attempted to reduce or pre-
vent intrauterine adhesion formation. Initially, the postopera-
tive use of an IUD (intrauterine device) was utilized for the 
purpose of separating the endometrial surfaces [67, 72, 73]. 
In a recent retrospective unblinded study, oxidized regener-
ated cellulose adhesion barrier (Interceed) has been wrapped 
around a circular inert IUD and inserted into the uterine cav-
ity for adhesion prevention [74]. The authors conclude that 
fewer operations to achieve an adhesion-free uterine cavity 
were necessary (3 versus 4; p-value  =  0.0010); however, 
there was no significant difference in menstrual dysfunction, 
pregnancy rate, or live birth rate. Additionally, all patients in 
both groups also received oral estradiol valerate 5 mg twice 
daily for 28 days from day 5 postoperatively [74].

Yu et  al. evaluated 238 women who specifically under-
went uterine septum resection. One of three adjuvant thera-
pies was given according to surgeon preference; these 
options included estradiol valerate/medroxyprogesterone 
acetate regimen for 3 months versus Copper T-380 IUD for 
3 months versus a 16-F Foley balloon insertion with 4 ml of 
saline which was removed after 5 days versus no treatment 
(control). Office hysteroscopy performed 1  month later 
revealed intrauterine adhesions to be present in 22% (estro-
gen/progestin), 29% (copper IUD), 27% (Foley), and 24% 
(control) of the cases. At the time of the second look hyster-
oscopy, lysis of adhesions could be performed with the tip of 
the hysteroscope. Another hysteroscopy 3 months from the 
initial surgery demonstrated decreased rates of adhesions at 
0%, 0.1%, 0.1%, and 0.2%, respectively. At both second- and 
third-look hysteroscopy, the incidence and severity of adhe-
sions was not significantly different between any of the 
groups [75]. Others have suggested that serial, repeated 
office hysteroscopic lysis of adhesions every 1–3 weeks after 
the primary treatment be utilized as the method to maintain 
the uterine cavity patency postoperatively [66].

Neither IUD nor estrogen prevents intrauterine adhe-
sions after hysteroscopic uterine septum resection accord-
ing to several authors [76–79]. Specifically, Tonguc et al. 
randomized women to no treatment, estrogen treatment 

Table 26.2 Classification of intrauterine adhesions

Intrauterine 
adhesions Characterization of adhesions
Minimal < ¼ of uterine cavity involved; thin or filmy 

adhesions; ostial areas and upper fundus minimally 
involved or clear

Moderate ¼ to ¾ of uterine cavity involved; no agglutination 
of walls; adhesions only; ostial areas and upper 
fundus only partially occluded

Severe > ¾ of uterine cavity involved; agglutination of 
walls or thick bands; ostial areas and upper cavity 
occluded

Modified from Robinson JK, Colimon LM, Isaacson KB. Postoperative 
adhesiolysis therapy for intrauterine adhesions (Asherman’s syndrome). 
Fertil Steril. 2008;90(2):409–14, with permission
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(2  mg estradiol valerate and 0.5  mg norgestrel (Cyclo-
Progynova: Schering AG, Istanbul, Turkey) once daily for 
2  months, a copper IUD (Multiload Cu250, Multilan, 
Dublin, Ireland), or estrogen with the IUD.  Intrauterine 
adhesion rates status post uterine septum resection using a 
monopolar dissection electrode were approximately 5% for 
the control group, 11% for the IUD only group, 12% for the 
estrogen plus IUD group, and 0% for the estrogen only 
group. These results were not statistically different between 
the groups [76]. For those who became pregnant following 
surgery, pregnancy and miscarriage rates were also similar 
between groups [76].

Moreover, there is no effect on pregnancy rates after IUD 
placement and/or estrogen use after hysteroscopic metro-
plasty [80]. A Cochrane review found that there were no dif-
ferences in live birth rates between anti-adhesion therapy 
and no treatment. Anti-adhesion therapy was associated with 
fewer intrauterine adhesions at second look hysteroscopy; 
however, the clinical implications of this finding are unclear 
[81]. AAGL practice guidelines for management of intra-
uterine synechiae are listed in a practice report and are sum-
marized (Table 26.3) [82].

26.8  Pregnancy Outcomes

Congenital uterine anomalies are associated with decreased 
fecundity, increased miscarriage rate, increased preterm 
birth and low birth rate, malpresentation, C-section, and 
perinatal morbidity [83].

In regard to septate uteri, a meta-analysis revealed a 
decrease in clinical pregnancy rate (RR 0.86, P  =  0.009), 
increase in first trimester miscarriage (RR 2.89, P < 0.001), 
increase in preterm delivery (RR 2.30, P < 0.001), increased 
fetal malpresentation (RR 6.24, P < 0.001), and no differ-
ence on second trimester miscarriage rates (RR 2.22, 
P = 0.15) but with subgroup analysis showing an association 
(RR 3.74, P = 0.003) [4]. Other studies have not validated 
the findings of decreased fertility seen in this meta-analysis 
[84, 85]. Another meta-analysis found women with septate 
uteri to have a higher rate of first trimester miscarriages (RR 
2.65), increase in preterm delivery (RR 2.11), increase in 
malpresentation at delivery (RR 4.35), increased rate of 
intrauterine growth restriction (RR 2.54), increase in pla-
cental abruption (RR 4.37), and increase in perinatal mortal-
ity (RR 2.43) [86].

Pregnancy rates are improved, and miscarriage rates 
decrease after uterine septum division [45, 87–90]. The 
cumulative progression of pregnancy is only 33% when a 
septate uterus is diagnosed at the time of initial first trimester 
ultrasound [91]. Pregnancy rates after hysteroscopic septum 
surgery have been reported at 58% to as high as 89% [92, 
93]. Ban-Frangez et  al. reported a retrospective matched 
control study for women who conceived following IVF 
before hysteroscopic resection of a large or small (1.3–
1.5 cm) uterine septum and women who conceived following 
IVF after hysteroscopic resection for a large or small uterine 
septum. The miscarriage rate before resection was signifi-
cantly higher for both large and small uterine septi (odds 
ratio with 95% CI 25.0 (3.9–160) and 12.1 (3.2–45.8), 
respectively) [94]. Therefore, in infertility patients undergo-
ing IVF, it seems prudent to offer uterine septum surgery 
prior to assisted reproductive techniques.

Some authors advocate for hysteroscopic metroplasty for 
infertility [46, 95]. One abstract noted a prospective cohort 
study in which 103 infertile women with unexplained infer-
tility and a uterine septum where treated with hysteroscopic 
metroplasty. In women with a septum larger than ½ of the 
uterine cavity, pregnancy rates were significantly higher 
than those with a uterine septum less than ½ of the uterus 
[95]. This study has not yet come to full publication; there-
fore, the conclusions cannot be properly evaluated. Others 
have not found an association of uterine anomalies and 
infertility [4]. There are no randomized trials to compare 
outcomes for septoplasty on fertility rate, but many consider 

Table 26.3 Practice guideline for uterine synechiae

Treatment recommendation
Level of 
evidence

Direct visualization of the uterine cavity at hysteroscopy 
combined with a tool for adhesiolysis is the treatment of 
choice

B

Hysteroscopic adhesiolysis by external imaging 
techniques or laparoscopy does not prevent uterine 
perforation or improve clinical outcome but may 
minimize the consequences if perforation occurs

B

Postoperative hormone treatment (estrogen with or 
without progestin) may reduce the recurrence of 
adhesions

B

Postoperative uterine cavity assessment after treatment 
is recommended

B

Expectant management is a reasonable alternative to 
intervention in selected women with intrauterine 
adhesions

C

There is no evidence to support blind cervical probing C
There is no evidence to support blind D&C C
If extensive adhesive disease is present, treatment 
should be performed by an expert hysteroscopist

C

Neither progestin-releasing nor copper or T-shaped 
IUDs nor intrauterine Foley catheter should be used 
after surgical division of intrauterine adhesions

C

Medications to improve vascular flow to the 
endometrium should not be used outside of research 
protocols

C

There is no evidence to support or refute the use of 
preoperative, intraoperative, or postoperative antibiotic 
therapy in surgical treatment of intrauterine adhesions

C

Modified from Worldwide AAMIG.  AAGL practice report: practice 
guidelines for management of intrauterine synechiae. J Minim Invasive 
Gynecol. 2010;17(1):1–7, with permission
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the procedure in women with long-standing infertility (eval-
uation has ruled out other factors), female age than 35 years, 
for those undergoing laparoscopy and/or hysteroscopy for 
another reason, or for women who will be undergoing 
assisted reproduction because of the potential benefit of 
reduced miscarriage rate and other obstetrical issues [96, 
97]. Hysteroscopic metroplasty is a safe procedure, and 
undergoing this procedure is not associated with any higher 
risk of adverse obstetric outcomes compared to the general 
population [98].

Women with an arcuate uterus should be considered a nor-
mal variant as this does not increase poor pregnancy outcomes 
or pregnancy loss [99]. Even when looking at women under-
going assisted reproductive technology, an arcuate uterus is 
not associated with a reduction in pregnancy rate or increased 
risk of miscarriage [54]. A meta-analysis showed no differ-
ence in clinical pregnancy rate (RR 1.03, P = 0.51), first tri-
mester pregnancy loss (RR 1.35, P = 0.25), or preterm birth 
rate (RR 1.53, P = 0.28) between women with arcuate uteri 
and women with normal uteri [4]. This same meta- analysis 
showed an increase in second trimester miscarriage (RR 2.39, 
P  =  0.003) and fetal malpresentation at delivery (RR 2.5, 
P < 0.001) [4], but this is contrasted by another which showed 
no negative effect on reproductive outcomes [100].

Routine surgical excision for an arcuate uterus is not rec-
ommended. Although, interestingly, Detti et al. recently sug-
gest that 5.9 mm become the new subseptation cutoff length 
above which surgical correction would be warranted. In this 
prospective cohort study, 76 women with infertility or recur-
rent pregnancy loss were diagnosed with subseptate uterus 
by the American Fertility Society criteria. They were evalu-
ated with 3D ultrasound and were age-matched to a group of 
women with healthy uteri. After hysteroscopic septoplasty, 
the uterine cavity width in the subseptate group was signifi-
cantly smaller than preoperative widths and became similar 
to measurements of the healthy uteri group. One-third of the 
patients conceived after surgical intervention with 88% 
(14/16) in the <10 mm subseptation group and 86% (6/7) in 
the ≥10 mm subseptation group [101].

26.9  Conclusion

This chapter has reviewed the current state of hysteroscopic 
metroplasty for T-shaped and septate uteri. This technique 
continues to be a successful and useful treatment for septate 
uterine configurations; however, the data is more limited on 
its effectiveness in the setting of lateral metroplasty to 
improve fertility. Intrauterine adhesion prevention is a main 
goal of this surgical treatment, and continued research in this 
area is necessary.

26.10  Question and Answer Section

Questions

 1. Which test is a simple, reliable first step for evaluation of 
uterine anatomy?
 a. Transabdominal ultrasound
 b. Transvaginal ultrasound
 c. Sonohysterogram
 d. MRI

 2. Surgery for a T-shaped uterus with lateral metroplasty is 
expected to do which of the following?
 a. Always cause uterine scarring
 b. Provide a 100% term live birth rate
 c. Decrease menstrual bleeding
 d. None of the above

 3. Which method is the most accurate to diagnose intrauter-
ine adhesions?
 a. Hysteroscopy
 b. Hysterosalpingogram
 c. Hysterosonography
 d. Transvaginal ultrasound

Answers

 1. B.  Transvaginal ultrasound is a reliable, simple, easily 
accessible test that can begin the assessment of uterine 
anatomy. Testing with sonohysterogram, hysteroscopy, 
MRI, or surgical evaluation can be utilized when indi-
cated for further evaluation.

 2. D.  Lateral metroplasty is not expected to always cause 
uterine scarring (although this could be a complication of 
the procedure), guarantee full term delivery, or decreased 
menstrual bleeding.

 3. A. AAGL guidelines state that hysteroscopy is the most 
accurate method for diagnosis of intrauterine adhesions 
and should be the investigation of choice when available.
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27.1  Chapter Objectives

After reading this chapter, the reader will be able to:

 1. Understand the prevalence of obesity and its impacts on 
health and assisted reproduction outcomes

 2. Explain the current knowledge of pathophysiology behind 
obesity and adverse reproductive outcomes

 3. Recognize recommendations for women with obesity 
seeking assisted reproduction techniques

27.2  Introduction

Overweight and obesity can be defined as excess body 
weight above a healthy level. Body mass index (BMI) is 
commonly used to classify individuals using their height and 
weight. The BMI categories used for identifying  overweight 
and obesity are BMI 25–29.9 kg/m2 for  overweight and BMI 
≥30 kg/m2 for obesity (WHO 2008). Sub-categories of obe-
sity are class I (BMI 30–34.9  kg/m2), class II (BMI 
35–39.9 kg/m2), and class III (BMI ≥40 kg/m2) [1].

Excess adiposity is a risk factor for a multitude of dis-
eases, contributing to increased health expenditures and lost 
productivity. In 2014, the economic costs of obesity in the 
United States were estimated to be more than $1.4 trillion, 
including direct and indirect costs [2]. Furthermore, annual 

medical costs per patient related to obesity have been pro-
jected to be more than twice as high for women compared to 
men ($3610 versus $1150) [3, 4].

The causes of obesity and overweight are multifactorial. 
A calorie-dense diet and sedentary lifestyle are both associ-
ated with obesity, but other contributors include underlying 
genetic and endocrine disorders, as well as sociocultural and 
environmental factors [5]. Of the many adverse health effects 
associated with obesity, reduced fertility in both men and 
women has a considerable impact. Through complex path-
ways, obesity contributes to impaired outcomes in both natu-
ral and assisted reproduction. This chapter reviews the 
prevalence, implications, and pathophysiology of obesity 
and summarizes the consequences of obesity on assisted 
reproductive technology (ART) outcomes in both females 
and males.

27.3  The Obesity Epidemic: Prevalence 
and Implications

Obesity is one of the most common chronic conditions in the 
United States and globally. Worldwide, over 600 million 
adults can be classified as obese [6]. According to the 
National Health and Nutrition Examination Survey, nearly 
38% of US adults were classified as obese, and nearly 8% 
had class III obesity between 2013 and 2014 [7]. The preva-
lence of obesity and class III obesity is higher among women 
and, interestingly, between 2005 and 2014, has only increased 
for women compared to men [8]. Obesity also affects chil-
dren, as data from Ogden et  al. show that obesity impacts 
10% of infants and toddlers under 2 years of age and nearly 
17% of children and adolescents aged 2 through 19 years [7].

According to the Pregnancy Risk Assessment Monitoring 
System (PRAMS) 2004–2005 data, which monitors 
pregnancy- related health behaviors in US women, approxi-
mately 23% of women had an overweight pre-pregnancy 
BMI, and 19% had an obese pre-pregnancy BMI [9]. In addi-
tion, the prevalence of obesity was also reported to be higher 
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in African-American women (29.1%) than white (17.4%) 
and Hispanic (17.4%) women [9].

Obesity increases the risk of adverse health outcomes in 
every organ system, including increased risk of hyperten-
sion, dyslipidemia, coronary heart disease, stroke, diabetes 
mellitus, and osteoarthritis [10, 11]. Other health risks spe-
cific to women with obesity include estrogen-mediated can-
cers, polycystic ovarian syndrome (PCOS), anovulation, 
impaired fertility, and impaired reproductive and ART out-
comes compared to women of healthy BMI [12, 13].

Obesity is also the most common complication of preg-
nancy and is associated with increased risks of hypertension, 
preeclampsia, gestational diabetes, cesarean section, surgical 
complications, postpartum infection, and hemorrhage [12–
15]. Risks to the newborn include macrosomia, microsomia, 
premature birth, stillbirth, miscarriage, and congenital 
anomalies including neural tube defects and ventral wall 
abnormalities [12–15]. Table 27.1 summarizes the obesity- 
related health risks to mother and child [16, 17].

27.4  Obesity and Reproductive 
Pathophysiology

Women with obesity face lower live birth rates following 
natural and assisted reproduction conception due to a combi-
nation of decreased pregnancy and implantation rates and 
increased rates of miscarriage and pregnancy complications 
[18–20]. Obesity impacts reproduction through several 
mechanisms, including oxidative stress, inflammation, and 
insulin resistance [21]. These pathways lead to dysregulation 
of the hypothalamus pituitary ovarian (HPO) axis and subse-
quent oligoovulation and anovulation [21], though obese 
women with ovulatory cycles also have reduced fecundity 
[22]. Specifically, Dağ et  al. reported that for each unit of 
BMI over 29 kg/m2, the probability of pregnancy decreases 
by 5% [18].

Obesity contributes to insulin resistance and elevated 
insulin levels, which lead to a variety of negative impacts on 
the HPO axis, including increased androgen and estrogen 
production by the ovaries [13, 15, 19, 23, 24]. Excess insulin 
and androgens also lead to reduced sex hormone binding 
globulin (SHBG) levels resulting in elevated free sex hor-
mone levels [15, 19, 23, 24].

As an endocrine organ, adipose tissue produces and stores 
a variety of substances including adipokines, leptin, and adi-
ponectin. In obesity, leptin levels are increased, and adipo-
nectin levels are decreased [10, 13, 19]. The elevated leptin 
levels are associated with alterations of the HPO axis, includ-
ing impaired ovarian function and folliculogenesis [19], as 
leptin directly inhibits steroidogenesis by theca and granu-
losa cells of the ovary [24]. Decreased adiponectin may lead 
to increased insulin, which negatively impacts reproduction 
as previously described [24]. Furthermore, adipocytes store 
lipid-soluble substances including sex hormones, contribut-
ing further to higher androgen levels [15]. Hyperandrogenism 
has negative effects on ovarian function, leading to menstrual 
disturbances and anovulation which may be related to altered 
follicular development [13, 19].

Alterations of the HPO axis include variations in 
gonadotropin- releasing hormone and increased luteiniz-
ing hormone (LH) from the anterior pituitary gland [19, 
23], which may impair folliculogenesis [19]. Reduced 
oocyte quality in obesity may lead to impaired embryo 
quality and subsequent implantation [13]. In obese women 
with normal menstrual cycles, the negative effects on 
implantation are observed as well [19]. In combination 
with PCOS, which is estimated to be present in 28% to 
50% of women with obesity, obesity exacerbates repro-
ductive impairment; both conditions are characterized by 
hyperleptinemia, hyperandrogenemia, and anovulation 
[21, 25, 26].

Table 27.1 Obesity-related health risks to mother and child

Pregnancy-related complications for women with BMI ≥ 30 kg/m2

Complication Odds ratio (OR) 95% CI
Preeclampsia [16] 3.2 1.8–5.8
Gestational diabetes [16] 2.6 2.1–3.4
Fetal macrosomia [16] 2.2 1.6–3.1
Hypertension [16] 2.5 2.1–3.0
Shoulder dystocia [16] 3.6 2.1–6.3
Stillbirth [16] 2.8 1.9–4.7

Pregnancy-related complications for women with BMI ≥ 40 kg/m2

Complication OR 95% CI
Preeclampsia [17] 4.8 4.04–

5.74
Gestational diabetes [17] 4.0 3.1–5.2
Large-for-gestational-age infant [17] 3.8 3.5–4.16
Early neonatal death [17] 3.4 2.07–

5.63
Hypertension [17] 3.2 2.6–4.0
Shoulder dystocia [17] 3.1 1.86–

5.31
Meconium aspiration [17] 2.9 1.6–5.07
Stillbirth [17] 2.8 1.94–

4.02
Cesarean delivery [17] 2.7 2.49–

2.90
Fetal distress [17] 2.5 2.12–

2.99

Birth defects associated with women with BMI ≥ 30 kg/m2

Birth defect OR 95% CI
Ventral wall defects [17] 3.3 1.0–10.3
Neural tube defects [17] 2.7 1.2–6.1
Cardiac defects [17] 2.0 1.2–3.4
Multiple congenital anomalies [17] 2.0 1.0–3.8
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27.5  Obesity and Conventional Therapy 
Outcomes

27.5.1  Obesity and IVF Outcomes

Many studies suggest that obesity is associated with altered 
cycle stimulation characteristics and adverse IVF outcomes, 
including reduced pregnancy and live birth rates [19, 20, 24, 
27]. Rates of cycle cancellation are increased with increasing 
BMI, which may be a result of gonadotropin (Gn) resistance 
leading to lack of ovarian response [13, 19, 27]. Dokras et al. 
reported cycle cancellation rates to be as high as 25% in 
women with BMI ≥40 kg/m2, compared to 11% in women 
with healthy BMI (OR  =  2.73, 95% CI: 1.49–5.0) [28]. 
However, this is not a consistent finding, as indicated in a 
systematic review that found no differences in cycle cancel-
lation (OR = 1.35, 95% CI: 0.99–1.84) or number of oocytes 
retrieved (weighted mean difference [WMD]  =  0.68, 95% 
CI: 0.11–1.2) between those with a BMI <30  kg/m2 
and ≥30 kg/m2 [23].

Increased Gn requirements and longer stimulation times 
have been consistently observed in women with obesity 
with an inverse relationship between BMI and response to 
Gn [13, 19, 24] including a systematic review where there 
was a WMD of more than 200 IU of Gn (95% CI: 149.12–
271.05) [23]. It is hypothesized that this may be linked to 
ovarian Gn resistance in which elevated intrafollicular leptin 
may inhibit ovarian steroid synthesis [13, 19, 23, 29]. 
Alternatively, pharmacokinetic properties may lead to 
reduced absorption and/or increased clearance of Gn in 
obese women [13, 19, 28, 29].

Follicular asynchrony and lower peak estradiol concen-
tration in those undergoing ovarian stimulation is also more 
common in women with obesity [13, 19], further suggest-
ing an attenuated ovarian response to Gn stimulation [13, 
28, 29]. Shah et al. reported significantly lower peak serum 
estradiol levels in 1721 first IVF cycles in women with 
class II obesity (1498 pg/mL) and class III obesity (1361 pg/
mL) than in women with healthy BMI (2047 pg/mL) [30]. 
The number of retrieved oocytes is consistently reduced, as 
is the oocyte quality. This has been attributed to poor ovar-
ian response or to challenges associated with performing 
oocyte recovery in obese women [13, 24]. A systematic 
review reported that the WMD of oocytes recovered in 
women with BMI ≥25 kg/m2 was 42% lower (0.58, 95% 
CI: 0.22–0.94) than in women with BMI <25 kg/m2 [23]. It 
is unclear if reduced oocyte quality was due to the increased 
doses of Gn required in response to obesity, or to obesity 
itself [13, 19]. It has been postulated that a lipotoxic effect 
of excess lipid storage in oocytes, resulting in high levels of 
free fatty acids and reactive oxygen species, may interfere 
with the function of the meiotic spindles, mitochondria, 
and endoplasmic reticulum of oocytes [21, 29]. However, 

other studies have failed to show any adverse effect of obe-
sity on these parameters [23].

Fertilization rates and embryo quality also appear to be 
adversely impacted [13, 24]. Shah et al. reported that women 
with a BMI of 35–39.9 kg/m2 had significantly fewer nor-
mally fertilized oocytes than women with healthy BMI (7.6 
versus 9.3) [30], and Jungheim et al. reported decreased fer-
tilization rates in women with BMI ≥ 40 kg/m2 compared to 
women with healthy BMI (59% versus 69%, p < 0.03) [31]. 
Resulting embryo quality has been reported to be adversely 
affected, as blastocyst formation rates are almost 15% lower 
in overweight and obese women compared to women of 
healthy weight (p  <  0.007) [32]. As a result of reduced 
oocyte yield, fertilization rates, and reduced embryo quality, 
the mean number of embryos transferred and rates of 
implantation have been reported to be decreased in obese 
women [13, 33].

27.5.2  Male Obesity and ART

The literature is conflicting regarding the impact of male 
obesity on fertility in spontaneous reproduction and ART 
outcomes. Studies suggest that obese men have significantly 
reduced sperm motility (WMD = −3.72%, 95% CI: −7.11–
0.33) and increased DNA fragmentation (WMD  =  3.41%, 
95% CI: 2.08–4.75) [34]. In contrast, other studies in obese 
and healthy weight men have shown no differences in sperm 
parameters including sperm concentration (standardized 
mean difference = −0.28, 95% CI: −0.65–0.08) [35], total 
sperm count (median 134 million in groups with BMI 
20–24.9 kg/m2 and BMI >30 kg/m2), and motility [36].

With respect to ART outcomes, Campbell reviewed 30 
studies of male obesity and ART. Significantly higher rate of 
infertility (failure to conceive after 2years) in men with obe-
sity was noted (OR = −1.66, 95% CI: 1.53–1.79) [34]. Live 
birth rates per ART cycle have also been reported to be 
reduced by as much as 35% (OR = 0.65, 95% CI: 0.44–0.97) 
[34]. In comparison, not all studies have found significant 
differences in fertility based on male BMI, including a report 
by Zhu et  al. where nearly 8500 couples undergoing IVF 
failed to show differences in live birth rates in overweight 
(Adjusted Risk Ratio [ARR] = 1.03, 95% CI: 0.975–1.090) 
and obese (ARR = 1.00, 95% CI: 0.912–1.104) men com-
pared to men with healthy BMI [37].

27.5.3  Live Birth and Delivery

In spontaneous pregnancy, maternal adiposity increases the 
risks of adverse pregnancy outcomes, including gestational 
diabetes, preeclampsia, preterm birth, and neonatal and 
childhood morbidity [12, 14]. Further, maternal obesity has 
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been reported to increase the risk of fetal (adjusted odds ratio 
[AOR]  =  2.32, 95% CI: 1.64–3.28, p  <  0.001) and infant 
death [AOR = 1.97, 95% CI: 1.13–3.45, p = 0.02) [38].

With respect to ART, studies also suggest that obese 
women have higher rates of obstetric complications and mis-
carriage and lower live birth rates [13, 19]. In a study of 5019 
IVF/ICSI cycles, there was a significant association between 
BMI >30 kg/m2 and early pregnancy loss (OR = 1.69, 95% 
CI: 1.13–2.51, p = 0.003) [39]. Further, the odds of live birth 
were 2% lower with each unit of increased BMI (OR = 0.981, 
95% CI: 0.967–0.995, p = 0.009) [40]. A systematic review of 
21 studies by Maheshwari et al. revealed that women with a 
BMI ≥25 kg/m2 had a significant reduction in pregnancy rates 
(OR  =  0.71, 95% CI: 0.62–0.81) following IVF and an 
increase in miscarriage rates (OR = 1.33, 95% CI: 1.06–1.68) 
[23]. Another systematic review (n = 33 studies) also reported 
decreased clinical pregnancy rates (RR = 0.90, 95% CI: 0.85–
0.94, p < 0.0001), decreased live birth rates (RR = 0.84, 95% 
CI: 0.77–0.92, p = 0.0002), and increased miscarriage rates 
(RR = 1.31, 95% CI: 1.18–1.45, p < 0.0001) in women with 
BMI ≥25 kg/m2 undergoing IVF/ICSI [41]. Moragianni et al. 
also reported that live births after first ART cycle were 68% 
lower in women with BMI ≥40 kg/m2 compared to women 
with healthy BMI (OR = 0.32, 95% CI: 0.16–0.64) [33].

This is not a consistent finding, as other studies have 
reported no differences in live birth rates. Dokras et  al. 
reported no differences in delivery rates between women 
with BMI 25–29.9  kg/m2 (42.7%), BMI 30–39.9  kg/m2 
(41.95%), and BMI ≥40 kg/m2 (36.71%) [28]. While the sys-
tematic review by Maheshwari et al. reported an increase in 
miscarriage rates, the authors found no significant associa-
tion between BMI and live birth rates [23]. Furthermore, 
another systematic review (n  =  14 studies) corroborated 
these findings where no adverse effect of obesity on live birth 
rate following ART was seen [42]. Outcomes noted in gesta-
tional carriers (GC) (n = 163) have also revealed no differ-
ences in live birth rates per embryo transfer regardless of GC 
BMI (70% in BMI 20–24.9 kg/m2, 84% in BMI 25–29.9 kg/
m2, and 75% in BMI 30–35 kg/m2) [43].

With respect to maternal complications, Dayan et  al. 
reported that obese women undergoing IVF have nearly a 
sevenfold higher risk of preeclampsia compared to non- 
obese women following natural conception (OR = 6.7, 95% 
CI: 3.3–13.8) [44]. However, there are data showing that the 
risk of complications of ART for women with obesity is sim-
ilar in women without obesity, including adverse neonatal 
outcomes requiring mechanical ventilation or admission to 
the neonatal intensive care unit (AOR = 1.33, 95% CI: 1.11–
1.59 in obese and AOR = 1.34, 95% CI: 1.18–1.51 in non- 
obese) and preterm birth (AOR = 1.06, 95% CI: 0.86–1.31 in 
obese and AOR  =  1.15, 95% CI: 1.00–1.32  in non-obese) 
[45]. Conflicting data exist regarding live birth and obesity 
with the exception of preeclampsia, suggesting further work 
is needed to clarify this issue.

27.5.4  The Egg or the Uterus?

It is still a matter of debate whether impaired outcomes of 
natural conception or ART are due to reduced oocyte quality 
or endometrial receptivity [19]. Elevated leptin seen with 
obesity may negatively impact decidualization, leading to 
impaired endometrial receptivity, implantation, and placen-
tation [21]. Using egg donation as a model to distinguish 
between intrauterine and extrauterine factors has yielded 
conflicting results. Provost et al. reported that clinical preg-
nancy rates were reduced by 26% (OR = 0.74, 95% CI: 0.59–
0.94, p = 0.013), and live birth rates were reduced by 36% 
(OR = 0.64, 95% CI: 0.51–0.81, p < 0.001) in recipients with 
BMI >40 kg/m2 compared to women of healthy BMI [46]. 
Comparisons of autologous and donor oocytes in women 
with obesity revealed that with increasing BMI, failure to 
achieve clinical pregnancy increased with the use of autolo-
gous oocytes in women with class I obesity (AOR = 1.13, 
95% CI: 1.05–1.21), but not when donor oocytes were uti-
lized (AOR  =  0.99, 95% CI: 0.80–1.24), suggesting an 
oocyte over endometrial effect [47].

The impact of donor BMI on ART outcomes has also been 
investigated. Cardozo et al. showed that as BMI of the oocyte 
donor increased, clinical pregnancy rates significantly 
decreased (OR = 0.4, 95% CI: 0.1–0.9), and live birth rates 
(OR = 0.4, 95% CI: 0.2–1.1) trended lower for women with 
BMI 25.3–34  kg/m2 [48], suggesting an adverse effect of 
obesity on the oocyte. Goldman et al. studied the effect of 
obesity on aneuploidy with preimplantation genetic screen-
ing (PGS) and found no adverse impact of aneuploidy from 
women with BMI ≥30 kg/m2 (AOR = 0.74, 95% CI: 0.25–
2.20) [49].

An increased risk of miscarriage with increasing BMI in 
the oocyte recipient has been reported (OR = 4.02, 95% CI: 
1.53–10.57, p = 0.005) [50]; however, this is not a consistent 
finding by others. Metwally et al. reported no adverse impact 
(OR  =  1.52, 95% CI; 0.88–2.61) [51] as did Styne Gross 
et al., who reported that the rates of spontaneous loss after 
egg donation were comparable across BMI groups: 24.5% in 
women with BMI 21–25 kg/m2, 10.9% in women with BMI 
26–29  kg/m2, and 29.8% in women with BMI ≥30  kg/m2 
(p = 0.096) [52]. Given the conflicting data, more research in 
needed to elucidate the effect of oocyte recipient BMI on 
miscarriage risk.

27.6  Recommendations Prior 
to Conception

While the Institute of Medicine recommends that preconcep-
tion counseling should encourage women to aim to enter 
pregnancy with a healthy BMI [53], recent data reports 
reveal that 26% of women were overweight and 25% obese 
prior to becoming pregnant [54]. Evidence of an association 
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between weight loss before ART and improved perinatal out-
comes is lacking, including the LIFEstyle study which failed 
to find improvements in women receiving lifestyle interven-
tion prior to infertility treatment compared to those receiving 
immediate treatment without weight loss [55]. Weight loss in 
the intervention group was greater than in the control group, 
as nearly 38% of women in the intervention group lost 5% of 
body weight, compared to 0% in the control group during the 
first 6 months [55]. However, 27% of women who received 
6 months of lifestyle intervention before 18 months of infer-
tility treatment had live term births of singleton infants, simi-
lar to 35% of women who received 24 months of infertility 
treatment with no lifestyle intervention (OR = 0.77, 95% CI: 
0.60–0.99) [55]. Moreover, no significant differences in 
complications rates between groups were noted [55].

These findings contrast with those of The Treatment of 
Hyperandrogenism versus Insulin Resistance in Infertile 
Polycystic Ovary Syndrome (OWL PCOS) trial [56]. 
Ovulation significantly increased with weight loss followed 
by clomiphene, compared to oral contraceptives followed by 
clomiphene or a combination of weight loss and oral contra-
ceptives followed by clomiphene [56]. When compared to 
women with PCOS who received immediate clomiphene 
treatment without delay [57], analysis revealed improved 
live birth rates in women receiving weight loss and delayed 
infertility treatment compared to immediate treatment (Risk 
Ratio [RR] = 2.5, 95% CI: 1.3–4.7; p = 0.01) [58]. These 
findings suggest a benefit to delaying fertility treatment until 
after successful weight loss efforts. However, the benefits of 
weight loss must be balanced by the adverse effect of time 
relative to the age of the patient, as fertility is known to 
decrease with advancing age.

Some studies suggest that even modest reductions of up to 
5% of pre-pregnancy weight appear to restore ovulation and 
improve fertility and birth outcomes [13, 19, 23]. The first 
line therapy for weight loss has always been behavioral mod-
ification including reduced calorie diet and increased physi-
cal activity. Exercise, even without weight loss, has been 
shown to significantly improve outcomes in obese women 
undergoing IVF, with an increase in clinical pregnancy rates 
(RR = 3.22, 95% CI: 1.53–6.78, p = 0.002) and live birth 
rates (RR = 3.71, 95% CI: 1.51–9.11, p = 0.004) in obese 
women who had regular physical activity compared to those 
who did not [59]. It’s thought that exercise may improve 
insulin sensitivity and reduce inflammation and oxidative 
stress, irrespective of weight loss, thus improving reproduc-
tive function [59, 60]. Additionally, although exercise does 
not lead to weight loss in all individuals, it can improve body 
composition by decreasing fat mass and increasing lean body 
mass.

Bariatric surgery has also been recommended for women 
with a BMI ≥40 kg/m2 or with BMI ≥35 kg/m2 and comor-
bidities who have not benefited from non-surgical weight 

loss attempts [61]. A systematic review of weight loss inter-
ventions suggests that bariatric surgery and non-surgical 
weight loss procedures were more effective for weight loss 
than comprehensive behavior change and resulted in 
increased pregnancy and/or live birth rates after ART [62]. 
However, it is recommended that pregnancy be avoided for 
6–12  months after bariatric surgery due to metabolic and 
nutritional aberrations resulting from the procedure [19]. 
Even 2 year post-surgery, long-term malabsorption and met-
abolic derangements may persist and impair reproductive 
outcomes [63]. Other risks reported include increased risk of 
small-for-gestational-age infant (OR = 2.2, 95% CI: 1.64–
2.95), increased risk of preterm birth between 32 weeks and 
36 weeks and 6 days (OR = 1.3, 95% CI: 1.05–1.6), and a 
trend for increased risks of stillbirth/neonatal death 
(OR = 2.39, 95% CI: 0.98–5.85, p = 0.06) [64]. It is impor-
tant that patients undergoing bariatric surgery receive long- 
term follow-up regarding nutrition, physical activity, and 
psychosocial health in order to ensure that the benefits of 
surgery are fully realized while minimizing adverse side 
effects. The risks of surgical and medical weight loss thera-
pies must be weighed with the benefits for each individual 
patient and carefully considered, given the expense and 
potential morbidity. Randomized clinical trials are still 
needed to clarify these issues.

In some cases, IVF clinics have required that treatment be 
delayed until after weight loss using BMI cutoffs for IVF 
eligibility. In a 2015 study of 347 US clinics, 35% used a 
BMI cutoff to allow IVF treatment [65], with commonly 
cited reasons including requirements for anesthesia and con-
cerns about anesthesia complications [66]. While weight loss 
may have some benefits in improving fertility in women with 
increased BMI, it has been acknowledged that weight loss is 
time-intensive. It is possible that the benefits of weight loss 
on fertility can be overshadowed by the negative impacts of 
advancing age. Some argue that age is more important than 
obesity in predicting successful ART; thus women with obe-
sity should be counseled with this in mind, working closely 
with patients and a multidisciplinary team to formulate indi-
vidualized treatment plans based on each patient’s unique 
circumstances [29].

27.7  Conclusion

The health impacts of obesity are numerous and include 
reduced fertility and impaired outcomes of ART. While con-
flicting literature exists, it appears that obesity reduces ovu-
lation, increases Gn dose requirements, reduces clinical 
pregnancy rates after ART, and increases the risk of miscar-
riage after ART. To avoid potential risks, it is recommended 
that women with obesity seeking to have children through 
natural or assisted conception make positive lifestyle changes 
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in regard to diet and exercise. It is not recommended that 
ART be withheld from women with elevated BMI, but appro-
priate counseling about increased risks should be given along 
with referrals for comprehensive weight management. 
Further research is needed, using consistent BMI cutoffs and 
prospective research design, to clarify the risks and improve 
outcomes for women with obesity seeking ART.
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Polycystic Ovarian Syndrome 
and Medically Assisted Reproduction

Sezcan Mumusoglu, Mehmet Sipahi, and Gurkan Bozdag

Polycystic ovary syndrome (PCOS) affects 6–10% of women 
in reproductive age [1]. According to diagnostic criteria 
used, 55 to 91% of normogonadotropic anovulatory 
(WHO-II) women have sign and/or symptoms of the PCOS 
disease [2]. Women with PCOS symptoms are more likely to 
be sub-fertile when compared to women without PCOS 
symptoms (26.5 vs. 17.1%, p < 0.001) [3]. However at the 
end, although time to first pregnancy increase, in women 
with PCOS, lifetime fertility is similar [3, 4].

Lifestyle management with diet and exercise is recom-
mended not only to increase spontaneous ovulation but also 
for long-term health benefits. For ovulation induction, first- 
line treatments for PCOS are oral agents such as clomiphene 
citrate (CC) or aromatase inhibitors (AI). Exogenous gonad-
otropin injection and surgical intervention such as laparo-
scopic ovarian drilling are considered as second step of 
treatment to induce ovulation. With oral agents and exoge-
nous gonadotropin treatment strategies, it is objected to 
induce a monofollicular growth and ovulation with or with-
out intrauterine insemination. Although ovulation induction 
with exogenous gonadotropin alone yields ovulation rate of 
72%, and pregnancy rates of 45% in women with PCOS [5], 
assisted reproductive technologies (ART) or medically 
assisted reproduction (MAR) is still warranted as a third-line 
treatment option in the remaining, particularly when another 
factor (e.g., tubal obstruction or oligospermia) exists. 
However, there are some difficulties with regard to ovarian 
stimulation in women with PCOS not only to induce a mono-
follicular response but also to induce multifollicular response 
[6]. Whereas women with PCOS might be complicated with 
multifollicular development, cycle cancellation and multiple 
pregnancy rates during ovulation induction, excessive ovar-

ian response, and OHSS might be troublesome in ovarian 
stimulation during an MAR cycle despite the close monitor-
ing [7]. In spite of all those difficulties, the reported live birth 
rate after MAR treatment in women with PCOS is similar to 
women with unexplained endometriosis and male factor 
infertility [8].

In the last decade, several strategies have been introduced 
into MAR treatment to reduce the risks of OHSS and cycle 
cancellation and to improve the pregnancy rates in women 
with PCOS [9–12]. In this chapter, we overviewed the avail-
able evidence regarding the efficacy and safety of those pro-
posed strategies aiming to improve successes rate of MAR in 
women with PCOS.

28.1  Strategies on Ovarian Stimulation 
Protocols

The fırst concern regarding to ovulation stimulation (OS) 
protocol might be on the type of GnRH analogue. When 
gonadotropin-releasing hormone (GnRH) antagonists are 
compared to agonists, they have advantages such as having 
no hypo-estrogenic side effects, no flare-up effect, no need to 
long-term downregulation, and need for less number of 
gonadotropin during ovarian stimulation. While agonists are 
effective by desensitizing the receptors over pituitary in long 
term, antagonists block these receptors directly, therefore 
affect rapidly. This provides an opportunity to implement 
antagonists at any time during follicular phase.

GnRH antagonists might be applied in various protocols 
like multiple fixed-dose (0.25 mg/day—starting on the fifth–
seventh day), multiple flexible-dose (0.25  mg/day after the 
leading follicle reaches 14–15 mm diameter), or single dose 
(3 mg on the seventh or eighth day). In a recent meta- analysis 
by Kollmann et al., 1525 women and 582 live birth/ongoing 
pregnancies were included from 12 randomized controlled tri-
als (RCTs) [6]. This meta-analysis revealed that the use of 
agonists during ovarian stimulation does not make significant 
difference in terms of live birth/ongoing pregnancy when 
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compared to the use of antagonists (RR = 0.95, 95% CI: 0.84–
1.08, I2  =  0%) with low heterogeneity among the studies 
(Table 28.1). Notably, with regard to clinical pregnancy (CP) 
(RR = 1.02, 95% CI: 0.91–1.15, I2 = 7%) and miscarriages 
rates (RR = 1.10, 95% CI, 0.73–1.65, I2 = 19%), there was no 
significant difference between agonist and antagonist cycles 
[6]. However, OHSS rate was significantly less in antagonist 
protocol (n = 11 RCTs), with low-quality evidence (RR = 0.63, 
95% CI: 0.49–0.80, I2 = 1%) [6]. For the selection of ganirelix 
or cetrorelix, no significant differences were noted by means 
of clinical pregnancy rate in ICSI cycles between groups in a 
study enrolling 80 women with PCOS [12].

For the day of GnRH implementation during OS, GnRH 
antagonists are generally implemented as fixed-day injec-
tions on the fifth–seventh day of the stimulation. Starting 
GnRH antagonists at mid-follicular phase is based on the 
reason for potential fluctuation of LH levels during follicular 
phase. Nevertheless, avoiding LH fluctuations might nega-
tively alter endometrial receptivity and hence decrease preg-
nancy rate [13–15]. Application of a fixed protocol might 
sustain more physiologic concentrations of LH and estradiol 
(E2), which would better synchronize endometrium during 
the process of embryo transfer and implantation [16]. To 
establish the proper time to initiate during early follicular 
phase, a RCT comparing 140 patients with PCOS reported 
no significant difference for the clinical pregnancy (68.3% 
vs. 56.5%), implantation (46.2% vs. 35.5%), and miscarriage 
(7.3% vs. 8.6%) rates when patients commenced GnRH 
antagonist on the first or later days of stimulation [17]. 
Another RCT (n  =  150) stratifying patients as luteal long 
GnRH agonist, flexible antagonist and early antagonist also 
revealed that both biochemical (34.1%, 34%, and 38.3%, 
respectively, p = 0.9) and clinical pregnancy (34.1%, 29.8%, 
and 36.2%, respectively, p  =  0.8) rates were similar [18]. 
Another meta-analysis also supports that live birth/ongoing 
pregnancy rate between early and late starting of GnRH 
antagonists (RR  =  1.16, 95% CI: 0.8–1.6) does not differ, 
though the quality of available evidence was low [6].

To sum up, GnRH antagonist protocols, irrespective from 
the type and day of commencement, give a great opportunity 
to decrease the risk of OHSS without delineating pregnancy 
rates, even when final maturation is maintained by hCG. Also 
by giving the opportunity to trigger with a small dose of 
GnRH agonist, it further decreases the absolute risk of OHSS 
in antagonist cycles. Therefore, GnRH antagonist appears to 
be the choice of protocol in patients expected to have exces-
sive response such as in women with PCOS.

28.1.1  Type of Gonadotropin

The choice of exogenous gonadotropin in patients with 
PCOS has been widely speculated as in every subgroup of 

patients undergoing ART cycles. Nevertheless, with regard 
to type of gonadotropin, Kollmann et al. reported no signifi-
cant difference in terms of live birth/ongoing pregnancy 
(RR  =  1.05, 95% CI: 0.6–1.7) and clinical pregnancy 
(RR = 0.9, 95% CI: 0.6–1.4) rates when urinary and recom-
binant FSH (rec-FSH) were compared [6]. Similarly a 
Cochrane review consisting of 10 RCTs comparing rec-FSH 
and urinary gonadotropins (Seven RCTs for rec-FSH vs. 
FSH-HP, 3 RCTs for rec-FSH vs. HMG) failed to present 
any significant difference for the outcome of live birth 
(OR = 1.26, 95% CI: 0.80–1.99, I2 = 0%) or clinical preg-
nancy (OR  =  1.1, 95% CI: 0.8–1.4, I2  =  0). Additionally, 
when rec-FSH and urinary gonadotropins were compared for 
the risk of OHSS (OR = 1.5, 95% CI: 0.8–2.8, I2 = 0%), con-
sistently no significant difference was observed according to 
a very low quality of evidence [19]. Supplementation of oral 
anti-estrogens to exogenous gonadotropin does not bring any 
superiority with regard to any parameter of success [6].

Theoretically, using LH instead of FSH at the late follicu-
lar phase would allow mature follicles to grow while causing 
atresia of the immature follicles. Considering that, a RCT 
analyzed 90 patients with PCOS where the control group 
proceeds with FSH. In the study arm, hCG was added when 
the leading follicle reached 14 mm in diameter and FSH was 
ceased. The authors reported no significant difference for 
clinical pregnancy but higher severe OHSS risk among hCG 
implemented group (p = 0.019) [11].

For the gonadotropin protocol that might be preferred 
during an OS protocol, apparently three options are avail-
able, namely, step-up, step-down, and a sequential step-up/
step-down protocol. Although, a study including 225 women 
with PCOS reported that sequential protocol was superior to 
others [20], the meta-analysis by Kollmann et al. did not con-
firm those findings either for the outcome of live birth/ongo-
ing pregnancy (RR  =  1.05, 95% CI: 0.6–1.9) or clinical 
pregnancy (OR = 0.96, 95% CI: 0.6–1.5) rates (Table 28.1) 
[6].

In summary, apparently, no type and combination of 
exogenous gonadotropin is superior with regard to preg-
nancy. From that point, maintaining the safety with regard to 
risk of excessive ovarian response in women with PCOS 
should be the primary concern while deciding the dose and 
regimen in a given OS cycle.

28.2  Supplementary Treatments 
During MAR

Metformin has been suggested as a supplement in patients 
with PCOS to improve pregnancy rates outcome in MAR 
cycles. It acts as insulin sensitizing from the group of bigu-
anide, which suppresses hyperinsulinemia and over produc-
tion of androgens in PCOS.
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Table 28.1 Latest meta-analysis data evaluating effect of various treatment strategies in ART cycles for the management of risks of ovulation 
induction in patients with polycystic ovary syndrome (PCOS)

Author, year Number of trials Comparison Primary outcome Result
Kollmann, 2016 12 GnRH agonist vs. 

antagonist
Ongoing pregnancy/live 
birth

RR = 0.95, 95% CI: 0.8–1.1, I2 = 0%

11 GnRH agonist vs. 
antagonist

OHSS RR = 0.63, 95% CI: 0.5–0.8, I2 = 1%

1 Early vs. late starting of 
GnRH antagonists

Ongoing pregnancy/live 
birth

RR = 1.16, 95% CI: 0.8–1.6

1 Urinary vs. 
recombinant- FSH

Ongoing pregnancy/live 
birth

RR = 1.05, 95% CI: 0.6–1.7

1 Step-up vs. step-down 
protocol

Ongoing pregnancy/live 
birth

RR = 1.05, 95% CI: 0.6–1.9

10 Metformin vs. no 
treatment

Ongoing pregnancy/live 
birth

RR = 1.28, 95% CI: 1.01–1.63, 
I2 = 22%

10 Metformin vs. no 
treatment

OHSS RR = 0.47, 95% CI: 0.29–0.76, 
I2 = 0%

1 Myo-inositol (MI) vs 
D-chiro- inositol (DCI)

Clinical pregnancy RR = 2.86, 95% CI: 1.1–7.2

1 Triggering ovulation with 
reduced vs. standard hCG 
dose

Live birth RR = 1.54, 95% CI: 0.7–3.2

1 Triggering ovulation with 
reduced vs. standard hCG 
dose

OHSS RR = 0.53, 95% CI: 0.03–8.1

1 IVM vs. conventional IVF Live birth RR = 1.26, 95% CI: 0.5–2.9
2 IVM vs. conventional IVF OHSS RR = 0.19, 95% CI: 0.01–3.1

Weiss, 2015 10 Urinary (HP-FSH in 
3RCT) vs. 
recombinant- FSH

Live birth OR = 1.26, 95% CI: 0.8–2.0, I2 = 0%

10 Urinary (HP-FSH in 
3RCT) vs. 
recombinant- FSH

OHSS OR = 1.52, 95% CI: 0.8–2.8, I2 = 0%

Tso, 2014 5 Metformin vs. placebo or 
no treatment

Live birth OR = 1.39, 95% CI: 0.8–2.4, I2 = 52%

8 Metformin vs. placebo or 
no treatment

Clinical pregnancy OR = 1.52, 95% CI: 1.1–2.1, I2 = 18%

8 Metformin vs. placebo or 
no treatment

OHSS OR = 0.29, 95% CI: 0.2–0.5, I2 = 11%

Pundir, 2017 1 Myo-inositol (MI) or 
D-chiro- inositol (DCI) vs. 
placebo

Clinical pregnancy RR = 3.3, 95% CI: 0.4–27.1

RCT randomized controlled trials, OHSS ovarian hyperstimulation syndrome, RR relative risk, OR odds ratio, GnRH gonadotropin-releasing hor-
mone, FSH follicle-stimulating hormone, HP highly purified, hCG human chorionic gonadotropin, IVF in  vitro fertilization, IVM in  vitro 
maturation

In a Cochrane meta-analysis of comparing metformin 
and placebo with 9 RCTs and 816 patients, although higher 
clinical pregnancy rates (OR  =  1.52, 95% CI: 1.1–2.1, 
I2 = 18%, 8 RCTs) was observed, there were no significant 
difference in terms of live birth rates (OR = 1.39, 95% CI: 
0.8–2.4, I2  =  52%, 5 RCTs). However, OHSS was 
(OR = 0.29, 95% CI: 0.18–0.49, I2 = 11%, 8 RCTs) signifi-
cantly less at metformin- implemented group when com-
pared to placebo [11] (Table 28.1). In discordance, another 
meta-analysis including 10 RCTs and 856 women, the use 
of metformin during ovarian stimulation found to be more 
effective with regard to ongoing or live birth rate (RR = 1.28, 

95% CI: 1.01–1.63, I2 = 22%) when compared to placebo 
but with a low quality of evidence. In means of miscarriage, 
no significant difference was observed with a very low-qual-
ity evidence (RR  =  0.78, 95% CI: 0.47–1.29), I2  =  0%). 
However, when 891 women were evaluated for the exces-
sive ovarian response and OHSS, risk was less in metformin 
users than placebo arm with a very low level quality of evi-
dence (RR  =  0.47, 95% CI: 0.29–0.76, I2  =  0%) [6] 
(Table 28.1). A recent Cochrane overview of the 27 Cochrane 
reviews also confirmed the risk reduction of OHSS for 
women with PCOS when metformin was used before or 
during the ART cycle [21].
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Inositol is a naturally formed polyalcohol that has been 
utilized in women with PCOS due to its insulin-sensitizing 
effect as in metformin. It has stereoisomers such as 
 myo- inositol (MI) and D-chiro-inositol (DCI). A three-arm 
RCT comparing MI  +  melatonin, MI alone, and control 
group in ART cycles with 526 PCOS patients shows lower 
results for oocyte (48.2%, 35%, and 38.2%, p  <  0.001, 
respectively) and embryo quality (45.7%, 30.4%, and 25.6%, 
p < 0.001, respectively) in controls, whereas there was no 
difference at clinical pregnancy rates (41.4%, 36.7%, and 
31%, respectively) at all [22]. According to a meta-analysis 
including only one RCT which compares MI and DCI among 
84 patients with PCOS, clinical pregnancy rate (RR = 2.86, 
95% CI: 1.1–7.2) was observed higher in MI group with very 
low evidence. No significant difference was observed for the 
miscarriage rate (OR = 1.33, 95% CI: 0.36–4.97) between 
groups [6]. A meta-analysis of 10 RCTs by Pundir et  al. 
included a total of 362 women treated with inositol (257 on 
myo-inositol; 105 on di-chiro-inositol), 179 with placebo, 
and 60 with metformin. Inositol was associated with signifi-
cantly improved ovulation rate (RR = 2.3, 95% CI: 1.1–4.7, 
I2  =  75%) and increased frequency of menstrual cycles 
(RR = 6.8, 95% CI: 2.8–16.6, I2 = 0%) compared to placebo. 
One study compared the clinical pregnancy rate in inositol- 
treated patients with placebo (RR = 3.3, 95% CI: 0.4–27.1) 
(Table 28.1) and one study compared to metformin (RR = 1.5, 
95% CI: 0.7–3.1). No studies evaluated live birth, miscar-
riage rates, and OHSS risk [23].

28.3  Strategies for Triggering the Final 
Oocyte Maturation

28.3.1  Reduced Versus Standard Dose of hCG

In the ART treatment protocols, human chorionic gonadotropin 
(hCG) is a standard for triggering final oocyte maturation due 
to its LH like effect and high efficacy with a low cost. However, 
as noted, hCG has six- to sevenfold higher biological activity 
compared to endogenous LH as a result of longer half-life [24]. 
Nevertheless, hCG administration for final oocyte maturation 
is the pivotal stimulus for OHSS, by causing exaggerated secre-
tion of vascular endothelial growth factor (VEGF) from the 
ovary or peritoneal surface. Since the pathophysiology related 
with OHSS is depended on hCG administration [25], it had 
been proposed that lower doses of hCG might be associated 
with lower risks of OHSS [25]. When different doses of hCG 
such as 2500, 3300, 5000 were compared to 10000 IU within 
one retrospective study [26] and 1 RCT [26] but with a small 
sample size, no benefit was shown by lowering the dose of 
hCG down to 2500 IU with respect to a reduction in OHSS on 
a high-risk group of patients [6, 27].

28.3.2  Recombinant LH Versus hCG

Due to the short half-life of LH (10  h) compared to hCG 
(36 h), it has been investigated in two trials without selecting 
patients with PCOS whether recombinant LH (rec-LH) to 
reduce the risk of OHSS.  Cochrane systematic review of 
those trials revealed that using rec-LH for final oocyte matu-
ration leads to similar pregnancy and OHSS rates with uri-
nary hCG [28]. However the sample size and quality of the 
evidence were low.

28.3.3  Agonist Trigger Versus hCG

It has been proposed that the administration of a GnRH ago-
nist instead of hCG at the end of ovarian stimulation induces 
an endogenous peak in both LH and FSH by a similar way of 
physiology seen in oocyte maturation during natural cycles 
[29, 30]. However, due to the short half-life of endogenous 
LH compared to hCG, luteal phases have been defective 
(rapid luteolysis), and live birth rates have been significantly 
lower in agonist-triggered GnRH antagonist cycles when 
only luteal phase was supported by vaginal progesterone 
only [31]. Administration of low-dose hCG immediately 
after oocyte retrieval might rescue the luteal phase [9]. 
However, it should be noted that the agonist trigger at GnRH 
antagonist cycles significantly reduces [32, 33] but not totally 
eliminate the risk of OHSS [34] particularly when low-dose 
1500 IU hCG is used to rescue the luteal phase. In a recent 
RCT conducted in high-risk population as defined by the 
presence of 15 and 25 follicles >11 mm at the day of trigger-
ing, OHSS was noted in 2% vs. 0% of in patients undergoing 
hCG and agonist plus low-dose hCG (1500  IU) approach 
[35]. To achieve the goal of OHSS-free clinic, segmentation 
and freeze-all strategy (without using 1500 hCG) have been 
proposed when the patients have >25 growing follicles 
≥11 mm at the day of triggering [36]. Intensive luteal phase 
support defined by Engmann et al. as an alternative option of 
rescuing luteal phase in agonist-triggered cycles with 
decreasing the risk of OHSS but not altering the pregnancy 
rates in women with PCOS [30].

In a study comparing GnRH agonist and rhCG for ovula-
tion triggering in 227 PCOS patients, when the segmenta-
tion, namely, freeze-all, strategy have been chosen in both 
groups, OHSS from moderate to severe have not been 
observed at all in GnRH agonist trigger group (0–37.6%, 
p  <  0.001). In addition, mature oocytes (19.1  ±  11.7 vs. 
14.1  ±  4.3, p  <  0.001), fertilized oocytes (15.6  ±  5.6 vs. 
11.7 ± 3.6, p < 0.001), and top quality cleavage embryos on 
day 3 (12.9 ± 4.7 vs. 7.5 ± 4.3, p < 0.001) were also signifi-
cantly higher in GnRH agonist-triggered group than hCG- 
triggered group [37].
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To conclude the issue of triggering in high-risk group, it 
appears that GnRH agonist yields comparable results with 
respect to pregnancy rates but with a decreased risk of 
OHSS.  However, segmentation should be considered when 
there is >25 growing follicle ≥11 mm on the day of final mat-
uration without low-dose hCG (1500 IU) supplementation.

28.4  Different Techniques for Oocyte 
Retrieval

In vitro maturation (IVM) is a technique in which immature 
oocytes are retrieved transvaginally when they were in the 
status of antral follicles with an 8–12 mm in diameter. After 
collection, in vitro conversion from germinal vesicle stage to 
the stage of metaphase II within 24–52 h before fertilization 
is aimed in order to avoid supra-physiological steroid levels 
and associated risk of OHSS [38]. As might be expected, the 
maturation potential of immature oocyte in in vitro condition 
is associated with the development status at the time of 
retrieval from the follicle [39]. Additionally, the presence of 
a dominant follicle (>14 mm) might also negatively affect 
the performance of maturation, fertilization, and embryo 
development of the remaining oocytes that had been retrieved 
within the same cycle [40].

In a non-comparative study, IVM resulted with 17. 5%of 
implantation, 40% of pregnancy, and hence 40% of live birth 
rates [41]. In a retrospective cohort study, pregnancy rates 
were reported to be 32–44% in IVM and 38–45% in IVF 
arms, respectively [42]. Another study in which conventional 
IVF with GnRH agonist OS protocol compared to IVM 
revealed significantly less mean number of metaphase II 
oocytes in IVM approach (10.5  ±  6.5 vs. 15.3  ±  8.8, 
p < 0.001); however pregnancy (48% vs. 45%) and live birth 
rates (29% vs. 27%) were similar [43]. As expected, there 
was no case of OHSS in IVM arm [43].

Since the data coming from RCTs consistently demon-
strated less OHSS risk in patients with PCOS when stimu-
lated with GnRH antagonist protocol compared to GnRH 
agonist protocol [6, 44], to evaluate the effectiveness of IVM 
cycles for the OHSS risk, the comparison should be done 
with the GnRH antagonist protocol. In two available retro-
spective studies conducted in women with PCOS, Das et al. 
suggested that IVM has been associated with a lower risk of 
OHSS and a lower rate of pregnancy than IVF using a GnRH 
antagonist protocol [38], and Shavit et al. with a small sam-
ple size (n  =  61) reported statistically significant lower 
implantation rate, numerically lower pregnancy, and live 
birth rates. For the view of systematic review and meta- 
analysis, due to the lack of RCT comparing IVM and con-
ventional IVF, Cochrane review has remained inconclusive 
[45]. However, a more recent meta-analysis by Kollmann 
et al. including only one RCT [46], but with a small sample 

size and low quality of evidence (n = 61), has reported com-
parable live birth rates (RR  =  1.26, 95% CI: 0.5–2.9) 
(Table 28.1) [6].

28.4.1  hCG and FSH Priming

Since gonadotropins are essential for the regulation of oocyte 
growth and maturation, administration of hCG in IVM set-
ting 36 hours prior to oocyte retrieval has been proposed to 
improve treatment outcome. However the effect of hCG 
priming on oocyte maturation and developmental compe-
tence in IVM cycles has still remained as a matter of debate. 
In a RCT study comparing maturation rates 32 h after hCG 
priming, nuclear maturation rates were observed to be higher 
than control group (55.4% vs. 42.3% p < 0.001). No signifi-
cant difference was observed in clinical pregnancy (37.5% 
vs. 50.0%), live birth (22.5% vs. 31.0%), and implantation 
rates (32.9% vs. 32.56%) when hCG primed and non-primed 
groups were compared [47]. In concordance, a Cochrane 
review comparing patients with PCOS either primed with 
10000 IU hCG (n = 40) or not (n = 42) revealed no difference 
for the outcome of clinical pregnancy (OR = 0.60, 95% CI: 
0.25–1.45), live birth (OR = 0.65, 95% CI: 0.24–1.74), or 
miscarriage (OR  =  0.75, 95% CI: 0.24–2.39) rates [48]. 
However, the quality of evidence was low. With regard to 
various doses of hCG priming (10000 IU vs. 20000 IU), no 
differences were noted in the number of oocytes collected 
and rates of oocyte maturation, embryo cleavage, and clini-
cal pregnancy. Of interest, fertilization rates were signifi-
cantly lower with 20000 when compared to 10000 units of 
hCG (58.9% vs. 71.7%; p = 0.03) [49].

For the view of priming with FSH, a meta-analysis includ-
ing 2 RCTs and 76 patients with PCOS might be mentioned. 
According to that, priming with FSH in IVM cycles does not 
make any significant difference by means of ongoing preg-
nancy/live birth rates (RR  =  1.13 (95% CI, 0.46–2.79), 
I2  =  0%). There was no significant difference in observed 
rates of miscarriage in both arms either but with a very low 
level of evidence (RR = 5.73, 95% CI: 0.4–90.8) [6].

28.5  Embryo Transfer Strategy in Women 
with Polycystic Ovary Syndrome

Women with the risk of OHSS who undergo ART have lower 
rates of late-onset OHSS if the embryo transfer was per-
formed in a frozen cycle instead of a fresh cycle [50]. A 
recent RCT with a large sample size (n = 1500, PCOS) sug-
gested that frozen-embryo transfer (FET) was associated 
with a significantly higher live birth (49.3% vs. 42.0%, 
p  =  0.004), lower miscarriage rate (14.6% vs. 25.0%, 
p < 0.001), and lower incidence of OHSS (1.3% vs. 7.1%, 
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p < 0.001) compared to fresh-embryo transfer [51]. The rea-
son for higher live birth rates in women with frozen-embryo 
transfer was due to the lower rate of pregnancy loss in the 
fresh embryo transfer. As a possible explanation for the dif-
ference in pregnancy loss and live birth rates between frozen 
and fresh cycles, it was hypothesized that there may be a 
differences in endometrial receptivity due to the transfer 
strategy. On the other hand, higher frequency of preeclamp-
sia (4.4% vs. 1.4%, p = 0.009) was reported in frozen-embryo 
transfer cycles [51].

Of note, the RCT by Chen et al. which was conducted in 
China, differed from standard practice, the embryos were 
cryopreserved on day 3 of culture, and multiple embryos 
were transferred, whereas most programs in the world aim-
ing to cryopreserve on day 5 and transfer a single embryo. In 
addition, the BMI of the women studied was 24 kg/m2, which 
is much lower than the BMI of women with PCOS in other 
countries [51]. With this respect, it might be early to suggest 
routine FET in women with PCOS; however it is clear that 
freeze-all strategy can reduce the risk of OHSS without caus-
ing any adverse effects [51].

With regard to preparation of endometrium for frozen- 
thawed embryo transfer cycles in patients with PCOS, artifi-
cial cycle with GnRH agonist suppression is most commonly 
preferred protocol due to the irregular menstrual cycles in 
those patients. There is lack of data in patients with PCOS 
for the comparison of different endometrium preparation 
protocols. However, a meta-analysis concluded that there is 
no consistent superiority of any endometrial preparation pro-
tocol for FER in unselected infertile patients [52].

28.6  Conclusions

This chapter can be summarized as follows:

• Ovulation induction with GnRH antagonist protocol 
should be first choice in order to reduce the risk of moder-
ate to severe OHSS in women with PCOS regardless of 
the type and starting day of GnRH antagonist.

• In women with PCOS, regarding ovulation induction with 
gonadotropins, either hMG or rec-FSH might be pre-
ferred. There is no difference between any type and com-
bination of exogenous gonadotropin with regard to 
pregnancy rate. Since using hCG for OS might increase 
the risk of OHSS, it should not be preferred.

• Metformin supplementation during OS seems be relevant 
in women with PCOS and might reduce the risk of OHSS.

• Myo-inositol, as an insulin-sensitizing agent, might be 
supplemented in patients with PCOS to restore the men-
strual cycles and increase clinical pregnancy rates in ART 
cycles. That remark is based on limited data, and it should 

be definitely confirmed with further studies. However, 
there is lack of data with regard to OHSS prevention.

• In terms of triggering final oocyte maturation in women 
with PCOS, there is no beneficial effect of lowering the 
dose of hCG down to 2500 IU with respect to a reduction 
in OHSS.

• In women with PCOS, triggering final oocyte maturation 
with GnRH agonist in GnRH antagonist OS protocol 
yields comparable results with respect to pregnancy rates 
but with a decreased risk of OHSS when luteal phase was 
supported either via intensive estrogen and progesterone 
or hCG (1500  IU rescue) immediately after oocyte 
retrieval. However, segmentation should be considered 
when there is >25 growing follicle ≥11 mm in diameter 
on the day of triggering for final oocyte maturation.

• Although IVM treatment is capable to eliminate the risk 
of OHSS in patient with PCOS, growing data regarding 
the safety and success of agonist-triggered cycles have 
reduced the interest on IVM in the clinical practice.

• Although FET for all strategy is promising, it might be 
early to suggest routine FET in patients with 
PCOS. Nevertheless, it is evident that freeze-all strategy 
can reduce the risk of OHSS without causing any adverse 
effects.
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Laparoscopic Ovarian Drilling 
in Polycystic Ovary Syndrome

Austin D. Findley and Karen Jessup

Polycystic ovary syndrome (PCOS) is the most common 
endocrine disorder in reproductive-age women, with an esti-
mated worldwide prevalence of 6–10% [1]. The disorder is 
characterized by the presence of androgen excess, ovulatory 
dysfunction, and polycystic ovaries. PCOS is believed to be 
caused by a complex interaction of genetic traits and envi-
ronmental factors and is recognized as one of the most com-
mon causes of infertility and subfertility in women [2]. 
Treatment of PCOS-associated infertility consists of medical 
and surgical options to induce ovulation. The oral ovulation 
induction agent clomiphene citrate (CC) is considered first- 
line medical therapy due its efficacy, safety, tolerability, and 
low cost [3]. For women who are resistant to this treatment, 
ovulation may be induced with aromatase inhibitors, inject-
able gonadotropins, or ovarian surgery.

First described by Stein and Leventhal in 1935, bilateral 
ovarian wedge resection (BOWR) performed via laparotomy 
was long considered a primary treatment for ovulation induc-
tion in women with PCOS and ovulatory dysfunction [4]. 
BOWR was highly successful at restoring ovulation in 
women with PCOS. With the development of medical ovula-
tion induction agents, as well as the associated postoperative 
complications of adhesion formation and diminished ovarian 
function having a negative impact on fertility, this procedure 
fell out of favor. In 1984, Gjönnaess first described a laparo-
scopic surgical approach to restore ovulation in women with 
PCOS [5]. Laparoscopic ovarian drilling (LOD), also 
referred to as ovarian diathermy, electrocautery, or electroco-
agulation had the promise of restoring ovulation while mini-
mizing ovarian damage and adhesion formation. Additionally, 
it provided all of the benefits of a minimally invasive proce-
dure over laparotomy. Since its introduction, LOD has 
proven to be very successful in restoring ovulation in women 
with PCOS.  Typical rates of spontaneous ovulation after 

LOD have been reported to be around 70–80% [6]. LOD has 
also proven effective in correcting many of the metabolic 
changes associated with PCOS, often with long-lasting 
effects. The introduction of ovarian drilling through opera-
tive laparoscopy has allowed surgical treatment of PCOS to 
remain a second-line option for women who fail to respond 
to medical ovulation induction and a way to manage the 
associated endocrine abnormalities in some women. This 
chapter discusses the role of laparoscopic ovarian drilling for 
ovulation induction and its effect on metabolic dysfunction 
in women with PCOS.

29.1  Indications For Surgery

According to the American Society for Reproductive 
Medicine, laparoscopic ovarian drilling is recommended as a 
second-line treatment for ovulation induction in women with 
PCOS who fail to respond to treatment with clomiphene 
citrate, as more than 75% of women will ovulate with oral 
therapy [3]. It may also be considered as a primary option for 
women who are not attempting to conceive in order to man-
age ovulatory and endocrine dysfunction, in those who are 
unwilling or unable to use traditional medical therapies, and 
for patients who find the rates of multiple gestation 
unacceptable.

29.2  Procedure and Technique

Despite the fact that LOD has been performed for several 
decades, a standardized approach to the procedure has never 
been agreed upon. LOD is an outpatient procedure that typi-
cally requires three laparoscopic ports. Most commonly, a 
laparoscopic approach is undertaken where a camera is intro-
duced through an umbilical port and a grasper and monopo-
lar needle electrode are placed through ancillary ports in 
each lower abdominal quadrant. The ovary is stabilized by 
grasping it near the hilum, and the monopolar needle 
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 electrode is introduced into the ovarian stroma at multiple 
sites as the tissue is heated through the activation of electro-
surgical energy (Fig.  29.1). Four to ten puncture sites are 
typically made on one or both ovaries away from the hilum 
where the blood supply enters the ovary. The goal of the pro-
cedure is to cause enough destruction of the ovarian cortex 
that the metabolic changes seen in women with PCOS are 
corrected, without inducing damage severe enough to lead to 
premature ovarian failure.

The exact mechanism of action by which ovarian drilling 
restores ovulation and improves fertility and endocrine dys-
function is not known. It is believed to result from thermal 
damage to the androgen producing theca cells in the ovarian 

stroma. The resultant decrease in LH secretion and reduced 
androgen production provides an environment within the 
ovary that is conducive to normal follicular development. 
The procedure has also been described using carbon dioxide 
(CO2), argon, or Nd:YAG lasers, but the use of these instru-
ments is much less common due to the high cost and lack of 
availability of these instruments.

Multiple studies have tried to address the best practice in 
regards to the number of holes made in each ovary, the type, 
amount and time of energy applied, and whether one or both 
ovaries should be treated. Studies performed to assess the 
effects of LOD have described anywhere from 4 to 40 punc-
ture sites per ovary. Only one study has directly compared 

a

c

b

Fig. 29.1 Laparoscopic ovarian drilling with a monopolar needle elec-
trode. (a) The ovary is stabilized as a monopolar needle is introduced 
into the abdomen. (b) The monopolar needle is introduced approxi-

mately 5–10 mm into the ovarian stroma. (c) 4–10 puncture sites are 
made on each ovary, applying a 4 s burst of 40 W coagulating current
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differences in outcomes based on the number of puncture 
sites [7]. In a 2005 study by Malkawi et al.7, the authors com-
pared outcomes of LOD in women who received five punc-
ture sites versus ten puncture sites per ovary. The authors 
found that five punctures on each ovary was equally as effec-
tive as ten punctures with respect to resumption of regular 
menses, ovulation rate, spontaneous and medically assisted 
conception, multiple gestation, ovarian hyperstimulation, 
and miscarriage rate. Additionally, performing fewer punc-
tures resulted in equivalent reduction in LH, testosterone, 
DHEAS, and androstenedione. Although it has been sug-
gested that more puncture sites may lead to more adhesions, 
a study by Mercorio et al., in which second look laparoscopy 
was performed after LOD, found no difference in the inci-
dence or severity of adhesions (6 vs. 12 puncture sites) [8].

The amount of energy applied through the monopolar 
needle electrode is typically 40 W of power. A short burst of 
cutting current is used to penetrate the capsule of the ovary 
and the needle tip is advanced 5–10 mm into ovarian cortex. 
Coagulation current of 40 W is then applied for a total of 4 s 
at each site. A large systematic review reported no difference 
in postoperative ovarian reserve when 450–1200 Joules 
(J = W • s • # puncture sites) was applied to each ovary [9].

In studies examining unilateral vs. bilateral ovarian drill-
ing, there has not been shown to be a difference in live birth 
rate, pregnancy rate, ovulation rate, or miscarriage rate [10, 
11]. Despite this, most studies and descriptions of the proce-
dure perform drilling on both ovaries.

29.3  Outcomes

29.3.1  Pregnancy, Miscarriage, Live Birth, 
Multiple Pregnancies, Ovarian 
Hyperstimulation, Cost, and Patient 
Preferences

Reported pregnancy rates following LOD are widely vari-
able, with observed rates of 13–88% [6]. Higher rates of suc-
cessful conception are reported when normal anatomy is 
identified at the time of surgery compared to abnormal surgi-
cal findings such as endometriosis (84–87.5% vs. 20–35%) 
[12, 13]. In a Cochrane systematic review, pooled data 
showed pregnancy rates of 25–51% following LOD and 
30–51% following other medical treatments (OR 0.94, 95% 
CI 0.78 to 1.14) [10]. In this analysis, there was no difference 
in pregnancy rates when ovarian drilling was compared to 
treatment with CC, CC  +  metformin, CC  +  tamoxifen, 
gonadotropins, aromatase inhibitors, or CC + rosiglitazone. 
LOD did provide benefit when compared to metformin alone 
(OR 2.47, 95% CI 1.05 to 5.81). Additionally, there was no 
difference identified in the rate of live birth or miscarriage 
between groups. Live birth rates ranged from 24 to 44% fol-

lowing LOD and 27 to 62% following medical treatments 
(OR 0.77, 95% CI 0.59 to 1.01).

Miscarriage rates in women with PCOS are higher than 
the general public, with an incidence of 30–50% [6, 14]. 
Several studies have demonstrated a decrease in the miscar-
riage rate following LOD [15, 16]. However, Farquhar et al. 
reported no difference in miscarriage rate after LOD com-
pared to medical ovulation induction in their review [10].

When compared to ovulation induction with gonadotro-
pins, LOD results in a significantly lower incidence of mul-
tiple pregnancies (OR 0.13, 95% CI 0.03 to 0.52) and ovarian 
hyperstimulation syndrome (OHSS) (0 vs. 3%). There is no 
difference in multiple pregnancies or OHSS when LOD was 
compared to other medical treatments for ovulation induc-
tion in the setting of PCOS. When LOD is performed prior to 
IVF, there were no differences in the pregnancy, miscarriage, 
live birth, multiple pregnancy, or OHSS rate when compared 
to IVF alone.

Costs of treatment are significantly lower with LOD com-
pared to ovulation induction with gonadotropins. 
Additionally, patients tend to prefer LOD to ovulation induc-
tion with gonadotropins [17–19].

29.3.2  Ovulation and Endocrine Changes

Ovulatory and endocrine changes after laparoscopic ovarian 
drilling are well documented. Regular ovulation is reported 
to occur in 30–90% of women with PCOS who undergo 
LOD, with a mean of 83% after monopolar diathermy [6, 
20]. While LOD does decrease anti-Müllerian hormone and 
ovarian volume, there is no significant change in antral fol-
licle count [9, 16]. Most studies have demonstrated signifi-
cant reduction in serum AMH, LH, and androgen levels, 
while FSH remains relatively unaffected or slightly increased 
after LOD [6, 14, 21]. Androstenedione, free testosterone, 
and dehydroepiandrosterone sulfate are decreased and sex 
hormone binding globulin is not changed [22]. Accordingly, 
numerous studies have also demonstrated improvement in 
acne and hirsutism associated with hyperandrogenic PCOS, 
with the effects often lasting for years. Amer et al. reported 
that 40% of patients with acne and 25% of patients with hir-
sutism had noticeable improvement in symptoms 4 to 9 years 
after laparoscopic ovarian drilling [22]. Mohiuddin et  al. 
reported a decrease in acne from 38 to 14% and no change in 
hirsutism at 6 to 10 years after LOD [23].

The effects of LOD on serum insulin and glucose levels 
have been mixed. Tiitinen et  al. did not find a significant 
decrease in serum insulin levels in short-term follow-up after 
LOD [24]. Api et al. have reported decreased insulin levels 
but no effect on glucose [21]. Seow et al. found significantly 
decreased levels of insulin and glucose 3 months after sur-
gery [6].
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Very little research exists on the effects of LOD on lipids. 
In one prospective study of 34 patients, Shokeir et al. reported 
a significant decrease in total cholesterol, low-density lipo-
protein (LDL), and a significant increase in high-density 
lipoprotein (HDL) [25]. In another small study involving 22 
patients with PCOS, Kucuk et al. did not find any significant 
difference in cholesterol or lipoprotein levels after LOD 
[26]. Lemieux et  al. also failed to find an improvement in 
insulin and glucose metabolism or changes to serum lipopro-
tein levels [27].

Although chronic anovulation is a hallmark of PCOS, 
there are no studies examining a possible reduction in the 
incidence of endometrial hyperplasia or malignancy as a 
potential long-term benefit of the procedure. A summary of 
the endocrine effects is listed in Table 29.1.

29.4  Complications

Other than general complications that may occur during any 
laparoscopy, the potential for postoperative adhesions and 
diminished ovarian reserve are the primary concerns that 
have been raised when examining LOD.  Severe adnexal 
adhesions and premature ovarian failure leading to decreased 
fertility are the main reasons that bilateral ovarian wedge 
resection was ultimately abandoned. Although postoperative 
adhesions of the adnexa are common after laparoscopic ovar-
ian drilling, the severity and effect on fertility appears to be 
limited.

Postoperative adhesions have been reported in 0 to 100% 
of women undergoing laparoscopic ovarian drilling during 
reoperation [20]. In studies where early second-look laparos-
copy was performed, adhesions were generally noted to be 
mild and did not affect pregnancy rates [6, 28]. Additionally, 

the application of adhesion barriers or early second-look 
laparoscopy with adhesiolysis does not improve the preg-
nancy rate following LOD [28–30].

Multiple studies have confirmed a decrease in AMH and 
ovarian volume after LOD [16]. Amer et  al. conducted a 
meta-analysis on the impact of LOD on AMH and ovarian 
reserve. In their pooled analysis, they found that AMH was 
reduced by 2.13 ng/mL after LOD, with the effects lasting 
for up to 6 months [9]. Although ovarian volume and AMH 
are significantly reduced for long periods of time after LOD, 
there is no evidence that suggests this actually results in 
diminished ovarian reserve or premature ovarian failure. 
Rather, these changes have been interpreted as a normaliza-
tion of the abnormal ovarian structure and function that 
occurs after the procedure [31].

29.5  Alternative and Novel Procedures

In addition to the traditional laparoscopic approach of ovar-
ian drilling with electrosurgery or laser energy, alternative 
methods of ovarian tissue destruction for the treatment of 
PCOS have also been described. These include transvaginal 
hydrolaparoscopy (THL) and high-intensity focused ultra-
sound (HIFU). Multiple studies have documented the feasi-
bility of ovarian drilling performed via transvaginal 
hydrolaparoscopy [32–35]. In this procedure, a small inci-
sion is made in the posterior vaginal fornix and the pelvis is 
filled with sterile fluid to elevate the bowel out of the pelvis. 
A camera allows for visualization of the posterior uterus, 
ovarian fossa, ovaries, and fallopian tubes. Ovarian drilling 
can also be achieved through this approach with a bipolar 
needle electrode. The proposed benefits of this approach 
include direct access to the adnexa via the posterior cul-de- 
sac without a need for abdominal incisions. One randomized 
controlled trial comparing THL to LOD demonstrated 
shorter operative time (20 vs. 40 min, p < 0.0001), equivalent 
reduction in AMH levels, less pain (1.1 vs. 3.3 VAS scale, 
p  <  0.0001), and fewer postoperative adhesions (16% vs. 
70%, p < 0.0001) in the THL group without any difference in 
the rate of complications [34, 35].

Another procedure that offers promise in the treatment of 
PCOS involves the use of noninvasive focused ultrasound 
therapy. Animal studies examining the use of high-intensity 
focused ultrasound (HIFU) have demonstrated effectiveness 
at inducing tissue injury and necrosis within the ovarian 
stroma without damaging the surface of the ovary [36]. The 
procedure, similar to MR-guided focused ultrasound for the 
treatment of uterine fibroids, eliminates the need for surgery 
altogether and has the potential to prevent the formation of 
postoperative adhesions associated with ovarian drilling. This 
procedure has not yet been studied and developed in humans.

Table 29.1 Endocrine effects in women with PCOS after LOD

Measurement Effect
AMH ↓
LH ↓
FSH ↔ or ↑
Antral follicle count ↔
Ovarian volume ↓
Testosterone ↓
Androstenedione ↓
DHEA-S ↓
SHBG ↔
Insulin ↔ or ↓
Lipids
    Total cholesterol ↔ or ↓
    LDL ↔ or ↓
    HDL ↔ or ↑
Endometrial hyperplasia/cancer No studies
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29.6  Conclusion

Laparoscopic ovarian drilling is highly effective in restoring 
ovulation in women with anovulatory PCOS, with the effects 
often lasting for many years. It remains a viable option for 
treatment in those who fail to respond to ovulation induction 
with clomiphene citrate. LOD is just as effective as gonado-
tropins for achieving pregnancy, but with less risk for multi-
ple pregnancies and OHSS, lower cost, and better 
acceptability to patients. In addition to the benefits it pro-
vides for infertility treatment, it may also result in improve-
ment in the common endocrine abnormalities associated 
with PCOS. Hirsutism and acne are frequently improved as a 
result of decreased androgen levels. Results are mixed or 
lacking as to whether or not LOD may reduce serum insulin 
and glucose levels, improve lipid profiles, and decrease the 
long-term risk for endometrial hyperplasia or cancer due to 
chronic anovulation. While postoperative adhesion forma-
tion does occur after LOD, this has generally been noted to 
be mild and without consequence to fertility. There is no evi-
dence to suggest that standard surgical protocols for ovarian 
drilling result in premature ovarian failure. Ongoing study of 
the procedure and novel approaches to restoring ovulation in 
women with PCOS should continue to be explored.
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Care of the Diabetic Woman 
Undergoing Medically Assisted 
Reproduction

Hayley Marshall and Kellie Flood-Shaffer

Diabetes mellitus, whether gestational, type 1, or type 2, is 
associated with a myriad of long-term morbidities, espe-
cially as one progresses in age. It is estimated that more than 
eight million women in the United States have diabetes mel-
litus prior to pregnancy and that it is observed in up to 1% of 
all pregnancies [1]. Although gestational diabetes arises with 
carbohydrate intolerance only during pregnancy, its preva-
lence varies in direct proportion with type 2 diabetes in a 
given population or ethnic group, and up to 50% of women 
with gestational diabetes can proceed to develop type 2 dia-
betes later in life [2]. With increasing prevalence of diabetes 
in the general population and advances in biotechnology 
allowing older women or women with chronic health condi-
tions or complex infertility issues to become pregnant, 
thought about intentional, specialized preconception and 
antenatal counseling and care must be undertaken. After 
reading this chapter, readers will be able to understand the 
prevalence of obesity and impaired glucose metabolism and 
the impacts they have on health and assisted reproduction 
outcomes; explain the current knowledge of pathophysiol-
ogy behind abnormal glucose metabolism and adverse repro-
ductive outcomes; and recognize recommendations for 
women with obesity and/or diabetes seeking assisted repro-
ductive techniques. A brief overview of the impact of diabe-
tes on male fertility will also be addressed.

30.1  Pathophysiologic Difference 
in Diabetic Ovaries

Insulin and insulin-like growth factors are integral in the 
stimulation of steroidogenesis in the ovary. Diamond et al. 
studied the effect of diabetes on the process of steroidogen-
esis by comparing progesterone production in cultured gran-
ulosa cells from both diabetic and nondiabetic women, 

stimulated by hCG or insulin. Progesterone production was 
noted to increase on day 4 for both diabetic and nondiabetic 
granulosa cells when stimulated with hCG.  When insulin 
was the stimulus, progesterone production was noted only in 
the nondiabetic follicles, suggesting that insulin-stimulated 
progesterone production by granulosa cells in the setting of 
diabetes is impaired [3]. Impaired progesterone production 
may then lead to failed pregnancy or early miscarriage.

30.2  Preconception Care for the Subfertile 
Woman

The maternal and fetal risks associated with diabetes during 
pregnancy are well documented, including increased mater-
nal risk of hypertension, preeclampsia, and cesarean delivery 
and increased fetal risks of congenital malformation, large 
for gestational age, shoulder dystocia, and neonatal hypogly-
cemia. Children born to women with gestational diabetes 
have an increased risk for obesity and type 2 diabetes later in 
life themselves. It seems logical then, especially in the set-
ting of assisted fertility where pregnancies are meticulously 
mapped out and planned, that diabetes education and man-
agement take a top priority for both the patient and physi-
cian. In a study by Riskin-Mashiah and Auslander, the 
quality of preconception and intrapartum care for diabetic 
women was examined. Three measures were evaluated for 
the ART group and the spontaneous pregnancy (control) 
group: folic acid use/prescription fillings 3 months prior to 
fertility treatment or pregnancy to prevent neural tube 
defects, evaluation of hemoglobin A1c (HbA1c) levels 
within 3 months of fertility treatment or pregnancy, and the 
use of potentially harmful drugs in the first month after fertil-
ity treatment or pregnancy (ACE inhibitors, ARBs, and 
statins) [4]. Surprisingly, there was no statistical difference 
between the two groups in any of the measures studied. In 
fact, women in the ART group had a decreased percentage of 
participants with good diabetic control (as evidenced by an 
HbA1c of <7 3 months after treatment), with 31.3% in the 
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ART group and 40% in the spontaneous pregnancy group. 
Folic acid use was slightly increased in the ART group 
(23.9%) versus the spontaneous pregnancy group (20%). In 
regard to the potentially harmful medications often used to 
treat co-existing medical conditions, 3 women in the sponta-
neous pregnancy group filled at least 1 prescription in the 
month after pregnancy diagnosis, while 12 women in 16 fer-
tility cycles did so in the ART group. This study demon-
strates that achieving pregnancy should not be the only goal 
in diabetic women undergoing ART and that preconception 
counseling regarding the importance of glycemic control is 
lacking. As discussed by Tripathi et al., a study originating in 
the United Kingdom demonstrated the significant improve-
ments preconception counseling had on folic acid use and 
optimal glycemic control pre- and intrapartum [5]. In dia-
betic women receiving focused and intentional preconcep-
tion counseling, 68.4% (as opposed to 31.6% in non-counseled 
women) took prepregnancy folic acid, and 63.8% (as opposed 
to 36.3% in non-counseled women) had optimal prepreg-
nancy glycemic control [4]. These studies go to show that 
specialized attention in the preconception time period is vital 
for appropriate education and optimizing a woman’s health 
in anticipation of a healthy pregnancy.

30.3  Risk of Diabetes in Art

Many studies have confirmed a baseline increased risk of 
gestational diabetes with assisted reproductive technologies, 
perhaps because of the exogenous and exaggerated hormone 
effects that occur during the induction process, but the under-
lying cause of infertility must be taken into consideration as 
well. Polycystic ovarian syndrome (PCOS) is one of the 
most common endocrinopathies among young women, 
affecting up to 10% of reproductive-aged females [6, 7]. 
Anovulation, infertility, hyperandrogenism, hyperinsu-
linemia, and insulin resistance are all characteristics of this 
disease process. Elevated insulin levels indirectly increase 
LH-dependent ovarian androgen biosynthesis and inhibit sex 
hormone-binding globulin synthesis in the liver, resulting in 
a hyperandrogenic state [7]. With the relative insulin resis-
tance that exists with PCOS, women with this syndrome pro-
duce higher levels of insulin compared to normal. Increased 
levels of insulin have both a direct effect on the ovaries them-
selves and cause increased release of other factors such as 
insulin-like growth factor 1 (IGF-1), which can prevent the 
growth of ovarian follicles through to ovulation [6]. PCOS is 
also associated with other conditions such as type 2 diabetes 
mellitus, gestational diabetes, hypertension, and dyslipid-
emia. In relation to gestational diabetes in the PCOS patient, 
Ashrafi et al. reported that the most important and significant 
predictors for development of GDM in these patients were 
menstrual irregularity, abnormal lipid profiles, and lack of 

pregestational metformin consumption [8]. Holte et al. found 
that women with PCOS who developed GDM had higher 
serum levels of very low-density lipoproteins and cholesterol 
than their GDM counterparts who did not have PCOS [9]. 
Thus, it is reasonable that early screening tests for gesta-
tional diabetes in women with PCOS, especially in those 
with a history of ART treatment, with irregular periods, or 
with an abnormal lipid profile, be undertaken early in preg-
nancy to optimize timely management for improved mater-
nal and fetal outcomes. In a study by Levran et  al., the 
incidence of glucose intolerance in women with PCOS who 
became pregnant after treatment for ovulation was compared 
to that of healthy women who conceived without interven-
tion. The incidence of abnormal glucose tolerance test results 
in the treated group was twice that in the normal group [10]. 
Even more specifically, patients who underwent ovulation 
induction with HMG had a higher percentage of abnormal 
test results than those who conceived via other treatment 
modalities. In one study by Cozzolino et  al., a group of 
women who had gestational diabetes was analyzed to deter-
mine the impact of age, body mass index, and mode of con-
ception on the incidence of GDM.  In general, this study 
found that women who conceived through assisted reproduc-
tive technology had a significantly higher percentage of 
women with GDM versus those who conceived spontane-
ously, 31.1% versus 13.6%, respectively. When separating 
ART methods, the incidence of GDM was higher in those 
women undergoing egg donation IVF/ICSI as opposed to 
homologous IVF/ICSI [11].

Well-known factors that increase the risk of developing 
gestational diabetes include high prepregnancy body mass 
index, advanced maternal age, pre-existing hypertension, 
smoking, parity, multiple gestations, and assisted reproduc-
tive technology treatment. ART inherently involves multiple 
risk factors for gestational diabetes in and of itself, as many 
ART therapies result in multiple gestations and women 
undergoing ART are older or have a medical co-morbidity 
negatively affecting fertility causing them to seek such treat-
ment. In a study by Wang et al., the prevalence of GDM fol-
lowing ART in different cohorts of women was examined. 
This group found that regardless of method of conception, 
two conditions were associated with baseline increased risk 
of gestational diabetes: advanced maternal age and multiple 
gestation. Within the younger population studied, it was 
noted that the women undergoing ART had higher odds of 
developing GDM compared to those who conceived sponta-
neously. Lastly, within the women undergoing ART, the rate 
of gestational diabetes was increased in those who were 
overweight or obese. Although this study did not itself inves-
tigate the effects of different ART procedures (single embryo 
transfer, double embryo transfer, cleavage embryo transfer, 
blastocyst transfer, or fresh/thawed embryo transfer), there is 
previously established evidence that certain techniques are 
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associated with increased likelihood of GDM. For example, 
double embryo transfer inherently increases the risk of multi- 
fetal gestation, which is associated with an increased risk of 
gestational diabetes, and other research has demonstrated 
that blastocyst transfer, as opposed to cleavage embryo trans-
fer, is also associated with increased risk of GDM [12]. Exact 
mechanisms of how the ART techniques alter hormones in a 
manner that increases the risk of gestational diabetes are not 
completely understood, but there are some theories that exist. 
Changes in estrogen, progesterone, and insulin-like growth 
factor during ovarian stimulation are thought to contribute to 
the increased risk of GDM in ART patients [13]. The etiol-
ogy of infertility (i.e., PCOS), types of drugs used for ovula-
tion induction and luteal phase support, changes in the 
hormonal environment after ovulation induction and during 
early pregnancy, and presence of underlying metabolic and 
vascular factors exacerbated during ART procedures contrib-
ute to the increased risk of gestational diabetes in ART 
patients [14]. Bals-Pratsch et  al. mention how ovulation 
induction and luteal phase support with hCG during ART 
may possibly trigger the onset of pathological glucose 
metabolism and maintain high estrogen levels [15]. In 
another study by Pieard et al., gestational diabetes was noted 
to coincide with elevated circulating progesterone levels, and 
progesterone had an important role in signaling during insu-
lin release. Accordingly, onset of gestational diabetes is often 
seen in the second trimester of pregnancy as levels of proges-
terone increase [16]. Ashrafi et al. also found a relationship 
between progesterone use and development of gestational 
diabetes in the ART population, as progesterone is used for 
luteal phase support and preterm labor prevention [14]. In 
fact, Waters et al. compared the incidence of glucose intoler-
ance during pregnancy in women receiving 17-alpha- 
hydroxyprogesterone caproate versus those not receiving the 
injection, and they found that 24% of women receiving the 
injection developed impaired glucose tolerance versus only 
11% of women who did not receive the injection. This effect 
was also independent of other important risk factors includ-
ing maternal race, age, body mass index, and parity [17]. 
Another group, Chen et al., investigated leptin and its rela-
tionship between ART and the development of gestational 
diabetes. Both serum and follicular fluid leptin levels increase 
during controlled ovarian hyperstimulation. Leptin helps 
regulate the secretion of sex steroids via the hypothalamic- 
pituitary- ovarian (HPO) axis as it is involved in energy 
metabolism throughout the pregnancy, and it can also con-
tribute to the insulin resistance seen with GDM [18]. 
Increased plasma leptin levels in turn stimulate progesterone 
secretion from the trophoblast cells. The elevated progester-
one levels foster insulin resistance on the molecular level by 
decreasing glucose transporter-4 in muscle and adipose tis-
sue. Elevated leptin concentrations also affect the aromatiza-
tion of androstenedione. By inhibiting aromatization, the 

conversion of androstenedione into estradiol is prevented, 
resulting in increased androgen levels and thus altered insu-
lin secretion [18].

30.4  Optimizing the Subfertile Woman

Many studies, as will be discussed below, have evaluated 
metformin for anovulatory infertility in women with 
PCOS. Obesity and body mass index (BMI) appeared to play 
a significant role in the efficacy of medication used for fertil-
ity treatments. Prior to any medication administration, it is 
standard recommendation that obese women (BMI >30) 
undergo lifestyle interventions to enhance weight loss as 
first-line therapy. After review of multiple studies, it appeared 
that the pregnancy and live birth rate in obese women was 
higher for clomiphene versus metformin, but that metformin 
is a “very suitable” alternative to clomiphene as first-line 
ovulation induction in non-obese women with PCOS [6]. As 
Johnson’s review article discusses, metformin may carry 
advantages over clomiphene, such as no known thinning 
endometrial effect, no known increase in multiple pregnancy 
rate (which itself increases risk of diabetes during preg-
nancy), and no concern over long-term adverse effects on the 
ovary.

There is conflicting data on whether or not the hyperse-
cretion of luteinizing hormone (LH) in PCOS patients is 
responsible for an increased risk of miscarriage in PCOS 
patients, as it has also been found that suppression of LH 
release before conception does not improve the live birth rate 
[19–21]. The primary outcome in a study by Khattab et al. 
was miscarriage rate in PCOS patients who did or did not 
receive metformin. Their data concluded that women who 
received metformin had a substantially less percentage of 
miscarriage (11.6%) compared to those who did not (36.3%) 
[22]. Multiple mechanisms are theorized as to how metfor-
min is beneficial. One suggested mechanism is that by 
decreasing the serum androgen levels, one decreases the 
overall risk of early pregnancy loss [23, 24]. Another mecha-
nism involves hyperinsulinemia and insulin resistance. 
Hyperinsulinemia decreases the expression of glycodelin 
and insulin-like growth factor binding protein 1 (IGFBP-1) 
which adversely affects endometrial function and the peri- 
implantation milieu [25]. Glycodelin is significant in that it 
may play a role in inhibiting the endometrial immune 
response to the embryo [26, 27]. IGFBP-1 is critical in that it 
helps to facilitate the adhesion processes at the maternal- 
fetal interface [28, 29]. As metformin sensitizes peripheral 
tissue to insulin, the insulin reduction with its use can 
increase serum glycodelin and IGFBP-1 and enhance luteal 
phase uterine vascularity and blood flow in PCOS women 
[25]. Metformin has been shown to specifically improve 
endothelial function by improving markers of endothelial 
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activation and coagulation [30–33]. A study by Meenakumari 
et al. found significant enhancement in luteal phase proges-
terone concentration in PCOS women who were treated with 
metformin, which of course helped to decrease early preg-
nancy loss [34]. Lastly, hyperinsulinemia is also associated 
with increased levels of plasminogen activator inhibitor-1, 
which is an independent risk factor for miscarriage in PCOS 
[35, 36]. Altered glucose metabolism is a well-known feature 
of PCOS.  This altered glucose metabolism has a negative 
effect on the progesterone synthetic capacity of follicular 
and long-term cultured granulosa cells. In a study by 
Maruthini et al., this was alleviated by metformin pretreat-
ment [37].

30.5  Therapies Used in Diabetic 
and Prediabetic Women Prior 
to and Postconception

Once pregnancy has been achieved, the next question being 
studied is whether women who become pregnant following 
metformin-induced ovulation, or any ART method for that 
matter, should continue with metformin through early preg-
nancy, especially in the setting of PCOS. It has been noted 
that in spontaneously conceiving PCOS women, the fre-
quency of gestational diabetes is approximately 20–30% and 
that metformin can be safely continued until 6 to 8 weeks of 
gestation as it does not appear to be associated with any 
known fetal toxic effect [15]. In a study by Bals-Pratsch 
et al., an oral glucose tolerance test was performed within 4 
weeks after pregnancy was confirmed in a group of ART 
patients undergoing pre-ART metformin treatment. All of 
these women continued metformin until a positive heartbeat 
was seen on sonogram. Overall results showed that 40% of 
women still proceeded to develop gestational diabetes mel-
litus and 14% of women had at least some form of impaired 
glucose tolerance, with the subgroup of pregnant women 
who suffered from PCOS showing a significantly higher fre-
quency of both [15]. Although the exact amount of time of 
pre-ART metformin treatment was not distinguished, it is 
clear from this study that prepregnancy glycemic control is 
imperative considering such high rates of gestational diabe-
tes and impaired glucose tolerance were seen in ART patients 
already undergoing glucose optimization therapy. Another 
group, Ashrafi et al., examined the difference of gestational 
diabetes incidence among three groups of women: women 
undergoing ART with PCOS, women undergoing ART with-
out PCOS, and healthy women who neither had PCOS nor 
underwent ART. This group found that incidence values of 
gestational diabetes were significantly increased in patients 
with PCOS and undergoing ART. 44.4% of women with 
PCOS undergoing ART developed gestational diabetes, 

while 29.9% of the women without PCOS but undergoing 
ART and 7.3% of the women without PCOS who conceived 
spontaneously developed gestational diabetes [8]. This group 
also found that metformin consumption was associated with 
a significant reduction in gestational diabetes, a reduction by 
up to 40%. One of the reasons glycemic control is so impor-
tant in the early phases of pregnancy, and perhaps why some 
would want their ART patients (especially women who have 
pre-existing diabetes) to continue an antidiabetic agent even 
after a positive pregnancy test is achieved, is that there seems 
to be a critical time frame for placentation 5–6  days after 
fertilization [15]. During this time the blastocyst adheres to 
the endometrium and then proceeds with implantation. It is 
suggested that implantation and vasculogenesis are affected 
by altered glucose metabolism, resulting in implantation fail-
ure or spontaneous abortion [15].

Ovarian hyperstimulation is a potential life-threatening 
risk for patients undergoing ART.  As many studies men-
tioned above have demonstrated the potential benefit of met-
formin for (pre)diabetic and PCOS women, Jacob et  al. 
studied whether or not a course of metformin prior to under-
going ART would reduce the risk of ovarian hyperstimula-
tion syndrome [38]. In general, women with PCOS are the 
highest risk of ovarian hyperstimulation as they have a more 
sizable cohort of antral follicles capable of responding to the 
exogenous hormone administration [39]. Unlike the study by 
Doldi et al. [40], Jacob et al.’s study did not find any signifi-
cant reduction in the incidence of moderate-severe OHSS 
when using metformin as pretreatment for women undergo-
ing ART. Onalan et al. also investigated metformin treatment 
in patient with PCOS undergoing IVF and found that metfor-
min did not lead to any improvement in IVF/ICSI outcomes 
among these patients [41].

Ongoing research in China regarding insulin-sensitizing 
therapies is under evaluation in an effort to reduce altered 
glucose metabolism in certain patients. A quinolone- 
derivative alkaloid found in many traditional Chinese medic-
inal herbs called berberine is currently being investigated 
and is reported to have comparable insulin-sensitizing capa-
bilities to metformin [7]. Berberine has limited side effects 
and is currently being used in China for treating intestinal 
infections and diarrhea. In a study by Wei et al., berberine, 
when compared to metformin, improved some of the meta-
bolic and hormonal derangement in a group of Chinese 
women with PCOS [42]. A study by An et al. investigated the 
effects of berberine, metformin (a 12-week course of admin-
istration), and placebo in PCOS women undergoing ART 
therapies. Berberine and metformin were equivalent on many 
outcomes (reduction in waist circumference and waist/hip 
ratio, decreases in total testosterone and free androgens, 
increases in sex hormone binding globulin, and improvement 
of glucose metabolism), but a greater reduction in body mass 
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index, total cholesterol, and LDL cholesterol was seen in 
patients who received the berberine [7]. This study also 
found significantly higher clinical pregnancy rates in the 
women who received berberine and metformin and that the 
live birth rate was highest in those patients taking berberine. 
The higher rates of clinical pregnancy and live births in the 
berberine group are partially attributed to berberine’s ability 
to increase energy expenditure and consumption of lipid 
metabolites, thus resulting in greater weight loss and reduc-
tion of BMI. Although the mechanism of action is not com-
pletely understood, there have been some studies 
demonstrating that berberine increased glucose consumption 
and intake in hepatocytes, adipocytes, and myotubes in a 
manner independent from, and in the absence of, insulin [43, 
44]. Further research has demonstrated berberine’s ability to 
upregulate the expression of the insulin receptor at the tran-
scriptional level by stimulating the insulin receptor promoter 
via protein kinase C [42, 45]. Unlike metformin, berberine’s 
safety for continued use during pregnancy has not been fully 
investigated yet, but it appears to have promise for future 
treatment of preventing or assisting in treatment of the dia-
betic patient in pregnancy. With the maternal and neonatal 
morbidities associated with diabetes and increasing patient 
population with diabetes, more methods of optimizing glu-
cose control are strongly desired and needed.

30.6  Long-Term Complications

Although there is still investigation regarding this topic, 
there are long-term risks for both the mother and the off-
spring that were conceived via artificial means, and undergo-
ing IVF is not without taking on potential for significant 
obstetrical and perinatal morbidity and mortality. Many stud-
ies have demonstrated the increased risk of ectopic or hetero-
topic pregnancies, preterm birth, low birthweight infants, 
abnormal placentation secondary to supraphysiological lev-
els of E2 [46, 47], gestational diabetes, and preeclampsia 
[48–51]. However, other studies by Jaques et al. and Thomson 
et al. have reported increased morbidity in the subfertile pop-
ulation in general who conceived without the use of artificial 
methods, which points to a possible underlying predisposi-
tion of this certain patient population [52, 53]. These groups 
found that the rates of pregnancy-induced hypertension, 
perinatal deaths, abnormal placentation, low birthweight 
infants, cesarean delivery, and preterm labor were all associ-
ated with spontaneously conceiving in this group of subfer-
tile women.

Ratson et al. followed a group of women who underwent 
either IVF or ovulation induction (OI) and studied their risk 
for long-term ophthalmic complications, such as glaucoma, 
diabetic retinopathy, macular degeneration, and retinal 

detachment. This study found that although this group over-
all did not have a significant increased risk for the aforemen-
tioned complications, when the ART group was subdivided 
between IVF and OI, there was a difference in risk. IVF 
patients had a significantly higher incidence of retinal 
detachment, so much so that when controlling for maternal 
age, obesity, and parity, IVF was noted as an independent 
risk factor for retinal detachment [54].

Fauser et al. reviewed data from the Sixth Evian Annual 
Reproduction (EVAR) Workshop group meeting which was 
held to evaluate the impact of IVF and intracytoplasmic 
sperm injection on the health of children born via these arti-
ficial techniques. Multiple studies that were reviewed at this 
conference reviewed data which revealed that IVF-conceived 
children tend to have lower birthweights but higher periph-
eral fat, blood pressure, and fasting glucose levels than natu-
rally conceived children [55]. The women undergoing ART 
are often older or perhaps have other medical co-morbidities 
which increase the chance of selecting gametes that may 
result in these differences noted in ART conceived children. 
There have also been previous concerns about genetic 
imprinting disorders in children born as a result of IVF; how-
ever, this compilation of data revealed that the absolute risk 
of imprinting disorders after assisted reproduction is less 
than 1% [55]. Hargreave et al. went beyond just looking at 
the increased glucose levels in ART-conceived children, to 
looking specifically at the risks of type 1 diabetes mellitus in 
these children. This study found no association between 
maternal fertility problems and type 1 diabetes [56]. In the 
United States, the CDC maintains the National ART 
Surveillance System, which collects information about treat-
ment outcome. This is difficult, however, as there is a relative 
infrequency of both ART and the outcomes of interest (birth 
defects, cancer, developmental disorders) [57].

30.7  Impact of Diabetes on Male 
Reproduction

Although the main focus of this chapter is on the woman 
undergoing ART, the male factor is also an important aspect 
to consider, especially when it is one of the more common 
reasons for infertility among couples. Diabetes may affect 
male fertility at multiple levels as a result of its effects on 
endocrine control of spermatogenesis, spermatogenesis 
itself, or by impairing penile erection and/or ejaculation 
[58]. In a study by Agbaje et al., the impact of diabetes on 
the overall quality of and DNA of sperm was analyzed. The 
genetic aspect of sperm that was studied, nDNA and 
mtDNA, is considered molecular biomarkers of fertility 
potential and genetic integrity [59, 60]. Fertility is noted to 
decline when sperm DNA fragmentation is elevated [61]. 
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mtDNA deletions are associated with impaired sperm 
motility and infertility [62] and are subject to much greater 
oxidative stress than nDNA [63]. In Agbaji’s study, semen 
volume in diabetic men was significantly less; however, no 
differences were noted in sperm concentration, total sperm 
output, percentage motility, or percentage normal morphol-
ogy. Various studies have analyzed semen profiles from 
diabetic men, all with slight variants on but overall similar 
results as the study by Agbaje et al. [64–67]. Although this 
study noted a decreased semen volume from diabetic men, 
the amount ejaculated still remains within the normal range 
set by the WHO. As such, this brings up the question on 
whether or not the standard ranges for current semen analy-
sis should be re-evaluated. Bonde et  al. and Saleh et  al. 
have noted that although a man may have an apparently 
normal semen analysis, he may still be subfertile [68, 69]. 
Agbaji et al. reported that sperm from diabetic subjects had 
both a significantly higher mean percentage of fragmented 
sperm nDNA and higher median number of mtDNA dele-
tions. Damage to sperm DNA is significant because the 
oocyte has only a limited ability to repair damaged sperm 
DNA [70, 71] such that fragmentation beyond the oocyte’s 
capacity may result in increased rates of embryonic failure 
and/or pregnancy loss [72, 73]. Brinkworth, Aitken et al., 
and Aitken comment on how increased sperm DNA dam-
age has been implicated in the future health of resulting 
offspring [74–77]. For example, men who smoke have 
increased levels of oxidative sperm DNA damage [78]; thus 
their offspring are more likely to suffer from childhood 
cancers, particularly leukemia and lymphoma [79]. Other 
etiologies of sperm DNA damage exist, including deficient 
chromatin packing [80], abortive apoptosis [81], and envi-
ronmental pollutants and oxidative stress [82] – oxidative 
stressors such as supraphysiological levels of glucose as 
seen in diabetic men.

In conclusion, although the amount of research is limited 
on the diabetic woman undergoing assisted reproductive 
therapy, it is apparent that special care needs to be taken for 
these women. Appropriate counseling in the preconception 
period and early glucose tolerance screening seem to be par-
amount. Research is actively being conducted in search of 
screening tools and treatments to better optimize glucose 
control in these patients to decrease manageable risks. 
Diabetes affects male fertility factors as well, which is also 
important to consider when taking care of the couple in the 
infertility clinic as essentially one patient. Despite the large 
body of evidence discussed in this chapter, investigation is 
ongoing with rich opportunity for improved care.
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Vitamin D Deficiency and Medically 
Assisted Reproduction

V. Sarais, E. Giacomini, Alessandra Alteri, and P. Viganò

31.1  Vitamin D Epidemiology, Main 
Functions, and Metabolism

Vitamin D is a fat-soluble vitamin and a steroid hormone that 
plays a key role in the regulation of calcium homeostasis and 
bone health. However, vitamin D system also regulates the 
expression of several genes (3% of human genome) involved 
in cell differentiation and cell cycle control and exercising 
multiple pleiotropic functions on extra-skeletal target tis-
sues, such as immune and cardiovascular system, pancreatic 
endocrine cells, muscle, and adipose tissue.

Vitamin D is produced in the skin upon exposure to sun-
shine. Although it is defined as a vitamin, the fact that it can 
be produced in skin and dietary intake not being required 
separates it from other vitamins. Vitamin D should be better 
considered as a prohormone, but not a vitamin. It exists in 
small amounts in food, being highest in fortified dairy and 
fish oils. The precursor molecule 7-dehydrocholesterol 
exists in the skin and is converted to the intermediary pre-
vitamin D molecule with exposure to sunlight via a nonen-
zymatic reaction. Pre-vitamin D slowly isomerizes to 
vitamin D. The skin must be exposed to UV light of a spe-
cific wavelength (280–315 nm) for these reactions to occur. 
Vitamin D undergoes a two-step activation process to pro-
duce the active metabolite 1,25-dihydroxyvitamin D 
[1,25(OH)2 D].

The tightly regulated activation process involves the syn-
thesis of 25(OH)2D in the liver, followed by the conversion 
to 1,25(OH)2D by in the kidney. 1,25(OH)2D is the active 
form that maintains adequate blood levels of calcium and 
phosphorus (Fig. 31.1).

When the dietary calcium supply is inadequate, 
1,25(OH)2D in conjunction with adequate parathyroid hor-
mone (PTH) increases calcium mobilization from the bone 
into the circulation. 1,25(OH)2D, also together with PTH, 
reduces urinary calcium excretion by increasing reabsorp-
tion of the last 1% of the filtered calcium load from the distal 
tubule. This is an important quantity since 7 g of calcium is 
filtered in humans every day. To maintain neutral phosphate 
balance, the phosphate absorbed in the intestine and mobi-
lized from the bone needs to be excreted, and renal phos-
phate excretion is increased by endocrine stimuli, such as 
fibroblast growth factor 23 (FGF23) and PTH [1, 2].

When serum calcium levels are decreased, a calcium- 
sensing receptor in the parathyroid gland stimulates the syn-
thesis and release of PTH.  Upon restoration of calcium 
levels, calcium-sensing receptor signals suppress PTH pro-
duction and secretion, and PTH gene transcription is also 
suppressed by 1,25(OH)2D. 1,25(OH)2D itself and increased 
PTH levels suppress 1α-hydroxylase activity [3–5].

In nature, the sun is able to provide a radiation of 280–
315 nm depending on season and latitude. In Northern popu-
lations, there is a high incidence of vitamin D deficiency due 
to the sunrays not reaching at 280–315 nm to penetrate the 
skin with enough intensity, during the winter. Vitamin D is 
acquired from the diet or supplements in the form of chole-
calciferol (vitamin D3, animal origin) or ergocalciferol (vita-
min D2, plant/fungal origin).

Vitamin D is absorption from the proximal segments of 
the small intestine is facilitated by bile salt through the for-
mation of micellar solutions [6]. Eighty-eight percent of the 
vitamin D metabolites in circulation are bound to the vitamin 
D-binding protein (DBP), while the rest loosely associates 
with albumin, and less than 0.05% of 25(OH)2D is found in 
free form [3, 5, 7–9].

DBP polymorphisms with corresponding effects on vari-
ous diseases have been studied, but conclusive evidence is 
not available. DBP knockout mice, however, show no impair-
ment of the basic vitamin D functions [10, 11].
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Increased 1α-hydroxylase mRNA levels and enzyme 
activity have been detected in human keratinocytes, in endo-
metrial cells, and in macrophages [12, 13]. The lack of 
 vitamin D receptor (VDR) or 1α-hydroxylase leads to a bone 
and growth plate phenotype in mice that resembles congenital 
severe vitamin D deficiency disease in humans. The key tar-
get for VDR is the intestine because high calcium intake, or 
selective VDR rescue in the intestine, restores a normal bone 
and growth plate phenotype. The VDR is expressed in almost 
all tissues, and almost all cells respond to 1,25(OH)2D expo-
sure. VDR- or vitamin D-deficient mice shows propensity to 
autoimmune diseases such as inflammatory bowel disease or 
type 1 diabetes upon exposure to predisposing factors. VDR 
is expressed also in endothelium, vascular smooth muscle, 
and cardiomyocytes [14]. Lifestyle, environmental, and 
genetic factors can affect vitamin D status. Vitamin D defi-
ciency is widespread in the world affecting developing as 
well as developed countries [15, 16]. The reasons for this 
putative increase in vitamin D deficiency are multifactorial 
including obesity, ethnicity (dark-skinned individuals), lati-
tude, aging, and intestinal malabsorptive syndromes includ-
ing celiac disease and liver and renal diseases [17].

Reduced sunlight exposure (clothing covering the body, 
use of sunscreens, reduced time outdoors, sedentary life-
style, pollution) and reduced intake of vitamin D-rich foods 
also contribute to Vitamin D deficiency. Melanin-rich, dark 
skin can absorb UVB rays and reduce sunlight penetration 
leading to a decreased vitamin D production. In the United 
States, one third of reproductive-aged women have vitamin 
D concentrations <20  ng/ml (cut-off of sufficiency). 
Prevalence of vitamin D deficiency during pregnancy is esti-
mated to range from 8% to 99% depending on the population 
and cut-offs used [18]. Based on a meta-analysis, pregnant 
women from Japan, the United States, Canada, Australia/
New Zealand, and the United Kingdom have vitamin D 
intakes below current recommendations [19]. These high fig-
ures raise the controversy regarding what is meant by terms 
such as “requirement.”

Potential epigenetic mechanisms underlying some of the 
beneficial effects of vitamin D in altering the risk of chronic 
diseases has been suggested [20]. Pereira et al. (2012) have 
reported that 1,25(OH)2D activation of the VDR induces the 
transcription of genes that may contribute to epigenetic regu-
lation [21].
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Fig. 31.1 Metabolism of 
vitamin D. The bio-activation 
process comprises the 
synthesis of 25(OH)2D in the 
liver by 25-hydroxylation, 
followed by the conversion to 
1,25(OH)2D by the 
1α-hydroxylase in the kidney 
under very tightly regulated 
physiological conditions. 
(From Querfeld U, Mak 
RH. Vitamin D deficiency and 
toxicity in chronic kidney 
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therapeutic window. Pediatr 
Nephrol 2010 25(12): 
2413–2430, with permission)
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31.2  Vitamin D and Pregnancy

Strong evidence supports the crucial role of the vitamin D in 
the reproductive pathophysiology in nonhuman models. 
Animal models show that vitamin D deficiency or altered 
function is associated with reduce liter size or loss of overall 
fertility together with increased maternal and offspring 
mortality.

Yoshizawa et al. (1997) have reported that female mice 
null for VDR have markedly reduced fertility and they are 
unable to reproduce presumably because of the inadequate 
uterine development. VDR null mutant mice had normal 
development and growth until weaning, despite reduced 
expression of vitamin D target genes. However, the mutants 
stunted up on weaning had alopecia, hypocalcaemia, and 
infertility. Bone formation was severely impaired as a typical 
feature of vitamin D-dependent rickets type II.  Unlike 
humans suffering rickets, most of the VDR null mutant mice 
died until 15 weeks of age. Uterine hypoplasia and impaired 
folliculogenesis were observed. The absence of defects as 
alopecia and uterine hypoplasia in vitamin D deficient ani-
mals suggests a critical role for VDR per se in growth, bone 
formation, and female reproduction [22].

Halloran et  al. (1980) studied the effects of vitamin D 
deficiency on fertility, reproductive capacity in female rats, 
and fetal and neonatal development were observed. Female 
weanling rats fed with a vitamin D-replete or vitamin 
D-deficient diet until maturity were mated with normal 
males. Although vitamin D-deficient females were fertile, 
vitamin D deficiency reduced overall fertility by 75%, dimin-
ished litter sizes by 30%, and impaired neonatal growth from 
day 6 to day 15 of lactation. Fetal development adjusted by 
weight gain and viability appeared normal [23].

It is possible that effects of vitamin D can be substantially 
different among species. It is also possible that all vitamin D 
functions on female reproduction are not mediated by 
VDR. So far the discrepancy between studies in rats and in 
the VDR null mutant mice remains unexplained and requires 
further research [24, 25].

Vitamin D plays role in cell signaling, gene regulation, 
and expression in the placenta [26, 27]. Both the VDR and 
the 1-α-hydroxylase gene are expressed in the placenta [28, 
29]. The presence of l-α-hydroxylase mRNA was also 
detected in cultures of human syncytiotrophoblasts from 
term placentas. High levels of l-α-hydroxylase expression 
were found by Evans et  al. (2004) in first- and second- 
trimester placentas, providing strong evidence for an active 
role of 1,25(OH)2D at the fetal maternal interface after 
implantation [26].

Serum 1,25(OH)2D levels increase threefold during preg-
nancy. Vitamin D insufficiency was reported for 46.8% and 
56.4% of black and white neonates, respectively [30]. 

Maternal vitamin D status is the direct determinant of new-
born’s vitamin D status. Low maternal vitamin D levels 
affect mother, infant, and developing child. Some observa-
tional studies suggest that low maternal vitamin D concen-
trations could be associated with an increased risk of 
preeclampsia. Increased risks of low birth weight, gestational 
diabetes, preterm delivery, abnormal labor, cesarean deliv-
ery, and miscarriage are other adverse pregnancy outcomes 
that have been linked to maternal vitamin D deficiency in 
some, but not all, studies [31–39].

In the meta-analysis by Aghajafari et al. (2013), a correla-
tion between lower vitamin D level and higher risk of adverse 
neonatal outcomes and obstetrics complications as gesta-
tional diabetes, preeclampsia, and small gestational age 
babies was found [40].

From a meta-analysis of 24 observational studies, Wei 
et  al. (2013) reported that women with circulating 
1,25(OH)2D level less than 20,8 ng/ml in pregnancy experi-
enced an increased risk of preeclampsia [odds ratio (OR) 
2.09 (95% confidence intervals 1.50–2.90)], gestational dia-
betes mellitus (GDM) [OR 1.38 (1.12–1.70)], preterm birth 
[OR 1.58 (1.08–2.31)], and small for gestational age babies 
(SGA) [OR 1.52 (1.08–2.15)] [31].

31.3  Vitamin D and Role in Implantation

Rudick et  al. (2014) examined the effect of vitamin D on 
results of egg donation: a model which separates factors that 
impact implantation (recipient) and factors that influence 
oocyte and embryo quality (donor and cycle factors), so that 
the effect of vitamin D on the oocyte and the endometrium 
can be distinguished. In this retrospective study, each recipi-
ent was individually matched with an oocyte donor. The 
clinical pregnancy rate progressively decreased with the 
reduction of recipient’s vitamin D status. After adjusting for 
potential confounders, normal levels of vitamin D remained 
the only factor associated with higher clinical pregnancy 
rates (78% versus 37%, p = 0.004), or with higher live birth 
rates [41].

The concept that vitamin D can influence IVF outcomes 
through action on endometrium is supported by biological 
evidence: the cross talk between the embryo and the endo-
metrium involves indeed the link between vitamin D and its 
receptor [41]. The activation of expression of the homeobox 
gene A (HOXA) represents a crucial step for implantation 
derived from the interaction between vitamin D and its 
receptor. HOXA genes are an evolutionarily conserved fam-
ily of transcription factors critical to the control of early 
embryonic development.

In mammals, the homeobox containing HOXA gene fam-
ily is essential for normal hematopoietic development. 

31 Vitamin D Deficiency and Medically Assisted Reproduction
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HOXA10 is expressed in both the embryonic and the adult 
reproductive tracts, predominantly in the uterus.

HOXA10 gene encodes an evolutionarily conserved tran-
scription factor that is essential to endometrial development 
and receptivity. HOXA10 expression is apparent in endome-
trial stroma and glands, where it is regulated by sex steroid 
hormones and it is significantly upregulated in response to 
estradiol (E2) in Ishikawa cells [42, 43]. In vitro, vitamin D 
directly activates HOXA10 expression in a human endome-
trial stromal cell. Vitamin D, VDR, and HOXA10 function in 
a common reproductive signaling pathway to effect functional 
differentiation. Thus, vitamin D upregulates HOXA10 [42].

Vitamin D and HOXA10 similarly effect the phenotype of 
bone marrow-derived cells as well as endometrial cells. One 
study suggests that HOXA10 is required for endometrial dif-
ferentiation and for preparation for implantation in the mouse 
model. A targeted disruption of the Hoxa10 gene results in 
uterine factor infertility in mice [44].

There are also several other immunomodulatory effects 
that may contribute to implantation through vitamin D 
action: 1,25(OH)2D reduces decidual natural killer cells, 
with a consequent decrease of the synthesis of cytokines as 
colony stimulating factors-2 (CSF2), interleukin-1 (IL-1), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α). 
Vitamin D can interfere with the production of endometrial 
cytokines in endometrial cells isolated from women with a 
history of recurrent miscarriage [26].

The effect of vitamin D on the decidua has been studied in 
greater detail than its effects on trophoblast. Kinetic data are 
available for decidual 1-α-hydroxylase, showing that the 
enzyme in this tissue is as efficient as its renal counterpart. 
The production of 1,25(OH)2D by decidual cells has more in 
common with macrophages, which are the best characterized 
extrarenal tissue for 1-α-hydroxylase expression [12, 26].

31.4  Vitamin D and Ovarian Function

Vitamin D and markers of ovarian reserve seem to be associ-
ated to some extent. Anti-Müllerian-hormone (AMH) 
expression and serum levels are altered by environmental 
factors, including vitamin D levels and body weight. AMH is 
produced by granulosa cells (GCs) and inhibits primordial to 
primary follicle transition as well as the rate of the primor-
dial follicle assembly. Vitamin D and AMH seem to be 
related at both the genetic and serum levels. The active form 
of vitamin D upregulates AMH production in cultured human 
prostate cell lines.

In humans, serum AMH levels are correlated with serum 
1,25(OH)2D levels in late reproductive-aged women. IVF 
success varies seasonally in parallel with in AMH levels, 
being 18% lower in the winter when vitamin D levels are the 
lowest [45].

The vitamin D receptor has been found in human ovarian 
cells where vitamin D can stimulate the synthesis of steroid 
hormones and insulin-like growth factor binding protein 
receptor (IGFBP-1). Findings from Merhi et al. (2014) indi-
cated that vitamin D might promote the differentiation and 
development of GCs cells [46]. The authors also showed that 
1,25(OH)2D alters AMH sensitivity in GCs obtained from 
women who underwent oocyte retrieval. In this study, an 
inverse relationship between follicular fluid 1,25(OH)2D lev-
els and AMHR gene expression was found. Women with 
insufficient/deficient follicular fluid 1,25(OH)2D had a two-
fold increase in AMHR-II expression in GCs. Vitamin D 
treatment downregulates follicular stimulating hormone 
receptor (FSHR) and AMH receptor II (AMHR-II) gene 
expression and increases 3β-hydroxysteroid dehydrogenase 
expression and progesterone production in GCs. AMHR-II 
receptor expression indirectly interacts and is positively cor-
related with FSHR gene expression. How vitamin D affects 
FSHR is unknown, but it could involve AMH signaling. 
Possibly vitamin D acts on a common intracellular pathway 
involved in the regulation of both AMHR-II and FSHR; how-
ever, further studies are required [46].

Vitamin D deficiency can be involved in pathological con-
ditions correlated to infertility such as PCOS, insulin resis-
tance, and obesity contributing to the development of 
impaired glucose clearance and metabolic syndrome, even if 
this issue is still controversial [47, 48] (Fig. 31.2).

31.5  Vitamin D and Polycystic Ovarian 
Syndrome

Despite many studies investigating an association of vitamin 
D and metabolic and endocrine disorders in polycystic ovar-
ian syndrome (PCOS), a conclusive relationship has not been 
demonstrated [49]. Yet, numerous interventional studies 
assessed an effect of vitamin D supplementation on PCOS, 
without success. Some evidence suggest that low vitamin D 
levels are related to insulin resistance, increased levels of 
total cholesterol, low-density lipoprotein-cholesterol (LDL- 
C), glucose, c-reactive protein (CRP), triglycerides, and 
decreased levels of high-density lipoprotein-cholesterol 
(HDL-C), and quantitative insulin sensitivity check index 
(QUICKI) in women affected by PCOS [49].

31.6  Vitamin D and Endometriosis

Endometriosis results from a complex interaction of immu-
nologic, endocrine, genetic, and environmental factors; yet, 
the etiology is not clearly elucidated. Some evidence  suggests 
that vitamin D might be involved in the pathogenesis of 
endometriosis through the expression of VDR and 
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1α-hydroxylase in the endometrium, indicating that the 
endometrium represents an external site for vitamin D pro-
duction and involvement of vitamin D in the regulation of the 
immune response. Our group has previously shown that 
VDR and 1α-hydroxylase are expressed in both eutopic and 
ectopic endometrium. Their expressions were higher in the 
endometrium of women with endometriosis compared to the 
control group [12].

Genetic variation in the VDR could be the link between 
the vitamin D regulatory network and endometriosis. 
Vilarino et al. (2011) performed a genetic association study 
that included 132 women with endometriosis-related infer-
tility, 62 women with idiopathic infertility, and 133 con-
trols to search for a possible association between VDR 
gene polymorphisms and susceptibility to endometriosis 
and/or infertility. However, the genotype frequencies of 
VDR polymorphisms were relatively similar among the 
groups [50]. A large prospective study reported that pre-
dicted plasma levels of 1,25(OH)2D were inversely associ-
ated with the risk of endometriosis. Women in the highest 
quintile of predicted vitamin D concentration had a 24% 
lower risk of endometriosis than women in the lowest quin-
tile [51]. In contrast, a study from our group including 87 
women with endometriosis and 53 controls reported a sig-
nificant increase in serum levels of 1,25(OH)2D among 
women with endometriosis (24.9 ± 14.8 ng/ml) compared 
to the control group (20.4 ± 11.8 ng/ml). The 1,25(OH)2D 
levels correlated with advanced disease stages [52]. Further 
studies are required to confirm the possible role of 
1,25(OH)2D in endometriosis [52].

31.7  Vitamin D and IVF Outcomes

Studies in women undergoing in  vitro fertilization (IVF) 
suggest an association between vitamin D and IVF success 
(Table 31.1). However, while the role of vitamin D in human 
fertility, pregnancy, and neonatal growth has been exten-
sively reviewed, the potential relationship between vitamin 
D and assisted reproductive technology (ART) outcomes is 
less scrutinized [53–55].

ART represents an opportunity to draw inferences on 
vitamin D deficiency in specific aspects of human fertility, 
allowing individual assessment of the various steps of repro-
ductive process, from sperm function to folliculogenesis and 
implantation [56, 57].

Our group conducted a cross-sectional study based on the 
medical records of Caucasian-European female patients who 
presented to a single academic center for infertility. A total of 
1072 women (mean age ± standard deviation 36.3 ± 4.4 years) 
were included. During the first 5 months of the year, 25(OH)
D levels appeared to be completely unaffected by the 
increased global solar radiation. Then, a rapid increase in 
25(OH)D levels could be observed during the month of June 
with the median value >20 ng/mL, reaching a plateau a few 
days after the summer solstice.

Median 25(OH)D concentration was <30 ng/mL for 89% 
of the entire year. 6.5% of patients had 1,25(OH)2D levels 
≤10  ng/mL, 40.1% ≤20  ng/mL, and 77.4% ≤30  ng/mL 
across the year. Global solar radiation was weakly correlated 
with 25(OH)D levels. A multivariable analysis showed that 
25(OH)D levels were inversely associated with BMI [58].
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Vitamin D levels were evaluated in follicular fluid (FF) 
after oocyte retrieval and were observed to be significantly 
higher in women who achieved a clinical pregnancy with 
fresh embryo transfer [59].

Controversial results have also been reported about clini-
cal pregnancy outcomes from populations referred to IVF 
cycles, distinguishing between women with deficiency and 
normal vitamin D serum levels. Many issues are still 
unsolved: the possible role of vitamin D on oocyte quality, 
then if so supplementation may have an impact; however the 
relevance of ethnicity; different interpretations of levels 
according to the type of assay used; and the presence of any 
other molecules apart from 1,25(OH)2 D that should be eval-
uated as they may have a more relevant role [60].

Rudick et al. (2012) in a retrospective cohort study con-
firmed that vitamin status was related to IVF success in non- 
Hispanic white women. Pregnancy rate decreased with lower 
levels of vitamin D.  Vitamin D-replete women were four 
times more likely to achieve a pregnancy than deficient 
patients. However, among Asian population sufficient levels 
of vitamin D were not correlated to IVF success but inversely 
related [60]. Racial differences in the metabolism of vitamin 
D are reported in many studies. South Asian populations 
have been reported to have an increased activity of the 
enzyme responsible for deactivating of 1,25(OH)2 D [61]. 
The positive correlation between maternal vitamin D status 
and IVF pregnancy rate in non-Hispanic white, but not in 
Asian women, suggests that this association can be depen-
dent on genetics [60].

Polyzos et al. (2014) reported that women who underwent 
a single blastocyst transfer, vitamin D deficiency was an inde-
pendent predictor factor affecting clinical pregnancy rates. 
They observed significantly lower clinical pregnancy rates in 
vitamin D-deficient women as compared with vitamin 
D-insufficient women [41% (98/239) versus 53.3% (49/92), 
P = 0.044] and nonsignificantly lower pregnancy rates com-
pared with vitamin D-replete women [41% (98/239) versus 
56.7% (21/37), P = 0.07]. Women with vitamin D deficiency 
were almost 40% less likely to achieve a clinical pregnancy 
compared with those with serum 1,25(OH)2D levels ≥20 ng/l. 
Among women undergoing elective single embryo transfer 
vitamin D deficiency was associated with a 44% lower odds 

of a clinical pregnancy compared with those with 1,25(OH)2D 
levels ≥20 ng/ml [62].

Paffoni et  al. (2014) prospectively compared IVF out-
comes between vitamin D deficient (<20 ng/ml) and vitamin 
D sufficient (> = 20 ng/ml) women. Ovarian responsiveness, 
oocyte competence, embryo development, and number of 
embryos transferred were similar between two groups; how-
ever women with sufficient levels of vitamin D had a higher 
probability of having top quality embryos. Women with vita-
min D greater than 20 ng/ml were 2.15 (95% CI 1.23–3.77) 
more likely to have a clinical pregnancy. The chances of 
pregnancy were highest for the group with serum levels 
>30 ng/ml (sufficient level) [63].

Many questions remain unanswered to recommend vita-
min D measurement and supplementation to improve fertil-
ity [64].

Franasiak et al. (2015) assessed the relationship between 
serum 1,25(OH)2D levels and implantation and pregnancy 
rates following an euploid blastocyst embryo transfer. Five 
hundred twenty-nine cycles with an autologous transfer of 
one or two euploid blastocysts were analyzed. Pregnancy 
rates did not differ across strata of vitamin D levels. In 
women undergoing euploid embryo transfer, vitamin D sta-
tus was unrelated to pregnancy outcomes. Thus measuring 
serum 1,25(OH)2 D levels did not predict the likelihood of 
an euploid blastocyst to implant and reach live birth [65].

Possible association between follicular fluid (FF) 
1,25(OH)2D levels with number and quality of oocytes was 
assessed prospectively. While women who achieved a preg-
nancy had significantly higher follicular fluid vitamin D lev-
els than nonpregnant women both had similar number of 
oocytes, oocyte quality, number of fertilized oocytes, and 
serum estradiol levels. A positive correlation was reported 
between 1,25(OH)2D levels with patient’s age and implanta-
tion rate. Only a significant difference was found in concen-
tration of follicular fluid 1,25(OH)2D between the two groups 
as the concentration was higher in the group with a clinical 
pregnancy [66].

Another prospective cohort study by Neville et al. (2016) 
did not show any correlation between fertility variables or 
pregnancy outcomes and male or female vitamin D status 
[67].

Table 31.1 IVF outcomes in patients with deficient vitamin D levels

Author Age (mean ± SD) Cases/controls CPR LBR P/R study
Rudick et al. (2012) 36.7 ± 3.7 109/79 Unchanged – R
Polyzos et al. (2014) 30.3 ± 3.8 239/129 Lower – R
Paffoni et al. (2014) 37.0 ± 4.3 154/181 Lower – P
Franasiak et al. (2015) 35.1 ± 4.0 422/95 Unchanged – R
Abadia et al. (2016) 34.9 ± 3.9 30/70 Unchanged Unchanged P
Neville et al. (2016) 36.5 ± 3.3 40/24 Unchanged Unchanged P
Van der Vijver et al. (2016) 31.2 ± 3.7 127/153 Unchanged Unchanged P

CPR clinical pregnancy rate, LBR live birth rate, P prospective, R retrospective
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Abadia et al. (2016) examined the association between 
circulating 1,25(OH)2D concentration and the outcome in 
women undergoing ART through a prospective cohort 
study: the serum 1,25(OH)2D concentrations were posi-
tively related to fertilization rate, but the observed differ-
ences did not translate into improvements in the probability 
of implantation, clinical pregnancy, or live birth. Each 6 ng/
ml increase in serum 1,25(OH)2D was associated with an 
increase in the odds of fertilization by 19% (OR: 1.19; 95% 
CI: 1.04, 1.36). Most of the women in this cohort had serum 
1,25(OH)2D concentrations between 20 ng/ml and 50 ng/ml 
[68].

Van de Vijver et al. (2016) investigated whether vitamin D 
levels effected clinical pregnancy rates following transfer of 
frozen–thawed embryos, in order to evaluate effects that 
could only be mediated through the endometrium. Two 
 hundred eighty consecutive women, between 18 and 
39 years, underwent frozen embryo transfer (FET) cycles at 
blastocyst stage. Vitamin D deficiency was defined with a 
serum level of <20  ng/ml. Clinical pregnancy rates were 
similar in women with and without vitamin D deficiency. 
Population included in this study was relatively homoge-
neous: only one or two good/top quality blastocysts were 
transferred. However, ethnicity and environmental factors 
were not assessed. Also, the proportion of SET/DET was sig-
nificantly higher in the vitamin D deficiency group where 
there was a lower percentage of top quality embryos [69].

Several meta-analyses have been conducted. However, 
evidence for a causative effect of 1,25(OH)2D levels on IVF 
outcomes are still weak, and studies conducted so far rarely 
satisfy Hill’s criteria for causation.

The meta-analysis by Vanni et al. (2014) showed that vita-
min D deficiency was highly prevalent among women under-
going controlled ovarian stimulation, ranging from 21% to 
31% across studies conducted in Western countries and 
reaching 75–99% in Iranian studies. Pooled data on 1,25 
(OH)2D deficiency from a limited number of studies showed 
a risk ratio of 0.89 (95% CI 0.53–1.49) and showing a lower 
but not insignificant likelihood of clinical pregnancy for vita-
min D-deficient women compared with vitamin D-sufficient 
patients [70].

The latest systematic review and meta-analysis [71] on 
the correlation between vitamin D status and IVF outcomes 
has included six studies. Four were retrospective, two were 
prospective studies. The authors concluded that there was 
not a significant risk of having lower clinical pregnancy rates 
in the deficient group (RR 0.88, 95% CI 0.69–1.11). 
However, lower vitamin D status was associated with lower 
live birth rate (RR 0.76, 95% CI 0.61–0.93).

In conclusion, an association between vitamin D and fer-
tility has been investigated since the 1970s. Yet, almost 
50 years later the studies yield conflicting results. As such, 
there is insufficient evidence to support the routine assess-

ment of vitamin D status in couples undergoing ART. The 
partly conflicting results of the available studies, potentially 
explaining the lack of statistical significance for a negative 
influence of vitamin D deficiency on clinical pregnancy rate, 
are likely secondary to confounders and insufficient sample 
size, and further larger studies are required.
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Medically Assisted Reproduction and 
Autoimmunity

Keshia Torres-Shafer and Pascal Gagneux

32.1  Chapter Objectives

After reading this chapter the reader will be able to 
discuss:

 1. Common autoimmune diseases and related fertility issues
 2. Fertility treatment outcomes including those undergoing 

assisted reproductive technology
 3. Important therapeutic measures to consider in those auto-

immune diseases

32.2  Introduction

According to the NIH and American Autoimmune Related 
Diseases Association (AARDA), autoimmune diseases 
affect over 50 million people in the United States [1]. There 
are more than 80 types of autoimmune diseases with over-
lapping symptoms, making them difficult to diagnose as an 
individual can be affected with two or more diseases con-
currently [2].

Ever since Fleming and others initially discovered adap-
tive immunity, the term “horror autotoxicus” whereby the 
immune system attacks its owner has been an important con-
cept [3]. The acquired immune system in vertebrates is an 
evolution that occurred due to great responsibility placed on 
misdirected responses [4]. The immune system has a long 
history of evolutionary trade-offs and albeit complex; it is 
inherently an “unintelligent design” due to its frequent regu-
lation and dysregulation [5]. Mammalian pregnancy is an 

immune conundrum, and not surprisingly, dysregulation of 
normal immune responses including autoimmunity can 
severely impact reproduction and assisted reproduction tech-
nologies [6]. While symptoms may overlap, there are numer-
ous unrelated mechanisms that can contribute to 
autoimmunity, and the etiology of most autoimmune dis-
eases is unknown. It is clear that environmental effects 
(infections, parasites, and symbionts, lack of breastfeeding, 
and excessive hygiene) play important roles in autoimmu-
nity. Genetic factors also play a role as specific genetic vari-
ants at important immune loci such as HLA genes have been 
associated with autoimmune disease. HLA loci are among 
the most variable loci in the human genome and largely con-
tribute to individual molecular identity [7]. The recent real-
ization that innate and adaptive immune systems can 
synergize means that polymorphisms at innate immune 
receptors expressed on antigen presenting cells can also 
affect risk of autoimmunity [8]. Sex has an important effect 
on autoimmune disease, which is more prevalent in women 
than men (up to 75% affect women) as does geographic 
ancestry [9].

Autoimmunity can lead to a number of conditions includ-
ing rheumatoid arthritis, systemic lupus erythematosus, 
celiac disease (sprue), pernicious anemia, vitiligo, sclero-
derma, psoriasis, inflammatory bowel diseases, Hashimoto’s 
disease, Addison’s disease, Graves’ disease, reactive arthri-
tis, Sjögren’s syndrome, and type 1 diabetes. There are a 
number of theories regarding the etiology of autoimmune 
disease including bacterial, viral, medications, chemical irri-
tants, environmental irritants, and multiple underlying 
genetic components (innate immune receptor polymor-
phisms and HLA haplotype variation), and many if not all 
these theories may be valid [10]. As there are many different 
types of autoimmune diseases, the presenting symptoms 
vary, but most commonly these include fatigue, fever, and 
general malaise.

Autoimmune diseases are rarely considered in the infer-
tility work-up, and it is commonly overlooked that these can 
potentially impair both female and male fertility [11]. This 
chapter will focus on the impact of common autoimmune 
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diseases on fertility as well as on the outcome of fertility 
treatments including those undergoing assisted reproductive 
technology (ART) and for each type will discuss important 
therapeutic measures to consider (Table 32.1).

32.3  Autoimmunity and Premature 
Ovarian Failure

Premature ovarian failure (POF) is a syndrome characterized 
by the cessation of ovarian function before the age of 
40  years, in women who present with amenorrhea lasting 
more than 4 months, and hypoestrogenic hypergonadotropic 
serum profile (FSH levels >40 mIU/mL with sex steroid defi-
ciency and infertility [10, 12–15]. POF affects 0.3 to 1% of 
the general population in the United States [16–19]. The 
majority of POF cases are of unknown etiology but include 
chromosomal/genetic abnormalities, metabolic/enzymatic 
factors, metabolic-enzymatic factors, infectious, environ-

mental toxins, autoimmunity, and iatrogenic influences [10, 
12].

Autoimmune disorders have been reported to be associ-
ated with POF in 4–30% of cases, but the lack of a highly 
sensitive and specific test precludes an accurate estimate of 
prevalence, and it is not clear what ovarian antigen may be 
targeted [10]. The autoimmune involvement has been based 
on the presence of anti-ovarian antibodies (though there is no 
current valid serum marker to prove the diagnosis of autoim-
mune POF), the histological evidence of lymphocytic oopho-
ritis, and the association of other autoimmune disorders 
which has been reported in up to 10% to 55% of women with 
POF [20, 21]. These include thyroid (25–60%) [22–24] and 
adrenal autoimmune diseases (2.5% to 20%) [20, 25, 26] and 
to a lesser degree including polyglandular syndromes (2%), 
rheumatoid disease (1%) and SLE, vitiligo, myasthenia gra-
vis, diabetes, and Crohn’s disease (<1%) [10, 27]. Cellular 
infiltration of follicles by macrophages, natural killer cells, 
T-lymphocytes, plasma cells, and B-lymphocytes represents 

Table 32.1 Summary of autoimmune diseases and key take home points

Disease Key points
Premature ovarian 
failure (POF)

• Autoimmune disorders are associated with POF in 4–30% of cases
• Treatment with immunosuppressants has failed to reverse ovarian autoimmunity
•  DHEA supplementation has been associated with increased pregnancy rates in smaller studies, but there is a need 

for high quality RCTs
• Standard of care remains IVF with donor gametes or embryos

Recurrent 
implantation failure 
(RIF)

• Referred to as two or three failed fresh embryo transfers
• Small studies have reported benefit with IVIG treatment; however this has not been proven in large quality RCTs
• The use of aspirin or enoxaparin in this population is not recommended

Antiphospholipid 
antibody syndrome 
(APS)

• Production of autoantibodies against phospholipid-protein complexes
• APS is not linked to infertility or poor ART outcome
• Patients with APS are not recommended to undergo prophylactic anticoagulant therapy
•  Patients with APS and RPL are recommended to receive both heparin and aspirin co-therapy during ART and 

throughout the pregnancy
Rheumatoid diseases • Women with rheumatoid diseases have same rates of infertility as the general population

• Risk of thrombosis is high especially in women with high levels of autoantibodies and nephrotic range proteinuria
• Risk of disease flare during ART is low in patients with well-controlled disease
•  In patients with a history of personal thromboembolic event, proper anticoagulant therapy is required prior to 

ovulation induction
Autoimmune thyroid 
disease (AITD)

• Most frequent cause of hypothyroidism in women of reproductive age
• Controversy exists on whether there is a link between AITD and infertility
• Studies have reported increased pregnancy rates in women treated with levothyroxine during ART
• Treatment is not currently recommended for those with subclinical hypothyroidism

Multiple sclerosis 
(MS)

• MS is an autoimmune degenerative disease
• Women with MS undergo menstrual irregularities; however very little literature exists regarding MS and infertility
• MS therapies, especially cyclophosphamide, can adversely impact sperm and oocyte quality
• MS patients may experience disease exacerbations, but this is not linked to failed IVF rates

Myasthenia gravis 
(MG)

• MG is a chronic autoimmune disorder which leads to fatigue and progressive muscular weakness
• MG is not typically associated with infertility, but it is associated with POF 2% of cases
•  Course of MG during pregnancy is highly variable. Patients should delay childbirth for 1–2 years after receiving the 

diagnosis of MG
• ART including ovulation induction may lead to disease exacerbation due to increase in estrogen levels

Autoimmune 
progesterone 
dermatitis (APD)

• APD is a rare hypersensitivity reaction, which occurs following exposure of progesterone
• In infertile patients APD is triggered during ART with administration of exogenous progesterone
• Progesterone desensitization is the recommended treatment for patients with APD undergoing ART

Celiac disease (CD) • CD is a chronic autoimmune disorder which results in intestinal malabsorption and diarrhea
• CD can affect women in their reproductive age and is related to delayed menarche, POF, and infertility
• Only case reports have noted a benefit with immunomodulatory treatment prior to embryo transfer
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the characteristic sign of an autoimmune oophoritis [20, 27, 
28].

Numerous studies have illustrated that standard treatment 
outcome for infertility is less effective in the presence of 
ovarian autoimmunity. However, almost one half of sponta-
neously affected women have evidence of follicular activity, 
25% ovulate after the diagnosis is established, and up 5–10% 
conceive spontaneously [29, 30]. Cell-mediated and humoral 
immunity suppression by glucocorticoids or anti-B-cell ther-
apies including the TNF inhibitor Etanercept [31] for rever-
sal of infertility or resumption of ovarian function in selected 
groups of patients with autoimmune POF has also been rec-
ommended in numerous studies [32–38] although, in most 
instances, treatment with immunosuppressive agents has 
failed to reverse the course of the ovarian autoimmunity or 
enhance the ovarian response to gonadotropins [20]. Therapy 
with dehydroepiandrosterone (DHEA), a precursor of testos-
terone, androstenedione, and estradiol, promotes activation 
of the oocytes and inhibits the atretic phenomena. Higher 
pregnancy rates have been reported following therapy with 
DHEA supplementation in patients with diminished ovarian 
function and in women with POF [39, 40], though prospec-
tive randomized placebo-controlled studies are required to 
confirm safety and efficacy.

Other fertility options in POF patients that have been sug-
gested are in vitro maturation of oocyte derived from primor-
dial follicles or stem cells, while IVF (in vitro fertilization) 
using donor gametes or embryos remains the standard of 
care in this select group of patients [12].

32.4  Recurrent Implantation Failure (RIF)

The process of implantation in the uterus results from a com-
plex set of events that include highly orchestrated “cross 
talk” between a euploid blastocyst and a receptive endome-
trium. These occur through a series of coordinated gene 
expression, post-translational modifications and hormonal 
events regulating cell surface molecules, their ligands, and 
the intracellular signaling resulting from their engagement in 
both the host uterus and implanting blastocyst [41].

Implantation failure refers to the failure of an embryo(s) 
to produce detectable amounts of human chorionic gonado-
tropin (hCG) and/or to reach a stage when an intrauterine 
gestational sac can be recognized by ultrasonography [42]. 
Recurrent implantation failure (RIF) refers to the phenom-
ena when the transfer of normal appearing embryos repeat-
edly fails to lead to the stage of recognizable intrauterine sac. 
There is no universally accepted definition, and RIF has been 
defined as either two or three failed fresh IVF transfers or no 
implantation after the transfer of a total of ten or more cleav-
age stage embryos or four or more blastocysts [40]. This is in 
contrast to recurrent IVF failure which has been referred to 

as the failure to achieve a pregnancy after several IVF 
attempts attributed to suboptimal embryo quality, advanced 
maternal age, and uterine factors [43].

The management of infertile couples with failed implan-
tation during IVF is challenging especially in those who are 
young and good responders and those who generate good 
quality embryos. Numerous controversial interventions have 
been tried including assisted hatching, blastocyst transfer, 
preimplantation genetic screening (PGS), and medical thera-
pies including aspirin, low molecular weight heparin 
(LMWH), intravenous gamma globulin (IVIG), donor gam-
etes, and gestational surrogacy [44–48].

There is conflicting literature on the value of immuno-
logical investigation(s) and treatment in women with 
RIF.  Studies suggest that IVIG may be useful in altering 
immunological factors including an increased intracellular 
IgG catabolism, Fc receptor blockade on splenic macro-
phages and B cells, antibody binding, modulation of cyto-
kine production, and alterations of lymphocyte proliferation 
[45, 46, 49]. Outcomes in this area are limited. A meta- 
analysis that included four randomized double-blind trials 
concluded that given the multiple variables that differ 
between studies (IVIG scheduling and differing prepara-
tions), patient selection, costs, and potential side effects 
including anaphylaxis, renal insufficiency, and aseptic men-
ingitis syndrome [49], more studies are needed to clarify the 
role of IVIG-based immune modulation in those with RIF 
[45].

Similarly, other interventions have been studied such as 
low-dose aspirin therapy, bed rest, corticosteroids, early 
scanning in subsequent pregnancies, heparin plus low-dose 
aspirin therapy, lifestyle adaptation, estrogen therapy, and 
vitamin supplementation in a meta-analysis including 14 
RCTs which failed to demonstrate any of these interventions 
to be of benefit in women with RIF [50]. A Cochrane review 
of aspirin and/or enoxaparin therapy also failed to show any 
benefit in live birth rates. As such, the standard of care cur-
rently remains to not treat women with RIF with any antico-
agulant therapy. Large high quality RCTs are still needed to 
elucidate this phenomenon a little further [51].

32.5  Antiphospholipid Antibody 
Syndrome (APS)

APS is characterized by the production of autoantibodies 
against phospholipid-protein complexes or plasma proteins 
(aPL) [52]. Approximately 15 types of antibodies have been 
described including those directed against cardiolipin, phos-
phatidylserine (PS), phosphatidylethanolamine (PE), his-
tones, and nucleotides [53], and these have been described as 
causing issues related to implantation, placentation, and 
early embryonic vascular compromise [53]. APS is associ-
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ated with recurrent pregnancy loss (RPL), though the 
mechanism(s) are incompletely understood. Studies suggest 
that these antibodies may be involved in the inhibition of 
cytotrophoblast differentiation and extra-villous cytotropho-
blast decidual invasion, as well as inducing syncytiotropho-
blast apoptosis [27]. There are also reports of endovascular 
thrombosis within the microvasculature that supplies the 
choriodecidual space [52] and abnormal formation of the 
spiral arterioles [54].

The International Consensus Classification criteria have 
defined APS if one of the following clinical and laboratory 
criteria is met which is outlined in Table 32.2. APS is more 
common in women with a female to male ratio of 5:1 and a 
reported mean age of diagnosis of 31 years old [55]. There 
have been retrospective studies done which have suggested a 
relationship between infertility and APS and similarly 
between APS and poor ART outcome [55]. Over one dozen 
existing studies address the relationship between APS and 
IVF outcome. The majority of these studies showed similar 
pregnancy and live birth outcomes except for two studies, 
which showed negative effects of antiphospholipid antibod-
ies on IVF outcomes. A meta-analysis by Bellver et al. failed 
to show a higher prevalence of APS in infertile women [55]. 
As such, ASRM does not recommend testing for APS in 
infertile couples about to undergo IVF as part of the regular 
work-up [56] as the presence of APS has not been shown to 
correlate with ART outcomes [55]. However, therapeutic 
interventions are recommended in the face of recurrent mis-
carriage and pregnancy complications in the presence of 
APS [55].

A number of therapeutic approaches have been studied for 
patients with APS and poor obstetric outcomes including aspi-
rin, unfractionated heparin, low molecular weight heparin 
(LMWH), corticosteroids, and IVIG. The standard treatment 

for documented APS and RPL consists of low-dose aspirin 
(81 mg daily) and twice daily unfractionated heparin. This was 
found to be superior to treatment with aspirin alone [54, 57]. 
Heparin is the common name for a poorly defined collection 
of highly sulfated glycosaminoglycans prepared from porcine 
intestines. There are documented variations in composition 
and purity; nonetheless it is the most commonly prescribed 
drug by weight globally [58]. This medication presumptively 
works by inhibiting antibodies from binding to the trophoblast 
and preventing complement activation, thus promoting tro-
phoblastic invasion [59]. Recommendations have included 
starting heparin 5000–7500  IU twice daily at the time of a 
positive pregnancy test until delivery and resumed postpartum 
for 4–6 weeks [59]. Due to its association with thrombocyto-
penia and osteopenia, platelet counts and partial thromboplas-
tin time should be checked regularly. In addition, additional 
calcium 1200  mg daily and vitamin D 800–1000  IU daily 
should be given. Low-dose aspirin should be initiated before 
conception and discontinued approximately 4  weeks before 
the expected delivery date. This should be restarted in the post-
partum period and continued for life [59].

LMWH enoxaparin 40 mg daily SQ has been compared to 
unfractionated heparin and reported to have similar efficacy. 
The use of prednisone has been studied, but results show it 
does not improve pregnancy rates and may be associated with 
an increased risk of gestational hypertension and gestational 
diabetes [54, 60]. In addition, IVIG has been proposed as 
monotherapy; however, given the costs and lack of level I evi-
dence supporting its efficacy, its use is not recommended [61]. 
More studies are required to elucidate the benefit of other 
immunomodulatory agents in patients with RPL/APS.

Given that antiphospholipid antibodies may have a direct 
embryotoxic effect on preimplantation embryos, it may 
explain implantation failure after IVF/ET [56, 62]. Women 
with APS/RPL have demonstrated significant improvement 
in clinical pregnancy rates when treated with a combination 
of heparin and aspirin [54], which are believed to positively 
influence the implantation of the blastocyst including the 
prevention of thrombosis in the placental vasculature [57]. A 
meta-analysis of 292 studies by Ziakas et al. concluded that 
the combination therapy of heparin and aspirin resulted in 
fewer first trimester losses (OR 0.39, 95% CI 0.24–0.65). As 
mentioned previously these data hold true in the infertile 
population with both APS and RPL; however anticoagula-
tion has not been found to be beneficial in women with APS 
with no RPL.

Current management and guidelines in APS patients 
undergoing ART may be considered:

• Women with antiphospholipid antibodies and no personal 
history of thromboembolic events do not require heparin 
prior to ovum retrieval. Heparin therapy is instead recom-
mended from the time of embryo transfer. Risk of throm-
bosis is higher during luteal phase [55].

Table 32.2 Classification criteria for antiphospholipid antibody syn-
drome [55]

APS diagnostic criteria
   – Clinical criteria
   – Evidence of vascular thrombosis.
   –  One or more episodes of arterial or venous thrombosis in any 

tissue. This must be confirmed by imaging
   – History of poor pregnancy outcomes
   –  One or more unexplained deaths of anatomically normal fetus 

beyond the tenth week of gestation
   –  One or more premature births of anatomically normal infant 

before the 34th week of gestation due to eclampsia, 
preeclampsia, or clinical signs of placental insufficiency

   –  Three or more spontaneous abortions before the tenth week of 
gestation with no other explanation for this outcome

   – Laboratory criteria
   –  Presence of lupus anticoagulants in two different occasions 

more than 12 weeks apart
   –  Presence of anti-cardiolipin antibody on two different occasions 

more than 12 weeks apart
   –  Presence of anti-beta-2 glycoprotein 1 antibody on two separate 

occasions more than 12 weeks apart
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• Women with antiphospholipid antibodies and a personal 
history of thromboembolic events should be treated with 
therapeutic doses of heparin for ovarian stimulation. 
Heparin must be discontinued 12–24  h prior to ovum 
retrieval and re-started 6–12 h after in order to decrease 
the risk of bleeding. Low-dose aspirin should also be 
prescribed but halted 5–7 days prior to oocyte retrieval 
[55].

In APS patients, ART including ovarian stimulation is a 
safe process, which has no major health implications as long 
as appropriate prophylactic anticoagulant therapy is adopted. 
In terms of risk for thromboembolic events, the risk remains 
higher in pregnancy than while receiving ART. Data suggest 
that treatment with aspirin and unfractionated heparin can 
provide hope to couples suffering from APS/RPL. However, 
patients with APS without RPL do not appear to benefit from 
prophylactic anticoagulant therapy.

32.6  Rheumatic Diseases

Rheumatoid arthritis (RA) and systemic lupus erythemato-
sus (SLE) are relatively common, severe disorders. About 
1.5 million people or about 0.6 percent of the US adult popu-
lation have RA.  SLE has a reported prevalence of 15–50 
cases per 100,000  in Europeans and European Americans 
and is 3–4 times higher among African Americans, while it is 
more likely in women between the ages of 13 and 55 years 
old [63]. RA and SLE represent just two of a larger number 
of autoimmune disorders, including multiple sclerosis, 
Crohn’s disease, ulcerative colitis, type 1 diabetes, and pso-
riasis and share defects in immune function and regulation, 
leading to inflammation that destroys tissues and in the case 
of SLE can result in a hypercoagulable state and in severe 
cases can lead to organ failure [64, 65].

Female sex steroid hormones are thought to play an 
important role in the etiology and pathophysiology of auto-
immunity given the preponderance of women affected by 
chronic immune/inflammatory diseases [66]. Estrogens are 
known to enhance the humoral immune response through 
estrogen receptors (ERα) as opposed to ERβ and by their 
peripheral metabolites [67]. Women are known to have a bet-
ter response to immunization than men [68]. Anti-ERα anti-
bodies appear to induce cell activation and consequent 
apoptotic cell death in resting lymphocytes. At the same 
time, they induce proliferation of anti-CD3-stimulated 
T-lymphocytes, a mechanism that might contribute to autore-
active T-cell expansion [67]. Several studies support an 
accelerated aromatase-mediated peripheral metabolic con-
version of upstream androgen precursors to estrogen metab-
olites in peripheral tissues affected by immune/inflammatory 
reactions [69].

It is unclear in women with rheumatic disease how auto-
antibodies may be the cause of infertility [70]. However, data 
do not validate this assumption, though some have asserted 
that there is a prolonged time to pregnancy compared to 
women in the general population. In a prospective study of 
women with RA desiring conception, 42% experienced a 
greater than 12-month interval until conception [71] and 
more often appear to require assisted reproduction [72]. 
While medications (including cyclophosphamide) and seri-
ous illness including renal failure may impact pregnancy, 
primary infertility rates are similar to those in the general 
population. The Practice Committee of ASRM screening 
states screening ART candidates for autoantibodies and 
treating for positive findings is not justified and may cause 
undue anxiety given the prognostic uncertainty of those find-
ings [72].

In women with SLE who are undergoing infertility ther-
apy, the concern lies in a flare of the disease or thrombosis. 
The risk of thrombosis remains a significant concern par-
ticularly in women with high levels of antiphospholipid 
antibodies (aPL), nephrotic-range proteinuria, or other con-
ditions that increase thrombotic risk. In those undergoing 
ovulation induction, thrombosis can result from high supra- 
physiologic concentrations of estradiol. There is also an 
associated risk for ovarian hyperstimulation syndrome 
(OHSS) with results in hemoconcentration which further 
increases the risk of thrombosis [73]. Data confirms the 
assertion that thrombosis is usually infrequent [73, 74]. 
Moreover, the risk has been significantly reduced by using 
stimulation protocols with gonadotropin-releasing hor-
mone (GnRH) antagonists, oocyte maturation with GnRH 
agonists, elective cryopreservation, and elective single 
embryo transfers [75].

The other concern is the risk of disease flare. While stud-
ies are retrospective and use different ovarian stimulation 
protocols in well-controlled disease, the risk for a flare is low 
particularly when adjuvant therapy is given. However, a flare 
or exacerbation tends to be greater in active disease [76]. 
Those with active disease, badly controlled arterial hyperten-
sion, pulmonary hypertension, advanced renal disease, 
severe valvulopathy or heart disease, and major previous 
thrombotic events are patients in which ART should be dis-
couraged [76]. Fortunately, fertility preservation has made it 
possible for women who undergo therapy with chemother-
apy including cyclophosphamide for lupus nephritis, sys-
temic sclerosis, or vasculitis [77].

Overall, the outcomes of IVF pregnancies in women 
appear to provide generally optimistic results. Studies in 
women undergoing IVF have found no association between 
autoantibody positivity and the number of IVF cycles or fer-
tility success rates, failing to establish an association between 
rheumatoid diseases and IVF outcome [78–80]. Although 
this has not been a consistent finding, some retrospective 

32 Medically Assisted Reproduction and Autoimmunity



278

studies have reported a significantly higher miscarriage rate 
and lower delivery rate in this patient population [79].

In conclusion, ART may be considered for patients with 
RA including SLE and APS as there does not appear to be an 
increase in the risk of disease flare or thrombosis as long as 
disease is well controlled. ART should be avoided in those 
patients with the complications mentioned above.

Based on existing literature:

• Patients should be in SLE remission for at least 6 months. 
Those patients with badly controlled hypertension, pul-
monary hypertension, advanced renal disease, severe val-
vulopathy, or heart disease should not undergo ART [64, 
72].

• SLE patients can have successful ART outcomes when on 
proper anticoagulant and immunosuppressive therapy 
whenever indicated [64, 72].

32.7  Autoimmune Thyroid Disease

Autoimmune thyroid disease (AITD) is by far the most fre-
quent cause of hypothyroidism in women of reproductive 
age [81]. AITD is characterized by anti-thyroid antibody 
production including anti-thyroid peroxidase (TPO) or thy-
roglobulin (TG) resulting from the presence of abnormal or 
damaged thyroid structure [82]. The prevalence of AITD 
tends to increase with age with approximately one in five 
women of childbearing age who have TPO antibodies (Ab) 
or (TG-Ab) and appears to be more prevalent among infertile 
women [83, 84].

It has been clearly established that hypothyroidism in 
pregnancy is associated with miscarriage, placental abrup-
tion, neonatal intensive care unit (NICU) admission, and 
lower intelligence scores [85–87]. Thus, treatment with levo-
thyroxine is recommended in pregnancy in this patient popu-
lation [88]. It has been reported that a TSH 
concentration > 2.5 mU/ml may increase the risk of progres-
sion to overt hypothyroidism [81]. It has also been advised to 
treat subclinically hypothyroid in women where thyroid anti-
bodies are detected as well [89].

Controversy remains regarding the significance of AITD 
and infertility. While no apparent effect has been observed 
in pregnancy rates [82, 90], some studies have established 
that even in the absence of overt thyroid dysfunction, AITD 
is linked with a three- to fivefold increase in the overall mis-
carriage rate among women with spontaneous pregnancies 
[91, 92].

With respect to women undergoing ART, where the rapid 
and robust rise in estradiol concentrations may increase 
stress on the hypothalamic-pituitary-thyroid axis to maintain 
a pregnancy, miscarriage rates have also been reported to be 
increased though this has not been a consistent finding in 

women with AITD [93–95]. Treatment interventions have 
included levothyroxine at doses of 1 mg/kg/day, a fixed dose 
of 50 mcg/day, or titrated doses of levothyroxine [96–98] 
combined with acetylsalicylic acid, prednisolone, and/or 
treatment with selenomethionine at 200 mg/day [99, 100]. 
Studies have reported significantly higher pregnancy rates in 
those treated with levothyroxine combined with acetylsali-
cylic acid and prednisolone compared with controls receiv-
ing no treatment (RR: 4.14, CI: 1.47–11.66, P = 0.007) [98]. 
In a pooled analysis on miscarriage rates, there was a 52% 
near significant relative risk reduction in miscarriages (RR: 
0.58, CI: 0.32–0.1.06) [98].

In summary, while treatment with levothyroxine is rec-
ommended for all women considering pregnancy with clini-
cal hypothyroidism as it lowers the risk for miscarriage and 
preterm delivery, there is insufficient evidence to recom-
mend treatment for subclinical hypothyroidism. While AITD 
may identify patients at risk of clinical hypothyroidism and 
levothyroxine appears to lower the risk for miscarriage and 
preterm birth in women with thyroid autoimmunity, random-
ized, placebo controlled trials are warranted.

32.8  Multiple Sclerosis

Multiple sclerosis (MS) is an autoimmune degenerative 
inflammatory disease that is a result of activation of autore-
active CD4+ T cells, which target proteins of the myelin 
sheath [101]. Symptoms usually appear between 20 and 
40 years of age and are characterized by a female to male 
ratio of 3:1 [102].

Very little literature exists regarding infertility and ART 
outcomes, though sexual and endocrine disturbances have 
been described in MS patients of both genders, leading to 
lower fertility rates. Disturbances in the hypothalamic- 
pituitary- gonadal axis affect both female and male MS 
patients. In women, this may induce menstrual disturbances 
and subsequent infertility secondary to elevated prolactin, 
LH, FSH, and total and free testosterone [103, 104]. In men 
with MS, serum levels for LH, FSH, and testosterone are sig-
nificantly lower compared to controls and can result in com-
promised semen parameters including a lower total sperm 
count, motility, and percent normal morphology [105]. In 
addition, medical therapy for MS, particularly immunosup-
pressive therapies (e.g., mitoxantrone, cyclophosphamide), 
has been shown to adversely impact sperm and oocyte qual-
ity [106].

Reports also suggest that fertility does not seem to be 
impaired in women with MS; however women who undergo 
ART appear to have an increased risk of MS relapse. In one 
prospective study of MS patients (n = 16) who had not suf-
fered any relapses or disease activity on MRI in the previous 
9 months prior to undergoing ART, 75% of patients experi-
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enced exacerbations of their MS symptoms (12 of 16 
patients) within 3 months after failed IVF cycles [107]. MRI 
imaging revealed new or enlarging T2 lesions on MRI [107]. 
There were no differences in relapse when stratifying for 
number of ART cycles or pregnancy success [107]. The pro-
posed mechanisms include an interruption of disease modi-
fying medications, stress of undergoing fertility therapy, and 
a hormonally induced upregulation in pro-inflammatory 
markers [108]. Further study is required before conclusive 
recommendations can be given [102].

32.9  Myasthenia Gravis

Myasthenia gravis (MG) is a chronic autoimmune disorder 
of neuromuscular transmission from production of autoanti-
bodies against the nicotinic acetylcholine receptor, which 
alters nerve impulses to muscle fibers that lead to fatigue and 
progressive muscular weakness [109, 110]. While MG com-
monly affects women in their childbearing years with a 
reported prevalence of 1 in 5000 [111, 112], it is typically not 
associated with infertility, though acetylcholine receptor 
antibodies have been found in 2% of women with POF [111].

Variations in symptoms during menstruation and preg-
nancy have been reported in women with MG suggesting a 
functional link between sex steroids and the expression of 
disease [111, 113]. It has been reported there is an increased 
expression of estrogen receptors in thymocytes and periph-
eral blood mononuclear cells in MG patients and with abnor-
mal level of estrogens in MG patients with the development 
of B-cell hyperplasia and enhanced cytokine production that 
may exacerbate this autoimmune state [114]. The clinical 
course of myasthenia gravis may be impacted by the rapid 
rise in estrogen and progesterone associated with ovulation 
induction. Other events such as pregnancy, ovarian hyper-
stimulation syndrome, and hormone fluctuations in the event 
of failed cycles also have the potential to impact the clinical 
course of this disease. Nonetheless, very little has been 
described in the literature surrounding ART and MG making 
it very challenging to counsel for MG women who request 
assisted reproduction [111].

Previous studies would suggest that there is no increase in 
miscarriage rates [113, 115]. While the course of MG during 
pregnancy has been reported to be highly variable; with 
exacerbations in 41% of pregnancies (equally distributed in 
each trimester), remission in 29%, and no change in disease 
course in 32% [113], while 30% had postpartum exacerba-
tions. In experimentally induced autoimmune MG, conflict-
ing reports exist, where the susceptibility to and the severity 
of disease by excess estrogen and progesterone administra-
tion [116, 117].

One case report by Ricci et  al. in a 40-year-old female 
patient with severe MG who underwent four ART cycles 

suggested that MG patients should not be excluded IVF. They 
eloquently reviewed that all MG patients should be properly 
informed effects both of ovulation induction and assisted 
reproduction and of pregnancy on the course disease cannot 
be well estimated. Given that maternal mortality risk is 
inversely proportionate to the duration of the disease with the 
highest risk being in the first year, MG patients should delay 
childbirth for 1–2 years after diagnosis [118]. Particular con-
cerns should be with women who demonstrate hormonal- 
related exacerbations (during menstruation or pregnancy) of 
myasthenic symptoms as they may be at higher risk of devel-
oping symptom fluctuation with ART.  Pre-screening and 
evaluation with a neurologist, anesthesiologist, and high-risk 
OB counseling should be performed. Referral to a tertiary 
infertility medical center where medical emergency services 
are available should be considered, and MG patients should 
be monitored closely throughout the assisted reproduction 
procedure. Selection of appropriate anesthetic technique 
(general anesthesia) for oocyte retrieval should be consid-
ered, and an intensive surveillance in the early postoperative 
recovery phase should assured. Proper follow-up should be 
continued both in the case of pregnancy and in the case of 
unsuccessful procedures. As such, more data regarding MG 
patients undergoing ovarian stimulation and ART are 
required to assess the safety of this treatment.

32.10  Autoimmune Progesterone 
Dermatitis

Autoimmune progesterone dermatitis (APD) is a rare hyper-
sensitivity reaction that has been reported to occur following 
exposure to endogenous and/or exogenous progesterone dur-
ing the luteal phase, either prior to or during menses. 
Symptoms have been reported to vary, ranging from skin 
lesions including urticaria, eczema, folliculitis, or erythema 
multiforme to angioedema, folliculitis, vulvovaginal pruri-
tus, and in some severe cases anaphylaxis [119].

The pathogenesis of APD is unknown but is believed to 
have a Th2 immune mechanism with acute and delayed 
responses consistent with both type 1 and type 4 hypersensi-
tivity reactions [119]. Treatment consists of topical or sys-
temic corticosteroids as well as medical suppression of 
endogenous progesterone production. In severe cases in 
which symptoms are refractory, definitive treatment includes 
hysterectomy/oophorectomy.

In the infertile patient, APD appears to be triggered with 
the utilization of exogenous progesterone after oocyte 
retrieval and embryo transfer [119]. Progesterone desensiti-
zation has been reported as an alternative in women with 
APD with prednisone, 3 days prior to progesterone desensi-
tization and tapered after egg transfer. The desensitization 
process consists of intravaginal suppositories, with a starting 
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dose of 1 μg and gradually increased to 100 μg. In cases of 
anaphylactic reaction to progesterone, montelukast, a leukot-
riene receptor antagonist, has been used as premedication 
prior to progesterone suppositories. In a small case series, 
four successfully conceived without any APD exacerbation. 
Although APD is extremely rare, one should consider the 
prevalence would continue rise with the increasing utiliza-
tion of infertility therapy and ART.

32.11  Celiac Disease

Celiac disease (CD) is a chronic autoimmune disease charac-
terized by small intestinal malabsorption and diarrhea, trig-
gered by the ingestion of food products containing gluten 
[120]. The prevalence of celiac disease has risen in recent 
decades with reported prevalence of 0.5–1% worldwide 
which has increased fourfold to fivefold over the past 
50 years [121]. Gluten is a protein complex found in wheat, 
rye, and barley. One of its components, the prolamin gliadin, 
can be antigenic for certain individuals especially after being 
deamidated by intestinal transglutaminases. CD predomi-
nantly affects the mucosa of the small intestine where the 
injured small intestinal epithelium impairs digestion and 
absorption of the nutrients. CD may be classified as asymp-
tomatic, classical, and atypical. Classic cases present with 
symptoms of malabsorption include diarrhea, steatorrhea, 
flatulence, and resulting nutritional and vitamin deficiencies. 
Atypical cases present with extraintestinal manifestations 
that may include dermatitis herpetiformis, aphthous stomati-
tis, neurologic dysfunction, osteopathy, and diabetes melli-
tus. Patients with celiac disease are also at an increased risk 
of cancer, including a twofold to fourfold increased risk of 
non-Hodgkin’s lymphoma and a more than 30-fold increased 
risk of small intestinal adenocarcinoma [122].

Celiac disease more often affects women during their 
reproductive years and has been associated with a wide array 
of gynecologic disorders including delayed menarche and 
puberty, polycystic ovarian syndrome, endometriosis amen-
orrhea, POF, and infertility [123]. Clinical and epidemiologi-
cal studies reveal that female patients with coeliac disease 
are at higher risk of spontaneous abortion, low birth weights, 
and reduced duration of lactation [124]. One study reported 
that up to 7% tested positive for tissue transglutaminase IgA 
antibodies in those with RPL and 6% with unexplained infer-
tility and another reported 8% of couples were positive for 
anti-gliadin antibodies with unexplained infertility [125]. As 
such, some have suggested that testing women for celiac dis-
ease should be considered in those with RPL and/or unex-
plained infertility.

With respect to therapy, to our knowledge, only case 
reports have considered treatments including Humira where 
TNF-alpha is elevated, intravenous intralipids prior to 

embryo transfer, and low molecular weight heparin, in addi-
tion to a gluten-free diet [126, 127].

32.12  Xenosialitis

All cell surfaces are coated by a complex array of glycans. In 
mammals, the majority of these surface glycans are capped 
with sialic acids, nine carbon backbone acidic amino sugars. 
By virtue of their position and high abundance at the outer-
most cell surface, sialic acids are involved in multiple func-
tions including cellular recognition during development, 
infection, and immune processes [128]. The role of sialic 
acids in reproduction is not fully understood, but acquisition 
of a sialylated glycocalyx is crucial to sperm function [129]. 
Most recently, it has been shown that sperm sialidases are 
involved in desialylation during capacitation [130] and that 
sialic acids of sialyl Lewis X glycans on human egg zona 
pellucida are essential for sperm binding [131]. Implantation 
also involves L-selectins on the blastocyst known to interact 
with sialic acid containing ligands on the endometrium [132, 
133]. Highly sialylated glycodelin A is produced by the 
decidua and engages sialic acid-binding innate immune 
receptors on trophoblast to suppress trophoblast invasion 
[134]. The two most common sialic acids in mammals are 
N-glycolylneuraminic acid (Neu5Gc) and N-acetylneuraminic 
acid (Neu5Ac) [135]. Most mammals have an abundance of 
each molecule in different ratios on various cell surfaces. In 
contrast, humans have lost the ability to convert Neu5Ac to 
Neu5Gc due to a loss-of-function mutation in the cytidine 
monophosphate N-acetylneuraminic acid hydroxylase 
(CMAH) gene encoding the CMAH enzyme [136]. As a 
result, humans lack glycans capped by endogenous Neu5Gc 
on their cell surfaces and have an excess of Neu5Ac [137], a 
difference in hundreds of millions of molecules per cell. 
Despite the inability to endogenously produce Neu5Gc, 
dietary intake of red meat and dairy products, the richest 
sources of Neu5Gc, can result in accumulation and incorpo-
ration trace amounts of Neu5Gc into the glycocalyx on 
human cells [138]. This has been reported in both human 
tumors such as breast, colon, and skin cancers [139] and nor-
mal tissues including secretory epithelium and blood vessels 
[140]. Moreover, most humans have circulating anti-Neu5Gc 
antibodies [138, 140] targeting this xenoglycan in serum 
[138, 141]. Levels of anti-Neu5Gc antibodies vary among 
different individuals, but it has been suggested that chronic 
exposure to Neu5Gc and incorporation of this xenoglycan 
combined with circulating anti-Neu5Gc antibodies can pro-
mote chronic inflammatory states contributing to various dis-
eases [128] including some of the diseases associated 
Hanganutziu-Deicher (HD) antibodies, which are reactive 
against Neu5Gc [142, 143]. There is also experimental evi-
dence for Neu5Gc acting as a xeno-auto antigen capable of 
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exacerbating an inflammatory reaction within vasculature 
endothelium [144]. A recent study proved that the dietary 
xenoglycan Neu5Gc causes increased cancer via systemic 
inflammation in a mouse model [145]. There is mounting 
evidence that the dietary bioaccumulation of xenoglycan and 
production of targeting antibodies might underlie various 
forms of xenosialitis [146]. A small-scale study carried out 
on a cohort of infertility patients suggests that the presence 
of Neu5Gc antigen or anti-Neu5Gc antibodies is present in 
reproductive tracts of both male and female infertility sub-
jects and may interfere with fertility within the uterine envi-
ronment [147]. Studies in transgenic mice bearing the same 
mutation as humans in the sialic acid modifying gene Cmah 
have shown that dietary incorporation of Neu5Gc can tag 
sperm for increased attack by uterine leukocytes [135]. Sialic 
acid-binding innate receptors, so called Siglecs, are expressed 
in the placenta and the amnion, and this expression is unique 
to humans. Higher levels of inflammation-related Siglec-6 
expression have been associated with preeclampsia [148–
150]. Ascending infections of the female reproductive tract 
such as group B Streptococcus and Neisseria gonorrhoeae 
also involve interactions with immune modulatory Siglec 
receptors expressed in the amnion and sialic acid-binding 
components of complement such as factor H [151, 152]. It 
has recently been proposed that the uniquely human sialic 
acid biology and associated numerous changes in sialic acid 
sensing Siglec receptors could be contributing to elevated 
levels of autoimmunity in our species [153]. Further studies 
are required in order to better understand the role of the 
Neu5Gc dietary xenoglycan and targeting antibodies in sub 
or infertile couples.

32.13  Conclusion

Autoimmunity encompasses a large category of diseases 
with various etiologies that frequently affect women of 
childbearing age. The pathophysiology and treatment of 
autoimmune disease(s) is a crucial consideration for the 
reproductive endocrinology infertility specialist as these can 
affect women’s fertility and fertility treatment outcomes. 
There is a continued need for further research in this under-
appreciated field.
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33.1  Chapter Objectives

After reading this chapter, the reader will be able to under-
stand the basics of the human immune system, discuss the 
various theories of changes in the immune system observed 
in pregnancy, review different therapies used to treat immu-
nologic related infertility and consider the future of immuno-
logic infertility.

33.2  Introduction

Human fertility is a vast, complex, and entirely imperfect 
system. Overall 20% of clinically recognized pregnancies 
result in first trimester miscarriage with up to 50% attributed 
to chromosomal abnormalities [1]. The American Society of 
Reproductive Medicine (ASRM) defines recurrent preg-
nancy loss (RPL) as at least two failed clinical pregnancies 
[2]. By these estimates, 5% of the population have RPL, 1% 
will experience three or more losses, and up to 50% of these 
individuals with an unknown etiology [2, 3].

Considering that the human fetus is semi-allogenic, with 
half of its DNA maternal or “self”; hence half is paternal or 
“foreign,” the maternal immune system inherently should 
recognize the fetus as “non-self” and attack it. This concept 
was originally proposed in the 1950s by Sir Philip Medawar 
when he pioneered the relationship between immunology and 
fertility [4]. In attempt to downregulate the immune system, 
steroids and intravenous immune globulin (IVIG) have been 
used in infertility secondary to immunologic dysfunction, 
though multiple reports, including a recent Cochrane review, 

reported this treatment is largely unsuccessful [5–7]. 
However, there appears to be some type of immune tolerance 
that is enacted during pregnancy allowing embryos to develop. 
Understanding this process may give insight to those with 
infertility secondary to immunologic dysfunction. Thus, the 
purpose of this chapter is to identify potential mechanisms 
that cause immunologic dysfunction in pregnancy, review 
treatments that have been used or studied, and touch upon 
future directions in infertility. Prior to delving into this vast 
topic, a basic overview of the immune system is warranted.

33.3  Immune System Basics

The human immune system is divided into two basic entities: 
the innate and adaptive system. The innate immune system is 
our first line of defense and is present prior to any infection 
(Fig.  33.1). It includes physical barriers and cells such as 
phagocytes, natural killer cells, and the complement system 
[8]. The innate immune system uses pattern recognition 
receptors to identify common ligands that invading organ-
isms display, which induces a cascade of events including 
the release of cytokines, degradative enzymes, and initiates 
phagocytosis [8, 9]. We will focus on the natural killer cells 
(NK), which are antiviral, utilize azurophilic granules to 
attack intracellular bacteria, and have anti-tumor abilities. 
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The NK cells contain both activating and inhibitory recep-
tors on its cell surface, which play a vital role in recogniz-
ing “self” antigens, or class I major histocompatibility 
complex (MHC) molecules [8]. These cell surface mole-
cules are displayed by every nucleated cell in the human 
body. The two receptors are in balance with each other to 
destroy cells with the activating receptor, and not those 
with class 1 MHC ligands. As the embryo contains non-
self-ligands, an understanding of how the maternal immune 
system avoids rejection of the embryo and identifies ways 
to prevent activation of the maternal immune system is 
vital [8–10].

The adaptive immune system is more complex and is com-
posed of the humoral and cellular immunity. Humoral immu-
nity deals with extracellular pathogens and toxins by B cells 
that produce antibodies/immunoglobulins [10]. The cell-
mediated immune system plays an important role in intracel-
lular pathogens through T cells [10]. The acquired immune 
system is triggered after the recognition of antigens that are 
displayed by toxins or invading organisms. These antigens 
encounter specific B or T lymphocytes that contain the cor-
rect receptor for that antigen and become activated. The B 
cells become activated by creating antibodies, plasma cells, 
and memory cells. The T cells are mobilized by creating mul-
tiple different forms of T lymphocytes in addition to memory 
cells. It is these different T lymphocytes that are thought to 
play a vital role in the immunology of reproduction [8–10].

The T lymphocytes are exposed to specific antigens by 
antigen presenting cells, such as the dendritic cell or macro-

phages, which are then activated and create specialized T 
cells and memory cells [10]. The T helper cells have two 
subsets, TH1 and TH2. The TH1 cell line produces inter-
feron gamma, IL-2, and TNF- beta, which fight intracellular 
pathogens, bacteria, inappropriate autoimmunity, and viruses 
[11]. The TH2 subset produces IL-4, IL-5, IL-10, and IL-13, 
influencing the humoral immune system and mounting a 
response against extracellular pathogens, helminth infec-
tions, and atopic diseases [11]. The regulatory T cells prevent 
the immune system for becoming too intense and attacking 
itself, which is pertinent in reproductive immunology. Failure 
of this system can lead to autoimmune diseases, such as type 
1 diabetes, and may contribute to the destruction of the 
developing embryo [8–10] (Fig. 33.2).

33.4  History of Immunology 
and Pregnancy

In the 1940s–1950s, Sir Peter Medawar was one of the first to 
report on the relationship between the maternal immune sys-
tem and the fetus. Medawar saw the fetus as semi- allogeneic 
and created an allograft analogy with three hypotheses con-
cerning the mechanism of maternal tolerance [12]. The first 
was the physical separation between mom and baby; second 
was that fetus lacked antigenic properties; and last was that 
the immune system was inactivated in pregnancy [12].

These ideas have since been rejected. For his first hypoth-
esis, we now know that there is some mixing of maternal and 
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fetal blood throughout pregnancy, which is the basis for cell 
free DNA testing [9, 13]. The immune system at the placen-
tal/decidual interface is also very robust during implantation. 
Last, the immune system is not arrested during pregnancy; 
otherwise a rapid progression from HIV to AIDS would be 
observed [14]. While Medawar’s hypotheses have been dis-
proven, he laid the foundation of maternal-fetal tolerance 
throughout pregnancy, opening the field of reproductive 
immunology [12].

It was not until 40 years later that Colbert and Main sug-
gested that it was the placenta, not the fetus, that interfaced 
with the maternal immune system [9]. The human placenta 
develops from external trophectoderm and is exposed to the 
immune system through implantation and spiral artery 
formation.

In the early 1990s, Wegmann proposed the TH1/TH2 
hypothesis, in which cytokines produced by TH1 lympho-
cytes may have an adverse impact on the fetus [15]. However, 
cytokines produced by TH2 cells, such as granulocyte- 
macrophage colony-stimulating factor (GM-CSF), IL-3, and 
CSF-1, are shown to improve differentiation/growth of tro-
phoblasts. They considered pregnancy a state of increased 
TH2 expression. Mouse studies showed an increase in 
response of antibodies versus cell-mediated immunity dur-
ing pregnancy, which they hypothesized was related to the 
increase in TH2 cell types—that mainly stimulate antibod-
ies—while maternal resistance against intracellular patho-
gens was less robust [15]. However, there are a large number 
of pro-inflammatory cytokines and leukocytes that are pres-
ent during healthy gestations [14]. In addition, the tropho-
blast does not appear to express the HLA-A/B molecules nor 
class II molecules, which are required to stimulate lympho-
cyte activity [16]. It can be postulated that the change in lev-
els of TH1 and TH2 may not be the direct cause of a healthy 
pregnancy, but rather a reflection of other ongoing events 
during healthy gestations.

33.5  Cells of Immunologic Interest

33.5.1  T Cells

The CD4 + CD25+ (cell surface ligands) regulatory T cells 
prevent excessive immune response and may be an essential 
feature to avoiding embryonic rejection. Treg cells are 
increased in the decidual tissue, lymph nodes of the uterus, 
and blood during pregnancy, especially in the first and sec-
ond trimester [17]. Treg cells act as immunosuppressants by 
preventing multiplication and production of cytokines by 
other CD4/8 cells, inhibit NK cells, and certain DC/macro-
phages [17].

There are multiple mechanisms for the development and 
maturity of the Treg cells including the control of transcrip-

tion factor, Foxp3. A loss of function mutation of this tran-
scription factor is associated with the severe auto-immune 
disease—immune dysregulation, polyendocrinopathy, enter-
opathy, X-linked syndrome or IPEX [18]. Other mechanisms 
include specific dendritic cells (DCs) that activate 
CD4 + TH0 cells into Treg cells. The DCs that activate Treg 
cells are exposed to transforming growth factor beta (TGF- 
beta), IL-10, granulocyte-macrophage colony-stimulating 
factor 4 (GM-CSF-4), and IL-4 during differentiation, which 
enable them to induce the proper Treg cells [17]. These spe-
cific DCs also express Indoleamine 2,3-dioxygenase (IDO), 
which is vital in the conversion of TH0 to Treg cells and have 
the capability to downregulate other DCs from activating the 
TH0. TGF-Beta prevents the pathway to creating T cells that 
lack the suppressive capacity [17].

The Treg cells can be produced in the periphery or the 
thymus, and their function in the immune system is depen-
dent on their origin. Peripheral Treg cells (pTreg) are only 
seen in placental mammals and require an enhancer called 
conserved noncoding sequence 1 (CNS-1) [19]. Without this 
enhancer, there is an increase in the activation of effector T 
cells that precludes correct formation of the placenta [19].

Aluvihare et  al. displayed that CD4+/25+ cells were in 
higher number in pregnant mice, and there was an increase in 
the Foxp3 mRNA expression within the uterus [20]. This 
was mainly in first and second trimester and declined in the 
third trimester and after birth, which has also supported in 
Guerins’ review [17]. Treg cells are also higher during 
healthy pregnancy versus non-pregnant individuals or in 
patients with RPL [21]. This suggests that when near term 
immunosuppressive mechanisms may decline as the body 
prepares itself to ‘reject’ the fetus during parturition [22].

Many studies have shown that the elevation of Treg cells 
needed to be present prior to conception to result in success-
ful implantation. Thus, implying alternative regulatory fac-
tors are needed to cause the increase in Treg cells other than 
the embryo itself. One theory is hormonal fluctuations 
throughout the menstrual cycle. There is an increase in Treg 
cells associated with elevations of estrogen in the follicular 
phase. However, the elevations of estrogen in individuals 
with RPL do not correlate with an increase in Treg cells, sug-
gesting an underlying mechanism that prevents the beneficial 
effects estrogen should have [22]. It has also been suggested 
that the expansion of Treg cells may be due to exposure to 
paternal antigens and signaling factors released from the tro-
phoblast [9]. Compelling evidence still lacks regarding the 
mechanism that influences the Treg cell expansion.

33.5.2  Natural Killer Cells

Natural killer cells comprise nearly 40% of the cells within 
the decidual tissue [9]. These decidual NK cells (dNK) pos-

33 Immunotherapies and Unexplained Infertility



290

sess different cell surface receptors that are less toxic than 
the nondiscriminatory cytotoxic role seen by NK cells in the 
periphery [4, 9]. Decidual NK cells seem to play a vital role 
in the remodeling required for placentation, implantation, 
angiogenesis, and spiral arteries [5, 9, 12].

An increase in the cytokines of the inflammatory path-
way, IL-6, TNF alpha, IL-12, and CRP, is seen in healthy 
pregnancies, but there is no systemic infection seen that is 
anticipated with the elevation of these cytokines. This sug-
gests that a mild inflammatory response may be required for 
implantation/placental development [23]. However, an exag-
gerated response with major elevations of IL-18 and inter-
feron gamma may have disastrous consequences: tipping the 
balance of various interleukins to an inflammatory ratio that 
causes an abnormal pregnancy [23].

NK cells have also been hailed as one of the primary driv-
ers behind the immune suppression seen in pregnancy versus 
the T lymphocytes. The placenta displays unique MHC1 
molecules including HLA-C, E, and G. Decidual NK cells 
recognize HLA-C molecules through killer immunoglobulin 
receptor (KIRs). It has been proposed that without this spe-
cific receptor, vascularization does not adequately take place, 
which can lead to other gestational problems including pre-
eclampsia [12]. The HLA-E and HLA-G receptors are less 
well known; however HLA-E does play a part in immune 
recognition, while HLA-G has a defined role in vasculariza-
tion of the decidua [12]. Both ligands are recognized and 
activated by specific dNK cells, while T lymphocytes are 
unable function this way [23]. Studies in mice support the 
idea that T cells are the primary mediators behind immuno-
suppression/tolerance in pregnancy [20]. However, human 
trophoblasts display a specific subset of HLA molecules that 
are unable to be recognized by T lymphocytes but are recog-
nized by NK cells [12].

It can then be suggested that both dNK cells and T lym-
phocytes play an influential role in the immune balance 
required in a health pregnancy. Perhaps neither is the sole 
requirement for a healthy pregnancy, but rather it is the bal-
ance between suppression and activation of T lymphocytes 
and dNK cells that are required for successful pregnancy.

33.6  Immunologic Concerns

33.6.1  Paternal Alloantigens

Another compelling question is why do the paternal antigens 
escape detection from the maternal immune system? One 
simple answer is that they do not. Fetal tissue can be detected 
in the maternal blood and vice versa. Obviously, there is 
some crossover, yet most pregnancies are healthy. This 
returns to the idea of maternal immune system tolerance to 
paternal alloantigens, perhaps by repeated exposure to semen 

during intercourse and later trophoblast implantation [17]. 
Thus, the maternal immune system is slowly primed to 
accept the semi-allogenic fetus. This has been elegantly dis-
played by tissue graft experiments, where allogeneic skin 
grafts with paternal DNA were placed on the pregnant female 
and were accepted until after the pregnancy [12].

33.6.2  Antiphospholipid Antibody Syndrome

Antiphospholipid syndrome (APAS) is an autoimmune dis-
order in which normal phospholipids, a portion of all living 
cell membranes, are attacked by the immune system. During 
pregnancy, women with APAS that have a history of a throm-
botic event are treated with prophylactic heparin and low- 
dose aspirin [24]. This combination has been reported to 
improve outcomes, as it prevents the formation of clots 
within the placental vessels. However, women with implan-
tation failure do not benefit from heparin/aspirin, as their 
problem lies with the trophoblast’s ability to differentiate 
and develop which is unaffected by anticlotting agents [7].

33.7  Studied Therapies

33.7.1  Large Molecules

33.7.1.1  IVIG
The use of intravenous immunoglobulin (IVIG) for RPL has 
been controversial and results mixed. Immunoglobulin is the 
purified plasma from human donors, which contains antibod-
ies and autoantibodies from healthy individuals [3]. There 
are numerous ways that IVIG can modulate the immune 
response: by inhibiting autoantibody production, preventing 
complement activation, increasing Treg cells, and decreasing 
pro-inflammatory NK cells (Table 33.1) [7].

A meta-analysis by Clark et al., in 2006 reported on three 
RCTs that supported the use of IVIG prior to conception in 
patients who had APAS or elevated NK cell activity [25]. 
Two of the three reported the presence of autoantibodies, one 
with positive anti-thyroid and the other with positive APA or 
ANA, and concluded that there was a statistically significant 
increase in live birth rate in those who were given IVIG, 36% 
versus 19.3% (p = 0.012) [25]. In another systemic review in 
2014 on IVIG and elevated NK cells in ART cycles con-
cluded that although the results from IVIG appeared posi-
tive, they did not recommend this for standard treatment due 
to the extreme heterogeneity between study designs, lab 
standards of elevated NK cell levels, and variable reporting 
of pregnancy outcomes [5]. This emphasizes the need for 
adequate studies that are specific to RPL.

Although these meta-analyses do not support IVIG use, 
they were not performed in individuals with unexplained 
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Table 33.1 Treatments for immunologic dysfunction in pregnancy

Intervention Type of study Author Year Outcome
Future research 
recommendations

ASRM 
recommendations

Intralipid Double 
blind RCT

Dakhly 2016 Increase in ongoing pregnancy/live birth 
rates with treatment vs placebo (37.5% vs 
22.4%; p = 0.005)

No meta-analysis None reported

RCT Meng 2016 Individuals with unexplained RPL and 
elevated NK cells randomized to intralipid 
vs IVIG. Determined intralipid and IVIG 
therapy equivalent, with intralipid having 
less side effects and cost

Few RCTs
No Cochrane review

Leukocyte 
immunotherapy

Meta- 
analysis

Cochrane 2012 Individuals with paternal or third party 
lymphocyte immunization had no increase 
in live birth rates (OR 1.23; 95% CI 
0.89–1.70 and OR 1.39; 95% CI 
0.68–2.82)

RCTs specific to 
RPL

None reported

Meta- 
analysis

Borges 2016 Reanalyzed Cochrane data with new 
RCTs. Live birth rates improved with 
immunotherapy (OR 1.63; 95% CI 
1.13–2.35)

Cyclosporine Adaptive 
clinical trial

Fu 2015 Individuals who failed combination 
therapy (aspirin, prednisone, heparin, 
immunotherapy, IVIG) had cyclosporine 
added, of those who completed the trial 
77% had live births (n = 26)

No RCTs
No meta-analysis
No Cochrane review

None reported

Tacrolimus Prospective 
cohort

Nakagawa 2014 Individuals received tacrolimus dose (1, 2, 
3 mg) pending their elevation in TH1/TH2 
levels. Higher pregnancy rates with 
treatment vs no treatment (64% vs 0%) 
and higher live birth rates with lower 
levels of TH1/TH2 (83.3% vs 37.5% vs 
40%)

No RCTs
No ASRM opinion

None reported

Prospective 
cohort

Nakagawa 2017 Elevated TH1/TH2 and RPL, randomized 
to same treatment as first study. Highest 
pregnancy/delivery rates with lowest TH1/
TH2 (46.3% vs 21.4%, p < 0.05), 
indicating TH1 good predictor for 
outcome in ART and Tacrolimus can 
improve outcome

No Cochrane

Prednisone Cochrane 
review

Boomsma 2012 No improvement with prednisone in ART 
in sub fertile individuals (any etiology)

Limited RCTs with 
RPL

Advises against 
use (2012)

Quasi-RCT Fawzy 2014 Individuals received prednisone + heparin 
(not blinded), with 1+ miscarriage and 
unknown etiology, pregnancy rates 
>12 weeks higher in treatment arm (38.6% 
vs 24.6%, p = 0.016)

G-CSF Systemic 
review

Borges 2015 2 of 7 RCTs concerned RPL and had 
improvement in pregnancy/live birth rates, 
studies heterogenous

No Cochrane review
Limited RCTs on 
RPL in general 
population (majority 
in Asian population)

None reported

Double 
blind RCT

Barad 2016 Normal IVF patients, G-CSF has no 
improvement in clinical pregnancy rates

Meta- 
analysis

Xie 2017 Intrauterine perfusion with G-CSF 
increased implantation and pregnancy 
rates (RR 2.35; 95% CI1.20–4.60 and RR 
2.52; 95% CI 1.39–4.55), in patients 
undergoing IVF

Meta- 
analysis

Li 2017 Intrauterine perfusion with G-CSF 
increased implantation and clinical 
pregnancy rates in individuals undergoing 
IVF with RPL or thin endometrium in 
Asian population (RR 1.887; 95% CI 
1.256–1.2833 and RR 2.312; 95% CI 
1.444–3.701)

(continued)
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RPL. A retrospective observational study by Ramos-Medina 
that included over 400 women with RPL demonstrated a 
beneficial effect of IVIG [26]. IVIG was only given to indi-
viduals who had RPL and expansion of NK or NKT cells (T 
lymphocytes with properties of NK and T cells). Individuals 
with IVIG (n  =  121) had a live birth rate of 96% versus 
30.8% in those without IVIG (p < 0.0001) [26]. However, in 
a small (n = 83) randomized control study in 2016, individu-
als with secondary RPL were randomized to placebo versus 
IVIG. No difference was seen in their primary outcome of 
birth through the first 28 days of life (54.8% vs 50.0%; 95% 
CI of 0.70–1.74) [27]. Further studies are warranted specific 
to RPL are pertinent prior to considering the use of 
IVIG.  Currently, the American Society of Reproduction 
Medicine advises against the use of IVIG for primary RPL, 
as it has not been proven to benefit the pregnancy and can 
have significant side effects and cost [28].

33.7.1.2  TNF-Alpha Inhibitors
Tumor necrosing factor alpha inhibitors are a group of bio-
logical agents that are designed to suppress the inflammatory 
response seen in multiple autoimmune diseases. In autoim-
mune RPL, the root cause may be due to unregulated NK 
cells, an imbalance in TH1/TH2 lymphocytes, or a combina-
tion of these factors. However, due to its intense immune 
suppression, TNF-alpha inhibitors can lead to the onset of 
opportunistic infections or activation of latent infections 
[29]. There are two TNF-alpha inhibitors approved for RPL, 
adalimumab and etanercept [3].

33.7.1.3  Adalimumab
Winger et al. reported in a prospective cohort study in indi-
viduals (n = 76) with levels of TH1/TH2 greater than one 
standard deviation above the mean, that the monoclonal 
antibody, adalimumab, would reduce the level of TH1/
TH2 and was associated with higher pregnancy rates [30]. 
There was a statistically significant difference when com-
paring live birth rates between adalimumab with IVIG 
(73%) versus no treatment (0%) (p < 0.0009) [30]. In addi-
tion, they saw a greater number of clinical pregnancies 
(73%) in those with adalimumab with IVIG versus IVIG 
alone (52%, p < 0.05), although the number of live births 
was non-significant [30]. Unfortunately, individuals chose 
their treatment; thus an uneven number were found in each 
group, introducing bias. In addition, the sample size was 
small, and the treatment groups were broken down further 
into four different study groups, dramatically decreasing 
the power of their results [30]. These encouraging out-
comes need to be taken cautiously until RCTs are 
performed.

33.7.1.4  Etanercept
Etanercept, a TNF-alpha immunoglobulin fusion protein that 
inactivates TNF-alpha, decreases TH-1 cytokines and was 
designed for individuals with resistant rheumatoid arthritis 
[31]. It also downregulates NK cell activation, which may 
play a role in infertility when NK cells are in elevated or have 
incorrect functional status [31]. Current literature supports 
its use in individuals who have a considerable risk of rheu-

Table 33.1 (continued)

Intervention Type of study Author Year Outcome
Future research 
recommendations

ASRM 
recommendations

GM-CSF RCT Ziebe 2013 Sub-analysis of individuals with RPL with 
increase in live birth rates with treatment 
(p = 0.02)

No meta-analysis
No Cochrane review
No RCT on RPL

None reported

Etanercept Adaptive 
clinical trial

Jerzak 2012 Decrease in NK cells with etanercept, and 
a higher decrease in NK cells in 
individuals who became pregnant 
(p < 0.05)

No meta-analysis
No Cochrane review

None reported

Adalimumab Prospective 
cohort

Winger 2009 Increase in live birth rates with 
adalimumab with IVIG vs no treatment 
(73% vs 0%, p < 0.0009) in individuals 
with RPL and elevated TH1/TH2

No meta-analysis
No Cochrane review

None reported

IVIG Meta- 
analysis

Clark 2006 Increase in live birth rates with IVIG in 
individuals with auto-antibodies (36% vs 
19.3%, p = 0.012)

Limited RCTs Advises against 
use (2006)

Systemic 
review

Polanski 2014 Increase in live birth rates with IVIG and 
elevated NK cells (RR 3.94; 95% CI 
2.01–7.69), studies heterogenous and 
underpowered

Abbreviations: Randomized control trial (RCT); American Society of Reproductive Medicine (ASRM); Intravenous Immunoglobulin (IVIG); 
Confidence Interval (CI); Odds Ratio (OR); Recurrent pregnancy loss (RPL); Assisted Reproductive Technology (ART); Granulocyte colony 
stimulating factor (G-CSF); Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF); Natural Killer Cells (NK Cells); In Vitro Fertilization 
(IVF)
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matoid arthritis or have rheumatoid arthritis while pregnant, 
as pregnancy may increase the severity of symptoms.

Jerzak et al. performed a prospective study utilizing etan-
ercept in individuals with RPL and elevated NK cells (n = 30) 
[31]. Overall, a 57% pregnancy rate was achieved and had a 
significant decrease in NK cells from baseline. In those who 
failed to become pregnant, there was no notable change in 
NK cell levels [31]. Caution should be taken given the small 
sample size, the primary end point was pregnancy only, and 
the lack of control group [31]. While promising, there has 
been no RCT with etanercept and RPL; thus the use of etan-
ercept should be done in research settings only.

33.7.1.5  Granulocyte-Macrophage Colony- 
Stimulating Factor (GM-CSF)

Colony-stimulating factor (CSF) is a collection of glycopro-
teins that activate intracellular pathways to stimulate cell 
proliferation and differentiation required for implantation 
[32, 33]. Collectively, these factors may effect implantation 
through its impact on the developing endometrium and 
upregulates the ability of the dendritic cells to become acti-
vated, thus increasing the number of active T cells [17, 33].

Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) is a specific CSF that helps differentiate and pro-
liferate multiple cell lines including macrophages, neutro-
phils, and eosinophils [3]. The use of GM-CSF for infertility 
was studied in a large multicenter randomized control trial 
(n = 1332) comparing embryos cultured in media with and 
without GM-CSF with a sub-analysis on individuals that 
have at least one miscarriage [34]. Their secondary analysis 
had an increase in live birthrates in individuals with one or 
more miscarriages (28.9% vs 24.1%, OR of 1.35 (95% CI 
1.03–1.78)) [34]. Further studies regarding RPL with the use 
of GM-CSF are warranted.

33.7.1.6  G-CSF
Granulocyte colony-stimulating factor (G-CSF) is a cytokine 
produced by decidual cells and trophoblastic cells that targets 
the expansion of neutrophils, increases TH2 expression, acti-
vates Tregs cells, and increases dendritic cells [3, 35, 36]. 
This factor is produced at the placental-endometrial interface, 
stimulates the endometrium, and may play a significant role 
in implantation and ovarian function [3, 35]. This role was 
supported by Ledee et al., where low levels of G-CSF in fol-
licular fluid were a significant negative predictor (97%) of 
implantation success in women undergoing ICSI or IVF [32]. 
As G-CSF plays a role in increasing cytokine differentiation 
and abundance in the endometrium, research has assessed its 
impact on endometrial thickness and implantation.

Many systemic reviews have covered G-CSF and infertil-
ity including a 2017 systematic review/meta-analysis of 11 
studies concerning endometrial growth and implantation rate 

[37]. The conclusion was that intrauterine perfusion with 
G-CSF increased implantation rates (RR 2.35, 95% CI 1.20–
4.60), pregnancy rates (RR = 2.52; 95% CI 1.39–4.55), and 
endometrial thickness (mean difference 1.79; 95% CI 0.92–
2.67; p < 0.0001) [37]. However, RPL was not specifically 
evaluated and a significant variance in the dose and duration 
was reported [37]. Another meta-analysis of 6 studies with 
607 individuals, 3 RCTs, had a subgroup analysis of indi-
viduals with RPL and noted an improvement in outcomes 
(RR 1.8; 95% CI 1.25–1.28) [38]. Both meta-analyses con-
cluded that higher quality RCTs, in a more generalizable 
population, were required prior to recommending G-CSF as 
a treatment option.

33.7.2  Small Molecules

33.7.2.1  Prednisone
Prednisone has long been used in patients with inflammatory 
diseases, severe asthma, and autoimmune disease. Its use 
was proposed as immunotherapy in patients with RPL 
thought to have an overactive immune system with elevated 
NK cells [3].

A 2012 Cochrane Review reported on the use of gluco-
corticoids in ART cycles (ICSI or IVF) during peri- 
implantation which included 14 RCTs and 1879 individuals 
who were sub-fertile with any etiology [38]. Only three 
studies reported live birth rates, which did not reveal an 
increase in live birth rates (OR 1.21, 95% CI 0.67–2.19). A 
subgroup analysis showed an improvement in pregnancy 
rate in those undergoing IVF vs ICSI (OR 1.50, 95% CI 
1.05–2.13) [38]. They concluded that in individuals under-
going ART the use of glucocorticoids should be limited to 
research only. A quasi-RCT by Fawzy et al., published after 
the Cochrane review, studied the combination of prednisone 
and heparin in 334 women with at least one IVF failure uti-
lizing ICSI with no history of hormonal or uterine abnor-
malities [39]. The study arm was given 20 mg prednisone/
day starting at time of ovarian stimulation and continued 
until the eighth week of pregnancy. Pregnancy rates were 
significantly higher in the treatment arm (42.8% versus 
30.3%, p = 0.028), as were ongoing pregnancy rates beyond 
12 weeks (38.6% vs 24.6%, p = 0.016) [39]. However, the 
subjects were not blinded, and their primary outcome was 
not clinically significant.

The mechanism of how prednisone improves fertility in 
unexplained RPL remains unclear. As such, ASRM has 
stressed that prednisone is not a benign drug and its use 
increases pregnancy-related complications including diabe-
tes and hypertension [2]. At present, the ASRM Practice 
Committee Opinion currently does did not support the use of 
prednisone in individuals with RPL and APAS [2].
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33.7.2.2  Tacrolimus
Tacrolimus is an immunosuppressant that has been mainly 
used for the prevention of transplant rejection and autoim-
mune diseases. It specifically blocks multiple regions in the 
T- lymphocyte pathway by preventing expansion of cyto-
toxic T cells, blocking IL-2 receptors and mediators of T 
lymphocytes such as IL2 and INF-gamma [40]. The mecha-
nism of action is along the same lines as other immune 
modulators: to correct the imbalance between TH1/TH2, 
with the idea that RPL is caused by an uncontrolled TH1 
response.

To our knowledge, there are only two studies on tacroli-
mus and RPL both by Nakagawa et al. [40, 41]. The first, a 
prospective cohort study (n  =  42) of subjects with unex-
plained RPL, where baseline levels of TH1/TH2 were 
assessed by examining the levels of INF-gamma (TH1 
marker) and IL-4 (TH2 marker) and then given tacrolimus 
(1, 2, or 3 mg) prior to embryo transfer based on TH1/TH2 
levels. Those that received tacrolimus had a 64% pregnancy 
rate and 45.7% implantation rate compared to none in the 
control group. Those with lower TH1/TH2 levels had the 
highest clinical pregnancy rate (83.3%) and live birth rates 
(83.3%) compared to the 2 mg group (50.0 and 37.5%) or 
3 mg (40.0 and 40.0%) [40]. In a second prospective cohort 
study (n = 124) of women with elevated TH1/TH2 levels and 
RPL, the highest ongoing pregnancy/delivery rates were 
those with the lowest TH1/TH2 level, versus those with the 
highest TH1/TH2 level (46.3% vs 21.4%, p  <  0.05) [41]. 
Their work suggests that an elevated TH1/TH2 may predict 
reduced ART success and that Tacrolimus improves preg-
nancy outcomes [41]. We await placebo-controlled RCTs to 
prove its efficacy and safety.

33.7.2.3  Cyclosporine
Like tacrolimus, cyclosporine has been used to reduce the 
risk of rejection after organ transplant inhibiting calcium 
pathways that are essential to the production of T lympho-
cytes and IL-2 [3]. In addition, it increases IL-4, a TH2- 
specific cytokines; reduces the production of TH-1-related 
cytokines, while boosting cytokine expression that assists 
trophoblasts in implantation, growth, and movement; and 
prevents trophoblast apoptosis [3].

Limited studies in those with RPL and antiphospholipid 
antibody (APA) have been performed. Fu assessed subjects 
(n  = 26) with RPL with APA who had failed a combined 
therapy of prednisone, aspirin, heparin, and IVIG [42]. They 
used a previous protocol of prednisone 60  mg, aspirin 
80 mg, heparin 5000 IU twice daily, and IVIG 400 mg/kg 
per day, and then added 50 mg of cyclosporine two to three 
times per day, with the goal of maintaining a stable concen-
tration of cyclosporine between 80 to 150 ng/ml [42]. This 
was continued throughout pregnancy unless APA became 

negative, at which time the cyclosporine was gradually 
decreased and discontinued. Twenty (77%) delivered a live 
birth, three (11.5%) had stillbirths (13, 22, and 26 weeks), 
and three (11.5%) were lost to follow-up. Complications 
noted were gestational hypertension and early delivery. 
Further work is needed to assess cyclosporine’s efficacy and 
safety [42].

33.7.3  Cell Based

33.7.3.1  Paternal and Third-Party Lymphocyte 
Immunization

The theory behind the use of lymphocyte immunization is to 
generate tolerance of the maternal immune system to the 
semi-allogenic fetus. This has been accomplished using part-
ner or paternal lymphocytes, third party, or donor lympho-
cytes. Paternal lymphocyte immunization uses lymphocytes 
with HLA subtypes from the father that are different from 
the maternal HLA subtypes. This is given in a high dose 
(100 × 106 or more lymphocytes) to the mother via intrader-
mal or intravenous methods for the largest impact [3]. Third- 
party lymphocyte immunization differs in that its dose is 
approximately 10x greater, administered intravenously only, 
and theoretically provides a more robust response within the 
maternal immune system as it is a foreign lymphocyte anti-
gen compared to a familiar one from the partner. It is thought 
that the lymphocyte immunization would “shield” the fetal 
HLA antigens from the maternal immune system [3]. 
Multiple studies have been performed; however most have 
small sample sizes and bias, which make interpreting and 
applying data difficult.

A Cochrane systematic review attempted to clarify this 
issue in a review of 20 RCTs on RPL, ≤1 prior live birth, or 
infertility due to other non-immunologic etiology. They 
compared lymphocyte immunization, trophoblast membrane 
infusion, or IVIG [6]. Results demonstrated no increased 
probability of live births (after 20  weeks) with respect to 
paternal cell immunization (OR 1.23 with 95% CI of 0.89–
1.70) or third-party lymphocyte immunization (OR of 1.39 
(95% CI 0.68–2.82) [6]. The conclusion was that none of 
these interventions should be used for RPL of unknown ori-
gin. However, a meta-analysis in 2016 reexamined the 
Cochrane review and determined that the methods of one of 
the included studies was inadequate. When this study was 
eliminated, there was a positive association in the treatment 
arm (OR 1.63, 95% CI 1.13–2.35) [43]. Some side effects of 
infection and fever were reported and should not be 
overlooked.

As with all immunomodulating treatments for RPL, 
randomized control studies with meticulous patient selec-
tion will determine its true efficacy. To date, ASRM has no 
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specific guidelines regarding lymphocyte immunotherapy, 
thus it should only be undertaken in experimental protocols.

33.7.4  Miscellaneous

33.7.4.1  Intralipid
Intralipids are fat emulsions in intravenous form that sup-
press NK cells through an ill-defined mechanism. Studies 
suggest that intralipids may act through a multitude of recep-
tors, suppress macrophages, and stimulate the reticulo- 
endothelial system. This system removes signals from cells 
that identify the cells as abnormal, rendering that cell invisi-
ble to the immune system [3].

An RCT in women with RPL, unexplained infertility, and 
elevated NK cells (n = 296) using either 2 cc of intralipid 
(diluted in 250  cc saline) or saline administered at egg 
retrieval through first trimester showed a significant increase 
in ongoing pregnancies/live birth rates (37.5% vs 22.4%; 
p = 0.05) [44]. An RCT in 2016 compared IVIG to intralipid 
through the 12th week of pregnancy [45]. The live birth rates 
were equivalent in both groups (97.5% vs 98%; p > 0.05) 
[45]. These mixed results suggest further scrutiny is required.

33.8  Future Direction and Conclusions

An ample amount of research has gone into studying immu-
nologic dysfunction of infertility, though conclusive evi-
dence is still lacking. The future of immunologic dysfunction 
in infertility and RPL has gaps in knowledge that need to be 
addressed further.

When considering Treg cells, it would be easy to theorize 
that simply giving women more Treg cells would correct the 
problem. However, one cannot be sure that Treg cells would 
be able to be administered in high enough quantities to create 
a compelling difference, nor that they would not have any anti-
gen switching that may cause a more enhanced immunologic 
response. Other areas along the pathway to create Treg cells 
may also serve as targets for intervention. FOXP3, the tran-
scription factor, is vital to the creation of proper Treg cells. 
FOXP3 is difficult to induce as it is intracellular, but modern 
technology using viral-induced FOXP3 may help bypass this 
complication [18]. IDO induction has also been considered via 
viral or gene therapy, which could then upregulate DCs. In 
addition, Treg cells can be increased by giving G-CSF, which 
acts on increasing tolerogenic DCs. Natural Killer cells are 
also a potential target, yet more knowledge is required to 
determine the optimal number or percent active, their origin, 
and the pathway to create dNK cells. Future research with 
well-designed studies will hopefully uncover the mystery of 
autoimmunity, ART, and allow for targeted therapy(s) [5].
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34.1  The Immune System in Humans

The immune system plays a central role on human survival 
and reproduction. The immune response is fine-tuned to pre-
vent over- and under-response to protect against infection 
and cancer while avoiding autoimmune reaction and accom-
modating pregnancy. The human body has two main immune 
mechanisms: innate immunity and adaptive (acquired) 
immunity. Innate immunity consists of natural immunity 
such as physical barriers (skin and mucous membranes), nor-
mal flora, and nonspecific immune cells (phagocytes and NK 
cells). Adaptive immunity consists of humoral immune 
response (production of antibody) and cell-mediated immune 
response (production of lymphocyte). Adaptive immunity is 
induced by cell surface proteins known as the human leuko-
cyte antigens (HLAs) that are encoded by the major histo-
compatibility complex (MHC) genes. The MHC/HLA 
immune system is responsible for protecting the body against 
invading microorganisms and foreign proteins, recognition 
of “self” from “non-self,” and removal of damaged tissue 
and abnormal cells including cancer [1]. HLA-G promotes 
immune tolerance in pregnancy and plays a critical role in 
establishing and maintaining normal pregnancy [2]. 
Perturbations of HLA-G genotypes are associated with infer-
tility and pregnancy complications such as implantation fail-
ure and recurrent pregnancy loss. It prompts poor placentation 
and late pregnancy complications such as pregnancy-induced 
hypertension, intrauterine growth restriction, and gestational 
diabetes [3–11]. Recent advances in assisted reproductive 

technology (ART) allowed the selection of HLA-matching 
embryos to be used as source of hematopoietic stem cell 
donors to siblings affected with blood disorders such as 
Fanconi syndrome and leukemia [12, 13].

34.2  HLA Genetic Structure

MHC is a super locus of genes found in all vertebrates that 
encode a variety of proteins including cell surface markers 
and antigen-presenting molecules that among several other 
functions, play an essential role in the immune system. 
Conventionally, the term human leukocyte antigen (HLA) 
system is synonymous with human MHC. However, some lit-
erature uses the term HLA to refer specifically to the HLA 
proteins and reserves the term MHC to refer to the region of 
the genome that encodes for the HLA protein. In this chapter, 
the terms MHC and HLA will be used interchangeably. The 
classical human MHC region is located on the short arm of 
chromosome 6 at position 6p21.3 and spans 3.78 megabases 
[14–16]. The HLA region has been mapped and includes 224 
genes, many of which are not known to be involved in immune 
function [16]. Recently, the discovery of an additional 23 
genes relevant to the MHC outside of the boundaries of the 
classical MHC led to the use of the term extended MHC 
region, which spans the classical MHC region and an addi-
tional 3.8 megabases [17]. The mapping and understanding of 
the genes in the classical and extended MHC regions is an 
area of ongoing research. MCH has a well-established role in 
regulating immunity. MCG is important for pregnancy main-
tenance, and it greatly impacts reproduction and social behav-
ior, including mate selection and kin recognition [18–21].

34.3  HLA Organization and Function

One of the most critical functions of the immune system is 
the ability to discriminate self from non-self, which is 
accomplished in part by the MHC antigens. The classical 
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MHC region has been subdivided into three regions: class I, 
class II, and class III.  The extended MHC region also 
includes extended class I and extended class II regions [17]. 
Each region contains numerous gene loci which can be clas-
sified as protein coding, gene candidate, non-protein coding, 
and pseudogenes. Of the 253 gene loci in the extended MHC 
region, only 45 are known to be HLA-like, specifically HLA- 
class I, MIC, and HLA-class II genes [22].

34.3.1  Class I Region

The class I region includes the genes encoding the six classi-
cal and non-classical class I HLA antigens. The three classi-
cal class I antigens (HLA-A, HLA-B, and HLA-C) are highly 
polymorphic and expressed on almost all cells, excluding 
erythrocytes and trophoblasts [22, 23]. The three non- 
classical class I antigens (HLA-E, HLA-F, and HLA-G) are 
distinguished by more limited polymorphisms and restricted 
tissue expression. The classical class I HLA is responsible 
for the T-cell-mediated cytotoxicity in response to intracel-
lular foreign proteins. Class I HLA antigens are dimerized 
membrane-bound proteins that are capable of presenting 
antigens to the outside. The classical class I HLAs (HLA-A, 
HLA-B, and HLA-C) present short peptides from inside the 
cell to CD8 T-cells. In brief, foreign proteins are engulfed by 
host cells and digested into smaller peptides, which are pre-
sented on the surface of cells. The presented peptides are 
about nine amino acids in length and are produced from pro-
teins that are broken down by proteasomes inside the cell. 
Peptides derived from foreign (non-self) proteins that are 
presented on the class I MHC are recognized as foreign anti-
gens by cytotoxic T-cells, and a cascade is initiated that ulti-
mately results in cellular death [22, 23].

34.3.2  Class II Region

The class II region includes the genes encoding the three 
classical class II HLA antigens (HLA-DP, HLA-DQ, and 
HLA-DR). These antigens are highly polymorphic and are 
constitutively expressed on the surface of antigen-presenting 
cells, specifically immune cells (B-cells, dendritic cells, 
macrophages, and monocytes) [22, 23]. Research demon-
strated that dramatic increases in the expression of the clas-
sical class II HLA antigens could occur during immune 
system activation, and these antigens can be expressed on 
cell types that generally have little to no expression of the 
classical class II antigens [24]. The class II region also con-
tains other non-classical class II HLA antigens (HLA-DMA, 
HLA-DMB, HLA-DMO, HLA-LMP2 and HLA-LMP7, 
among others), some of which assist in the class I antigen 
processing and presentation system.

The classical class II HLA antigens consist of two trans-
membrane chains (alpha and beta), each with two domains. 
The distal domains on each chain associate non-covalently 
outside the cell membrane to the peptide-binding groove, 
where antigens are presented to the T-cells. Class II HLA is 
mostly responsible for the B-cell-mediated humoral toxicity 
in response to extracellular foreign proteins [22, 23]. The 
classical class II HLA (HLA- DP, HLA-DQ, and HLA-DR) 
present antigens from outside the cell to CD4 T-cells 
(T-helper cells). In brief, foreign antigen presentation results 
in the multiplication of CD4 T-cells, which in turn stimulate 
B-cells to produce antibodies or cell-mediated immune 
response (cytotoxic T-cells) against a specific foreign anti-
gen [22, 23].

34.3.3  Class III Region

The class III region is found between the class I and II genes 
and includes the genes encoding for diverse immune 
responses such as complement components (C2, C4, and fac-
tor B), cytokines (TNF, LTA, LTB), and heat shock proteins 
[25]. Although this region contains no known HLA class I- 
and class II-like genes, many of the genes expressed in this 
region mediate immune responses. They have critical roles 
in various cellular processes such as transcription regulation, 
housekeeping, biosynthesis, electron transport and hydrolase 
activity, protein-protein interactions for either intracellular 
or intercellular interactions, chaperone function, and signal-
ing [22].

34.4  Methods of HLA Typing

Identification of HLA genotyping is complicated by the 
many sequence and structural variations of the MHC locus in 
different population. Currently, HLA typing is done using 
DNA-based typing techniques [26]. DNA-based typing tech-
niques begin with extracting DNA from the leukocytes of a 
patient’s blood. A variety of molecular-based methods are 
then available to determine which alleles are present, includ-
ing sequence-specific oligonucleotide probe hybridization 
(SSOP) [27], sequence-specific primer amplification (SSP) 
[28], and sequencing-based typing (SBT) [29]. The most 
commonly used methods are SSOP and SBT, while simpler 
methods such as PCR-restriction fragment length polymor-
phism (RFLP) [30] and reference strand-based conformation 
analysis (RSCA) [31] are no longer used [26].

In SSOP, the extracted DNA undergoes PCR amplifica-
tion using a set of primers to selectively amplify the desired 
loci. The amplified section is then probed with various 
SSOPs designed to bind complement sequences on the PCR 
product and that have nonradioactive labels. The binding 
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 patterns of various SSOPs to an amplified PCR product are 
pieced together to the identity of the specific allele. Given 
the complexity and polymorphisms of HLA alleles, a single 
SSOP probe is rarely able to identify a single allele, and a 
multitude of various probes must be utilized. In SBT, the 
extracted DNA also undergoes PCR amplification of desired 
loci as in SSOP. However, after amplification and isolation of 
the PCR product, Sanger sequencing is then used to deter-
mine the nucleotide sequence of the PCR product to identify 
the allele.

Both SSOP and SBT methods are very beneficial for clin-
ical and research purposes. However, SSOP gives low- 
resolution allelic typing results, whereas SBT can give 
high-resolution results that identify specific polymorphisms. 
As SBT can sequence both conserved and polymorphic 
regions of a gene, it thus enables identification of new alleles, 
which may not be possible with methods such as SSOP that 
rely on known sequences for identification.

As molecular DNA-based typing techniques remain 
expensive and time-consuming, a great deal of research has 
gone into next-generation sequencing (NGS) techniques that 
offer a combination of clonal amplification with the ability to 
sequence larger regions of genes, including introns [32]. 
Additionally, the recent availability of dense genotyping 
platforms, such as the Immunochip (Illumina SNP chip) 
[33], has allowed for fine mapping, and genotyping that is a 
cheaper, faster, and an easier alternative than direct MHC 
typing and NGS methods [34]. These technologies, although 
gaining in popularity, are still evolving and carry the promise 
to further elucidate the role of HLA in reproductive health.

34.5  HLA in Normal Pregnancy

Efficient systems of immunotolerance are required for suc-
cessful establishment and continuance of pregnancy as 
mothers and their embryo/fetus are invariably genetically 
dissimilar. Currently, there is no consensus regarding the 
exact mechanisms by which the mother host does not reject 
the “foreign” embryo/fetus, although research has identified 
multiple overlapping and redundant mechanisms of toler-
ance. Of relevance are the studies identifying the importance 
of HLA-G in implantation and pregnancy.

In pregnancy, the uterus and placenta produce several 
types of soluble immunosuppressive molecules and are pop-
ulated by several types of leukocytes with immunosuppress-
ing properties [35]. During implantation, the blastocyst 
invades the mother’s decidua resulting in a physical relation-
ship between the maternal and embryo tissues [35]. At this 
point, cells from the trophectoderm layer of the blastocyst 
begin to specialize into the villous cytotrophoblasts, syncy-
tiotrophoblasts (cellular layer that forms the barrier between 
the embryonic/fetal placenta and maternal blood), and 

extravillous cytotrophoblasts. The latter invade maternal 
decidua and have a significant role in maintaining maternal 
blood flow to the placenta from week 10 through parturition 
[35]. To avoid stimulating rejection of the embryo, these tro-
phoblast cells which are in immediate juxtaposition to mater-
nal blood and immune cells are immune privileged and do 
not express class Ia HLA-A or HLA-B or class II HLA mol-
ecules [35]. On the other hand, trophoblast cells do express 
class Ib HLA molecules, HLA-E, HLA-F, and HLA-G [8, 
35]. The best studied of these three genes is HLA-G which is 
unique to the trophoblast and has been demonstrated to have 
diverse functions. Most importantly, it has immunomodula-
tory properties that may attenuate the maternal immune 
response at the maternal-fetal interface [35].

The HLA-G molecule is characterized by mRNA alterna-
tive splicing that generates seven protein isoforms; four iso-
forms are membrane-bound (HLA-G1, HLA-G2, HLA-G3, 
and HLA-G4), whereas three isoforms are soluble (sHLA-
 G5, sHLA-G6, and sHLA-G7) [36, 37]. According to the 
IMGT/HLA database, nucleotide variations in HLA-G result 
in 50 alleles, 16 proteins, and 2 null alleles [15]. Low levels 
of sHLA-G have been associated with some pregnancy com-
plications, such as recurrent spontaneous miscarriages, pre-
eclampsia, and in  vitro fertilization (IVF) implantation 
failure [38, 39]. Multiple genetic and epigenetic factors may 
modify HLA-G gene expression and protein levels [40]. The 
soluble HLA-G forms are detectable in the plasma of women, 
both non-pregnant and pregnant [37]. Most nucleotide poly-
morphisms of the HLA-G gene do not alter amino acid 
sequence; however, they may have an impact on transcrip-
tion and level of mRNA expression. HLA-G gene expression 
may be modified by specific polymorphisms that are present 
in the regulatory regions of the gene [41]. Furthermore, the 
14-bp insertion/deletion (ins/del) polymorphism in exon 8 
also affects the gene expression [42].

Unlike other HLA antigens, the leading role of HLA-G in 
the embryo/fetal trophoblasts is not the presentation of anti-
gens to leukocytes but instead functions in immunosuppres-
sion and tolerance. It has been evidenced that HLA-G is an 
inhibitory ligand that selectively targets and binds to leuko-
cyte immunoglobulin-like receptors B1 found on uterine 
lymphocytes, macrophages, and dendritic cells and LILRB2 
expressed solely on uterine macrophages and dendritic cells 
[35]. The result of HLA-G binding to LILRB1/LILRB2 
causes interference of the leukocyte activating signals result-
ing in an immune suppressing effect by (1) inhibiting CD8 
T-cell killing; (2) suppressing CD4 T-cell induction and pro-
liferation; (3) negatively impacting natural killer cell killing, 
migration, proliferation, and cytokine production; (4) regu-
lating cytokine production of maternal mononuclear leuko-
cytes and CD8 T-cells; and (5) modifying dendritic cell 
activation and maturation [35]. Furthermore, HLA-G inter-
acts with endothelial cells and induces angiogenesis via 
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inducing chemokines and cytokines from uterine natural 
killer cells (uNK).

Soluble HLA-G is found not only in the plasma of preg-
nant women but also in the amniotic fluid and supernatant 
culture media from in vitro-cultured embryos [37]. Studies 
have demonstrated the sHLA-G influence cytokine produc-
tion by maternal mononuclear leukocytes and can induce 
maternal CD8 T-cell death, resulting in an immunosuppres-
sive effect. Several reports suggest that levels of HLA-G may 
predict reproductive success and that the various polymor-
phisms of HLA-G may affect the level of sHLA-G in the 
plasma [35, 43]. Research has associated low expression of 
sHLA-G in the maternal plasma with HLA-G*01:01:03 and 
HLA-G*01:05  N alleles, intermediate levels with HLA- 
G*01:01:08 and HLA-G*01:04b alleles, and high expres-
sion levels with HLA-G*01:04:01 and HLA-G*-1:01 g [42, 
44]. Reduced sHLA-G protein expression in the maternal 
plasma is thus linked to HLA-G alleles and had been associ-
ated with disruption of the maternal-fetal interface and 
reproductive failure [38]. Studies have shown that the pres-
ence of an HLA-G*0104 or HLA-G*0105 N allele in either 
partner was significantly associated with an increase in the 
risk for recurrent miscarriage [45], and fetal allele HLA- 
G*0106 was associated with increase in the risk for miscar-
riage and preeclampsia [46, 47].

34.6  HLA and Infertility

The predominance of specific HLA alleles in women seeking 
fertility and IVF treatment has not been well studied. Costa 
et al. reported on HLA genotyping in 33 couples undergoing 
assisted reproduction treatment (cases) and 120 naturally 
conceiving couples (controls). They demonstrated that the 
haplotype HLA-G*01:01:01 showed significantly higher fre-
quency in the control group [38]. The promoter region of this 
haplotype has been described as an “infertility protector,” 
and its coding region has been associated with high serum 
levels of sHLA-G.  Intriguingly, the outcome of this study 
showed that those with successful outcomes after ART 
shared the same haplotype (HLA-G*01:01:01) as the control 
women [38].

34.6.1  HLA and In Vitro Fertilization (IVF)

Recent research into the role of HLA in IVF and intracyto-
plasmic sperm injection (ICSI) has focused on the associa-
tion between pregnancy successes and failures with various 
HLA-G alleles, but no consensus currently exists as to what 
alleles are “protective” and which alleles render one “sus-
ceptible” to having to utilize ART. Much of this has to do 
with the variability of expression of similar alleles. One 

study reported that that HLA-G*01:03 was more frequently 
observed in control couples compared to infertile couples 
[48], while another study has shown that a very similar allele, 
HLA-G*01:03:01, was commonly found in couples with 
implantation failure [38].

Of much focus is a 14  bp insertion/deletion polymor-
phism in exon 8 of the 3’UTR present in both the HLA-G 
gene and transcript that has been associated with HLA-gene 
expression and thus levels of s-HLA-G [49]. HLA-G homo-
zygous for 14  bp deletion allele was associated with the 
highest mean birth weight and placental weight compared to 
HLA-G homozygous for 14 bp insertion allele (P = 0.008 
and P = 0.009) [11].

A study by Costa et al. that included 25 ART couples and 
94 control couples found that allele HLA-G*01:01:02a with 
the 14 bp deletion was more frequent in the control group 
and associated with successful pregnancy and adequate lev-
els of sHLA-G (protective), whereas the same allele with the 
14  bp insertion was more frequent in the case group and 
associated the need for ART and insufficient levels of sHLA-
 G (susceptible) [38]. Additionally, stratification of the case 
group demonstrated that those who underwent ART with 
failure had a higher frequency of HLA-G*01:01:02a with the 
14  bp insertion [38]. Multiple studies and a meta-analysis 
have demonstrated an association between the 14 bp inser-
tion and decreased sHLA-G levels and increased risk of IVF 
and recurrent implantation failure, with the risk being greater 
in those women who are homozygous for the 14 bp insertion 
[38, 50, 51]. However, the effects of the 14 bp insertion on 
reproductive processes have shown contradictory results as 
other authors have found that the 14  bp insertion has no 
influence on the clinical outcome of patients undergoing 
ART [52].

A great deal of research has been dedicated to elucidating 
the role of sHLA-G levels in the culture media on pregnancy 
success. Multiple studies have focused on the positive asso-
ciation between levels of sHLA-G and implantation success 
in IVF and ICSI [53]; however, not all studies corroborate 
these findings [54]. In one study examining the concentra-
tion of sHLA-G in the embryo culture media and embryo 
morphology of 326 embryos from 49 couples undergoing 
IVF which was associated with pregnancy outcome, all 
patients who became pregnant had at least one embryo with 
a culture media sHLA-G concentration ≥2  U/mL, and no 
patients who had transfers of all embryos with sHLA-G con-
centration <2 U/mL became pregnant [55]. Findings showed 
a 65% pregnancy rate with “good grade” embryos (7–8 cells, 
grade 1–2) with sHLA-G concentration ≥2 U/mL, demon-
strating that adequate sHLA-G concentrations are essential, 
but not sufficient for successful implantation [55]. In con-
trast, a blinded study examining sHLA-G concentration was 
performed on 1405 embryo supernatants from 355 patients 
from three ART centers and found that only in one center 

S. M. Salih et al.



303

was there a significant association between sHLA-G positive 
embryo supernatants and successful implantation, whereas 
no association was found in the other centers [54]. The study 
also determined that the percentage of sHLA-G positive 
embryo supernatants was significantly higher in those super-
natants from IVF than ICSI and that the percentage and con-
centrations of sHLA-G positive embryo supernatants varied 
between centers contingent on culture media and ART condi-
tions. A multicenter study of 2364 IVF cycles randomly col-
lected from 29 German ART centers suggested that sHLA-G 
testing was an independent factor in improving the preg-
nancy rate from 30 to 40% [56]. A recent meta-analysis of 15 
studies over 6170 patients investigating the diagnostic accu-
racy of sHLA-G concentration in embryo supernatant for 
predicting pregnancy success concluded that the presence of 
sHLA-G in the embryo culture medium favored higher preg-
nancy rate (3.79, 95% CI: 2.69–5.33, P  <  0.00001). The 
authors recommended further clinical studies to confirm the 
beneficial effect [57].

Interestingly, other reproductive organs also secrete HLA- 
G. sHLA-G was identified in seminal plasma of infertile men 
[58]. Men with HLA-G del14bp/del14b allele have a higher 
level and showed a trend toward their female partner becom-
ing pregnant after ART [58]. sHLA-G was also identified in 
follicular fluids of women undergoing IVF (19/50, 38%) 
[59]. Further research is needed to determine the clinical 
application of these measurements.

34.7  HLA and Implantation Failure

The success of IVF is dependent upon implantation of the 
genetically dissimilar embryo into the maternal endome-
trium. HLA-G is expressed in the preimplantation embryos 
which can be secreted by embryonic stem cells [60, 61]. 
Expression of HLA-G in early embryos is important for the 
obtainment of pregnancy [8, 62]. The presence of HLA-G- 
specific transcripts in preimplantation embryos was associ-
ated with increased blastocyst cleavage rate and significantly 
greater number of blastomeres per embryo at 24–48 h after 
fertilization (P < 0.001) [7]. Studies examining the relation-
ship between HLA sharing of partners and adverse preg-
nancy outcomes have shown mixed findings. Studies from 
the early 1990s suggested that that genetic similarity, defined 
as the sharing of more than one HLA loci, may lead to recur-
rent miscarriages, with a case series demonstrating preg-
nancy success in couples with HLA similarity and repeated 
IVF failure after IVIG treatment (ten patients, five pregnant) 
[63]. Live birth rates were improved after IVIG in a subset of 
women with repeated IVF failure and elevated circulating 
natural killer cells (CD56+) (38% and 0%, P < 0.0001, 64]. 
A 2013 systemic review of ten studies showed improved 
implantation rate, clinical pregnancy rate, and live birth rate 

in women with repeated IVF/ICSI failure and unexplained 
infertility; the live birth rate per embryo transferred was nev-
ertheless not impacted [65]. However, a recent study exam-
ined the level of HLA dissimilarity between couples with 
recurrent implantation failure, and those with successful 
implantation found no association between recurrent implan-
tation failure and the degree of histocompatibility between 
partners or sharing of a specific HLA antigen (n = 72) [66]. 
Multiple studies corroborating these findings with another 
study of 25 patients showed that IVIG did not improve the 
live birth rate in couples with repeated unexplained IVF fail-
ure (15% vs.12%, P = 0.52) [67]. A 2015 meta-analyses of 
41 studies evaluating whether HLA sharing of couples was 
associated with the occurrence of recurrent miscarriage con-
cluded that although the results demonstrated an association, 
the studies contained a high degree of bias and results should 
be interpreted cautiously [68]. More research is needed in 
this area to elucidate potential associations between HLA 
sharing, recurrent miscarriages, and the need for ART.

34.8  HLA and Early Pregnancy Loss

Maternal-fetal tolerance and embryo invasion of the uterine 
lining by the extravillous trophoblast are regulated by uNK 
[24, 69]. uNK express maternal killer immunoglobulin-like 
receptors (KIRs) that bind to their ligand, HLA-C and HLA- 
G, expressed on the extravillous trophoblast [70]. There are 
multiple KIR receptor isoforms resulting in two KIR receptor 
haplotypes. KIR A haplotype consists of inhibitory geno-
types, whereas KIR B haplotype consists of activating geno-
types. The effect of KIR receptor and HLA-C on pregnancy 
loss in IVF was reported in two studies [71, 72]. Alecsandru 
et al. studied KIR haplotypes in 1304 IVF cycles in women 
who received two embryo transfers [71]. Pregnancy loss after 
IVF was more common in KIR A haplotype carriers when 
compared to KIR B haplotype carriers (22.8% vs. 11.1%; 
P = 0.03). Similarly, donor egg cycles with two embryo trans-
fers showed a reduction in live birth rate with KIR B haplo-
type (7.5% vs. 26.4%; P = 0.006) [71]. Morin et al. investigated 
the effect of HLA-C on early pregnancy loss in the context of 
IVF and uterine natural killer cells (uNK) [72]. The impact of 
maternal KIR haplotype and embryonic HLA-C genotype on 
pregnancy outcomes in 668 IVF cycles in which a single 
euploid embryo was transferred was investigated. Pregnancy 
loss after IVF was significantly decreased in women with 
KIR A haplotype compared to KIR B haplotype (16% vs. 
27.8%, RR 0.57, 95%; P < 0.01). The different effect of KIR 
haplotype on pregnancy outcome between the two above-
mentioned studies may be related to different study design as 
only euploid embryos were transferred in the later study. 
Morin et  al. also investigated the effect of the blastocyst 
HLA-C zygosity in relation to KIR haplotype [72]. The preg-
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nancy loss rates were further affected by the embryo’s HLA-C 
genotype status. KIR A patients who received an embryo that 
was homozygous for the HLA-C genotype (C1/C1) have the 
least pregnancy loss [72].

34.9  Conclusions

The immunogenetics of the maternal-fetal interface, implan-
tation, pregnancy, and infertility are complex and multifacto-
rial. There is currently no consensus on the roles of different 
HLA-G alleles in these processes. Currently, findings sug-
gest that variant promoter and coding regions of the different 
HLA-G alleles are associated with variant levels of gene 
expression which could be vital to the gestational success of 
a couple. Certain HLA-G alleles are associated with poor 
IVF outcome including implantation failure, early pregnancy 
loss, and poor placentation. Further research is needed into 
HLA variant alleles to elucidate their effects on gene expres-
sion and determine if there is a causal link between variants 
and infertility and reproductive failure.
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35.1  Physiology of Hemostasis

Hemostasis is a normal physiologic function that is integral 
to tissue perfusion as well as the appropriate functioning of 
organs. As such, in the event of inevitable occurrences of 
vessel injury, they must be resolved quickly. The process is 
accomplished by a sophisticated balance of clot formation 
and clot lysis, consisting of an interplay between platelets 
and the coagulation cascade when functioning correctly [1]. 
When vessel injury first occurs, it cues von Willebrand factor 
to bind to subendothelial collagen on one end with platelet 
receptors at the other end. Following this, platelet adhesion 
results in the release of numerous mediating factors, all of 
which contribute to vasoconstriction and platelet activation. 
Platelet activation is just one component of hemostasis. In 
the event of a substantial vascular insult, the coagulation cas-
cade must also be involved to form a sufficient fibrin plug, 
achieving satisfactory hemostasis [1, 2].

Coagulation factors are created by the liver. These ini-
tially exist in an inactive state until recruited, at which time 
they become active through an intricate cascade network. 
To briefly simplify the coagulation cascade: it involves the 
intrinsic pathway (factors XII, XI, IX, VIII) and extrinsic 
pathway (tissue thromboplastin and factor VII), which 
eventually converge to activate the common pathway (fac-
tors X, V, II, and I). This process then allows fibrinogen to 

convert into fibrin, forming a stabilized clot. Fibrinogen is 
essential to normal hemostasis as it is a substrate for con-
version to fibrin. Fibrin is the support for thrombin genera-
tion and platelet aggregation, forming a template for 
subsequent fibrinolysis and wound healing [1]. When acti-
vated, the coagulation cascade is always mitigating hemo-
stasis while also avoiding pathological thrombosis. A 
prothrombotic state can be a necessary physiologic response 
to injury; however, equally relevant is how this system is 
balanced and returns to homeostasis. There are several anti-
thrombotic agents such as protein C and S and antithrombin 
III, among others that rapidly promote clot lysis. 
Furthermore, both the platelet system and coagulation cas-
cade must have the appropriate quantity and quality of fac-
tors involved in the process to run smoothly, avoiding 
pathologic states. These pathologic states and inappropriate 
functioning of elements may ultimately contribute to 
numerous problems, including failed implantation, and 
affect assisted reproductive technology (ART) efforts in 
women desiring pregnancy.

35.2  Assisted Reproductive  
Technologies (ART)

ART is inclusive of numerous procedures and strategies 
that target direct manipulation of oocytes [3]. The most 
common form of ART is in  vitro fertilization (IVF), and 
due to improving technology and updated techniques, the 
success rates are continuously improving. IVF usually 
starts with controlled ovarian hyperstimulation by way of 
exogenous gonadotropins, followed by retrieval of oocytes 
from the ovaries under transvaginal ultrasound guidance, 
fertilization in the lab, and ultimately transcervical transfer 
of embryos into the uterus [3]. The focus of this chapter is 
on women with thrombophilias and thrombotic disorders 
undergoing IVF.
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35.3  Bleeding Disorders

35.3.1  Disorders of Platelets

35.3.1.1  Gestational Thrombocytopenia (GT)
GT can occur commonly during pregnancy and is the most 
common cause of thrombocytopenia during the third trimes-
ter of pregnancy. While the normal platelet count is usually 
between 150,000 and 450,000/μL, women with GT experi-
ence platelet counts drop below the threshold of normal, and 
this usually is not seen until the third trimester. However, it 
generally never decreases lower than 70,000/μL.  This is 
important as a progressively decreasing platelet count can be 
a signal of more serious pathologies and should continue to 
be monitored. Affected women are asymptomatic and have 
no history of thrombocytopenia. After delivery, the platelet 
count is expected to normalize within 3 months. While the 
pathogenesis of GT remains unclear, it is thought in part to 
be autoimmune, and the diagnosis does overlap with mild 
idiopathic thrombocytopenic purpura [4].

35.3.1.2  Idiopathic Thrombocytopenic  
Purpura (ITP)

ITP is a platelet disorder mediated by platelet antibodies that 
accelerate platelet destruction and inhibit their production. 
Specifically, the IgG antibody binds to platelets and renders 
them susceptible to sequestration and premature damage in 
the reticuloendothelial system. It is the most common cause 
of thrombocytopenia during the first two trimesters of preg-
nancy [4, 5]. ITP is a heterogeneous disorder divided into 
two discrete entities: acute ITP and chronic ITP. Acute ITP is 
usually seen in children following a viral illness. The patho-
physiology involves the IgG antibody attaching to the viral 
antigen adsorbed onto the platelet surface, which can result 
in bleeding from mucous membranes. The disease is self- 
limiting in the majority of cases, often only requiring obser-
vation for treatment. However, if severe bleeding results, oral 
corticosteroids or intravenous immunoglobulin is used for 
therapy (typically the treatment modality used for chronic 
ITP). Chronic ITP has an insidious onset and is most com-
monly found in adults. It rarely results from a viral illness, 
and it is not self-limiting as the acute form. Chronic ITP with 
severe thrombocytopenia and symptoms requires corticoste-
roids or intravenous immunoglobulin, but if these entities do 
not help establish hemostasis or improvement in symptoms, 
then splenectomy may be needed as a last resort [4–6].

35.3.1.3  Thrombotic Thrombocytopenic 
Purpura (TTP)

TTP is a thrombotic microangiopathy caused by a reduction 
in von Willebrand factor-cleaving protease, ADAMTS13, 
activity. This leads to five findings through physical exam 
and laboratory findings: thrombocytopenia, microangio-

pathic hemolytic anemia, fever, renal dysfunction, and neu-
rologic signs. The neurologic findings include headache, 
altered consciousness, seizures, and sensory-motor deficits 
in most scenarios [7]. The deficiency of ADAMTS13 activity 
prevents large multimers of circulating von Willebrand fac-
tor (vWF) from normal cleavage into normal-sized smaller 
multimers. This increase in von Willebrand factor causes an 
imbalance in the cascade that then defaults to inappropriate 
platelet aggregation and thrombus formation [4]. The condi-
tion can either be acquired or familial due to inherited muta-
tions in ADAMTS13, resulting in ADAMTS13 deficiency.

Furthermore, rare cases of drug-induced TTP have been 
reported after medication exposure to ticlopidine, mitomycin 
C, cyclosporine, tacrolimus, quinine, and clopidogrel. TTP 
tends to occur in pregnancy with a mean onset at 23.5 weeks 
of gestational age; however, it can occur at any point from 
the first trimester through the postpartum period and usually 
is present after delivery as well [4]. Treatment of TTP 
involves plasmapheresis within 24–48 h of diagnosis. While 
this is the recommended treatment modality, the literature 
has also shown success rates with fresh frozen plasma infu-
sions and corticosteroids [4, 6].

35.3.1.4  Heparin-Induced  
Thrombocytopenia (HIT)

HIT is a response to heparin intake and occurs in two distinct 
types. Type I HIT is not autoimmune in origin and results in 
no clinical consequences. Type I HIT usually occurs within 2 
days of heparin initiation with mild thrombocytopenia, and 
platelet counts return to normal despite continued heparin 
exposure. On the other hand, type II HIT usually occurs in 
individuals who have had more than 4 days of heparin expo-
sure and results due to antibody formation against the 
heparin- platelet factor 4 complex. This formation causes 
thrombocytopenia with an average platelet nadir of 60 K and 
can result in significant thrombosis [6, 8]. Therapy must be 
initiated immediately for type II HIT, and involves cessation 
of heparin and institution of a non-heparin anticoagulant 
(such as argatroban or fondaparinux), while monitoring for 
bleeding and thrombotic risk. Moreover, Coumadin may 
serve as an adequate anticoagulant in this situation, but the 
patient must be anticoagulated with a non-heparin anticoag-
ulant in conjunction while Coumadin is reaching optimal 
dosing [9].

35.3.2  Inherited Disorders of Platelet Function

35.3.2.1  Bernard-Soulier Syndrome
Bernard-Soulier syndrome is a rare autosomal recessive 
bleeding disorder, consisting of a combination of platelet 
dysfunction, thrombocytopenia, and abnormal platelet 
 morphology. The functional platelet defect arises from a 
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mutation in the polypeptides of the glycoprotein (GP) Ib/
IX/V complex, which is critical for the initial adhesion of 
platelets to exposed subendothelium as well as binding of 
platelets to vWF. Bleeding can be severe and can complicate 
pregnancy. Affected patients require platelet transfusion for 
severe bleeding, especially prior to surgery. Antifibrinolytic 
agents and DDAVP are also useful in some cases [1, 10].

35.3.2.2  Glanzmann’s Thrombasthenia
Glanzmann’s thrombasthenia is another autosomal reces-
sive disorder of platelets, causing loss or dysfunction of the 
platelet glycoprotein complex—GP IIb/IIIa. This complex 
serves as a receptor for adhesion proteins such as fibrinogen 
and vWF. Without this receptor, platelets cannot aggregate 
normally to form the initial clot at the site of vessel injury. 
Onset is usually in the neonatal period and subsequent cuta-
neous, gastrointestinal bleeding, and menorrhagia can 
result, requiring platelet transfusions or factor VIIa where 
possible [1, 10].

35.3.3  Acquired Disorders of Platelet Function

35.3.3.1  Medications
Many medications can affect platelet function. NSAIDs are 
one of the commonly used medications that affect platelet 
function. Particularly aspirin, a well-known NSAID, inhibits 
aggregation of platelets because it irreversibly inhibits cyclo-
oxygenase- 1 and cyclooxygenase-2, preventing synthesis of 
thromboxane A 2 and prostaglandins, which are both essen-
tial to platelet aggregation [1]. It is for this reason that aspirin 
is often held for 5–7  days prior to surgical procedures to 
avoid the risk of bleeding and hemorrhage. Other medica-
tions that can have detrimental effects on platelets include 
propranolol, lidocaine, penicillin, ampicillin, and amitripty-
line as these medications interfere with the platelet mem-
brane. Furthermore, medications such as caffeine, vinblastine, 
vincristine, and colchicine can also have detrimental effects 
on platelets as they can inhibit platelet phosphodiesterase, 
which aids in platelet aggregation [11].

35.3.3.2  Chronic Kidney Disease (CKD)
CKD results in many detrimental effects in the human body 
which can affect platelet function. Particularly, CKD causes 
elevations of uremia in the blood in addition to anemia. 
There is evidence that uremia causes increased production of 
nitrous oxide (NO) by endothelial cells. The increased NO 
levels result in increased cyclic GMP levels in the blood, 
which leads to reductions in thromboxane A2 and ADP lev-
els, impairing platelet aggregation. CKD causes anemia due 
to decreased production of renal erythropoietin. Normally, 
red blood cells occupy the center of blood vessels, while 
platelets are closer to the endothelial surface. This proximity 

to the surface allows platelets to adhere to the endothelium 
and form a platelet plug when there is endothelial injury. 
However, with anemia, the platelets are more dispersed 
rather than at the surface of the endothelial layer, impairing 
adherence to the endothelium and thus impairing platelet 
aggregation and formation of the platelet plug. Anemia also 
contributes to platelet dysfunction by its effects on ADP and 
thromboxane release as well as circulating NO and cyclic 
GMP concentrations [1, 12].

35.3.4  Hemophilias

35.3.4.1  Hemophilia A and B
Hemophilia is an inherited disorder of coagulation. There are 
two types of x-linked recessive hemophilia: hemophilia A 
(deficiency of factor VIII) and hemophilia B (deficiency of 
factor IX, also known as Christmas disease). Both factor VIII 
(FVIII) and factor IX (FIX) are important elements of the 
coagulation cascade, thus deficiencies in these elements lead 
to blood loss. The severity of blood loss depends on the spe-
cific factor levels in the serum with clinical severity of bleed-
ing ranging from mild to severe. Severely affected patients 
can bleed into deep-seated muscles such that the enlarging 
hematoma can compress adjacent nerves and vasculature [1]. 
Hemophilia is associated with a prolonged activated partial 
thromboplastin time (aPTT). Statistically, 50% of male off-
spring from a female carrier inherit the disorder, whereas 
100% of male offspring from an affected mother inherit the 
disease [4].

Hemophilia A is confirmed by a FVIII assay. Most 
patients require replacement therapy with FVIII concen-
trate, depending on the size/severity of the bleed. In patients 
with mild disease, 1-amino-8-D-arginine vasopressin 
(DDAVP), given intravenously or by nasal spray, mobilizes 
FVIII from stores and may avoid the need for concentrate. 
On the contrary, individuals with hemophilia B require 
infused FIX.  Finally, the other main difference between 
the two hemophilias is the increased likelihood (~25% of 
severely affected individuals) of the development of anti-
bodies to FVIII (known as “inhibitors”), leading to hemo-
philia A [1, 6, 10].

35.3.4.2  Von Willebrand Disease (vWD)
vWD is the most common bleeding disorder caused by muta-
tions in the gene for vWF. vWF is an adhesive glycoprotein 
secreted by endothelium and megakaryocytes with two major 
functions: promotion of platelet adhesion to damaged endothe-
lium and platelets and the transport and stabilization of 
FVIII. Thus, vWD is associated with excessive bleeding due to 
abnormal platelet function and low FVIII activity. vWD is clas-
sified as either type 1 (partial  quantitative deficiency of vWF 
with autosomal dominant inheritance), type 2 (functional 
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defect of the vWF protein separated into four different sub-
types; autosomal dominant or recessive inheritance), and type 
3 (complete deficiency of vWF with autosomal recessive inher-
itance). The clinical presentation of vWD is spontaneous bleed-
ing, especially with epistaxis, menorrhagia, gum bleeding, or 
excessive bleeding following trauma or surgery [1]. vWD usu-
ally has a normal prothrombin time (PT), and the activated par-
tial thromboplastin time (aPTT) may be normal or prolonged, 
depending on the degree of reduction of the FVIII level. Initial 
screening for vWD consists of three tests: vWF antigen, vWF 
activity (ristocetin cofactor activity), and FVIII activity. Further 
specialized assays are needed to determine the type of vWD 
present as the type of disease dictates the expected treatment/
management. Mild bleeding often requires no intervention, but 
excessive bleeding often requires administration of DDAVP for 
vWD type 1. DDAVP is less effective for type 2 vWD (and is 
contraindicated in some subtypes) and has no effect on type 3 
vWD. Under these circumstances, appropriate treatment con-
sists of FVIII concentrates with vWF [1, 11, 13].

35.3.4.3  Vitamin K Deficiency
Vitamin K is essential to the clotting cascade as it is the 
cofactor for γ-glutamyl carboxylation, which is necessary 
for the activation and functioning of coagulation factors II, 
VII, IX, and X, as well as proteins C and S. Vitamin K is 
derived from dietary vegetables and intestinal flora. Vitamin 
K deficiency occurs in severely malnourished patients, in 
those with malabsorptive disorders such as celiac disease 
and tropical sprue, and in newborn babies the first weeks/
months of life (babies usually receive a prophylactic 1 mg 
intramuscular injection of vitamin K injection at birth). Thus, 
deficiencies in vitamin K will lead to disruption of the coag-
ulation cascade and result in excessive bleeding [1].

35.3.4.4  Plasminogen Activator Inhibitor-1 
(PAI-1) Deficiency

Plasminogen activator inhibitor-1 (PAI-1) is an essential pro-
tein critical to the down-regulation of the fibrinolytic path-
way, resulting in decreased clot breakdown and formation of 
fibrin degradation products. This deficiency is rare and is 
inherited as an autosomal recessive disorder that results in 
excessive clot lysis leading to mild to moderate delayed 
bleeding. Bleeding, which can be more significant, is 
expected to be more pronounced after trauma/surgical proce-
dures, paeticvularly involving the oral and urogenital areas. 
Furthermore, the disorder can also result in increased blood 
loss during menstruation and pregnancy [6, 10, 14].

35.3.4.5  Rare Bleeding Disorders
The rare bleeding disorders, which comprise about 3–5% of 
all the inherited bleeding disorders, include the inherited 
deficiencies of coagulation factors fibrinogen, factor II (FII), 
factor V (FV), factor VIII (FVIII), factor VII (FVII), factor X 

(FX), factor XI (FXI), and factor XIII (FXIII). Their clinical 
manifestations have a wide range of severity, and they are 
usually transmitted in an autosomal recessive manner. While 
these bleeding disorders are rare, their prevalence is much 
higher in countries where consanguineous marriages are 
relatively common. Due to the rarity of these disorders, lim-
ited data are available on the clinical manifestations, diagno-
sis, and management of affected individuals in general and 
especially during pregnancy. As such, these individuals 
should be closely monitored with a multidisciplinary team, 
including specialized centers and hematologists that can pro-
vide more insight into the disease progression and sequelae 
[13, 15].

Inherited disorders of fibrinogen are divided into quanti-
tative deficiencies (afibrinogenemia and hypofibrinogen-
emia) and qualitative abnormalities (dysfibrinogenemia). 
Treatment and sequelae of fibrinogen disorders depend on 
the type of disorder present. Afibrinogenemia results in 
blood failing to clot in all coagulation screening tests. While 
many individuals with inherited disorders of fibrinogen are 
asymptomatic, the bleeding tendency for afibrinogenemia 
can be severe with spontaneous hemorrhage and excessive 
blood loss after surgery. Fibrinogen concentrate is the treat-
ment of choice when fibrinogen replacement is necessary [1, 
13].

FII (prothrombin) deficiency is the rarest inherited bleed-
ing disorder with a prevalence of 1:2,000,000 in the general 
population [13, 14]. Complete deficiency of prothrombin has 
not been described, suggesting that complete FII deficiency 
is incompatible with life [14].

FV deficiency is a very rare disorder that often presents 
with epistaxis and oral cavity bleeding. Severe bleeding is 
treated with virally inactivated fresh frozen plasma (FFP) as 
there is no FV concentrate available for repletion. It is also 
possible to have a combined FV and FVIII deficiency so 
patients with reduced FV values should also have additional 
testing to exclude FVIII deficiency [13, 14].

FVII is a vitamin K-dependent glycoprotein, and, through 
its interaction with tissue factor, it is fundamental to the ini-
tiation of coagulation [14]. FVII deficiency is the most com-
mon of all the rare inherited coagulation disorders. There is 
a poor correlation between absolute FVII levels and the risk 
of bleeding [13, 14]. FVII deficiency has a variable bleeding 
tendency. A central nervous system hematoma is one of the 
greatest risks in severe cases and often presents shortly after 
childbirth. The diagnosis of FVII deficiency is confirmed by 
FVII assay. Additionally, one must eliminate vitamin K defi-
ciency or other acquired causes of a clotting disorder before 
the diagnosis of FVII deficiency is made [14]. Recombinant 
FVII (rFVII) concentrate is available for treatment [1] and is 
the recommended treatment modality.

Factor X operates its utility as the first enzyme in the com-
mon pathway of thrombus formation [14]. Severe (homozy-
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gous) FX deficiency has an incidence of 1:1,000,000 in the 
general population, while the prevalence of heterozygous FX 
deficiency is about 1:500. While most heterozygotes are typi-
cally clinically asymptomatic, some heterozygotes do have a 
significant bleeding tendency [13, 14]. As mentioned for FVII 
deficiency, it is important to exclude a vitamin K deficiency 
or other acquired causes of a clotting disorder before the diag-
nosis of FX deficiency is made.

FXI deficiency is more common in Ashkenazi Jews. There 
is a variable relationship between the factor level and bleed-
ing tendency [1]. Bleeding is most commonly provoked by 
injury or surgery, and women with FXI deficiency have an 
increased risk of menorrhagia and bleeding in relation to 
childbirth [14]. Treatment options for severe bleeding include 
FXI concentrate and recombinant factor VIIa [1]. While all 
coagulation factors are essential to the coagulation cascade, 
reports in the literature suggest that FXI is less essential to 
hemostasis than FVIII and FIX, and, perhaps, other factors 
may influence the bleeding tendency in FXI deficiency [14].

FXIII deficiency is also very rare, but, should it occur, it 
can result in severe hemorrhage and poor wound healing. 
Most affected individuals present early in life with profuse 
bleeding from the umbilical cord. The most common cause 
of death is intracranial hemorrhage, which has been reported 
in 25% of affected patients [16]. There are three subtypes of 
FXIII deficiency (they vary based on the presence or absence 
of the subunits A and S), and they all differ in bleeding ten-
dency. FXIII concentrate is available for treatment and is the 
best replacement therapy. However, if unavailable, FFP and 
cryoprecipitate can also be used to raise FXIII levels although 
higher doses are required [14].

35.3.5  Other Causes of Bleeding Disorders

Other causes of bleeding disorders include advanced liver 
disease, acquired hemophilia (antibodies known as “inhibi-
tors” that block the action of coagulation factors, particularly 
FVIII), and drug therapy. As mentioned previously, the liver 
is essential to normal hemostasis as it produces all the factors 
of the intrinsic and extrinsic coagulation pathway in addition 
to clearing the body of fibrin degradation products and acti-
vated clotting factors. Thus, advanced liver disease can result 
in numerous hemostatic abnormalities including reduced 
synthesis of clotting factors, increased consumption of clot-
ting factors (leading to disseminated intravascular coagulop-
athy), qualitative and quantitative platelet abnormalities, 
qualitative fibrinogen abnormalities, and accelerated clot 
lysis leading to excessive blood loss [1]. Acquired hemophil-
ias with antibodies against clotting factors can be associated 
with other autoimmune disorders such as rheumatoid arthri-
tis (RA), skin disorders, malignancy, drug therapy (espe-
cially penicillin), and pregnancy. This too leads to disruption 
of hemostasis due to excess blood loss [1].

All medications have side effects, and it is essential to 
individualize the risks and benefits of medications to each 
patient when determining if that individual should proceed 
with the chosen therapy. Many different medications can 
result in the disruption of hemostasis and cause excess blood 
loss, including NSAIDs (aspirin, ketorolac, etc.), anticoagu-
lants (warfarin, heparin, etc.), antiplatelet agents (clopido-
grel, ticlopidine, etc.), and certain antidepressants 
(paroxetine, fluoxetine, and sertraline) just to name a few. 
Certain herbal medications and remedies can also result in 
bleeding, including ginkgo biloba, large amounts of garlic, 
ginger, ginseng, saw palmetto, and willow bark [1, 10].

35.4  Thrombophilias

Thrombophilia is a predisposition to thrombosis due to 
enhanced coagulation. Thrombophilia can be either inherited 
(familial) or acquired. Certain risk factors increase the poten-
tial for the presence of thrombophilia. Merely having a his-
tory of DVT or PE in a first- or second-degree relative does 
not warrant a workup for thrombophilia, because this would 
result in approximately 25% of all patients having a positive 
family history. Even patients with a strong family history 
have only a small minority with confirmed inherited throm-
bophilia [1]. Only individuals with certain risk factors, such 
as DVT in patients less than 40 years old, arterial thrombosis 
in patients less than 30 years old, recurrent fetal loss, etc. 
would require a thrombophilia workup. Initial screening for 
thrombophilia consists of a blood count and a coagulation 
screen, while further laboratory testing is dictated by the 
possible causes of familial or acquired thrombophilia [1].

35.4.1  Inherited Thrombophilias

Familial thrombophilia may be caused by any genetically 
determined defect of either the coagulation or fibrinolytic 
systems, which results in accelerated thrombin formation or 
impaired fibrin dissolution.

35.4.2  Factor V Leiden (FVL)

The most common form of familial thrombophilia is 
FVL. FVL results in the inherited resistance to the antico-
agulant action of activated protein C (APC). This resistance 
does now allow APC to inactivate the activated cofactors Va 
and VIIIa by limited proteolysis, resulting in thrombosis. In 
most cases, resistance to APC is caused by a single point 
mutation in the factor V gene (factor V Leiden), which results 
in the mutated form of FVa that is less sensitive than normal 
FVa to APC-mediated inactivation. FVL has an autosomal 
dominant mode of inheritance, and the increased risk of 
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venous thrombosis is 4–8-fold in heterozygotes and 50–100- 
fold in homozygotes. Moreover, the risk of venous thrombo-
sis is highest in patients homozygous for the mutation or in 
heterozygotes with other risk factors [1].

35.4.3  Prothrombin G20210A

The second most common familial thrombophilia is 
Prothrombin G20210A. Prothrombin (factor II) is the precur-
sor of thrombin, which is the end-product of the coagulation 
cascade that converts fibrinogen to fibrin to form a stabilized 
fibrin clot. The G20210A mutation results from a substitution 
of adenine (A) for guanine (G) at position 20210 in a non-cod-
ing region of the prothrombin gene, resulting in the increased 
function of prothrombin due to elevated concentrations of pro-
thrombin in plasma. Prothrombin G20210A has an autosomal 
dominant mode of inheritance, and the risk of thrombosis in 
heterozygotes is increased approximately 3–4-fold. Just as 
homozygotes with FVL, homozygotes with Prothrombin 
G20210A have a larger increased risk for clot compared to het-
erozygotes. Some individuals have the combined inheritance of 
both FVL and Prothrombin G20210A, which increases their 
risk for clot even greater than either mutation alone [1].

35.4.4  Protein C and S Deficiencies

Hereditary deficiency of protein C is an autosomal dominant 
disorder. Acquired deficiency of protein C can occur in liver 
disease, DIC, and warfarin treatment. Protein C inactivates 
procoagulant FVa and FVIIIa, reducing thrombin generation. 
Familial protein C deficiency results in an increased inci-
dence of venous thromboembolism, ranging from superficial 
thrombophlebitis to DVT and PE. These events may be either 
spontaneous or triggered by other factors such as surgery or 
pregnancy [1]. Protein S is the non-enzymatic cofactor of 
protein C, and its deficiency will result in inappropriate func-
tioning of protein C. As a result, thrombin generation will 
not be reduced and the incidence of thrombosis will increase. 
Hereditary deficiency of protein S has a similar clinical pre-
sentation to protein C deficiency. Both proteins C and S 
undergo vitamin K-dependent gamma-carboxylation and 
require this for appropriate functioning and clot control [1].

35.4.5  Antithrombin Deficiency

Antithrombin (AT) functions to inhibit thrombin and clotting 
factors IXa, Xa, XIa, and XIIa. AT deficiency can be inherited 
in an autosomal dominant manner with variable penetrance, 
leading to different types of the disorder. Creasy et  al. [7] 
classify the disorders in the following manner: type 1 (reduc-
tions in antigen and activity), type 2 (normal levels of antigen 

but decreased activity), and type 3 (a rare homozygous form 
with little or no activity). The risk of thrombosis varies 
between disease subtypes, being greater for an abnormality 
affecting the reactive (thrombin binding) site as compared to 
the heparin-binding site. Literature supports that the risk of 
venous thrombosis is larger in heterozygotes for AT defi-
ciency than for those with APCR, protein C, or protein S defi-
ciency. Thus, although AT deficiency is the least common of 
the thrombophilias, it is the most thrombogenic [1, 7].

35.4.6  MTHFR Mutation

MTHFR mutation is due to the production of a thermolabile 
variant of methylenetetrahydrofolate reductase (MTHFR) 
with reduced enzymatic activity due to a C → T transition at 
position 677  in the methylenetetrahydrofolate reductase 
(MTHFR) gene. This mutation results in elevated plasma 
homocysteine levels. Elevated plasma homocysteine is a risk 
factor for venous thromboembolism [17] because it induces 
vascular injury via various mechanisms such as increased 
smooth muscle cell proliferation, enhanced collagen produc-
tion, activation of FVIIa and FV, and inhibition of protein C 
and heparin sulfate to name a few. Although hyperhomocys-
teinemia was previously reported to be a modest risk factor 
of venous thromboembolism [18, 19], recent data indicate 
that elevated homocysteine levels are a weak risk factor of 
venous thromboembolism [20, 21].

35.4.7  Plasminogen Activator Inhibitor-1 
(PAI-1) Mutation

As mentioned previously, PAI-1 is a protein that functions to 
inhibit tissue plasminogen activator (tPA) and urokinase (uPA), 
which are the two main activators of plasminogen and fibrino-
lysis. PAI-1 serves as a balancing mechanism to break down 
formed clots appropriately, avoiding the risk of VTE. However, 
the polymorphism that results in a single guanine deletion/
insertion polymorphism (4G/5G) in the promoter region of the 
PAI-1 gene results in disruption of the checks and balances of 
the coagulation cascade. This results in elevated concentrations 
of PAI-I in plasma, leading to increased clot formation and 
buildup without appropriate fibrinolysis [6, 22].

35.4.8  Acquired Thrombophilias

35.4.8.1  Antiphospholipid Syndrome
Antiphospholipid syndrome (APS) is the most common 
form of acquired thrombophilia [4]. It is an autoimmune dis-
order that is diagnosed both with clinical findings and labo-
ratory values, needing at least one of both. The initial workup 
includes identifying any of the antiphospholipid antibodies: 
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lupus anticoagulant, anticardiolipin antibody, and anti-β2- 
glycoprotein. APS can be primary, where the patient has no 
obvious autoimmune disease, or secondary if there is already 
a diagnosis of systemic lupus erythematosus (SLE) or other 
rheumatologic diseases. APS results in venous and arterial 
thrombosis. While the pathogenesis of APS is not clearly 
understood, studies suggest that the antiphospholipid anti-
body affects various pathways of coagulation, including pro-
tein C, platelets (they interact with phospholipids on the 
surface of platelets which increases platelet adhesiveness 
and production of von Willebrand multimers), tissue factor, 
and impaired fibrinolysis, among others. Moreover, antiphos-
pholipid antibodies inhibit the activity of anticoagulants 
such as thrombomodulin, protein S, β2-glycoprotein I, and 
prostacyclin [4].

35.4.8.2  Activated Protein C Resistance (APCR)
As mentioned previously, most cases of APCR are due to 
inherited FVL mutation. However, there is also a small per-
centage of cases (<5%) that result in acquired activated 
protein C resistance not related to FVL. This results from 
disruptions in the coagulation cascade, creating an imbal-
ance in factors such as protein S deficiency [23], increased 
antithrombin levels [24], and increased levels of factor 
VIIIc [25, 26]. Moreover, other ways to acquire APCR are 
exogenous estrogen use seen in some studies with third-
generation oral contraceptives and hormone replacement 
therapy.

35.4.8.3  Hyperhomocysteinemia
In addition to the inherited MTHFR mutation mentioned 
above, elevated homocysteine levels can be acquired because 
of specific vitamin deficiencies. These vitamin deficiencies 
include deficiencies of folate, vitamin B6, and/or vitamin 
B12. As mentioned above, recent studies support that ele-
vated homocysteine levels are a weak risk factor for venous 
thromboembolism [19, 21], and this is likely due to a diet 
rich in folate due to supplementation in a folate-replete diet 
of developed nations, including folate supplementation of 
flour in the United States [7].

35.5  Hemostatic Changes in Pregnancy

Many hemostatic changes occur during pregnancy in prepa-
ration for the hemostatic challenge of labor and delivery. In 
large part, these changes favor a hypercoagulable state to 
avoid the potential for hemorrhage. Table 35.1. from ACOG 
practice bulletin #123 [21] summarizes the specific changes 
in coagulation factors during pregnancy.

Similar hemostatic responses to pregnancy are seen in 
women with inherited bleeding disorders, which may lead to 
normalization of the hemostatic defect in these women. 
However, this response is variable depending on the type of 

bleeding disorder present [1]. Moreover, women with factor 
deficiencies may not achieve the same factor levels during 
pregnancy compared to women without factor deficiencies. 
For instance, factor VIII levels increase progressively in 
 carriers of hemophilia A during pregnancy, peaking in the 
third trimester. Thus, most carriers of hemophilia A have nor-
mal FVIII levels at term. On the other hand, FIX levels do not 
increase significantly during pregnancy; thus, most carriers of 
hemophilia B with a low baseline level of FXI will continue 
to have the hemostatic defect at term. This increases the risk 
for hemorrhage in these affected women. Furthermore, 
depending on the type of vWD present, levels of FVIII and 
vWF antigen may change, and thrombocytopenia may 
develop due to increased production of abnormal intermedi-
ate vWF multimers. This may lead to spontaneous platelet 
aggregation [13]. Thus, it is essential to be aware of the pres-
ence of bleeding disorders in women prior to the start of con-
ception, especially for those attempting ART. Patients should 
be monitored closely to assess the need for specialized treat-
ment/prophylaxis with either factor repletion or anticoagula-
tion as existing bleeding disorders and thrombophilias may or 

Table 35.1 Changes in the normal functioning of the coagulation sys-
tem during pregnancy

Coagulant factors
Change in pregnancy
Procoagulants
Fibrinogen
Increased
Factor VII
Increased
Factor VIII
Increased
Factor X
Increased
Von Willebrand factor
Increased
Plasminogen activator inhibitor-1
Increased
Plasminogen activator inhibitor-2
Increased
Factor II
No change
Factor V
No change
Factor IX
No change
Anticoagulants
Free protein S
Decreased
Protein C
No change
Antithrombin III
No change

Data from Bremme KA.  Haemostatic changes in pregnancy. Best 
Practice & Research Clinical Haematology. 2003;16:153–68 and 
Medcalf RL, Stasinopoulos SJ. The undecided serpin: the ins and outs 
of plasminogen activator inhibitor type 2. FEBS J 2005;272:4858–67.

35 Bleeding Disorders and ART



314

may not be aggravated during pregnancy outside of the nor-
mal baseline changes of all factors [1].

35.6  Implantation

Implantation consists of three stages: apposition, adhesion, 
and invasion. It occurs 5–7  days after fertilization. The 
implantation of the blastocyst into the endometrium is a 
complex process of signaling pathways, including specific 
receptors expressed both on the embryo and the maternal 
cell’s surface [27].

After the shedding of the zona pellucida, the embryo is 
oriented toward the endometrium, but there is no contact 
between the endometrium and the embryo. This first step of 
implantation is called apposition. Following apposition, the 
adhesion process takes place, which is a time-limited step 
controlled by cell surface receptor communication between 
the receptors on the endometrium and the extracellular 
matrix molecule (ECM) ligands on the embryo. It is during 
adhesion that the embryo attaches to the endometrial cells 
[27]. Finally, the last, and most complex step in the implanta-
tion process, is invasion of the trophoblast into the endome-
trium. This process involves the up-regulation and 
down-regulation of many factors, both on the maternal and 
embryo side. For instance, the initial invasion of the tropho-
blast requires the up-regulation of proteases to degrade the 
ECM. Following this, the extravillous cytotrophoblast (ECT) 
gains endometrial vessels and breaches their wall, allowing 
first contact of embryo cells with maternal blood [27]. 
Hemostasis during vessel invasion is controlled by the up- 
regulation of tissue factor (TF) and activation of the extrinsic 
coagulation cascade as well as an increase in plasminogen 
activator inhibitor (PAI-1). PAI-1 itself regulates cell adhe-
sion and migration.

Most importantly, during implantation, there must exist a 
specific balance of coagulation, fibrin deposition, and fibrino-
lysis for normal trophoblast invasion to occur. As fibrin accu-
mulates, it forces the conversion of plasminogen to plasmin 
and thus stimulates the process of fibrinolysis. Fibrinolysis is 
essential for modulation of the ECM which itself is mediated 
by the plasminogen activation system to aid in cell migration 
through proteolysis to achieve implantation [27].

35.7  Bleeding Disorders 
and Thrombophilias: Effects 
on Reproduction and ART

In the literature, many factors have been recognized to affect 
either the success or failure rate of IVF embryo transfer. 
Maternal factors affecting this process include age, parity, 
hormonal levels before stimulation, antral follicle counts, 

endometrial thickness, and quality of the transformed endo-
metrium. Embryo factors limiting implantation success 
include embryo grading evaluation and place of embryo 
transfer in the uterus. Additionally, factors other than the 
endometrium contribute to the remodeling of the endome-
trium to appropriately accept the embryo after embryo trans-
fer, including extracellular matrix molecules (ECM 
molecules), the endothelium, and blood circulation factors 
[27]. Moreover, factors involved in the coagulation and fibri-
nolysis cascade have also contributed to the transformation 
process of the endometrium, affecting the implantation pro-
cess. As such, studies involving inherited and acquired coag-
ulation disorders in pregnant women, although not many, 
have been performed to study the effects of these disorders 
on successful pregnancy outcomes, particularly in the popu-
lation of women undergoing ART [28].

Multiple studies have shown that inherited thrombo-
philias increase the risk of recurrent first- and second-tri-
mester pregnancy losses because of placental bed 
thrombosis [27]. Furthermore, other studies suggest a 
higher prevalence of inherited thrombophilias in recurrent 
implantation failure compared with healthy parous women, 
suggesting that similar mechanisms hampering implanta-
tion of embryos and early placentation can occur in women 
with bleeding disorders undergoing ART [29–32]. On the 
other hand, other studies in the literature challenge the 
above-mentioned relationship between poor pregnancy 
outcomes and thrombophilias, suggesting there is in fact 
no relationship between the two [27, 29]. For instance, 
since the development of the intervillous space occurs 
after 10 weeks of gestation, it is difficult to conclude that 
implantation failure is solely a result of microthrombosis 
in decidual vessels [27] attributed to thrombophilias. 
Additionally, a selective advantage of FVL carriers was 
first described by Gopel et al. [33] who found a 90% suc-
cessful implantation rate after first IVF attempt in FVL 
carriers when compared to only 49% of successful implan-
tation rate in non-carriers [27, 33]. This study not only 
suggests a positive effect of thrombin deposition during 
trophoblast invasion but also supports Tan et  al.’s study 
[29] that improved implantation rates is an important 
genetic advantage for women with the FVL mutation, 
especially in women attempting ART [29].

Ivanov et al. [27, 34] studied the effects of thrombophil-
ias not only on the success of implantation but also on how 
thrombophilias influence maternal-embryo receptor interac-
tion and embryo development. In cases of increased throm-
bin production, such as in women with inherited 
thrombophilias, decidual cells produce antiangiogenic solu-
ble factors, which inhibit enzymes necessary for ECT inva-
sion. Consequently, this leads to insufficient invasion of 
ECT into the decidua, resulting in incomplete vascular 
transformation and underperfused embryonic cells [27]. 

V. Levin et al.



315

Underperfused embryonic cells may result in early preg-
nancy loss, especially in those attempting IVF.  In 
Prothrombin G20210A, there is an increased plasma con-
centration of prothrombin as well as an increased risk of 
thrombosis. In FVL, the circulating half-life of FV increases 
dramatically and thus increases the risk of blood clots. Early 
recurrent pregnancy losses (<10 weeks of gestational age) 
were found to be more prevalent in Prothrombin G20210A 
than FVL. Perhaps this is due to the slightly increased levels 
of APC at early pregnancy, and maybe this could correlate 
to an increased IVF failure rate in those with Prothrombin 
G20210A. Despite these suggestions, the literature provides 
debatable evidence for increased risk of late and early recur-
rent pregnancy loss for FVL and Prothrombin G20210A as 
some studies show no relation between these inherited 
thrombophilias and implantation failure in IVF attempts 
[27]. Moreover, while Tan et al. found that poor IVF out-
comes are not associated with FVL, prothrombin gene 
mutation, MTHFR mutations, or APCR mutations, larger 
sample-sized controlled studies are needed to definitively 
establish this relationship [29, 32].

Some studies have suggested a link between inherited dis-
orders of platelets and recurrent pregnancy loss development 
or possible implantation failure. This hypothesis is based on 
the theory that impaired platelet function results in distur-
bance of the uteroplacental vascular system. Specifically, 
increased platelet aggregation may potentially result in a 
prothrombotic state and increase thrombus formation in the 
intervillous spaces, resulting in poor fetal outcome [27]. 
Moreover, platelet dysfunction and polymorphisms may also 
affect the adhesion process in addition to the endometrium- 
embryo interaction during implantation. Despite these sug-
gestions, further studies and evidence need to be collected to 
investigate pregnancy outcomes in women undergoing IVF 
with inherited disorders of platelets.

Individuals with deficiencies of folic acid or MTHFR 
mutations result in DNA hypomethylation as well as abnor-
mal biochemical and phenotypic changes in cell develop-
ment and interaction that may contribute to unsuccessful 
pregnancies. Furthermore, low MTHFR activity affects 
methionine metabolism, leading to increased levels of homo-
cysteine in blood plasma. Extreme elevations of serum 
homocysteine levels have been associated with increased 
thrombosis due to endothelial injury and coagulation cas-
cade activation. Furthermore, while suggestion exists for the 
potential impact of MTHFR mutation on early pregnancy 
loss and implantation failure, this conclusion is still disputed 
in the literature, and its role in infertility has not been exten-
sively investigated [27]. Moreover, increased supplementa-
tion of folic acid during pregnancy can mask the role of 
MTHFR mutations on IVF failure rates. As such, increased 
folic acid supplementation should be recommended to those 
with MTHFR mutations undergoing IVF [27].

As mentioned above, fibrinolysis is necessary for implan-
tation as it modulates the ECM in combination with the plas-
minogen activation system to aid in cell migration through 
proteolysis. However, inhibition of fibrinolysis due to PAI-I 
mutations can result in impaired trophoblast invasion [27]. 
Specifically, PAI-I mutations inhibit conversion of plasmino-
gen to plasmin, which results in hypofibrinolysis, and thus, 
impaired implantation due to limited trophoblast invasion 
into the endometrial tissue.

Inherited bleeding disorders are lifelong conditions that 
are associated with a broad range of bleeding manifesta-
tions, especially in pregnant women. Women with inher-
ited bleeding disorders encounter hemostatic challenges 
during pregnancy and childbirth. Pregnancy in these 
women requires individualized management often pro-
vided by a multidisciplinary team consisting of an obstetri-
cian, hematologist, and anesthetist. Advanced planning is 
essential in ensuring an optimal outcome both for mom 
and child [13].

Von Willebrand disease and hemophilia account for the 
greatest incidence of inherited bleeding disorders in women. 
The risks of miscarriage and bleeding during pregnancy are 
unknown in carriers of hemophilia. Women with vWD have 
a miscarriage rate of 15%, which is similar to the miscarriage 
rate of 12–13.5% in the general population [13]. Importantly, 
the miscarriage and bleeding rate in affected women depends 
on the type of vWD inherited as mentioned previously. 
Despite this evidence in the literature and prior studies, our 
increased knowledge of these disorders suggests that vWD 
alone does not impair fertility nor does it increase the likeli-
hood of miscarriages [13].

Since FII deficiency is one of the rarest bleeding disor-
ders, other than a few minimal published reports on postpar-
tum hemorrhage, there is no published data on the 
management or outcomes of pregnancy for this disorder 
[14]. As such, management of women with this deficiency 
and desire for ART should be performed in consultation with 
a hematologist.

Likewise, there is no available data for the management 
of women with FV or FVII deficiency attempting pregnancy 
and ART because of their rarity [14].

As mentioned above, FX levels increase during preg-
nancy. However, in women with severe FX deficiency and a 
history of adverse outcomes in pregnancy, pregnant women 
may benefit from aggressive replacement therapy to undergo 
a successful pregnancy [14]. Importantly, if blood products 
are administered to maintain FX levels to avoid hemorrhage, 
thought must always be given to the potential for thrombosis 
associated with replacement therapy. Thrombosis, as men-
tioned above, may also be detrimental to the patient and 
attempted ART. For individuals with severe FX deficiency, 
prothrombin complex concentrates are the recommended 
therapy.
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Pregnant women with severe FXI deficiency are usually 
subject to bleeding at the time of birth regardless of route of 
delivery. In fact, there is no evidence supporting that FXI 
deficiency affects women in early pregnancy loss that may 
lead to spontaneous abortion or failed implantation [14]. 
Although observations of FXI levels in pregnancy are con-
tradictory, any found changes are generally not clinically 
significant [1].

Some literature has suggested that women with type II 
FXIII deficiency have inevitable recurrent abortions and 
that affected men are sterile; however, these studies are not 
well substantiated [16]. Despite these few reported cases, a 
policy of universal FXIII replacement starting in childhood 
may enable more patients to attain reproductive status [16]. 
Asahina [35] further describes that FXIII deficiency can 
result in habitual abortions due to decidual bleeding that 
occurs between 5 and 6  weeks of gestational age [35]. 
Without appropriate repletion products, spontaneous abor-
tion is inevitable. This is supported by Inbal’s work, show-
ing that FXIII has an essential role in placental implantation 
and the continuation of pregnancy, and up to 50% of 
severely affected pregnant women will miscarry without 
appropriate treatment [36]. Maternal fibrinogen and FXIII 
are essential to the fetus after 4–5 weeks of gestational age 
as they both are present abundantly in decidual stroma 
around invasive cytotrophoblasts. When cytotrophoblasts 
invade the endometrium, it is the maternal fibrinogen and 
FXIII that is essential for cytotrophoblasts to anchor as 
adhesive proteins [37].

Minimal small trials have addressed the effects of protein 
S and protein C deficiency on pregnancy outcomes. Some 
studies have suggested increased rates of late fetal loss, 
IUGR, stillbirth, and preeclampsia with either of these defi-
ciencies. However, no firm recommendations for testing 
have been established because the small sample sizes and 
lack of research limit the ability to draw specific conclusions. 
Additionally, if screening for protein S deficiency should 
occur, it should never be done during pregnancy. This is 
because protein S levels decrease during pregnancy, thus 
testing during pregnancy will result in numerous false- 
positive results [7].

Normal fibrinogen levels are essential in pregnancy to 
avoid active hemorrhage, risk of thrombosis, and early and 
recurrent pregnancy loss. Specifically, the importance of 
fibrinogen in pregnancy has been demonstrated in studies 
with fibrinogen knockout mice. In these knockout mice, ges-
tation was not maintained to term. Women with fibrinogen 
deficiencies may conceive and have a normal embryonic 
implantation if they have adequate fibrinogen levels, espe-
cially during 5–8 weeks of gestation, as this is the most com-
mon time of pregnancy loss if fibrinogen replacement is not 
provided [15, 38, 39]. Overall, it has been noted in several 
studies that fibrinogen plays an essential role in implantation 

[14]; thus, defective quantity or quality of fibrinogen levels 
can result in ineffective implantation with ART.

35.8  Preconception Counseling 
and Evaluation

All individuals planning on attempting IVF require a basic 
evaluation preceding the start of a cycle outside of having 
their health and medical comorbidities optimized for attempt-
ing pregnancy. Identification of either affected or carrier sta-
tus should be performed prior to pregnancy for women with 
a family history of inherited bleeding disorders. This allows 
for appropriate preconceptual counseling and early preg-
nancy management. Preconceptual counseling has two main 
purposes: to provide families with adequate information 
regarding the genetic implications of their disorders and 
appropriate management and to allow the implementation of 
specific plans for pregnancy with therapies if needed [4, 7]. 
Specifically, in ART, couples can opt for pre-implantation 
diagnosis (PGD) to test the embryo for their specific genetic 
condition prior to implantation with IVF. While costly and 
not always a potential option for patients due to financial rea-
sons, PGD allows patients to avoid implantation of an 
embryo that will have detrimental effects in the future due to 
the specific inherited disorder. PGD is different from pre- 
implantation genetic screening (PGS), which only tests for 
chromosomal normalcy and not for the presence of a specific 
genetic disease [3]. This is especially important in carriers of 
hemophilia due to the severity of the disorder in male off-
spring and the knowledge of genetic defects in many of the 
affected families. As mentioned previously, carriers of hemo-
philia have a 50% chance of having a male fetus that is 
affected and a 50% chance of having a female fetus who is a 
carrier of hemophilia [4].

In general, hemostatic coverage is required for women 
with subnormal factor levels undergoing invasive procedures 
during pregnancy, or if they experience significant bleeding 
or hematoma. When prophylaxis or treatment is required, 
recombinant products should be used if possible to avoid the 
potential risk of viral transmission with other products [13].

Prenatal testing is a challenge in women with vWD. The 
specific mutations involved in type 1 and type 3 vWD are not 
known, while multiple mutations exist in type 2 vWD. While 
fetal blood vWF levels can be obtained if necessary, inherent 
risks are associated with this invasive procedure. Affected 
pregnant women should be informed of these potential risks 
when counseled about prenatal genetic testing [4]. Genetic 
counseling should be offered to couples with vWD, espe-
cially to couples who are at risk of having severe type III 
disease newborns [7]. Likewise, the literature supports offer-
ing prenatal diagnosis to families affected with Bernard- 
Soulier syndrome, especially to families who have had 
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previously affected children. Women who have Glanzmann’s 
thrombasthenia and who have been treated with multiple 
platelet transfusions should undergo evaluation for parental 
platelet antigen incompatibility and the presence of specific 
antiplatelet antibodies for fetal antigens prior to conception 
or attempting ART [7].

All women considering pregnancy should have a thor-
ough medical history evaluation prior to undergoing preg-
nancy, especially when undergoing ART.  All women with 
SLE should undergo testing for antiphospholipid antibodies 
prior to conception. Moreover, women who have sustained 
recurrent spontaneous abortions or a thromboembolic event 
during a prior pregnancy should also undergo evaluation for 
APS [4]. False-negative laboratory results may occur, espe-
cially during pregnancy due to the increased concentration of 
clotting factors observed, thus it is very important to evaluate 
for APS prior to pregnancy if there is high clinical suspicion 
for this disorder [4]. The necessary lab work needed for test-
ing of APS includes lupus anticoagulant, anticardiolipin anti-
body, and anti-β2-glycoprotein; furthermore, these labs must 
be elevated on two occasions at least 12 weeks apart to fulfill 
lab criteria for APS [7].

A preconception platelet count should always be col-
lected, and it can be helpful in distinguishing between GT 
and ITP. It is essential to distinguish between the two disor-
ders because there is a small, but significant, risk of neonatal 
thrombocytopenia in the setting of ITP [4].

As noted above, there is conflicting evidence regarding 
the relationship between inherited thrombophilias and preg-
nancy outcomes in the context of ART. Qublan et al. [40] 
found that thrombophilia has a significant role in IVF- 
embryo transfer implantation failure, which led to their rec-
ommendation of thrombophilia screening (specifically for 
FVL mutation, prothrombin mutation, MTHFR mutation, 
deficiencies in proteins S and C, antithrombin III deficiency, 
or APS) for all women with repeated IVF-embryo transfer 
failure [40, 41]. On the contrary, Steinvil et al. [42], through 
a retrospective analysis, found that none of the common 
thrombophilias tested in women undergoing ART was sig-
nificantly associated with the number of prior failed ART 
cycles or with lower fertility. Instead, the authors found that 
women who had APCR and/or FVL and lupus anticoagulant 
had significantly higher live birth rates compared to controls 
and that thrombophilia carrier status was not associated 
with poorer reproductive outcomes. As such, the data from 
this large retrospective study confirmed that neither screen-
ing for thrombophilia nor anticoagulant treatment is indi-
cated in cases with unexplained reproductive failure in 
women undergoing ART [28, 42]. On the other hand, Speroff 
and Fritz [3] recommend that selected screening for the 
most common thrombophilias (APS, FVL, prothrombin 
gene mutation) is reasonable for women with unexplained 
recurrent pregnancy loss with a suspicious loss (after 

8 weeks’ gestation or detection of embryonic heart activity) 
or losses that may have been caused by placental insuffi-
ciency or thrombosis in prior pregnancies. Finally, although 
inherited thrombophilias are common, affecting 15% of 
Western populations, and underlie approximately 50% of 
VTEs in pregnancy, VTE complicates only 0.1% of preg-
nancies [43]. Thus, the rarity of VTE during pregnancy and 
postpartum, and the high prevalence of inherited thrombo-
philias, makes universal screening of pregnant patients for 
thrombophilia cost-ineffective [43], which can be extrapo-
lated to women attempting pregnancy with ART.  The 
American Society for Reproductive Medicine, in its Practice 
Bulletin, does not currently support testing for inherited 
thrombophilias in cases of recurrent pregnancy loss [44].

35.9  Ovarian Hyperstimulation Syndrome 
(OHSS) and Bleeding Disorders 
and Thrombophilias

OHSS results from excess exogenous gonadotropins that 
may occur in women undergoing ART [3]. On rare occa-
sions, OHSS can occur in women who undergo ovulation 
induction with clomiphene-induced cycles. While the exact 
pathophysiology of OHSS is unknown, it is iatrogenic and 
has a broad pathophysiologic spectrum, ranging from mild to 
severe disease. The etiology is likely due to increased capil-
lary permeability, leading to leakage of fluid from the vascu-
lar compartment, with third space fluid accumulation and 
intravascular dehydration. Furthermore, it is a massive tran-
sudation of protein-rich fluid that causes an imbalance in 
hydrostatic pressures and shifts fluid significantly. Vascular 
endothelial growth factor (VEGF) is thought to contribute to 
this and shifting fluid out of the vascular spaces resulting in 
excess peritoneal fluid.

Although the disease is often self-limited and resolves 
spontaneously after a few days, it may persist for longer and 
appear to be more aggressive in conception cycles [3]. The 
most severe form of OHSS includes massive ovarian enlarge-
ment, severe abdominal pain, ascites, pleural effusion, hemo-
concentration, oliguria, electrolyte imbalances, and 
hypercoagulability, which can result in a life-threatening 
derangement in hemostasis. In fact, the incidence of moder-
ate OHSS in women undergoing ART is 2–4% and severe 
OHSS is 0.1–0.5% [44]. Risk factors for OHSS include 
young age (<35  years), low body weight, PCOS, higher 
doses of gonadotropins, previous hyperstimulation, and 
HCG luteal supplementation [3, 44]. Severe OHSS requires 
hospitalization, careful monitoring, and aggressive treatment 
to repair fluid shifts, electrolyte imbalances, hemoconcentra-
tion, and thrombosis prophylaxis.

The major complication of OHSS is arterial and venous 
thrombosis that can occur in any anatomical site. The risk of 
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thrombosis increases during OHSS with increased estradiol 
levels, dehydration, and thrombophilia [44]. Some studies 
support an increased risk of thromboembolism in women 
with a known thrombophilia undergoing ART.  Mor and 
Schenker suggest that women desiring ART and undergoing 
ovarian stimulation should undergo thrombophilia screening 
to identify those at higher risk for thrombotic events [44]. On 
the contrary, Anderson et al. conclude [45] that the risk of 
thrombosis in women undergoing ovarian hyperstimulation 
is low (~0.1% per treatment cycle); thus, thrombophilia test-
ing is not routinely recommended for women undergoing 
ovarian stimulation. This is supported by the American 
College of Chest Physicians (ACCP) who recommends 
against the use of routine thrombosis prophylaxis in women 
undergoing ART [46]. Furthermore, Mor and Schenker [44] 
support an absolute indication for anticoagulation prophy-
laxis in women who develop OHSS and have thrombophilia. 
Likewise, the ACCP recommends thrombosis prophylaxis 
only in the population of women undergoing ART who 
develop ovarian hyperstimulation syndrome (OHSS), rec-
ommending thrombosis prophylaxis with prophylactic 
LMWH for 3 months post-resolution of clinical OHSS [46]. 
Finally, Ata and Urman [28] also recommend prophylactic 
heparin or LMWH treatment for women with severe OHSS.

35.10  Management of Bleeding Disorders 
and Thrombophilias for ART

The concern for women undergoing ART is the potential for 
bleeding during or after egg retrieval. As mentioned before, 
the severity of the bleeding depends on the type of vWD. For 
example, about 75% of women with moderate to severe 
vWD experience significant peripartum bleeding with an 
overall 20% risk of postpartum hemorrhage in women with 
vWD [4]. The risk of peripartum bleeding for these patients 
is related to the levels of vWF/Ag, FVIIIc, and vWF/RCo. In 
general, therapy is administered either in the setting of a 
spontaneous bleeding event or in a prophylactic context for 
the high-risk individual. Mainstays of therapy include 
DDAVP, a synthetic analog of vasopressin, and vWF-FVIII 
concentrates. DDAVP rapidly and transiently increases lev-
els of FVIII and vWF. It is administered by continuous intra-
venous infusion over 30 min in an acute bleeding event, or it 
can be given subcutaneously or inhaled nasally for prophy-
laxis [47]. Like all medications, DDAVP does have side 
effects and can result in fluid retention and hyponatremia. 
Furthermore, DDAVP has uncertain utility in the manage-
ment of women with type 2 and type 3 vWD; thus, vWF- 
FVIII concentrate is indicated for these patients. 
Cryoprecipitate can be used emergently if vWF-FVIII con-
centrates are unavailable. While antifibrinolytic therapy 
plays a role in the management of individuals with vWD, it 

is avoided during pregnancy and lactation because of its 
potential teratogenicity and effects on newborns [4]. 
Multidisciplinary care by an experienced obstetrician, hema-
tologist, and anesthesiologist should be provided for women 
with vWD.  FVIIIc and vWF/RCo levels, partial thrombo-
plastin time (PTT), type and crossmatch, and a complete 
blood count are obtained at the time of hospital admission or 
any invasive procedure. Women with vWD should be moni-
tored for bleeding at the time of egg retrieval, with blood cell 
products and DDAVP available for use as needed. While 
there are no clear recommendations suggesting testing or 
treatment for women with vWD, perhaps this should be con-
sidered and discussed with a hematologist prior to the start of 
ART, especially with any planned potentially invasive proce-
dures such as egg retrieval.

Women with hemophilia require complex management in 
association with hematology and anesthesia consultation. 
Factor levels and optimization of the patient’s bleeding dis-
order should be considered when planning for ART, in addi-
tion to discussing management with the hematologist 
regarding blood product infusions or further testing.

As mentioned above, management of many factor defi-
ciencies is not fully known due to the rarity of these deficien-
cies. As such, when encountering women with these rare 
deficiencies, it is best to discuss management with a hema-
tologist. Bolton et al., [14] suggest that pregnant women with 
FV levels <1 U/dL should undergo administration of FFP to 
avoid bleeding. The FFP should be administered once the 
patient is in labor, prior to surgery, or any invasive procedure. 
Perhaps this can be extrapolated to the egg retrieval process 
as this invasive procedure on occasion may result in excess 
bleeding if the inadvertent puncture of vasculature occurs. 
Additionally, with product administration, close monitoring 
of FV levels is essential to maintain minimum hemostatic FV 
levels. On the other hand, patients with a partial deficiency of 
FV and no prior history of bleeding during invasive proce-
dures could be managed expectantly [14]. As such, perhaps 
affected women with adequate FV levels and no history of 
bleeding can be managed expectantly during egg retrieval 
rather than receiving unnecessary blood products. 
Furthermore, the literature suggests that FVII and FVIIa lev-
els maintained between 100 and 150 U/dL result in no bleed-
ing problems. Thus, perhaps these ranges of FVII can 
accommodate an uneventful egg retrieval and normal implan-
tation in women undergoing IVF.

For a patient with FXI deficiency and without a history of 
bleeding, prophylaxis is not necessary, but FFP should be 
available if needed. Conversations with the anesthesiologist 
should occur prior to any plans of egg retrieval to counsel the 
patient on need of lab collection or expectations for blood 
products on the day of egg retrieval. For instance, if consid-
eration for regional block anesthesia is made, it is usually 
administered with FFP prior to the procedure and with docu-
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mentation of normalization of the PTT [4]. Furthermore, in 
patients with FXI deficiency and a bleeding history, FFP 
should be administered before delivery, as well as 2–3 days 
later, to reduce the risk of delayed hemorrhage [4]. A similar 
management plan could be considered in the ART patient.

As discussed above, FXIII and fibrinogen are both essen-
tial for appropriate implantation. Moreover, in patients with 
FXIII deficiency, the occurrence of spontaneous recurrent 
abortions and uterine bleeding is elevated; thus, these indi-
viduals need regular infusions of FFP or FXIII concentrate to 
maintain their pregnancy [4]. Thus, administration of FXIII 
should be administered by 5 weeks of gestational age to pre-
vent miscarriage. Adequate fibrinogen levels are essential 
during 5–8 weeks of gestation, as this is the most common 
time of pregnancy loss if fibrinogen replacement is not pro-
vided [15, 38, 39]. Maintaining the fibrinogen trough level 
above 0.6 g/L, and, if possible, over 1.0 g/L, is recommended 
[39]. Perhaps this can be extrapolated to women undergoing 
ART who may also require infusions prior to egg retrieval 
and embryo transfer.

Yoni et  al. [48] state that arterial thrombotic complica-
tions usually occur 10.5  days after embryo transfer (ET), 
while venous thrombotic complications typically occur 
40 days after ET. Furthermore, in women undergoing ART, 
the risk for a thrombotic event is approximately ten times 
higher compared to women who are not undergoing 
ART. This increased risk may be attributed to an increased 
level of estradiol in addition to other factors, as well as the 
key finding that both the coagulation and fibrinolysis sys-
tems are activated during IVF, especially in the presence of 
OHSS [49]. As mentioned from the above discussions, the 
influence of thrombophilic factors on pregnancy outcome 
after ART is linked to the modification of the endometrium 
adhesion properties and the effect on the ability of tropho-
blastic invasion [27]. Despite these links, it is difficult to 
assess each individual bleeding disorder on IVF failure risk 
and poor pregnancy outcome, because a variety of factors 
other than these bleeding disorders can contribute to preg-
nancy failure in ART. However, because thrombogenic fac-
tors can modify the implantation process, it is essential to 
establish the type, dose, and effective treatment needed if 
warranted that will aid in the imbalance of hemostatic pro-
teins and time of implantation to improve pregnancy out-
comes after ART [27]. What is important to remember is that 
every patient with thrombophilia during pregnancy needs to 
be assessed on a case-by-case basis as every patient’s treat-
ment plan is individualized based on their personal and fam-
ily history. Asymptomatic women who harbor thrombophilic 
conditions, but have never experienced clinical manifesta-
tions, do not require anticoagulation therapy during preg-
nancy or ART [4]. Prophylactic anticoagulation treatment for 
carriers of low-risk mutations with any personal or family 
history of VTE is not indicated. There have been varied 

results in clinical trials using anticoagulation in the setting of 
recurrent miscarriage; however, in the large, multicenter, 
randomized, placebo-controlled study examining the use of 
aspirin or aspirin plus heparin in women with unexplained 
miscarriage, there was no improvement in the live birth rate 
compared with placebo [4, 48].

On the contrary, some clinicians prescribe antithrombotic 
drugs in infertile women after ART, especially in the pres-
ence of previous implantation failures and positive testing 
for thrombophilia, not due to proven efficacy, but for sus-
pected biologic plausibility of having a successful outcome 
with better control of hemostasis [34]. Grandone et al. [50] 
investigated this approach and its impact on improved live 
births for women with and without thrombophilias. Grandone 
et al. found that in a general population of infertile couples, 
thrombophilic women do not have a lower chance of good 
pregnancy outcomes, consistent with prior research [50, 51]. 
In support of other studies, Grandone et al. found that the use 
of aspirin in general infertile women is not justified to 
improve pregnancy outcome, either in the presence or in the 
absence of thrombophilia [50, 52]. On the other hand, the 
study supports the potential benefit of LMWH in improving 
the number of live births, independently of the presence of 
thrombophilia [50]. Ivanov et al. [34] support the beneficial 
role of heparin on embryo implantation as it not only helps to 
prevent thrombosis but also aids in interactions with several 
adhesion molecules, growth factors, cytokines, and enzymes 
such as matrix metalloproteinases, which are all essential in 
the success of implantation [53]. While some studies and cli-
nicians support the use of anti-thrombolytic therapy in 
women attempting ART with thrombophilias, the literature 
confirms that universal thrombophilia screening is not useful 
in infertile couples or prior failed IVF cycles to discriminate 
women with a worse pregnancy prognosis [50]. The ACCP 
has specific recommendations for antithrombotic prophy-
laxis with LMWH in pregnant women with thrombophilias, 
depending on the thrombophilia type, personal history of 
VTE, and family history of VTE, which are somewhat con-
sistent with the American College of Obstetricians and 
Gynecologists [21] recommendations. Both governing bod-
ies recommend anticoagulation for high-risk thrombophilias, 
including homozygous FVL or Prothrombin G20210A 
mutation [34, 54]. ACOG extends high-risk thrombophilias 
to include antithrombin deficiency and double heterozygous 
for Prothrombin G20210A mutation and FVL [7, 54]. These 
recommendations are further supported by Ata and Urman 
[28] who disagree with routine testing or treatment for con-
genital or acquired thrombophilia in the setting of ART or in 
couples with implantation failure. Furthermore, they suggest 
that a careful personal and family history along with a risk 
assessment for VTE should be obtained in every woman 
undergoing controlled ovarian stimulation with ART, such 
that if these assessments are positive, only then would testing 
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for thrombophilia be warranted. Again, while heparin may 
have potential implantation enhancing effects, if it should be 
administered to increase success rates of ART, it needs to be 
investigated in further large-scale randomized trials, espe-
cially because prior studies were methodologically limited 
and inadequate [7, 28].

Several studies that examined the association between the 
prothrombin gene mutation and ART failure [28, 31, 40, 55] 
showed an overall non-significant association (OR, 1.48; 
95% CI, 0.71–3.06), and the risk of ART failure was similar 
between heterozygotes and homozygotes compared with 
normal controls. Likewise, several other studies evaluated 
the association between MTHFR mutation and ART out-
come, and there was no association between MTHFR carrier 
status and ART outcomes [28], and both homozygotes and 
heterozygotes performed similarly. Overall, neither pro-
thrombin gene mutation nor MTHFR mutation increases the 
risk of failure in ART; thus, no specific testing or manage-
ment for women attempting ART is required [28, 56].

Because antiphospholipid antibodies exert prothrombotic 
effects on the body via various mechanisms, the risk of 
thrombosis is significantly increased during pregnancy in 
patients with APS. Additionally, antiphospholipid antibodies 
decrease levels of annexin V, a potent vascular endothelial 
anticoagulant produced by placental trophoblasts. As such, 
pregnant women with APS not only may develop thrombotic 
events but also may experience spontaneous abortions, pre-
eclampsia, HELLP syndrome, as well as IUGR [4, 7]. 
Women with APS who have sustained prior thrombotic 
events should receive therapeutic anticoagulation during 
pregnancy with aspirin and heparin, while those with 
antiphospholipid antibodies but no manifestations of the 
clinical syndrome should receive prophylactic anticoagula-
tion during pregnancy [4, 7].

Since PAI-I plays a crucial role in fibrinolysis regulation 
and thus implantation, early diagnosis of hypofibrinolytic dis-
orders in pregnancy is essential. Most importantly, if hypofi-
brinolysis is identified early, the initiation of LMWH therapy 
may avoid the complications of pregnancy in coagulation dis-
orders and perhaps aid in successful implantation and preg-
nancy rates for women undergoing ART. Furthermore, studies 
have shown that metformin is also a potential management 
option for women with PAI-I mutations as it aids in reducing 
PAI-I levels, decreasing hypofibrinolysis and increasing 
appropriate implantation [27, 57]. As mentioned before, it 
would be best to discuss optimal patient management for 
these women undergoing ART with a hematologist.

Given the potential role of platelet dysfunction on implan-
tation failure, studies have suggested that perhaps a prophy-
lactic anti-aggregate therapy to prevent poor pregnancy 
outcome can be considered in this patient population [27, 
58]. This anti-aggregate therapy would need to be individu-
alized and discussed with a hematologist as this is not a firm 
or supported recommendation for the standard of care.

In severe ITP, maternal antiplatelet IgG can cross the pla-
centa and cause thrombocytopenia in fetuses. Treatment 
options for ART patients with ITP are generally similar to 
those for patients with ITP except for the use of teratogenic 
supplements such as danazol, cyclophosphamide, and vinca 
alkaloids. Platelet transfusions are reserved for life- 
threatening bleeding because the lives of transfused platelets 
are short-lived in ITP. Glucocorticoids are considered first- 
line treatment, and prednisone is usually initiated at 1 mg/kg 
based on the patient’s baseline weight. Potential side effects 
of prednisone should be discussed with the patient prior to 
the start of therapy and include weight gain, bone loss, 
hypertension, and gestational diabetes. IVIG is another treat-
ment modality that can aid in a rapid increase in platelet 
count. It is particularly used to help increase platelet counts 
a few days before delivery or other invasive procedures. 
IVIG is administered at a dose of 2 g/kg over 2 days; how-
ever, it is important to realize that the improvement in plate-
let count is transient [4]. Although no clear evidence or 
studies have investigated the use of IVIG for patients with 
ITP undergoing ART, perhaps IVIG can be considered prior 
to egg retrieval for those with severe disease or those with a 
history of prior ITP. Prior to pursuing treatment, this should 
be discussed with a hematologist to investigate whether this 
is truly needed and could potentially improve patient out-
comes for ART.

Treatment of TTP involves emergent plasmapheresis 
within 24–48 h of diagnosis. Long-term sequelae of TTP in 
surviving patients include chronic renal failure, hyperten-
sion, and recurrence of TTP.  While infusion of FFP is an 
alternative to plasmapheresis for TTP treatment, plasma-
pheresis is the preferred treatment modality. Finally, cortico-
steroids have also been used successfully in the treatment of 
pregnancy-associated TTP [4]. TTP should be treated prior 
to the start of ART, and prior TTP should be documented in 
the patient’s history to plan for future potential predicaments 
once already starting IVF cycles.

Women who desire ART should undergo an extensive 
history collection to screen for any potential medical 
comorbidities or medications that can predispose them to 
inadequacies of hemostasis as this can potentially affect 
their success with ART. Some medications may need to be 
held during invasive procedures, such as aspirin or LMWH, 
while others may need to be adjusted to avoid teratogenic-
ity to the offspring. This discussion with patients is essen-
tial, because every woman will have an individualized 
treatment plan based on her history. There may be some 
teratogenic medications that need to be continued during 
pregnancy and attempted conception, such as warfarin for 
women with mechanical heart valves; thus, discussion of 
medications is essential. Finally, herbal medications also 
need to be discussed as some of these medicines may need 
to be avoided during ART and invasive procedures to pre-
vent increased risk for bleeding.

V. Levin et al.



321

35.11  Conclusions

Hemostasis is essential and plays an important role in repro-
duction, conception, and final delivery. Pregnancy favors a 
thrombogenic state to overcome and compensate for the 
potential bleeding that can occur during the time of delivery. 
However, overcompensation of the thrombogenic state can 
alter normal reproductive processes, and result in poor out-
comes for women attempting pregnancy, especially those 
undergoing ART. This chapter was aimed to portray a com-
prehensive review of existing bleeding disorders and throm-
bophilias and how they may affect women attempting 
pregnancy, focusing on women undergoing ART in the form 
of IVF. While available data exists to define the etiology and 
consequences of bleeding disorders and thrombophilias, 
there are still many questions that remain unanswered. This 
is not only due to the lack of knowledge for certain disorders 
but also due to the lack of adequate, powered, randomized 
controlled trials that can delineate a clear recommendation 
on the effect of bleeding or thrombophilia disorders on preg-
nancy and ART, as well as the potential benefit of antithrom-
botic agents for women with a history of thrombophilia 
undergoing ART. Overall, there is no clear clinical evidence 
or support of routine screening for thrombophilia in all 
women undergoing ART or in those who have had multiple 
IVF implantation failures, nor are there distinct guidelines to 
provide thromboprophylaxis to women with thrombophilias 
undergoing ART. It is only women with a thrombophilia who 
develop the complication of OHSS that thromboprophylaxis 
during ART is recommended. Finally, individuals with 
bleeding disorders should be managed based on their distinct 
bleeding disorder and the knowledge that is available on 
their specific bleeding disorder.

As such, it is our role as physicians to counsel our patients 
to the best of our ability with the most updated guidelines 
and studies and to individualize our patient care based on the 
patient’s relative family and personal history in addition to 
her desires. Moreover, it is essential to work with a multidis-
ciplinary team to manage patients with bleeding and throm-
bophilia disorders to provide optimal care and avoid potential 
complications that could be anticipated by experts. The mul-
tidisciplinary team may consist of an obstetrician, hematolo-
gist, anesthesiologist, and in some cases maternal-fetal 
medicine specialist.
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36.1  Background

Over a century of trial and error in organ transplantation 
gives insight to the modern approach to the procedure. In 
1902, experimental surgeon Emerich Ullmann demonstrated 
the feasibility of renal transplantation and vascular grafting 
by transplanting a functional kidney into a canine model [1]. 
Ullmann’s description of the challenges of maintaining 
allograft perfusion and avoiding host rejection was corrobo-
rated by several researchers over the next several decades, 
citing similar obstacles until 1954, when the first successful 
human renal transplant was reported where the organ donor 
was the identical twin of the recipient [2]. The success of this 
pioneering procedure was attributed to immunological simi-
larity of the donor to the recipient, evading the pervasive 
concern of organ rejection. Refinements in transplant tech-
nique were soon applied to successful liver and heart trans-
plants in the 1960s [3]. Today, transplantation medicine has 
progressed so that even “non-essential” transplants are pos-
sible, as demonstrated by the first successful transplantation 
of a uterus with full child-bearing capacity in 2013 [4] 
(Fig. 36.1).

Given the progress of transplantation medicine, it is not 
surprising that patients of child-bearing age and younger are 
undergoing allograft transplantation. With advances in vas-
cular anastomosis, infection control, and immunosuppres-
sion, post-organ transplant pregnancies have, with proper 
clinical management, had excellent outcomes since the 
1950s [5]. Despite the positive prognosis of post-operative 
pregnancies, clinicians still consider these gestations to be 
high-risk. Thus, aggressive pre-, peri-, and post-natal care of 
both mother and fetus is crucial.

Additional challenges include persistent post-operative 
infertility. In these patients, assisted reproductive technology 

(ART) may be considered. ART can enhance reproductive 
success in the post-transplant population. Management of 
these patients must emphasize the maintenance of allograft 
function and optimization of maternal health throughout 
treatment.

This chapter will introduce several issues including the 
most pressing challenges in modern organ transplantation, 
and how the anticipation and management of these risks are 
altered in the pregnant transplant recipient; immunosuppres-
sive therapy and its impact on post-operative fertility with 
the patient’s future reproductive goals in mind; fetal and 
maternal complications of post-transplant gestations demon-
strating the necessity of careful patient monitoring; the mod-
ern prospect of uterine transplantation as well as possibilities 
for future innovations in the field of transplantation medi-
cine; and, finally, special considerations of ART in organ 
transplant recipients will be reviewed.

36.2  Fertility and Immunosuppressants

Modern organ transplantation has the capacity to prolong 
survival with excellent results in patients with end-stage 
organ disease. This is especially important in young women 
of child-bearing age with hopes of maintaining post- operative 
fertility. Heavy immunosuppression is necessary to prevent 
graft rejection in these patients, but the use of immunosup-
pressive agents requires knowledgeable administration to 
avoid infertility in both male and female patients.

A study of immunosuppressive agents on male fertility 
demonstrated that cyclosporine and sirolimus, agents com-
monly used in post-transplant immunosuppression, have 
concerning effects on the male reproductive system 
(Table  36.1). Both agents were found to severely impair 
spermatogenesis and derail the hypothalamic-pituitary- 
gonadal axis by decreasing serum levels of testosterone. 
Tacrolimus, however, only mildly inhibited spermatogenesis 
and produced no histological evidence of testicular injury 
[6]. If the injurious nature of immunosuppressive agents 
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2013
First health child born to a uterine
transplant recipient

1960s
Refinements in kidney, liver and
heart transplantation

1954
First successful human renal
transplant reported

1902
UIIman demonstrates organ
transplantation feasibility in a
canine model

Fig. 36.1 Timeline of significant achievements in transplantation medicine

Table 36.1 Impact of immunosuppressive agents on male fertility

Drug Effect
Overall impact 
on fertility

Cyclosporine Impair spermatogenesis and 
decrease testosterone (T) levels

Negative

Sirolimus Impair spermatogenesis and 
decrease T levels

Negative

Tacrolimus Mild, reversible inhibition of 
spermatogenesis

Neutral

demonstrated in animal models is applicable to human 
 reproductive function, clinical evidence suggests that these 
harmful effects are reversible. Overall fertility rates in post-
transplant males remain similar to those of the general popu-
lation, supporting the finding that gonadal dysfunction 
caused by post-transplant medication resolves within 
6 months of transplant [7, 8].

Female transplant patients show similar recovery of repro-
ductive function, though registry data on the subject of suc-
cessful post-transplant pregnancies is limited [9]. 
Physiologically, the immune response encourages pregnancy 
by enhancing endometrial reception of the embryo and pro-
moting deep placentation [10]. Thus, it follows that the 
immunosuppression necessary for successful organ trans-
plant may negatively impact fertility rates and pregnancy out-
comes in these patients. Though many post-transplant 
pregnancies are successful and without complication, studies 
have found an increased incidence of premature delivery, low 
birth weight, and stillbirth in transplant patients [11]. Fetal 
outcomes are discussed below.

36.3  Counseling Transplant Recipients

Patients receiving immunosuppressive therapy should be 
counseled regarding these possible impacts of post- 
transplant treatment on fertility, pregnancy, and outcomes 

for future offspring. In addition, transplant patients of 
reproductive age should be pre-operatively counseled on 
contraception and pregnancy options after receiving the 
organ graft.

36.3.1  Contraception

Oral contraceptive use must be tailored to the individual 
patient’s post-transplant reproductive desires and risks. The 
estrogen component may increase levels of angiotensinogen, 
the substrate for renin activity [12]. Increased enzymatic 
activity secondary to substrate availability enhances the 
activity of the renin-angiotensin-aldosterone system, causing 
hypertension. This potential exacerbation of hypertension is 
an important consideration in the post-organ transplant pop-
ulation. On the other hand, progestin-only oral contracep-
tives are associated with less serious adverse side effects and 
may be considered safer than estrogen/progestin formula-
tions [13]. However, progestin-only oral contraceptives are 
notably less effective than combined oral contraceptives and 
carry a higher risk of irregular bleeding [13]. These qualities 
of oral contraceptives should be considered in the context of 
desired reproductive outcomes post-transplant, expense to 
the patient, and thorough and individualized risk-benefit 
analysis [14].

There is mixed evidence regarding the post-transplant use 
of intrauterine devices (IUDs). Earlier studies raised con-
cerns about a potential negative effect of immunosuppres-
sion on IUD efficacy and increased risk of infection with 
post-transplant IUD usage [15]. Evidence within the last 
decade suggests, however, that the T-cell-inhibiting mecha-
nism of most immunosuppressants used in organ transplan-
tation does not affect the mechanism of IUDs, which rely on 
macrophage function [16]. Furthermore, evidence demon-
strates no increased risk of infection in immunosuppressed 
IUD users when compared to immunocompetent patients 
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[17]. Thus, IUDs may be considered an alternative method of 
contraception for patients with a contraindication to estrogen 
or progestin use.

36.3.2  Post-transplant Delay Period Before 
Attempting Conception

When approaching post-transplant fertility in organ trans-
plant patients, it is vital to review the dysfunction of fertility 
caused by underlying pre-transplant conditions. This dys-
function is most apparent and well-studied in patients with 
end-stage renal disease (ESRD).

Patients with ESRD are subject to a plethora of medical 
complications, including infertility and sexual dysfunction. 
ESRD patients often undergo regular dialysis in an effort to 
mitigate the negative impact of their renal condition. 
Dialysis-dependent patients have imbalances in gonadotro-
pin production and a resultant elevation of luteinizing hor-
mone (LH). In women, the cyclic LH surge does not occur, 
leading to anovulation [18]. In men, spermatogenesis is 
impaired by the hormonal dysfunction, impacting sperm 
quality and quantity [18]. In addition to hormonal imbal-
ance, vascular calcification is also highly prevalent in patients 
with chronic kidney disease (CKD), leading to pelvic vascu-
lar insufficiency and further impairing sexual function [19]. 
Neurological complications are common comorbidities in 
patients with CKD, potentially manifesting as autonomic 
neuropathy. Inadequate sympathetic and parasympathetic 
stimulation during intercourse may lead to impotence, 
another confounding factor for renal-impaired patients 
attempting to conceive [20].

Even if medical complications of organ failure do not 
directly contribute to infertility, the psychological impact of 
severe illness may lead to decreased libido in potential renal 
and non-renal transplant patients, limiting reproductive 
desire and capacity. Despite the prevalence of fertility con-
cerns in end-stage renal disease, fertility is commonly 
restored following a successful organ transplant. However, 
patients should be counseled regarding the unique fertility 
challenges presented by his or her post-transplant condition.

If conception is desired post-transplant, the clinician and 
patient should discuss the length of time the patient should 
wait before attempting conception. McKay and members of 
the Consensus Conference on Reproductive Issues and 
Transplantation in 2005 recommend attempting conception 
as early as 1 year post-transplant in patients with adequately 
functioning grafts, low risk for infection, and no teratogenic 
medications [14]. In other circumstances, including acute 
graft rejection and serum creatinine above 1.5  mg/dL, 
patience beyond 1 year post-transplant should be considered 
prior to attempting conception [14].

36.4  Management of Pregnancy in Solid- 
Organ Transplant Recipients

In organ transplantation, proper risk management is crucial 
to the patient’s long-term health and quality of life. Rejection, 
infection, and maintenance of adequate graft function are the 
most pressing concerns in any organ transplant recipient. 
Female transplant patients of reproductive age carry the 
additional risk of potential teratogenic effects of immuno-
suppressant medications. Pregnancy should be managed cau-
tiously in these patients.

36.4.1  Maternal Considerations

Pregnancies in organ transplant recipients should be consid-
ered high risk, with special attention paid to treatment goals 
relevant to the gestation. The key issues include rapid resolu-
tion of hypertensive complications and maintenance of trans-
plant function [14].

36.4.1.1  Hypertension
One of the most commonly encountered complications of 
solid-organ transplantation is hypertension, with a preva-
lence of 70–90% in the transplant population [21]. Though 
hypertension is common among all solid-organ transplant 
recipients, special attention should be paid to the manage-
ment of elevated blood pressure in renal transplant recipi-
ents, as many hypertensive mechanisms depend on renal 
function. A high incidence of hypertension has been reported 
in female pregnant renal transplant patients, carrying a six-
fold higher risk of progression to preeclampsia when com-
pared to the general pregnant population [22].

The mechanism of this condition in the early post- 
transplant period is related to intravascular volume expan-
sion in the face of persistent systemic vascular resistance 
(Fig. 36.2). Peripheral renin concentration is elevated during 
the early post-transplant period in kidney recipients by an 
uncertain mechanism that may be related to autonomic 
denervation of the allograft, resulting in increased sodium 
and fluid retention [23]. In an acute condition, the vascula-
ture responds to this increased intravascular blood volume by 
lowering peripheral resistance, in order to preserve a normal-
ized blood pressure at the expense of cardiac output. 
However, in chronic states of elevated intravascular blood 
volume, such as the post-transplant period, vascular tone 
increases, resulting in elevated arterial blood pressure [24]. 
This mechanism attempts to return cardiac output to normal 
and preserve cardiac function in the long term but presents 
an ongoing challenge with hypertension in the renal trans-
plant patient.
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36.4.1.2  Maintenance of Graft Function
In nonpregnant renal transplant patients, serial serum creati-
nine levels may be compared in order to monitor graft func-
tion [25]. However, pregnancy induces a physiological 
hyperfiltration in the kidneys, whether the organ is endoge-
nous or transplanted, thereby reducing the accuracy of serum 
creatinine as an indicator of transplant function [9, 26]. 
Ultrasound-guided renal biopsy is a safe alternative in detect-
ing rejection at the histological level, if suspected in the con-
text of unexplained reduction of allograft function [14]. 
Mass spectrometry (MS) urine analysis has emerged as a 
noninvasive means of diagnosing acute renal transplant 
rejection and may be useful in detecting functional decline in 
the allograft before histological damage is evident on biopsy 
[27]. MS testing allows for early detection of matrix degra-
dation products, indicative of acute rejection, in the urine.

36.4.1.3  Infection
Transplant patients have a remarkably high incidence of 
post-operative infection, leading to morbidity and potential 

mortality in many patients despite advances in transplanta-
tion medicine. Though immunosuppression is necessary to 
prevent graft rejection, these agents carry an increased risk 
of infection due to an underactive immune response. 
Infections occur at a rate of 45 per 100 patients, with cyto-
megalovirus (CMV) as the most common identifiable caus-
ative organism [28]. Other common pathogens infecting 
transplant recipients are listed in Table 36.2.

Mechanism of Hypertension in Renal Transplant Patients

Denervated allograft transplanted to recipient

� peripheral renin activity (mechanism uncertain)

� sodium and fluid retention

� in vascular toneCompensatory � in CO 

� TPR
(autonomic response to � CO)

� BP

Chronic BP elevation
(post-transplant
hypertension)

Normalized CO

ACUTE CHRONIC

Fig. 36.2 Mechanism of 
hypertension in renal 
transplantation. CO cardiac 
output, TPR total peripheral 
resistance, BP blood pressure

Table 36.2 Common specific pathogens in post-transplantation infec-
tions. (In descending order of frequency by type)

Type Pathogen
Virus Cytomegalovirus (CMV)

Varicella-zoster virus (VZV)
Herpes simplex virus (HSV)
Hepatitis C virus (HCV)
Hepatitis B virus (HBV)

Bacteria Mycobacterium tuberculosis
Fungus Candida albicans

Pneumocystis jiroveci
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CMV has been identified in 6–8% of renal transplant 
patients [28, 29]. CMV infection is of particular concern in 
pregnant transplant recipients and is a member of a group of 
infections known as TORCH. TORCH organisms, including 
Toxoplasma gondii, Rubella virus, Cytomegalovirus, herpes 
simplex virus, and “Other”, are transmissible in utero and are 
known to cause spontaneous abortions and serious congeni-
tal malformations, including limb hypoplasia, microcephaly, 
and cleft lip/palate [30]. “Other” represents a growing list of 
organisms with similar attributes, including Treponema pal-
lidum (the causative agent of syphilis), varicella-zoster virus, 
and parvovirus B19 [30].

The impact of CMV infection in transplant patients is 
compounded in pregnancy. In immunocompetent patients, 
CMV causes a mild infection resembling mononucleosis or 
is completely asymptomatic. Nearly 50–100% of normal 
adults carry CMV antibodies indicating previous exposure 
[31]; however, a key determinant in the virulence of CMV is 
the host’s immune status [31]. In immunocompromised indi-
viduals, including transplant recipients, CMV causes a dis-
seminated infection resulting in pneumonitis and colitis [31]. 
These findings may progress to acute respiratory distress and 
extensive gastrointestinal ulceration [31]. CMV transmitted 
to the fetus can result in devastating consequences including 
intracranial calcifications, intrauterine growth retardation, 
and liver dysfunction, all of which can result in fetal and 
neonatal morbidity [31]. Infants who survive may be afflicted 
with permanent sensorineural hearing loss and other neuro-
logical deficits [31].

It is crucial to initiate surveillance for CMV and other 
potential infections throughout the post-transplant period. 
Serology, while useful in establishing the pre-transplant 
CMV status of both donor and recipient, cannot detect active 
infection [32]. Molecular methods, specifically polymerase 
chain reaction (PCR), are more sensitive and accurate than 
other diagnostic methods in detecting and quantifying CMV 
infection [32]. CMV prophylaxis may be initiated, especially 
in CMV-naïve recipients receiving allografts from CMV- 
positive donors [32]. The majority of adults and potential 
donors have been exposed, creating a difficult treatment situ-
ation in these patients. Pre-operative determination of CMV 
status by serology of both the donor and patient allows pro-
active management of potential infection.

36.4.2  Fetal and Neonatal Considerations

If the transplant patient is pregnant during immunosuppres-
sion, the fetus will unavoidably be exposed to these medica-
tions. The maternal-fetal circulation is not equipped to 
sequester immunosuppressive agents within the maternal 
blood. All medications used for immunosuppression have 
been known to cross into placental and fetal circulation dur-

ing pregnancy [9]. Methotrexate, mycophenolate mofetil, and 
leflunomide are decidedly teratogenic and should be avoided 
in pregnancy [33]. However, research suggests that hydroxy-
chloroquine, corticosteroids, azathioprine, and sulfasalazine 
may be less disruptive to fetal development when used as 
immunosuppressive agents in transplant recipients [33].

There has been some concern among the medical com-
munity that immunosuppression during pregnancy may lead 
to congenital anomalies. Though pregnancies in immuno-
suppressed patients demonstrate a higher incidence of 
adverse gestational outcomes including low birth weight and 
premature delivery, evidence does not suggest that immuno-
suppression inherently leads to birth defects [34, 35]. The 
specific teratogenic medications discussed above, however, 
do carry a developmental risk to the fetus.

Though most immunosuppression regimens have not 
been shown to cause adverse outcomes in children of trans-
plant patients, this population does demonstrate a high inci-
dence of fetal complications. The incidence of preterm birth 
(52–53%), low birth weight (42–46%), and intrauterine 
growth restriction (30–50%) are elevated in renal allograft 
recipients, especially in those with poorly managed mater-
nal hypertension and serum creatinine level over 17 mg/dL 
[22]. In the absence of maternal risk factors including 
hypertension, impaired allograft function, and proteinuria, 
there does not appear to be a higher risk of miscarriage [22]. 
On the other hand, in the presence of any of these risk fac-
tors, a miscarriage rate of 11–26% has been reported, 
approximately twofold higher than that of the general popu-
lation [22].

36.5  Pregnancy in Uterine Transplant 
Patients

36.5.1  Historical Perspective

Pregnancy in solid-organ transplant patients is well-studied, 
but the notion of transplanting a functional uterus, capable of 
carrying a pregnancy, has become a burgeoning area of inter-
est for researchers. For decades, there has been no successful 
treatment available that would allow women with an absent 
or otherwise dysfunctional uterus to carry a child to term, 
and many women have settled for using a gestational surro-
gate. Infertility has shown strong associations with clinical 
depression, anxiety, and a reduced quality of life [36, 37]. 
Restoring the capability of child-bearing to patients with 
absolute uterine factor infertility (AUFI) is a life-changing 
possibility for women, one that today’s patients show a keen 
interest in pursuing [38]. Uterine transplant is an emerging 
treatment option for AUFI, which may also be attributed to 
congenital malformations of the uterus, severe intrauterine 
adhesions, or prior hysterectomy [4, 39].
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The possibility of genital transplantation began to be 
explored in 1896, when an Austrian gynecological team 
experimented with ovarian autotransplantation in rabbits 
[40]. After the turn of the century, researchers began to study 
the possibility of uterine transplantation, though published 
research from this time period is scarce. With the rise of 
in  vitro fertilization during the late 1970s, the majority of 
infertile couples were able to conceive, deferring interest in 
the field of uterine transplantation until the 1990s. Animal 
models including rodents and primates were studied, soon 
followed by the experimental clinical stage of the procedure 
in humans [41].

The first report of a human uterus transplantation was 
published in 2002 by a Saudi Arabian team [41, 42]. 
Performed on 26-year-old patient who lost her uterus at age 
20 due to post-partum hemorrhage, the procedure was ulti-
mately unsuccessful. The patient suffered acute vascular 
thrombosis months after the transplant, and the donor uterus 
was removed. However, histopathological study showed no 
signs of transplant rejection, an encouraging observation in 
the face of the procedure’s failure.

Clinical interest in the procedure has more recently been 
spurred with the birth of the first healthy child 1 year after a 
uterine transplant in Sweden in 2013. The transplant patient 
was diagnosed with congenital absence of the uterus, one of 
many causes of absolute uterine factor infertility [4]. An 
intense triple immunosuppression regimen and swift resolu-
tion of three mild rejection episodes were vital to the success 
of the Swedish operation. Results of this procedure are 
promising for the future of elective uterine transplants, 
though the nature of the procedure poses unique medical 
risks that must continue to be addressed [43]. As highlighted 
by the concentrated efforts of the transplant team in Sweden, 
immunosuppression and meticulous follow-up are essential 
components of future procedures. To date, 11 cases of uter-
ine transplantation have been reported worldwide. Seven of 
these cases resulted in pregnancy, three of which achieved 
live births [41].

Following Sweden’s successful uterine transplant, the 
procedure was then attempted in the United States in 2016. 
The operation appeared successful until the donor uterus was 
emergently removed 2 weeks following the procedure, after 
a fungal infection compromised the integrity of the graft’s 
vascular flow [44]. These cases illustrate three critical com-
ponents of a successful uterine transplant: maintenance of 
adequate blood flow, aggressive immunosuppression, and 
scrupulous infection control.

36.5.2  Ethical Considerations

Unlike other organs, including the kidneys, liver, and heart, the 
uterus is regarded as “non-vital,” presenting ethical concerns 

of clinical legitimacy when approaching the procedure. In this 
context, an argument in favor of non-vital transplantation is 
the rising prevalence and clinical acceptance of these proce-
dures [45]. Penile and testicular transplantations have been 
performed, as well as hand and face transplantations [46, 47]. 
These body parts are not necessary for survival, but the psy-
chological and functional benefits of transplantation justify 
the procedure, as can be argued for uterine transplantations.

The ethical concern of potential harm outweighing the 
benefits of elective uterine transplantation must also be con-
sidered. From a technical aspect, the surgical procedure and 
management of uterine transplantation is similar to that of 
vital organ transplants, implying no increased risk to the 
uterus recipient or the potential fetus. Some immunosuppres-
sive agents necessary for rejection control have demonstrated 
teratogenic effects, as discussed above, but the flexibility of 
regimens allow clinicians to evade this risk.

Lefkowitz et al. considered the ethical issues surround this 
procedure in 2011, creating the Montreal Criteria for the 
Ethical Feasibility of Uterine Transplantation [45] 
(Table 36.3). Considering that the procedure is medically safe 
for the pregnant patient and her fetus, and assuming that uter-
ine transplantation will lead to a viable pregnancy, the criteria 
below are proposed for the recipient, donor, and healthcare 
team [45]. It has been proposed that all ethical criteria must 
be met before proceeding with uterine transplantation.

36.5.3  Future of Uterine Transplantation

Clinical forays into uterine transplantation procedure may 
soon be made less treacherous by the development of “unre-
jectable” bioengineered organs. Whole organ engineering is 
a promising means of evading the common challenges of 
immunosuppression and rejection in transplantation. A tech-
nique known as decellularization has been employed, strip-
ping donor organs down to scaffolds of extracellular matrix 
material. The scaffold, free of any donor cells (and thus, 
potential donor antigens), may then be seeded with stem 
cells derived from the desired organ [48]. Originally devel-
oped in hopes of improving solid-organ transplant technol-
ogy, decellularization/recellularization techniques show 
promise for achieving a viable bioengineered uterus or 
regeneration of a partially excised uterus, without the risk of 
organ rejection [49].

36.6  Assisted Reproductive Technology 
in Organ Transplant Recipients

Though fertility is re-established in many organ transplant 
recipients, especially those well within their child-bearing 
years, many may struggle with infertility that may be caused 
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by a separate reproductive abnormality or from graft 
dysfunction.

In those with fertility issues secondary to impaired graft 
function, the underlying dysfunction should be treated and 
controlled before attempting conception. Postponing con-
ception for at least a year after achieving adequate graft func-
tion has been recommended, as discussed above [14]. Graft 
function is particularly relevant in renal transplant patients, 
as impaired reproductive function is a known comorbidity in 
patients with renal insufficiency [50]. Overall, though data is 

limited on infertility rates in other solid-organ transplant 
patients, renal allograft recipients appear to demonstrate 
similar fecundity when compared to the general population 
[50]. This suggests that the same standard diagnostic and 
treatment approach used in the typical infertility patient 
should be used in these patients, with the added caution of 
allograft monitoring throughout the treatment [41].

36.6.1  In Vitro Fertilization

Indications for in  vitro fertilization (IVF) in transplant 
patients are similar to that of general population including 
tubal disease and male factor infertility. IVF is a first-line 
treatment for infertility due to its safety, efficacy, and mini-
mal invasiveness [51]. Overall, discussions on IVF in trans-
plant patients are few, though even greater caution must be 
entertained in this patient population. While data is lacking 
on response to gonadotropins, implantation, and pregnancy 
rates, risks including ovarian hyperstimulation syndrome 
and multiple gestations have the potential for even greater 
consequences in this patient population.

Reports that exist focus primarily on renal transplant 
patients, with the first reported IVF pregnancy was in 1995, 
thus establishing the efficacy of this procedure in the trans-
plant population [52]. Several case reports since have demon-
strated that IVF pregnancies have no direct impact on graft 
function and that pregnancy in these patients does not increase 
renal morbidity [52–54]. However, some cases suggest that 
ART may indirectly contribute to graft dysfunction. It has 
been hypothesized that medically enlarged ovaries caused by 
ART may lead to compression of the graft and secondary 
renal obstruction, reversible by symptomatic treatment [55].

36.6.2  Alternative Approaches to ART

A number of options used to minimize IVF complications in 
the general population should be considered and applied to 
this patient population. These include minimal stimulation 
protocols, elective single embryo transfer, elective cryo-
preservation, and subsequent embryo transfer.

36.6.2.1  Minimal Stimulation Protocols
Minimal stimulation (MS) protocols aim to produce a fewer 
number of high-quality oocytes for IVF, rather than simply 
producing a greater quantity of oocytes, as in conventional 
controlled ovarian stimulation. The pregnancy rate and num-
ber of retrieved oocytes in patients receiving MS IVF has 
been reported to be similar to that in conventional IVF 
patients, and in addition MS offers several benefits [56, 57].

MS using SERM or gonadotropin triggers carries a lower 
risk of OHSS, in contrast to traditional ovarian stimulation 

Table 36.3 Montreal Criteria for the Ethical Feasibility of Uterine 
Transplantation

The 
recipient…

...is a genetic female of reproductive age with no 
medical contraindications to transplantation
…has documented congenital or acquired UFI 
which has failed all current gold standard and 
conservative therapy
…has a personal or legal contraindication to 
surrogacy and adoption measures or seeks the UTx 
solely as a measure to experience gestation, with an 
understanding the limitations provided by the UTx 
in this respect
…has not had her decision to undergo UTx deemed 
as irrational by expert psychological evaluation, and 
has no psychological comorbidity that interferes 
with diagnostic workup of treatment
…does not exhibit frank unsuitability for 
motherhood
… is likely to take antirejection medication and 
follow up with the treating team in a responsible 
manner
…is responsible enough to consent, informed 
enough to make a responsible decision

The donor… …is a female of reproductive age with no medical 
contraindications to donation
…has repeatedly attested to her conclusion of parity 
or has signed an advanced directive for postmortem 
organ donation
…has no history of uterine damage or disease
…is responsible enough to consent, informed 
enough to make a responsible decision, and not 
under coercion

The health 
care team…

…is part of an institution that meets Moore’s third 
criteriona as it pertains to institutional stability
…has provided adequate informed consent to both 
parties regarding risks, potential sequelae, and 
chances of success and failure
…has no conflict of interest independently or with 
either party
…has the duty to preserve anonymity if the donor 
or recipient do not explicitly waive this right

aMoore and Kinne defined field strength, laboratory background, and 
institutional stability as key components for ethical analysis of surgical 
innovation. Reprinted with permission from Elsevier
UTx uterine transplantation
From Lefkowitz A, Edwards M, Balayla J. Ethical considerations in the 
era of the uterine transplant: an update of the Montreal criteria for the 
ethical feasibility of uterine transplantation. Fertil Steril. 2013;100 
[4]:924–26, with permission
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protocols where supraphysiologic estradiol levels and mul-
tiple follicular recruitment are often seen [56]. These are the 
main factors leading to an increased risk of OHSS and resul-
tant fluid shift from the vasculature to the interstitial space 
causing ascites, hemoconcentration, and a hypercoagulable 
state [58]. This is crucial to avoid particularly in those with 
renal transplants.

36.6.2.2  GnRH-Agonist Triggers
Another consideration is the use of GnRH-agonist (GnRH-a) 
to induce oocyte maturation (trigger) with GnRH-antagonist 
(GnRH-ant) protocols to minimize OHSS risk, instead of 
using human chorionic gonadotropins (hCG). Data suggests 
that levels of key hormones implicated in the pathogenesis of 
OHSS (vascular endothelial growth factor, tumor necrosis 
factor α, and estradiol) are significantly lower in patients 
receiving GnRH-a trigger when compared to hCG trigger. 
The suggested mechanism for this finding is the shorter half- 
life of GnRH-a, which stimulates LH release for 24 h [59]. 
This is a relatively narrow duration of action when compared 
to hCG trigger, which sustain gonadotropin production for 
more than a week [59]. Meta-analysis suggests that GnRH-a 
triggers are significantly safer than hCG trigger [60]. Several 
studies have reported that the use of a GnRH-a trigger sig-
nificantly reduces the risk of OHSS to 0–2%, a striking 
decrease compared to the 5–31% incidence of OHSS with 
hCG triggers [60–62].

GnRH-a trigger during GnRH-ant regimens may either be 
given as an independent 0.1 mg dose of triptorelin (a syn-
thetic GnRH-a analogue) or concomitantly with a 1500 IU 
bolus of hCG (dual-trigger) 34–37 h prior to oocyte retrieval 
[63]. Alternatively, a 0.15  mg bolus of leuprolide acetate 
(Lupron) or a 300  μg intranasal dose of nafarelin acetate 
(Synarel) may be administered to stimulate final oocyte mat-
uration [64, 65]. Overall, while the use of a GnRH-a trigger 
minimizes the risk of OHSS, its benefits must be balanced 
against its less desirable pregnancy outcomes. The odds of 
pregnancy are significantly less with GnRH-a than with hCG 
(OR 0.75, 95% CI 0.59–0.96) [57]. This strategy is currently 
recommended for use only in patients who intend to have 
their oocytes cryopreserved for later use [57]. GnRH-a trig-
gers may have wider application beyond cryopreservation, 
but further research is needed with respect to pregnancy 
outcomes.

36.6.2.3  Elective Cryopreservation
With improved cryopreservation techniques with vitrifica-
tion, pregnancy outcomes have been reported to be compa-
rable to fresh embryo transfers (ETs) [66, 67]. Elective 
cryopreservation and subsequent frozen thaw cycles also 
provides the benefit of avoiding OHSS by allowing the 
supraphysiologic estradiol to normalize from ovulation 
induction and oocyte retrieval [68]. A combination of 
GnRH-a trigger with elective cryopreservation appears to 

essentially eliminate the risk of OHSS in patients undergo-
ing this approach and should be considered in the trans-
plant population [69].

36.6.2.4  Elective Single Embryo Transfer
Elective single embryo transfer (eSET) has been demon-
strated to result in similar pregnancy outcomes when com-
pared to multiple embryo transfer (MET), while avoiding the 
risk of multifetal gestation [70]. As such, the American 
Society for Reproductive Medicine (ASRM) currently rec-
ommends eSET when the prognosis for implantation is good, 
in patients under age 35 with several high-quality embryos 
available for transfer [71].

The pregnant transplant patient is already at a six-fold 
increased risk of preeclampsia (discussed above) and multi-
ple pregnancy itself confers a further threefold risk of devel-
oping this condition, taxing the renal system well beyond 
normal limits [72]. In the transplant patient, particularly the 
renal transplant patient, preeclampsia can have catastrophic 
implications. While no data exists on implantation and preg-
nancy rates, following ASRM’s recommendations of eSET 
would be a prudent approach and should be strongly consid-
ered [71].

36.7  Conclusion

The organ transplant population presents a unique set of 
challenges when considering post-operative pregnancy. The 
immunosuppressive therapy necessary to combat allograft 
rejection presents potential reproductive concerns. The 
majority of transplant patients regain pre-operative fertility 
levels within 6 months post-procedure. However, additional 
risks appear during pregnancy. The allograft encounters an 
increased workload in the face of pregnancy, potentially 
complicating maternal health throughout gestation. Pregnant 
transplant recipients also carry an increased risk of adverse 
fetal outcomes, including fetal growth restriction and pre-
term birth. With careful consideration of these factors, as 
well as the concerns of hypertension, infection, and rejection 
in transplant patients, birth outcomes can be excellent. For 
patients with uterine factor infertility, uterine transplant is a 
viable prospect. Properly managed organ transplantation has 
the potential to save and prolong lives, affording patients the 
full experience of life, including family planning and 
childbirth.
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Ovarian Hyperstimulation Syndrome

Sule Yildiz and Baris Ata

Ovarian hyperstimulation syndrome (OHSS) is character-
ized by increased capillary permeability causing fluid shift 
into the third space. OHSS can present with ascites, pleural 
effusion, hypovolemia, hemoconcentration, and hypercoagu-
lability. Thromboembolism is the most serious complication, 
which potentially can lead to death. As such, OHSS is the 
most serious complication of infertility treatments.

37.1  Pathophysiology of Ovarian 
Hyperstimulation Syndrome

Ovarian hyperstimulation syndrome occurs most often fol-
lowing ovarian stimulation with gonadotropin for assisted 
reproductive technology (ART). It is very rarely reported in 
spontaneously conceived pregnancies. Overactivating FSH 
receptor gene mutations cause predisposition to OHSS [1, 
2]. Very high levels of endogenous hCG can also trigger 
OHSS in a molar pregnancy [3–7].

The hallmark of OHSS is increased capillary permeabil-
ity leading to ascites and pleural effusion. Vascular endothe-
lial growth factor (VEGF) is the major molecule responsible 
for increased vascular permeability [8–11]. There are three 
VEGF receptors: VEGF receptor-1 (VEGFR-1), VEGFR-2, 
and VEGFR-3 [12, 13]. VEGFR-1 and VEGFR-2 are 
expressed by endothelial cells. VEGF receptors are also 
expressed on the granulosa cells of the follicles [14–16]. 
Moreover, endothelial cells produce a soluble form of 
VEGFR-1 (sVEGRFR-1), that is indeed an antagonist; since 

on it binds free VEGF and prevents the latter from binding 
and stimulating membrane bound receptors [17, 18].

VEGFR-2 activation increases mitogenic activity in endo-
thelial cells and results in a rapid increase in vascular perme-
ability [19]. Moreover, VEGF causes fenestration of the 
endothelial barrier in small vessels [20, 21].

VEGF is produced in granulosa cells during folliculo-
genesis. Human chorionic gonadotropin (hCG) augments 
VEGF expression following gonadotropin stimulation [22–
25]. In the presence of multifollicular development, hCG 
multiplies the already increased VEGF expression in ovar-
ian follicles.

Ovarian renin-angiotensin system (RAS) overactivation 
can be an intermediate step between hCG exposure and 
VEGF over-expression. Ovarian RAS is dependent on 
gonadotropins and probably plays a role in the selection and 
development of a dominant follicle and in ovulation [26, 27]. 
HCG administration increases plasma concentration of pro-
renin, the primary molecule of RAS pathway [28]. Prorenin 
is converted to angiotensin also in the ovary [29]. Angiotensin 
2 is a strong stimulator of VEGF expression, and VEGF 
expression can be suppressed by the administration of angio-
tensin receptor blockers [30–37].

37.2  Risk Factors for Ovarian 
Hyperstimulation Syndrome

Effective prevention requires  identification of women at 
risk for OHSS. The number of luteinized granulosa cells 
determines both the incidence and the severity of the syn-
drome; the increased VEGF production by these cells is 
the main cause of OHSS [38]. Obviously multiple follicu-
lar growth brings about the risk. Risk factors can be 
grouped as primary and secondary risk factors. Primary 
risk factors are endogenous factors regardless of the risks 
superimposed by controlled ovarian stimulation (COS) 
protocol, while secondary risk factors appear during the 
COS cycle.
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37.2.1  Primary Risk Factors

Young age, low body weight, polycystic ovarian syndrome 
(PCOS), and previous history of OHSS are primary risk fac-
tors [39, 40]. However, the absence of these factors is not 
100% reassuring. Fatal cases of OHSS have also been 
reported in women older than 40 years [41–43]. The relation-
ship between body mass index (BMI) and risk of OHSS is 
equivocal. The administration of standard gonadotropin dos-
age disregarding the BMI might have led to administration of 
relatively higher amount of gonadotropin to lean women 
[39]. On the other hand, many women with PCOS have high 
BMI. Accordingly, BMI alone should not be considered as a 
risk factor. Women developing OHSS in the absence of other 
primary risk factors had sixfold higher anti-Müllerian 
Hormone (AMH) levels as compared to those without OHSS 
[44]. AMH was found to be a better predictor of OHSS as 
compared with age and BMI, with a sensitivity of 90.5% and 
a specificity of 81.3% for a cutoff value set at 3.36 ng/ml [45].

Clear-cut threshold levels do not exist for any of these 
primary risk factors to allow precise identification of women 
who will develop OHSS. Furthermore, absence of these pri-
mary risk factors does not provide reassurance. Hence the 
risk of OHSS should always be considered at the beginning 
of a treatment cycle.

37.2.2  Secondary Risk Factors

Serum estradiol (E2) levels during a stimulation cycle, the 
rate of E2 increase, follicle number and size, and number of 
collected retrieved have been assessed as secondary risk fac-
tors for OHSS.  E2 molecule itself does not have a direct 
vasoactive effect, and high E2 levels alone do not cause 
OHSS in the absence of HCG [21, 46, 47]. Serum E2 levels 
merely represent granulosa cell activity in the context of 
OHSS.

Serum E2 levels largely overlap between women with and 
without OHSS, yielding only a modest predictive value [42, 
48–50]. Women with partial 17,20 desmolase deficiency can 
develop OHSS with low E2 levels [51].

The relationship between the number of growing follicles 
and the risk of OHSS has been evaluated in several studies 
[41, 52–54]. Although the two are strongly correlated, there 
is not a precise cutoff denoting significantly increased risk of 
OHSS. Further, follicle count and size show high variation in 
the presence of multifollicular growth [48]. Follicle count 
per se does not improve sensitivity, specificity, and positive 
or negative predictive values [45].

Identification of primary and secondary risk factors is 
useful for risk assessment during COS even in the absence of 
well-defined threshold levels. However, their interpretation 
varies considerably among clinics and physicians [38].

37.3  Prevention of OHSS

OHSS develops due to excessive VEGF production from a 
high number of luteinized granulosa cells. Exogenous hCG 
administration, endogenous luteinizing hormone, or endog-
enous hCG of a developing pregnancy can all cause and 
sustain excessive luteinization. Exogenous hCG injection or 
very rarely endogenous LH triggered by a single bolus of 
GnRH agonist injection is responsible for the development 
of early OHSS (within the first 8 days of oocyte collection), 
while hCG of pregnancy for late OHSS (8 days after oocyte 
collection). In addition to the categorization according to the 
time of onset, OHSS is also categorized according to the 
symptomatology and laboratory findings. Mild OHSS is 
characterized by abdominal distention, bilateral ovarian 
enlargement, and nausea with normal biochemistry. Vomiting 
and diarrhea can occur. Mild OHSS is usually self-limiting 
and does not require intervention other than close monitor-
ing. However, occurrence of pregnancy can lead to progres-
sion of the condition. Moderate OHSS is characterized by 
ultrasound evidence of ascites and increased hematocrit over 
41%, white blood cell count (WBC) above 10,000/μL, and 
hypoproteinemia, in addition to the symptoms of mild 
OHSS. Abdominal distention and other symptoms are more 
prominent in moderate OHSS.  Features of severe OHSS 
include, in addition to the findings of moderate OHSS, mas-
sive ascites with clinical findings, hydrothorax and dyspnea, 
hypotension, oliguria, and hepatic dysfunction. Laboratory 
findings of severe OHSS are hematocrit >45%, 
WBC  >  15,000/μ, and creatinine levels between 1 and 
1.5 mg/dl. Critical OHSS is the most severe form and can 
become life-threatening. Symptoms and findings of critical 
OHSS include tense ascites, hypoxemia, pericardial effu-
sion, renal failure with oliguria/anuria, thromboembolic phe-
nomena, and adult respiratory distress syndrome. Laboratory 
findings of critical OHSS are hematocrit >55% and creati-
nine level >1.5 mg/dl [55].

Two factors are critical for the development of OHSS: (1) 
increased  number of growing follicles and (2) prolonged 
luteinizing stimulus to granulosa cells. Preventive measures 
must address these two factors. Primary measures aim to 
limit the number of developing follicles and secondary mea-
sures to decrease the number of luteinized cells.

Identification of high-risk women, implementing appro-
priate pre-stimulation measures, and choosing the optimal 
stimulation protocol with regard to choice of suppressing 
agent and gonadotropin dosage are primary preventive 
strategies.

Metformin co-administration in PCOS women undergo-
ing IVF treatment decreased the incidence of OHSS [56–58]. 
All randomized trials consistently demonstrated a benefit 
regardless of the duration and dose of metformin (1000–
2550  mg daily). Metformin did not affect the number of 
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oocytes and the maximum estradiol levels [56]. The effect of 
metformin on the incidence of OHSS seems to be mediated 
by declined insulin levels decreasing VEGF production. 
Indeed, insulin stimulates VEGF production and secretion in 
vascular endothelial cells [59].

Lower gonadotropin doses would be associated with fewer 
growing follicles and decreased risk of OHSS.  In women 
who over-responded to 150–225 IU, lower cycle cancellation 
rates were reported when the starting rFSH dose was 
decreased to 75 IU/day [60]. Lower dose cycles had similar 
clinical outcome, while the number of collected oocytes and 
the peak E2 levels were significantly decreased, and no 
OHSS was observed. Using lower gonadotropin doses may 
be considered despite lack of high-quality evidence.

The incidence of OHSS with human menopausal gonado-
tropins or recombinant gonadotropins is comparable in ART 
cycles [61–63]. However, studies excluded women with 
PCOS who are at the highest risk to develop OHSS [64].

The use of GnRH antagonists for pituitary suppression is 
associated with fewer follicles and lower incidence of OHSS 
[65, 66]. Moreover, pituitary suppression with GnRH antag-
onist allows using GnRHa rather than hCG for final oocyte 
maturation as a secondary preventive measure. The use of 
GnRH antagonists is a better choice for women at risk of 
OHSS.  GnRH agonist trigger will be discussed in detail 
below.

Immature oocytes collection in an unstimulated cycle fol-
lowed by in vitro maturation (IVM) is a treatment option for 
women polycystic ovaries. OHSS does not occur after 
IVM. However, pregnancy rate of IVM is lower than that of 
conventional IVF. Another alternative can be limited ovarian 
stimulation, i.e., gonadotropin administration until the lead-
ing follicle reaches 12 mm, followed by IVF [67, 68]. Forty 
percent clinical pregnancy rate without any severe OHSS has 
been reported in 20 women who had had a history of severe 
OHSS in previous stimulated cycles.

37.3.1  Secondary Preventive Measures

Secondary preventive strategies are measures that can be 
taken in women who already developed cohort of multiple 
follicles.

An effective secondary measure to prevent OHSS is with-
holding hCG injection and cancelling the treatment. OHSS 
can still occur following a spontaneous LH surge and 
achievement of a pregnancy, albeit rarely [69]. Today, wide-
spread use of GnRH antagonists for pituitary suppression 
enables the use of GnRH agonist triggering and cryopreser-
vation of all embryos without a fresh transfer as the best 
option. The GnRH agonist trigger provides rapid luteolysis 
and would be better than merely cancelling the cycle without 
any trigger at all.

Urinary hCG (uhCG) at the traditional dose of 10,000 IU 
provides an augmented and prolonged luteinizing stimulus 
as compared to spontaneous LH surge of a natural cycle. The 
half-lives of uhCG and LH are approximately 33 h and 1 h, 
respectively. Recombinant human LH (rLH), recombinant 
hCG, and finally GnRH analogues are tried as alternatives to 
uhCG.  Recombinant LH (rLH) adequately induces oocyte 
maturation with a lower incidence of moderate OHSS, but 
not of severe OHSS [70–72]. In addition to its ineffective-
ness to prevent severe OHSS, rLH preparations in the market 
lack the required dose for this purpose, and rLH triggering is 
not an option in practice.

Reducing the hCG dosage has been suggested as a means 
of secondary prevention [40, 73]. However, we are not aware 
of any RCTs to support this approach. A meta-analysis com-
paring the efficacy and safety of recombinant and uhCG has 
reported similar rate of OHSS [72].

The pituitary gland retains its sensitivity to GnRH ago-
nist in GnRH antagonist cycles. Thus, GnRH agonist 
maintains its capability to induce an endogenous LH 
surge. Following the GnRHa trigger, LH peaks around 4 h 
after administration and rapidly returns to its baseline 
value in about 20 h. In contrast, it takes LH 14 h to reach 
the peak, followed by a 14-h-long plateau before return-
ing to baseline after 48  h in a natural cycle [74, 75]. 
Combined with the short half-life of LH, the short LH 
peak decreases the luteinizing stimulus on the granulosa 
cells, limiting the production of VEGF. While decreased 
luteinization diminishes the risk of OHSS, it also impacts 
on pregnancy and live birth rates following a fresh embryo 
transfer. The addition of smaller dosages of hCG to rescue 
the luteal phase was suggested to maintain clinical out-
come while almost eliminating OHSS [74, 76, 77]. 
However, even the small 1500  IU hCG can cause early 
severe OHSS [78]. Severe OHSS cases have been reported 
following even GnRH agonist trigger alone, without any 
hCG [79, 80].

37.3.1.1  Coasting
“Coasting” refers to stopping gonadotropin injections and 
deferring hCG injection until serum E2 levels decline. The 
purpose is to allow apoptosis of granulosa cells in smaller 
FSH-dependent follicles by withholding FSH stimulation, 
thus decreasing VEGF production in response to 
HCG. Indeed, Garcia-Velasco et al. prospectively showed 
that coasting induces apoptosis in granulosa cells from fol-
licles of all sizes [81]. However, a trend toward decreased 
implantation and pregnancy rates with increased duration 
of coasting is consistently observed [81–84]. With the 
availability of GnRH agonist triggering, coasting is seldom 
used nowadays, yet it may be considered an option perhaps 
in GnRH agonist cycles, where the agent for ovulation trig-
ger has to be hCG.
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37.3.1.2  Dopamine Agonists
Dopamine decreases vascular permeability through decreas-
ing VEGFR-2 phosphorylation [85–87]. Accordingly, dopa-
mine agonist cabergoline (Cb2) significantly reduces 
VEGFR-2-dependent vascular permeability without a luteo-
lytic effect.

In clinical trials, the incidence of moderate and severe 
OHSS was significantly reduced with Cb2 administration, 
without an adverse effect on ovarian functions, implantation, 
and pregnancy rates [88–90]. Cabergoline is easy to use, 
safe, and effective in the prevention of OHSS. The proposed 
dose is 0.5 mg/day orally starting from the day of ovulation 
trigger or oocyte collection.

37.3.1.3  Renin Angiotensin System Blockage
The use angiotensin converting enzyme (ACE) inhibitors in 
high-risk patients has been evaluated [91, 92]. Due to its 
teratogenicity, it could be used only in cycles that do not 
involve embryo transfer, such as oocyte donors or when all 
embryos are to be cryopreserved. While one study reported 
no cases of OHSS in four women, another study reported a 
20% incidence of severe OHSS with a similar protocol in ten 
women [91, 92].

37.3.1.4  Administration of Macromolecules
Albumin and hydroxyethyl starch (HES) solutions decrease 
fluid leakage by increasing intravascular oncotic pressure. 
Albumin is also expected to bind and inactivate the circulat-
ing vasoactive molecules.

In contrast to a Cochrane report in 2002, more recent 
large RCTs showed that albumin infusion does not prevent 
severe OHSS [93–95]. Prophylactic albumin administration 
is not only ineffective, but it might even be hampering preg-
nancy outcome as well. Albumin may bind and inactivate 
molecules necessary for successful embryo implantation. 
Lower clinical and ongoing pregnancy rates were observed 
in the albumin-treated group as compared to the placebo 
group [94].

HES is another macromolecule, and unlike albumin it 
does not bind other molecules. The larger molecular weight 
of HES allows it to stay in the intravascular space for a lon-
ger period than albumin to maintain oncotic pressure. One 
RCT reported that infusion of 500 ml 6% HES solution at the 
time of oocyte collection was more effective than both albu-
min and placebo [96]. Other studies support this observation 
[97, 98]. However, the use of HES is debatable since the 
European Medicines Agency’s Pharmacovigilance Risk 
Assessment Committee recommended withdrawal of HES 
solutions from the market [99].

37.3.1.5  GnRH Antagonists
GnRH antagonist injections during the luteal phase decrease 
endogenous LH stimulation of corpora lutea and accelerate 

luteolysis [100]. Even though this has not been assessed as a 
preventive strategy, administration of GnRH antagonists for 
a couple of days can be considered in GnRH agonist trig-
gered cycles if the risk of OHSS is deemed to be high.

37.3.1.6  Decreasing the Number of Transferred 
Embryos and Embryo 
Cryopreservation

Since the endogenous hCG leads to late onset of OHSS, 
embryo transfer should be postponed in a high-risk cycle. 
Some experts have suggested that multiple pregnancies are 
also associated with a higher risk of OHSS because of higher 
HCG levels [101–103]. However the mere presence of hCG 
seems sufficient to induce OHSS [103]. Clearly, avoiding 
pregnancy can decrease late-onset OHSS. As of 2019, with 
the high success rate of embryo vitrification, and studies 
demonstrating already decreased live birth rates following 
fresh embryo transfer in women with excessive ovarian 
response, total embryo cryopreservation is the best compro-
mise in women at high risk [104].

37.3.1.7  Avoiding HCG as a Luteal Support 
Agent

Use of HCG for luteal phase support has been shown to be 
associated with significantly higher incidence of OHSS 
[105]. Hence, luteal phase support with hCG should be 
avoided in women at risk.

Importantly, the abovementioned strategies to prevent 
OHSS have different modes of action and can be success-
fully used together especially when fresh embryo transfer is 
forfeited [106]. We suggest the following combination for 
women who are at high risk of OHSS:

• Plan stimulation with a GnRH antagonist followed by 
GnRH agonist trigger.

• Avoid hCG for trigger and luteal support.
• Plan to freeze all embryos without a fresh embryo 

transfer.
• Administer Cb2 at a dose of 0.5 mg/day for 7 days start-

ing from the day of trigger or oocyte retrieval.
• Restart GnRH daily GnRH antagonist injections for 

5 days following oocyte retrieval.

Such combination is shown to accelerate luteolysis as evi-
denced by earlier start of menses, to be associated with 
smaller ovarian volume.

37.4  Management of OHSS

Even though OHSS is a self-limiting condition, thromboem-
bolism and pulmonary edema can lead to death. Today, renal 
failure is rare, and hepatic failure is not a major risk in the 
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absence of preexisting liver damage. Most cases can be man-
aged in an ambulatory setting.

• On admission vital signs and the respiratory rate should 
be recorded. The woman should be evaluated for ascites 
and hydrothorax. Complete blood count, renal and liver 
function tests including albumin, and coagulation tests 
are the initial laboratory tests to establish the diagnosis 
and guide the management.

• Circulating volume must be maintained. Intravenous fluid 
administration is required for hospitalized patients. Care 
must be taken to avoid rapid and massive hydration since 
acute respiratory distress syndrome can occur following 
massive hydration [107]. Administration of fluid in the 
presence of endothelial barrier damages contributes to the 
loss in a short time [108].

• Although albumin administration has been advocated to 
maintain oncotic pressure and replace the fluid deficit, it 
remains in the circulation for less than 36 h and moves to 
the interstitium, contributing to extravasation of the 
remaining intravascular fluid [108]. RCTs reported 
decreased requirement for paracentesis, shorter hospital 
stay, and faster recovery from hemoconcentration with 
administration of other macromolecule solutions as com-
pared with albumin [109–111]. Dextran is preferable over 
albumin.

• Decision about the timing of paracentesis and the amount 
of fluid to be drained depends on clinical judgment. 
Absolute indications for paracentesis are dyspnea due to 
ascites, oliguria due to compression of urinary system 
due to ascites, and severe abdominal distention. 
Paracentesis acutely decreases intra-abdominal pressure, 
hence increases venous return, cardiac output, and renal 
blood flow without adversely affecting uterine circulation 
[112, 113]. Abdominal or transvaginal paracentesis yields 
similar results. Due to the concern of protein loss, gradual 
aspiration has been recommended [114]. Yet, drainage of 
large amounts, even without albumin replacement has 
been done without any adverse events [115, 116]. 
Draining large amounts once paracentesis is done 
decreases the number of procedures until resolution of the 
condition.

• Hospitalization is seldom necessary. Moderate/severe 
OHSS can be reasonably managed on an outpatient basis 
with paracentesis, hydration, and anticoagulation [116, 
117].

• Restarting GnRH antagonist injections can accelerate 
resolution [100, 118, 119].

• While anticoagulant therapy is generally reserved for 
patients with thrombophilias, thromboembolic phenome-
non, immobility, or obesity, women with severe OHSS 
can benefit from prophylactic anticoagulant therapy. Once 
started, anticoagulation should be continued for a mini-

mum of 4–6 weeks after resolution of clinical OHSS or 
throughout the first trimester.

• Thoracocentesis and pericardiocentesis may be necessary 
when respiration is impaired or in the presence of cardiac 
tamponade. Such cases may require monitoring in an 
intensive care unit [92].

• Diuretics can lead to further hemoconcentration and have 
resulted in arterial thrombosis, renal failure, and death [43]. 
They must be avoided.
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Same-Sex Couples and Single Women 
Undergoing Medically Assisted 
Reproduction

Ilana B. Ressler

While a “traditional” nuclear family has been defined as a 
heterosexual married couple and their biologically conceived 
children, this model is far from universally true. There are an 
increasing number of unmarried heterosexual couples, 
divorced individuals, same-sex married and unmarried cou-
ples, and single individuals who have or desire to have chil-
dren. Along with the changing landscape of social family 
structures, assisted reproductive technology (ART) or medi-
cally assisted reproduction (MAR) continues to evolve, 
offering an increasing number of family building options and 
techniques. This chapter will examine the different methods 
available for same-sex couples and single women to have 
children and the matters pertaining to these specific 
populations.

38.1  Background

While the majority of births in the USA are to heterosexual 
married couples, there are increasing numbers of children 
born to single or unmarried persons. A recent publication of 
the 2015 National Vital Statistics reports that there were over 
1.6 million births (40.3% of all births) to unmarried women 
[1]. This accompanies a societal shift of both acceptance 
regarding out-of-wedlock births and attitudes toward the les-
bian, gay, bisexual, or transgender (LGBT) community.

It has been estimated that 5.2–9.5 million adults in the 
USA identify as LGBT, which is 2–4% of the adult popula-
tion [2]. It has also been estimated that up to six million US 
children and adults have an LGBT parent, but only about 
200,000 children are being raised in a same-sex couple 
household [3]. There is little population data regarding the 
birth circumstances of those children in same-sex house-
holds (e.g., whether the children were born to a previous het-
erosexual couple versus into a same-sex couple household).

The increasing trend of those forming families outside of 
the heterosexual couple structure is due to several factors, 
not only the greater acceptance of these family units but 
improved ART technology and options and changing legali-
ties regarding adoption and marriage [4, 5]. When looking to 
create families, single women and same-sex couples have 
hurdles that heterosexual couples do not face. They must 
decide first if they wish to have a biologic link to the 
child(ren). If not, adoption may be pursued, which may pres-
ent a separate set of obstacles. If a biologic link is desired, 
ART involving third-party reproduction must be employed. 
We will now focus on the ART options and surrounding 
issues for each of these specific populations.

38.2  Single Women

The fertility treatment available to single women is intrauter-
ine insemination or IVF with donor sperm. Some claim that 
the first attempt at artificial insemination was done by Henry 
IV, King of Castile, whose nickname was “the Impotent.” He 
was married in 1455 to Princess Juana and 6 years later had 
a daughter. It was assumed that he was impotent, and the idea 
of artificial insemination was introduced [6]. In 1784, scien-
tist Lazzaro Spallanzani reported the first artificial insemina-
tion in a dog, which resulted in the birth of three puppies [7, 
8]. The first documented human artificial insemination was 
in the 1770s by John Hunter, “the founder of scientific sur-
gery” [6]. The use of artificial insemination increased in the 
1800s in several countries, including the USA, Russia, 
England, and Denmark. This led to the growth of its use first 
in animals and later in humans in the 1940s. In 1953, Dr. 
Jerome Sherman introduced a technique of preserving human 
sperm with glycerol, slow cooling, and storage with solid 
carbon dioxide. This resulted in the first human pregnancy 
with frozen sperm in 1953 and finally to the commercializa-
tion of sperm banks in the 1970s [6].

Historically, therapeutic donor insemination (TDI) was 
used primarily by heterosexual couples with male factor 
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infertility. A study examining the use of TDI by physicians in 
1979 compared to a decade later reported that in 1979, 9.5% 
of physicians using TDI had performed this on unmarried 
women; this statistic rose to 35% in 1990 [9]. While profes-
sional society guidelines for sperm donation include several 
indications for the use of TDI, they do not specify single 
women or same-sex female couples. The guidelines do, how-
ever, include “females without male partners” [10]. This 
could include single heterosexual women, single lesbians, or 
lesbian couples.

There is large oversight of specific aspects of gamete 
donation. In the USA, there are professional society guide-
lines regarding screening and testing potential donors, as 
well as Food and Drug Administration (FDA) guidelines 
[10–13]. Evaluation of the female recipient should include a 
thorough medical and reproductive history, a complete phys-
ical examination, standard preconception counseling and 
screening, psychological consultation, evaluation of ovula-
tion, and evaluation for tubal and uterine abnormalities [10].

When selecting a sperm donor, the patient has a choice of 
selecting an anonymous or known donor. In either case, the 
following apply: In general, a donor in good health with no 
known genetic problems and with known established pater-
nity is ideal. The screening process for sperm donors includes 
semen analysis, psychological evaluation, genetic screening 
for commonly inherited genetic diseases, medical history, 
physical exam, and laboratory testing (including infectious 
diseases, blood type, and Rh). After the sperm is cryopre-
served, it should be quarantined for 6 months and the infec-
tious disease testing repeated. Practices utilizing sperm from 
commercial sperm banks must ensure that the sperm bank is 
in compliance with legal requirements, both local and 
federal.

When selecting a sperm donor, the patient should con-
sider what characteristics are important to her. These may 
include physical characteristics, race, ethnicity, and religious 
and educational background. If the recipient is Rh negative 
or CMV negative, consideration of these factors should be 
made as well.

One study compared single heterosexual and lesbian 
women and lesbian couples who utilized TDI [14]. This 
study found that heterosexual women started TDI treatment 
at an older age as compared to lesbian women. Common 
factors affecting the timing of when they initiated treatment 
were job security, the sense of time running out, having 
worked out concerns regarding parenting, and sufficient 
social support. Other studies have reported that among those 
utilizing TDI, single heterosexual and lesbian women were 
similar to married women demographically, in regard to 
concerns surrounding TDI and in regard to TDI outcome 
[15, 16].

In general, single women should not be considered as 
“infertile” or “subfertile,” unless their pre-treatment fertility 

workup indicates otherwise. While one of the biggest predic-
tors of success with intrauterine insemination with donor 
sperm is the age of the woman [17, 18], other considerations 
include use of ovarian stimulation with oral agents or inject-
able gonadotropins, timing of insemination, and frequency 
of insemination. Intrauterine insemination has a higher suc-
cess rate per cycle than intracervical insemination [19, 20]. 
In a study of single and lesbian women utilizing TDI, the 
overall pregnancy rate for women <35 years old was 18.5%, 
11.9% if 35–40 years old, and 5.4% if >40 years old. The 
cumulative pregnancy rate after 8 cycles was 86% for those 
<35 years old, 51% for those 35–40, and 32% if >40 years 
old. There were no differences in pregnancy rates when cor-
recting for age in relation to the stimulation regimen (natural 
cycle, clomiphene citrate versus gonadotropins) [17]. Others 
have shown higher pregnancy rates in those being treated 
with gonadotropins [21].

38.3  Same-Sex Female Couples

Access to ART is limited or unavailable to lesbian couples in 
many countries. In some instances, access is as a single 
woman, not a couple [22]. In 1985, a survey reported that 
only 0.7% of patients requesting TDI were lesbian couples 
[23]; a more recent study reports that the majority of those 
utilizing TDI at their center are lesbian couples [24].

There is more than one option for conception for lesbian 
couples. This includes one partner providing the oocytes and 
carrying the pregnancy (with use of TDI or IVF), and some-
times the other partner will do the same in a subsequent preg-
nancy. If both partners wish to be involved biologically in the 
same pregnancy, the oocytes from one woman can be 
retrieved, fertilized with donor sperm, and the embryo(s) 
transferred to the other’s uterus. This process has several 
names, including reception of oocytes from partner (ROPA), 
reciprocal IVF, shared maternity, shared conception, shared 
parenthood, or intrapartner oocyte donation [22, 25, 26].

Studies have investigated the decision-making process 
regarding which of the partners will conceive and carry the 
child [27–30]. Reasons include a desire to experience preg-
nancy and childbirth, the importance of a genetic connection, 
age, and employment situation. While theoretically possible 
for both partners to carry, evidence suggests that the minority 
of lesbian couples desire this approach [24, 29, 30].

When considering their reproductive options, lesbian 
couples will have a medical consult with a reproductive 
endocrinologist to review both partners’ histories and dis-
cuss treatment options as above. A discussion regarding 
anonymous versus known sperm donation will take place. 
Preconception testing is similar to a heterosexual woman, 
including blood type and Rh with antibody status, infectious 
disease screening (HIV, hepatitis B and C, syphilis, 
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 gonorrhea, chlamydia), immunity status to rubella and vari-
cella, cytomegalovirus antibody status, and recent PAP 
smear results. Pre-conception genetic carrier screening is 
typically offered. Additional tests include ovarian reserve 
testing (day 3 follicle stimulating hormone (FSH) with 
estradiol, anti- Müllerian hormone (AMH), antral follicle 
count), thyroid function, and prolactin. In addition to the 
medical consultation, it is recommended that the clinician 
encourage psychological counseling for sperm donor recipi-
ents [10].

When selecting donor sperm for TDI, IVF, or reciprocal 
IVF, lesbian couples must decide whether to use a known or 
anonymous sperm donor. One study found that 59% of the 
women wanted an anonymous donor, primarily to avoid 
interference from a third party [27]. A different small study 
found that the majority of women wanted a known donor 
because they felt their children have the right to know their 
genetic origin and form relationships with the donors [31]; 
others are worried that their children might have psychologi-
cal or identity problems later in life if they did not know their 
paternity [32]. Importantly, no differences have been seen in 
the psychological well-being of adolescents with known ver-
sus anonymous donors [30, 32].

Evidence suggests that couples have a higher chance of 
success with achieving a live birth if both partners are will-
ing to go through treatment. A recent study showed that 
when both partners attempted conception, 88.9% achieved a 
live birth, compared to 68% when only one partner attempted. 
Those who were successful with TDI took an average of 
3 cycles, and those with IVF took a mean of 6 TDI and 1.7 
IVF cycles [24]. A comparison of heterosexual and lesbian 
women utilizing donor sperm (both TDI and IVF) showed no 
differences in live birth outcome in relation to sexual orienta-
tion [33]. Lesbian couples should be counseled that despite 
not having a diagnosis of “infertility,” it often takes several 
treatment cycles to be successful and their best chances of 
success may be if both partners are willing to try. As with all 
patients, age is one of the biggest predictors of success.

38.4  Same-Sex Male Couples

Studies have shown that gay men decide to become fathers 
for the same reasons as heterosexual men. These reasons 
include the desire to nurture children, achieving a sense of 
immortality, the sense of family that children provide, and 
constancy of children in their lives [34]. Gay men, however, 
must decide how they will achieve parenthood. Choices 
include adoption, providing foster care, and ART with use of 
oocyte donation and surrogacy. Having a genetic link to the 
child and allowing for more control over the process are two 
of the most common reasons why men choose to utilize ART 
[4, 35].

While many gay men choose adoption as their method for 
achieving parenthood, an increasing number now choose 
ART.  A strong motivating factor for the latter is having a 
biological tie to the child. Barriers remain, however, for gay 
men utilizing ART. One of the most common barriers is cost, 
as the price can be upward of $100,000 dollars to pay for the 
process; this includes fees for donor and surrogacy agencies, 
compensation for the donor and gestational surrogate, fertil-
ity treatment fees, medications, and legal fees. For many this 
becomes cost prohibitive. Some countries do not allow egg 
donation or gestational surrogacy. Those living in areas with 
such restrictions may choose to travel and have the treat-
ments elsewhere, which is termed “reproductive tourism” or 
“cross border reproductive care.” Reasons for reproductive 
tourism include legal purposes and better access to treatment 
and quality of care [36]. In the USA, laws regarding surro-
gacy vary by state.

Gay men using ART must select both an oocyte donor 
and gestational surrogate. There are two types of surrogacy, 
traditional genetic surrogacy and gestational surrogacy. 
Traditional surrogacy involves inseminating a woman with 
the sperm of the intended parent and carrying the preg-
nancy of a fetus who is genetically related to her. Gestational 
surrogacy involves utilizing IVF with oocytes from a donor, 
sperm from the intended parent(s), and creating embryos 
that are then transferred to a different woman’s uterus than 
the source of the oocytes. Therefore, the surrogate has no 
genetic connection to the child. The first successful case of 
surrogacy was reported in 1985 [37]. Its use has increased 
in recent years from 1.0% of ART cycles in 1999 to 2.5% in 
2013, and traditional surrogacy is seldom used [38].

The medical screening and assessment of a gay man is the 
same as for a heterosexual man utilizing donor oocytes and a 
surrogate. When a surrogate is involved, the man providing 
the sperm is considered a “directed donor.” FDA donor eligi-
bility must be determined for him, but if deemed to be “ineli-
gible,” use of the sperm is not prohibited [39]. If results are 
positive for one of the FDA-mandated infectious diseases, 
the tissue must be labeled as such; the physician must evalu-
ate and discuss this with all parties involved, and they may 
choose to proceed with use of that sperm [10].

A semen analysis should be done on any sperm source 
under consideration. A gay couple may choose to inseminate 
the oocytes with one partner’s sperm or to split the donor 
oocytes so that half are inseminated with each partner’s 
sperm. When deciding the sperm source, factors that are con-
sidered include the following: the intended parents’ ages (one 
may be older, and they choose to use his first), one may 
already have a child and feel the other should have the oppor-
tunity, one may be considered to have “better genes,” and one 
may feel more strongly about having a biological connection 
[40]. One study showed that 76% of couples chose to have 
sperm from both partners inseminate the donor oocytes [41].
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When selecting an oocyte donor, intended parents have 
the option of choosing an anonymous donor or someone with 
whom they may contact (a known donor or an open-identity 
donor). Many utilize a donor agency to assist with the donor 
selection. As with the use of a donor sperm, oocyte donors 
must go through a rigorous screening process regulated by 
the FDA. An optimal donor is in good health, has no known 
genetic problems, and has proven fertility. Donors must be of 
legal age and ideally 21–34 years old. The evaluation process 
includes psychological evaluation and screening, ovarian 
reserve testing, genetic screening for commonly inherited 
genetic diseases, medical history, physical exam, and labora-
tory testing (including infectious diseases and ovarian 
reserve markers) [10]. FDA blood work must be performed 
within 7  days of sperm collection and within 30  days of 
oocyte retrieval.

Contracts must be in place prior to starting the stimulation 
cycle. It is recommended that donors undergo a maximum of 
six stimulation cycles during their lifetime [42]. The stimula-
tion of an oocyte donor is similar to that of any woman under-
going IVF treatment. Oocyte donors generally have excellent 
ovarian reserve and are at increased risk for ovarian hyper-
stimulation syndrome. Monetary compensation to the donor 
reflects the time and physical and emotional elements that are 
associated with the donation. Travel costs must sometimes be 
taken under consideration as well. More recently, the utiliza-
tion of cryopreserved donor oocytes has increased. This is 
due to the increasing availability of cryopreserved oocytes 
since the “experimental” label was lifted from cryopreserving 
oocytes in 2013 [43]. Donor oocyte banks are now available 
as donor sperm banks have been for years.

There are several considerations when selecting a surro-
gate. They should be of legal age and ideally between the ages 
of 21 and 45 years. It is optimal if they have had at least one 
prior full-term, uncomplicated pregnancy, but no more than 
five prior vaginal deliveries or three prior cesarean sections. 
All potential surrogates and their partners should undergo 
psychosocial evaluation and counseling by a mental health 
professional. It is important that the surrogate have a support-
ive family and/or social network and not feel coerced into the 
surrogacy arrangement [44]. The majority of surrogates 
report that they are motivated by altruism and a desire to help 
a family have a child [35]. In addition, their compensation is 
a large motivating factor [45]. Some intended parents may 
have family or friends who are willing to be a surrogate, but 
most utilize surrogacy agencies to help select one.

There are multiple components to the screening and test-
ing of potential surrogates. A medical professional must 
thoroughly review their medical history, particularly their 
pregnancy history. They should be cleared medically to 
undergo pregnancy. While the FDA does not require screen-
ing of surrogates for possible transmissible infectious dis-
eases, ASRM does recommend testing for all surrogates and 

their partners within 30 days of embryo transfer. It is impor-
tant to carefully review the risks of the ART procedures and 
pregnancy and obtain informed consent. Surrogates should 
have independent legal counsel, and legal contracts must be 
in place prior to initiating treatment [44].

There are limited studies regarding relationships between 
gay men and their surrogates. The relationships tend to 
extend beyond the time of the pregnancy and are overall pos-
itive [40, 46]. Many surrogates go on to meet the children 
and other family members [46]. Gay men utilizing ART to 
create their families must decide when and how to disclose 
the details of this process to their children, including use of 
donor oocytes, a surrogate, and which father has a biological 
tie to the child. Most disclose this information in an age- 
appropriate manner and discuss more details as the child 
ages [46].

38.5  Legal Considerations

Massachusetts was the first state to legalize same-sex mar-
riage in 2004. The US Supreme Court declared that the pro-
vision of the federal Defense of Marriage Act that limited 
federal recognition of marriage to heterosexual couples was 
unconstitutional in 2013 [47]. In June 2015, the US Supreme 
Court ruled that same-sex marriage is legal [48].

Legal barriers still exist for gay men wishing to adopt or 
utilize ART. Adoption by gay parents was prohibited in cer-
tain states until recently. In March 2016, a federal judge 
overturned the last same-sex adoption ban in the USA (in 
Mississippi), making it legal in all 50 states [49].

All patients utilizing third-party reproduction must have a 
legal contract. Each party involved should have their own 
independent legal counsel. Depending on what state (or 
country) the men come from, and where the surrogate deliv-
ers, they may not be able to have both partners’ names on the 
birth certificate. Patients must be clear on the laws of their 
home state, the home state of the surrogate, and the state 
where the surrogate delivers, as there are states in which 
compensated surrogacy contracts are prohibited.

38.6  Ethical Considerations

The debate over the use of artificial insemination began in 
the USA in 1909 and in Europe in the 1940s. The Catholic 
Church objected to its use altogether. The main arguments 
against artificial insemination were that it was a form of 
adultery that looked past the religious importance of 
 intercourse and encouraged masturbation, which is viewed 
by the Catholic Church as a vice [6]. Despite these views, the 
donor sperm bank industry grew. Still today, many countries 
do not allow the use of donor sperm insemination for single 
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women or lesbian couples. A study in 1984 regarding single 
women and the use of TDI reports that while it may be per-
missible in select cases of single women, the physician has 
the right to refuse treatment [50]. More recent professional 
society guidelines state that there is no ethical basis to deny 
reproductive services to unmarried, gay, or lesbian people 
[51]. All requests for fertility treatment should be treated 
equally, regardless of marital status or sexual orientation.

One concern with sperm donation is that a man may 
donate his sperm too many times, which may lead to 
unknown sexually intimate relationships or marriage 
between biological siblings. There are no national or interna-
tional registries that track how many times a man has donated 
his sperm nor how many children have resulted. While the 
American Society of Reproductive Medicine recommends a 
limit to six cycles of oocyte donation for an individual, there 
is no current method of tracking or proving how many cycles 
have previously been done [42]. Due to this lack of accurate 
record keeping, there are no reliable statistics regarding how 
many children are conceived via donor sperm insemination 
annually.

Concerns have been raised regarding the offspring of sin-
gle or lesbian or gay couples, arguing that the best environ-
ment is a married, heterosexual family. Some opponents 
claim that a mother is necessary to provide a more caring and 
nurturing environment and that lesbian women are less 
maternal than heterosexual women. Other opponents have 
said that children of gay and lesbian parents will be socially 
isolated and have gender identity and sexual orientation dif-
ficulties and that the children are at greater risk for pedo-
philia or sexual abuse [52–55]. There is no scientific data, 
however, to support any of these claims. The American 
Psychological Association task force reviewed the data and 
concluded that parenting effectiveness is not related to the 
sexual orientation of the parents; lesbian and gay parents are 
equally likely to provide healthy, supportive environments 
for their children [56]. Studies of personal and sexual iden-
tity development have found few differences between chil-
dren of lesbian and heterosexual parents [57–60]. Overall, 
research shows little difference between the development, 
adjustment, and well-being of children of lesbian and gay 
parents and heterosexual parents. The ASRM Ethics 
Committee therefore concludes that there is no ethical basis 
for which to deny reproductive services to single, lesbian, or 
gay people [51].

38.7  Conclusion

The landscape of building families and the paths to parent-
hood is continually changing. The scientific technology and 
tools with which to build families also continue to rapidly 
evolve. While the medical building blocks of creating fami-

lies with ART may not differ in regard to marital status or 
sexual orientation, there are several other factors to consider 
when treating patients, including the psychological and legal 
components. It takes a well-informed team approach to pro-
vide the best care and address all considerations.
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39.1  The Desire to Parent

A child wish is as present in transgender individuals as it is 
in cisgender individuals. Evidence from patient surveys 
shows that 40–50% of transgender individuals wish to have 
children [1–3]. Many years ago, there was still a debate as to 
whether trans-persons would be “good parents.” This debate, 
similar to the discussion on the parenting skills of homosex-
ual couples, is now clearly in the past. Although there are not 
that many studies, especially on the long-term health of chil-
dren in trans-families, it seems that transgenderism does not 
impact on the psychosexual or gender identity development 
of children raised in families having a trans-parent [4–6]. 
The younger the children were at the time of their parent’s 
transitioning, the better the relationship was with the transi-
tioning parent [7].

In cases where the transitioning of the parent occurred 
before the birth of the child, it is important to discuss the 
transgender identity of the parent early in childhood, rather 
than later in life. If this does not take place in the closeness 
and safety of the family, it is possible that the gender transi-
tion of the parent could be told to the child by another person 
who is not the parent. This should be avoided, as such a sce-
nario may be devastating for the child [8].

It has been shown that transgender people with children 
have better mental health and vitality scores than transgender 
individuals without children [9]. Additionally, having chil-
dren has even been identified as a suicide protective factor 
among trans-adults [10].

As eloquently stated by T’Sjoen et al. [6], it is no longer a 
question of whether transgenders need to be assisted in this 
desire to parent, but how. Gender confirming treatments 
imply an effect on the capability to reproduce. Cross-sex 
hormone therapy almost always has a reversible effect on the 
spermatogenesis or oocyte maturation, accepting that it can 

result in permanent loss of fertility [11, 12]. Surgical inter-
ventions, including the removal of the gonads, will obviously 
lead to sterility.

The type of medically assisted reproduction (MAR) 
offered to transgender people seeking to fulfill the desire to 
parent depends on many factors. For example, do they wish 
to conceive a genetically-related child, what is the gender of 
their partner (if they have one), what is the timing of the 
MAR in relation to the gender-affirming treatment, and what 
is the local legislation on access to MAR for them? As a 
general rule, any form of MAR is best carried out before 
cross-hormone treatment or at least after periodic cessation 
of the treatment, since this most probably gives the transgen-
der patients the best MAR outcome chances.

39.2  Medical-Assisted Reproduction 
in Trans-persons

The seventh version of the World Professional Association 
for Transgender Health (WPATH) Standards of Care recom-
mends that fertility options should be discussed with patients 
prior to starting any ART or medical intervention [13]. 
Furthermore, the impact of each MAR option on fertility 
should be addressed, including fertility preservation options 
to offer the possibility of genetically related children. This 
chapter follows on from a recent review of De Roo et al. [14] 
and provides information on the effects of therapy on fertil-
ity, fertility preservation options, success rates, and how 
transgender people can use their cryopreserved gametes in 
the future.

39.3  Fertility Preservation for Transgender 
Women

Fertility preservation options for transgender women com-
prise of the cryopreservation of sperm collected through 
ejaculation or direct testicular surgery/extraction or the 
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freezing of immature testicular tissue. An overview of fertil-
ity preservation options in transgender women is provided in 
Table 39.1. For each option, it should be clearly indicated if 
this treatment is established, innovative, or experimental. 
Furthermore, the future use of cryopreserved gametes should 
be discussed in relation to the gender of the partner.

39.3.1  Sperm Cryopreservation

Sperm obtained through masturbation or vibratory stimula-
tion can be preserved for future use by freezing. Transgender 
women can find it challenging to masturbate for the purpose 
of producing a semen sample for cryopreservation. The stor-
age of cryopreserved semen may remind transgender women 
of their (male) past and could make a transgender woman 
feel as if she is not a true woman, as cisgender females do not 
have sperm banked [3, 15–18]. The sperm quality will decide 
what type of MAR will be most effective in the future.

39.3.2  Surgical Sperm Extraction

This technique requires a needle puncture of the testes in 
order to extract or aspirate the sperm. This is a standard 
method in ART.  Although this has been presented as an 
option for transgender women for whom masturbation is 
extremely difficult, it is important to take into account that 
this still is a surgical procedure [19].

39.3.3  Testicular Tissue Cryopreservation

Testicular tissue cryopreservation involves surgical biopsy of 
testicular tissue. This option overcomes the need for mastur-

bation and is also possible in prepubertal boys [19]. It is also 
a surgical procedure that can be combined with genital 
reconstructive surgery, accepting that this option is 
experimental.

When it comes to thawing the tissue, an in vitro matura-
tion procedure would be necessary in order to obtain mature 
sperm. At the moment, this is not possible as the process is 
still being optimized in a basic research setting. However, 
tissue transplantation could also be an option, followed by 
ART.  Transplantation, although technically possible, can 
restore the male endocrine environment, but this is not 
desired by transgender women.

39.4  Fertility Preservation 
for Transgender Men

For transgender men, fertility preservation options include 
the cryopreservation of embryos, oocytes, or ovarian tissue 
(the theoretical options are presented and summarized in 
Table 39.2).

39.4.1  Oocyte Cryopreservation

Human oocyte cryopreservation (often called “egg freez-
ing”) requires the trans-man to have hormonal stimulation, 
the retrieval of the oocyte(s), and subsequent cryopreserva-
tion, mostly via the process of vitrification.

The hormonal stimulation includes frequent vaginal ultra-
sound monitoring. A transvaginal surgical procedure is then 
performed for the oocyte aspiration [3, 19, 20]. A recent 
qualitative study by Armaund et  al. [20] clearly indicated 
that the vaginal examinations, and additionally the physio-
logical changes associated with the discontinuation of testos-

Table 39.1 Fertility preservation options in transgender women

Technique Description Considerations Future use
Sperm cryopreservation Cryopreservation of ejaculated 

sperm through masturbation or 
vibratory stimulation

– Established technique
– Masturbation
– Post pubertal

Male partner
Need of a donor oocyte and surrogate mother
Female partner
IUI or IVF/ICSI, depending on sperm quality 
followed by embryo transfer in partner

Surgical sperm 
extraction

Percutaneous aspiration of 
sperm from the testis or 
epididymis

– Established technique
– No masturbation
– Surgical procedure
– Post pubertal

Male partner
Need of a donor oocyte and surrogate mother
Female partner
IVF/ICSI treatment followed by embryo 
transfer in partner

Testicular tissue 
cryopreservation

Surgical biopsy of testicular 
tissue

– Experimental
– Prepubertal or post pubertal
–  Possible at moment of 

genital reconstructive 
surgery

Male partner
In vitro maturation and need of a donor oocyte 
and surrogate mother (not possible at this 
stage)
Female partner
In vitro maturation and IVF/ICSI followed by 
embryo transfer in partner (not possible at this 
stage)

Reprinted from De Roo C. et al. 2016 [14] with permission
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terone and hormonal stimulation, can trigger gender 
incongruence and dysphoria. Therefore, this issue should be 
carefully considered prior to embarking on any treatment.

However, provided oocytes are successfully retrieved and 
cryopreserved, each oocyte can then be used in the future, 
via warming, fertilization, and subsequent transfer into a 
uterus as an embryo. It should be noted that cryopreservation 
of oocytes does not require fertilization to take place on the 
day of collection, so there is no need for sperm at this stage.

39.4.2  Embryo Cryopreservation

Embryo cryopreservation is the process of preserving 
embryos, and this is a good option for post-pubertal trans-
gender men with a male partner. It gives the possibility for 
such couples to have genetically related offspring. 
Alternatively, donor sperm can also be used to create 
embryos. This fertility preservation method requires an ovar-
ian stimulation accompanied with the same psychological 
and emotional stress in transgender women as described 
above.

39.4.3  Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation requires a surgical removal 
of the ovary. However, there is no need for the patient to 
undergo ovarian stimulation using hormones as per the tech-

niques previously described. Since cross-sex hormone treat-
ment does not impact the number of primordial follicles in 
the ovary, the removal of the organ could be performed at the 
time of genital reconstructive surgery [21].

However, it should be stressed that this technique is pres-
ently considered highly experimental, since the future use of 
this tissue for the patient is doubtful. When (and if) the cryo-
preserved ovarian tissue is warmed for use, it could theoreti-
cally either be transplanted, or the follicles could be matured 
in the IVF laboratory. The transplantation of the ovarian tis-
sue will most likely cause side effects, by restoring female 
hormone activity in the trans-person. Natural conception is 
theoretically possible in cases where the oviduct and the 
uterus are still in situ. Furthermore, exogenous hormonal 
stimulation of the transplanted ovarian tissue could be tried 
to obtain mature oocytes for IVF or ICSI.

In the future, it may be possible to mature the follicles 
from the warmed ovarian tissue in the IVF laboratory, thus 
negating the need for transplantation. This technique, called 
in  vitro maturation (IVM) of follicles, would prevent the 
transgender men experiencing the recovery of female hor-
mone activity that would be associated with tissue transplan-
tation. However, safe IVM of these immature follicles in the 
laboratory is not yet possible. IVM is still highly experimen-
tal and, at the moment, only available in basic scientific set-
tings, such as research laboratories. For further reading on 
this topic, please see Ladanyi et al. [22], who have provided 
a concise overview of the advances in the field of ovarian 
cryopreservation and future possibilities for research.

Table 39.2 Fertility preservation options in transgender men

Technique Description Considerations Future use
Embryo 
cryopreservation

Controlled ovarian 
stimulation for oocyte 
retrieval and fertilization to 
obtain embryos for 
cryopreservation (to freeze)

– Established method
– Controlled ovarian stimulation
– Vaginal procedure
– Post pubertal
– Partner or donor sperm

Male partner
Use of partner’s sperm prior to 
cryopreservation, need of a surrogate mother
Female partner
Fertilization by donor sperm prior to 
cryopreservation, implantation into the 
partner’s uterus

Oocyte 
cryopreservation

Controlled ovarian 
stimulation to obtain oocytes 
for cryopreservation

– Innovative method
– Controlled ovarian stimulation
– Vaginal procedure
– Post pubertal
– No partner required

Male partner
Use of partner’s sperm, need of a recipient 
uterus (surrogate mother)
Female partner
Fertilization by donor sperm, implantation 
into the partner’s uterus

Ovarian tissue 
cryopreservation

Surgical excision of ovarian 
tissue for cryopreservation

– Experimental
– Prepubertal or post pubertal
– No controlled ovarian stimulation
–  Possible at moment of genital 

reconstructive surgery
– No partner required

Male partner
In vitro maturation and use of partner’s 
sperm, need of a recipient uterus (surrogate 
mother) (not possible at this stage)
Female partner
In vitro maturation, fertilization by donor 
sperm, implantation into the partner’s uterus 
(not possible at this stage)

Reprinted from De Roo C. et al. 2016 [14] with permission
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39.5  Transgender Gestation

In the USA, unlike in many European countries, hysterec-
tomy with oophorectomy is not necessary for legal gender 
reassignment [6]. In Sweden, the requirement of sterilization 
for gender reassignment legalization was ruled unconstitu-
tional in 2013, while in Belgium, new legislation was put in 
place in 2018, where a change in gender can be executed 
solely based on an administrative procedure without the 
necessity for treatment, diagnosis, or surgery [23]. These 
changes clearly affect clinical practice [24].

When transgender men decide to keep their ovaries and 
uterus, they have the option to possibly regain fertility after 
discontinuing androgen therapy. Transgender men can 
become pregnant, regardless of prior testosterone use [25]. 
This also emphasizes the need for specialized obstetric care, 
addressing the needs of pregnant transgender men.

Being pregnant and giving birth is still not possible for 
transgender women. The Swedish research unit of Prof 
Brännström performed a series of uterine transplants and 
reported the first live birth in 2014 [26]. This could open the 
possibility for assisted gestation for transgender women 
[12]. There are, however, medical concerns regarding uterine 
transplantation if introduced to transgender people [6, 16]. A 
difficult surgical procedure would be needed in order to 
change the anatomy of the male pelvis with the intention to 
perform a successful uterus transplantation. Immuno-
suppressive therapy would also be necessary and is possibly 
contraindicated during a pregnancy [6]. However, this in 
itself would not be any different from a uterine transplanta-
tion in a cisgender female patient.

39.6  Trans-centered Reproductive Care

There are many possibilities to aid trans-persons in their 
desire to parent. However, it is clear from the literature that 
although technically possible, the specific patient population 
undergoing these treatments needs special and specific care. 
Trans-persons experience physical discomfort, emotional 
stress, and significant gender dysphoria while undergoing 
MAR [20, 27, 28]. Additionally, “misgendering” can take 
place via medical staff in communications [27], such as 
using the wrong pronouns when talking to the patients [20] 
and the constant use of gender-specific words like “egg,” 
“vagina,” and “ovaries” [20].

A gender-neutral environment should be provided, where 
medical staff are up-to-date on the unique primary care needs 
for trans-persons. Easy changes to existing clinical practices 
may be necessary to create the right environment. These 
could include:

 1. A section on patient forms for gender identity as male, 
female, transgender, or gender-neutral, such as those pro-
duced by the Human Fertilization and Embryology 
Authority (HFEA) in the UK

 2. Offering restrooms that are unisex
 3. Taking care of gender-neutral communications
 4. Being aware of the distress trans-persons experience and 

creating a trusting patient relationship [20, 28]

Specific training for staff working in fertility clinics is 
therefore necessary, in order to address all aspects when 
trans-persons seek MAR. Only by doing this can clinics pro-
vide the optimal trans-centered reproductive care.
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Transvaginal Sonography-Guided 
Management of Ectopic Pregnancies

Luwam Ghidei and Gary N. Frishman

While most ectopic pregnancies implant in the fallopian 
tube, 10% of extrauterine pregnancies occur outside of the 
fallopian tube posing an even greater potential to cause sig-
nificant morbidity and mortality [1]. These non-tubal or 
complex ectopic pregnancies, such as cesarean scar, cervical, 
interstitial, ovarian, and heterotopic pregnancies, may be 
associated with a delayed presentation and diagnosis and 
thereby a higher risk of emergent surgery, life-threatening 
hemorrhage and hysterectomy. Fortunately, due to advances 
in ultrasound technology and clarifications in the criteria for 
diagnosing ectopic pregnancies, these pregnancies are 
detected earlier, allowing for timely and less invasive treat-
ment measures. Local injection of ectopic pregnancies with 
chemotherapeutic agents in place of, or as an adjuvant to, 
systemic medical or surgical therapy is becoming established 
as a safe and effective treatment option in appropriately 
selected patients [2].

Local injection of non-tubal or complex ectopic pregnan-
cies offers many advantages over traditional treatment proto-
cols. By performing the procedure using ultrasound guidance, 
the provider can immediately confirm cessation of fetal car-
diac activity if present. The successful resolution of non- 
tubal and heterotopic ectopic pregnancies with fetal cardiac 
activity by local injection alone or after systemic methotrex-
ate failure has been well established [3, 4]. The addition of 
local injection to systemic methotrexate therapy may 
improve conservative management success rates in patients 
with prognostic factors for systemic methotrexate therapy 
failure, such as cervical pregnancies with gestational age >9 

weeks, B-hCG levels >10,000 mIU/mL, crown-rump length 
>10 mm, and presence of fetal cardiac activity [5, 6].

Conservative management using transvaginal-guided local 
injection is an attractive alternative that minimizes morbidity 
compared to surgical management of cervical and cesarean 
scar pregnancies, which are associated with a significant risk 
of hemorrhage and rupture [7]. Successful conservative man-
agement also potentially preserves fertility as it is associated 
with a lower risk of hysterectomy than surgical management 
[8, 9]. Furthermore, monotherapy with local injection chemo-
therapy to the pregnancy may limit toxicities associated with 
systemically administered methotrexate. In the event of a het-
erotopic pregnancy, treatment with local injection allows for 
the preservation of the intrauterine pregnancy, an outcome 
that is not possible with systemic methotrexate therapy. There 
are several case reports of heterotopic pregnancies managed 
successfully with local injection of methotrexate or potas-
sium chloride and subsequent preterm and term deliveries of 
the intrauterine gestation [10–12]. Potassium chloride may be 
theoretically safer with heterotopic pregnancies given the 
potential absorption of methotrexate by the intrauterine preg-
nancy. The goals of this chapter are to review patient selection 
criteria for local treatment, injection techniques, agents used 
to perform local injection, and treatment outcomes.

40.1  Patient Selection Criteria

40.1.1  Diagnosis

Non-tubal ectopic and heterotopic pregnancies can be diag-
nosed early in gestation using transvaginal ultrasound (TVUS) 
and highly sensitive quantitative B-hCG assays. Table 40.1 out-
lines ultrasound findings suggestive of non- tubal ectopic and 
heterotopic pregnancies. In hemodynamically stable patients 
with inconclusive ultrasound findings but a high index of suspi-
cion for ectopic pregnancy exists, further imaging with repeat 
ultrasound, three-dimensional ultrasound, or magnetic reso-
nance imaging (MRI) may help clarify the diagnosis [13]. Of 
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note, color Doppler should only be used on the uterus when the 
possibility of a viable intrauterine pregnancy has been ruled 
out.

40.1.2  Criteria for Local Treatment

When a non-tubal ectopic or heterotopic pregnancy is diag-
nosed, local treatment should be considered. Contraindications 
for local treatment mimic those for systemic methotrexate 
and include ruptured ectopic pregnancy, hemodynamic 
instability, inability or unwillingness to follow up closely, 
and contraindications to the agents used for local treatment 
[2]. In addition, experienced surgeons and equipment are 
essential. Unstable patients and/or those with ruptured 
ectopic pregnancies should undergo immediate surgical 
treatment. Similar to systemic therapy, with local treat-
ment, candidates must be reliable to follow up for the nec-
essary blood tests, ultrasounds, and evaluations to monitor 
treatment and be able to seek immediate medical attention 
if symptoms of rupture develop. Of note, B-hCG may 
downtrend over a course of months following local injec-
tion and expectations; follow-up after treatment should be 
managed accordingly [16]. Surgical therapy is preferred for 
patients who cannot comply with the prolonged monitoring 
required after local treatment. Contraindications to the 
agents themselves should be considered when evaluating 
candidates for local treatment. Absolute contraindications 
to methotrexate include breastfeeding, immunodeficiency, 
sensitivity to methotrexate, active pulmonary disease, pep-
tic ulcer disease, and hepatic, renal, or hematologic dys-
function [3]. In patients with contraindications to 
methotrexate, potassium chloride and hyperosmolar glu-
cose are alternative agents that can be used for local injec-

tion and, as noted above, may be theoretically better in a 
heterotopic pregnancy. Contraindications to potassium 
chloride are rare. No maternal complications were reported 
in the largest series of 239 potassium chloride injections. 
Isolated cases reveal one maternal cardiac arrest and mater-
nal toxicity if the needle is misdirected to the maternal pel-
vis and uterus.

There are several types of patients who may significantly 
benefit from conservative management of non-tubal or com-
plex ectopic pregnancies. Conservative treatment with local 
therapy should strongly be considered for patients with ecto-
pic pregnancies who desire future fertility. In a systematic 
review that included 90 cervical ectopic pregnancies treated 
conservatively, only 4 cases (4.4%) required hysterectomy. 
This represents a significant reduction from historical 
accounts that reached nearly a 100% hysterectomy rate after 
treatment of cervical ectopic pregnancies [17, 18]. Tubal 
patency was preserved in 91.7% of patients with interstitial 
pregnancies managed with local injection, and 67% of 
patients conceived within 1 year of treatment in one case 
series [19]. Uneventful subsequent pregnancies and deliver-
ies have also been reported in case series of patients with 
cervical and cesarean scar pregnancies successfully man-
aged with local injection [8, 20]. Another patient population 
who may substantially benefit from local injection therapy 
are those patients who are at an increased risk for failure of 
systemic methotrexate therapy who have prognostic factors 
for systemic methotrexate therapy failure such as fetal car-
diac activity [5]. As noted above, the immediate successful 
cessation of fetal cardiac activity by local injection of non- 
tubal ectopic pregnancies alone, or in conjunction with sys-
temic methotrexate or after systemic methotrexate failure, 
represents a significant advantage of this treatment option 
compared to systemic treatment alone [3, 4]. Local injection 

Table 40.1 Ultrasound criteria suggestive of non-tubal ectopic and heterotopic pregnancies

Type of ectopic pregnancy Incidence Ultrasound criteria
Cervical pregnancy [14] 0.01% 1. Empty uterus

2. Barrel-shaped cervix
3. Gestational sac below the level of the internal os
4. Absence of the “sliding sign”a

5. Blood flow around the gestational sac using color Doppler
Interstitial pregnancy [15] 0.02–0.04% 1. Empty uterus

2.  Eccentrically located gestational sac greater than 1 cm from the endometrial stripe 
with a continuous rim of myometrium measuring less than 5–8 mm

3.  Interstitial line—echogenic line that runs from the endometrial cavity to the 
cornual region, abutting the interstitial mass or gestational sac

Caesarean scar pregnancy [14] 0.1–0.45% 1. Empty uterus
2.  Gestational sac located anteriorly at the level of the internal os covering the visible 

or presumed site of the previous lower uterine segment caesarean section scar
3. Evidence of functional trophoblastic/placental circulation on Doppler examination
4. Absence of the “sliding sign”a

Heterotopic pregnancy [14] 0.03% 1. Intrauterine pregnancy
2. Tubal or non-tubal ectopic pregnancy

Ovarian pregnancy 0.015–0.03%
aSliding sign: when pressure is applied to the cervix using the probe, the gestational sac slides against the endocervical canal in a miscarriage, but 
does not in an implanted cervical pregnancy
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should also be considered in cervical pregnancies with 
B-hCG levels >10,000 mIU/mL, CRL > 10 mm, or >9 weeks 
gestational age [6].

Lastly, patients with a heterotopic pregnancy who desire 
to preserve the intrauterine pregnancy should be offered 
local injection. As noted earlier, viable deliveries of the intra-
uterine pregnancies have occurred after this technique 
[10–12].

40.2  Local Injection Procedures

40.2.1  Approach

Non-tubal and complex ectopic pregnancies may be treated 
with local injection of cytotoxic agents via a variety of dif-
ferent approaches, including laparoscopic, ultrasonographic, 
and hysteroscopic guidance [21, 22]. The ultrasonographic 
approach affords immediate evidence regarding a key end-
point of treatment (i.e., cessation of fetal cardiac activity) 
while still being able to assess for potential intraoperative 
complications such as rupture of the ectopic. The route of 
ultrasound guidance is typically transvaginal, although 
transabdominal ultrasound-guided approaches have also 
been reported as a safe alternative [23]. Framarino et  al. 
published a series of 14 cases involving interstitial ectopic 
pregnancies successfully treated with transabdominal ultra-
sound-guided injection of methotrexate (25  mg) without 
complications [24].

40.2.2  Procedure

Ideally, practitioners new to this technique should perform 
local injection under transvaginal ultrasound guidance in the 

operating room given the risk of hemorrhage. This procedure 
is usually performed under sedation, although it has been 
performed using local anesthesia consisting of 1% lidocaine 
or no anesthesia (although this latter treatment was with a 
tubal ectopic) [25] (Fig. 40.1).

For the surgery, the patient is placed in dorsal lithotomy 
position before being prepped and draped in the usual sterile 
fashion. A draped transvaginal ultrasound probe is used to 
assess baseline free pelvic fluid and to visualize the ectopic 
pregnancy, which may be facilitated via reverse Trendelenburg 
positioning. The endocavitary needle guide attached to the 
probe allows for the introduction of a needle directly into the 
gestational sac in a predictable path. A typical 17-gauge IVF 
needle works well. Fluid within the gestational sac may be 
aspirated in an attempt to disrupt the gestation, calculate the 
volume of fluid to be injected safely, and minimize the dis-
tension and risk of rupture of the ectopic with instillation of 
the embryocide [26]. A double-lumen IVF needle may be 
especially suited to this procedure as it allows for pre- loading 
the treatment solution all the way to the needle tip avoiding 
the injection of air while permitting the withdrawal of fluid 
within the gestational sac via the second lumen. Slow injec-
tion of the agent, under ultrasound guidance, is performed to 
evaluate for leakage or signs of impending rupture. If fetal 
cardiac activity is present, intracardiac or intrathoracic injec-
tion of solution may be used, and cessation of fetal cardiac 
activity should be observed. In addition, mechanical disrup-
tion of the ectopic with passes of the needle within the sac 
may be performed. Evaluation for post-procedural bleeding 
is performed again in reverse Trendelenburg position. Color 
Doppler flow ultrasound is used at the beginning of the case 
to assess surrounding vascularity and evaluate the fetal heart 
activity. This is especially useful since bubbles introduced 
during the treatment may make traditional ultrasound confir-
mation of cessation of fetal heart activity difficult at the end 

a b

Fig. 40.1 (a) Transvaginal ultrasound of a cesarean scar pregnancy 
with fetal cardiac activity. (b) Introduction of a 17-gauge needle into 
the gestational sac with ultrasound guidance. The fluid was aspirated, 

and the cesarean scar pregnancy was mechanically disrupted and 
injected with potassium chloride with cessation of fetal cardiac activity 
noted
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of the procedure. The path chosen for the needle depends on 
the location of the ectopic and the associated structures and 
vascularity. Although prospective data is lacking (except for 
a heterotopic pregnancy), consideration should be given for 
treating interstitial ectopic pregnancies by attempting to pass 
the needle medially to laterally to enter the ectopic via the 
uterine side rather than the potentially thinner aspects of the 
sac. For example, with an interstitial ectopic, the needle is 
guided through the uterus into the ectopic taking care to 
avoid the uterine artery. This also allows any bleeding to take 
place within the uterus (potentially tamponading it in addi-
tion to being able to identify the bleeding) rather than into 
the pelvis.

40.2.3  Monitoring

Patients should be monitored closely for signs of impending 
hemorrhage or rupture during and following local injection 
therapy. Once patients have demonstrated stability following 
the immediate postoperative period, they can be discharged 
on the day of the surgery and followed on an outpatient basis 
provided they are able to return with symptoms of rupture or 
hemorrhage. Postoperative counseling should also include 
recommending pelvic rest similar to any significant pelvic 
surgery.

Non-tubal ectopic pregnancies can be followed with serial 
B-hCG levels alone, and ultrasounds may be of limited value 
in the routine protocol. The serial B-hCG levels can be drawn 
at intervals recommended for the single-dose methotrexate 
protocol to monitor for response [27]. However, serial 
B-hCG levels may not be useful in the case of heterotopic 
pregnancies if the intrauterine pregnancy is undisturbed. In 
addition, the provider should keep in mind that B-hCG levels 
may initially rise before starting to decline. If utilizing ultra-
sounds, it is important to counsel the patient that the ectopic 
site may persist for 2–3 months. As such, one should not 
routinely intervene in a stable patient with declining B-hCG 
levels and a persistent mass. One report documented persis-
tence of a mass by ultrasound in the third trimester at the site 
of a heterotopic cesarean scar pregnancy after it was man-
aged by local injection [12]. If local injection is combined 
with systemic multidose methotrexate, serial B-hCG levels, 
complete blood counts, and liver and renal function tests 
should be assessed at intervals recommended for the multi-
dose protocol and leucovorin given to minimize the side 
effects of systemic methotrexate [27]. Although a single dose 
of systemic methotrexate may be given, we do not typically 
administer multidose methotrexate in patients in whom local 
injection has been performed.

40.3  Agents

40.3.1  Selection of Agent

The most commonly used embryotoxic agents used during 
local injection for non-tubal ectopic and heterotopic preg-
nancies include methotrexate, potassium chloride, and 
hyperosmolar glucose. Methotrexate appears to be the most 
efficacious choice based on the few studies to date. One pro-
spective, randomized, double-blind study compared the effi-
cacy of local injection of methotrexate and hyperosmolar 
glucose for the treatment of intact tubal ectopic pregnancies. 
The study found methotrexate to be superior to hyperosmo-
lar glucose [28]. Although there have been no trials compar-
ing local injection of agents for non-tubal or complex ectopic 
pregnancies, one case series reviewed the outcomes of tubal, 
cornual, and cervical ectopic pregnancies treated by either 
methotrexate or potassium chloride. Both agents success-
fully led to cessation of cardiac activity when locally injected, 
and there was no difference in the time for resolution follow-
ing treatment [29]. However, treatment with potassium chlo-
ride necessitated systemic methotrexate in 70% of cases. 
These cases were more likely to undergo complications, sug-
gesting that MTX may be the preferred embryocide for cases 
at risk for treatment failure. Still, reports have demonstrated 
a 93–100% success rate using either agent [5, 30]. Therefore, 
selection of an agent for local injection should be individual-
ized based on patient characteristics and surgeon preference. 
There are also no trials comparing local injection with an 
agent to a placebo or needle disruption of the gestational sac 
alone. It remains unclear whether it is the embryotoxic agent 
or the act of mechanically disrupting the sac which contrib-
utes more to resolving the ectopic, but it is our opinion that 
the two distinct treatment methods (injection of agent and 
disruption of sac) both contribute to a successful outcome. 
The technique of injection is the same for all agents.

40.3.2  Methotrexate

Methotrexate is a folic acid antagonist, which inhibits DNA 
synthesis and cell proliferation. Local injection of metho-
trexate may result in a higher dose and prolonged exposure at 
the site of the ectopic pregnancy while minimizing systemic 
side effects. In comparing serum levels between local and 
intramuscular methotrexate for treatment of tubal ectopic 
pregnancies, conflicting results have been reported, and it 
has not been confirmed that local administration is associ-
ated with lower serum methotrexate levels [31]. No pharma-
cokinetic studies have been performed in non-tubal ectopic 
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or heterotopic pregnancies managed with local injection of 
methotrexate. Local injection of methotrexate should not be 
substituted for systemic methotrexate in patients with 
 absolute contraindications to methotrexate therapy. In the 
case of cesarean scar ectopic pregnancies, local injection 
may be more effective than systemic treatment alone due to 
presence of fibrotic tissue in the scar, which limits access of 
medication [1]. Local methotrexate alone is successful in 
resolving ectopic pregnancies with cardiac activity, but may 
still be combined with other local agents or systemic metho-
trexate therapy [32]. There have been no trials comparing the 
dosing regimens. Reported local injection doses of metho-
trexate have ranged from 25 to 75 mg in 1–2 cm3 volume, 
1 mg/kg, 100 mg single dose, and unadjusted dose of 12.5 mg 
for non- tubal or complex ectopic pregnancies [11, 22, 33–
35]. We use a 50 mg per cc dosing regimen replacing a vol-
ume slightly less than the gestational sac fluid aspirated. An 
alternative method describes injecting 25 mg methotrexate 
into the area of the embryo and an additional 25 mg into the 
area of the placenta [35].

As noted earlier, methotrexate administered via local 
injection may be associated with slower resolution of B-hCG 
levels. After treatment with local injection, B-hCG may take 
anywhere from 21 to 177 days to decline to an undetectable 
value [16, 26, 36]. Two case series of 27 patients illustrated 
the postoperative course through B-hCG resolution patterns 
and the associated ultrasound findings. B-hCG tended to 
increase within the few days after local injection, although 
no additional treatment was needed. Similarly, both the ges-
tational sac volume and vascularization increased after local 
methotrexate chemotherapy combined with systemic treat-
ment. Local methotrexate injection combined with systemic 
methotrexate therapy led to a 100% success rate but required 
a long follow-up [16, 36].

40.3.3  Potassium Chloride

Potassium chloride, a cardiotoxic agent, may be selected for 
local injection when fetal cardiac activity is present in a non- 
tubal ectopic pregnancy or when treating a heterotopic preg-
nancy given its avoidance of systemic toxicity to the 
intrauterine gestation [37]. In addition, potassium chloride 
can be utilized in patients with contraindications to metho-
trexate who are still eligible for local therapy. Reported doses 
of potassium chloride include 1–3 mL of 2 mEq/mL potas-
sium chloride solution [11].

A series of 27 non-tubal ectopic pregnancies including 18 
cervical pregnancies, 2 cesarean scar pregnancies, 4 cornual 
pregnancies, and 3 heterotopic pregnancies treated with 

ultrasound-guided local potassium chloride reported a 93% 
success rate. Notably, one cesarean scar pregnancy presented 
with heavy bleeding and was therefore managed with dila-
tion and evacuation rather than KCL. HCG levels were unde-
tectable within 4 months [5].

40.3.4  Hyperosmolar Glucose

Hyperosmolar glucose creates an osmotic effect resulting in 
the dehydration and necrosis of trophoblastic tissue. 
Hyperosmolar glucose has been employed in heterotopic 
pregnancies with no toxicity to the intrauterine pregnancy 
noted and, similar to potassium chloride, is an alternative 
agent to methotrexate in patients with contraindications. 
Reported doses include 5 mL of 20–50% hyperosmolar glu-
cose [21, 38].

40.3.5  Combination Approach

Combining agents such as potassium chloride and metho-
trexate for local injection or combining local injection with 
systemic methotrexate has been reported, and the decision 
may be based upon the initial B-hCG level, fetal cardiac 
activity, rate of decline following treatment, and/or clinical 
judgment. Additional systemic methotrexate injection may 
be needed if B-hCG levels are more than 20,000 mIU/mL at 
diagnosis [39]. Combination local and systemic methotrex-
ate may reduce time interval for B-hCG to become negative. 
A report of a cervical pregnancy treated with the combina-
tion of local potassium chloride and systemic methotrexate 
demonstrated a gradual decline in B-HCG levels in addition 
to a slowly collapsing gestational sac when observed on 
serial ultrasounds. The patient, who was followed weekly, 
had B-HCG values that measured <10 IU/L on the 56th day 
after methotrexate administration [40].

Successful combination treatment with local KCL injec-
tion followed by local MTX injection has been reported and 
is recommended for advanced pregnancies [41]. Local KCL 
followed by systemic MTX after perceived treatment failure 
has been reported to yield successful outcomes; however, it 
may be associated with significant risks and warrants careful 
patient selection and counseling. Monteagudo et al. reported 
a series of 14 non-tubal ectopic pregnancies [29]. Seven of 
the ten pregnancies treated with potassium chloride subse-
quently received intramuscular methotrexate. Of these, four 
patients experienced complications including loss of intra-
uterine pregnancy, hemorrhage necessitating uterine artery 
embolization, thrombocytopenia, and ruptured embryonic 
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sac. Notably, all four of the above cases had B-hCG titers 
greater than 29,000, suggesting the complications may be 
attributable to the characteristics of the case rather than the 
treatment protocol [29].

40.4  Outcomes

Experience with local treatment for non-tubal ectopic and 
heterotopic pregnancy is limited to case reports and case 
series. There are no prospective randomized trials comparing 
local treatment to medical management or surgical manage-
ment. When evaluating published outcomes, one must also 
consider the impact of publication bias.

40.4.1  Cervical Pregnancy

The prevalence of cervical ectopic pregnancies is 0.01% in the 
general population and IVF pregnancies [42]. Several recent 
reports suggest intra-amniotic management of cervical ectopic 
pregnancies is an effective treatment method. A series of 38 
women received transvaginal-guided local methotrexate or 
potassium chloride for cervical pregnancies [8]. Fetal cardiac 
activity was present in 22 cases. Three patients experienced 
significant bleeding at the time of local injection, which was 
successfully managed with conservative measures (intracervi-
cal tamponade with a Foley catheter and systemic methotrex-
ate). Two advanced pregnancies (11 and 12 weeks’ gestational 
age) required additional systemic methotrexate for non-declin-
ing B-hCG levels after local treatment. No adverse effects of 
methotrexate were reported. After a mean 4.5 years of follow-
up, 18 of 21 women who desired pregnancy delivered, with 1 
preterm delivery reported. None of the patients experienced 
recurrent cervical pregnancies. While this large case series sug-
gests that local treatment for cervical pregnancy, including 
those which are greater than 10 weeks of gestation and there-
fore considered advanced, is a safe and effective option for 
women who desire future fertility, data informing the risk of 
failed treatment, hemorrhage, and hysterectomy are limited 
[43]. Junior et  al. reported the outcomes of a series of eight 
patients with cervical ectopic pregnancies with fetal heart 
activity. B-hCG levels ranged from 3000 to 71,000  mUI/
mL. All eight cases were successfully treated with local metho-
trexate and potassium chloride therapy. Of note, B-hCG levels 
became undetectable by 12 weeks, and the pregnancies visu-
ally regressed by 14 weeks post-injection [44].

40.4.2  Cesarean Scar Pregnancy

The first case of cesarean section scar ectopic pregnancy was 
described in 1978 by Larsen and Solomon. The incidence of 
cesarean scar ectopic pregnancies is unknown but continues 

to rise. Estimated rates range from 1/800 to 1/2216 pregnan-
cies. The incidence will likely continue to rise given modern 
obstetric practice, in which cesarean deliveries account for 
32.2% of all US birth delivery methods [45]. The cesarean 
scar ectopic pregnancy tends to have a more aggressive 
behavior with a risk of uterine rupture and bleeding in the 
first and second trimesters of pregnancy [1]. A case of a 
cesarean section scar ectopic with B-HCG 18,000 was 
reported and treated with an aggressive regimen consisting 
of local methotrexate 1  mg/kg and then IM methotrexate 
every 2 days for two doses with 0.1 mg/kg folinic acid. After 
immediate treatment, methotrexate was given weekly until 
absence of Doppler flow on ultrasound. B-HCG trended 
from 18,000 to negative in 58 days. On note, the gestational 
sac was still evident on ultrasound for 2 months after metho-
trexate therapy. Because of the theoretical obstruction of sys-
temic therapy from fibrotic tissue in cesarean scar ectopic 
pregnancies, local treatment may be more efficacious. 
Indeed, local treatment with methotrexate can reduce the 
time interval for B-hCG to become negative [1]. In a review 
of 751 cases of cesarean scar ectopic pregnancies that under-
went treatment using various methods, complications 
occurred in 44.1% of cases. Treatment using systemic meth-
otrexate, dilation and curettage, and uterine artery emboliza-
tion carried the highest rate of complications (62.1%, 61.9%, 
and 46.9%, respectively) ranging from persistent ectopic 
pregnancy to acute bleeding due to uterine rupture [36]. 
Notably, treatment via local injection with methotrexate or 
potassium chloride achieved the lowest rates of complica-
tions of all treatment modalities (9.6%).

Jukovic et al. reported on a case series of seven patients 
with cesarean scar pregnancies that were managed with local 
methotrexate, local potassium chloride, or a combination of 
local methotrexate and potassium chloride [46]. Successful 
treatment was reported in five of the seven patients with res-
olution of B-hCG in 6–10 weeks. Two patients experienced 
heavy bleeding that required blood transfusions and surgical 
management. One patient had a heterotopic cesarean scar 
pregnancy that was managed with local injection of potas-
sium chloride alone, and the intrauterine pregnancy pro-
gressed to 31 weeks, when hemorrhage originating from the 
prior cesarean scar necessitated emergent cesarean delivery.

After local injection therapy, similar to other non-tubal 
ectopic pregnancies, cervical scar ectopics may take weeks 
to months to resolve. Timor-Tritsch et al. reported a series of 
26 cervical scar ectopic pregnancies treated with a regimen 
of 25 mg MTX injected in the embryo, 25 mg MTX injected 
in the placental area, and 25 mg systemic MTX administered 
system. The mean time to resolution was 88.6 days with an 
initial increase of the serum B-hCG, the sac volume, and its 
vascularity before their slow resolution. The reasons for the 
initial increase of the serum B-hCG are unclear but sug-
gested to be related to the release of stored hCG during the 
initial necrosis of trophoblastic cells. Interestingly, vascular-

L. Ghidei and G. N. Frishman



363

ity index (VI) may play a role in monitoring and predicting 
significant complications. In three patients who suffered 
from acute bleeding warranting hysterectomy, the VI was 
significantly higher when compared to the 23 patients who 
did not have their uteri removed (63.1% vs. 17.8%) [36]. The 
VI also tends to increase immediately after treatment along 
with B-hCG and gestational sac volume.

40.4.3  Interstitial Pregnancy

Interstitial pregnancies occur at a prevalence of 0.02–0.04% 
[47]. In a case series of ten patients with interstitial pregnan-
cies managed with local injection of methotrexate, a success 
rate of 100% was reported [30]. Tubal patency and subse-
quent healthy pregnancies have been reported after local 
injection for interstitial pregnancies, but the risk of recur-
rence or risk of uterine rupture during subsequent pregnan-
cies remains uncertain [19].

40.4.4  Heterotopic Pregnancy

The incidence of heterotopic pregnancies was historically 
estimated as 1 in 30,000 deliveries, but more recent data sug-
gests a much higher incidence of 0.03% [48]. An analysis of 
US assisted reproductive technology (ART) registries dem-
onstrated an incidence of 0.15% among patients receiving 
ART [49]. Although rare, more concurrent intrauterine and 
cervical pregnancies are being diagnosed due to the advent 
and success of assisted reproduction technology. A review of 
case reports of cervical heterotopic pregnancies managed 
with local potassium chloride injection reported successful 
resolution of the cervical pregnancy, but miscarriage of the 
intrauterine pregnancy, maternal hemorrhage, and preterm 
delivery were seen [50]. Methotrexate may be successfully 
used for treatment of cervical heterotopic pregnancy; how-
ever, it may not be the first choice when there is a desire to 
preserve the intrauterine pregnancy. There are successful 
cases of using local injection therapy with methotrexate for 
cervical heterotopic pregnancies [51, 52]. One case demon-
strated the use of combined local injection therapy with 
methotrexate and potassium chloride, whereas the other used 
local injection with methotrexate alone. There are several 
cases reports of heterotopic pregnancies managed success-
fully with local injection of methotrexate or potassium chlo-
ride and subsequent preterm and term deliveries of the 
intrauterine pregnancies [10–12].

40.4.5  Ovarian Pregnancy

Ovarian pregnancies are extremely rare occurring in 0.015–
0.03% of all pregnancies [53]. Although ovarian ectopic 

pregnancies may be mistaken for corpus luteum cysts and/or 
misdiagnosed at the time of surgery, transvaginal-guided 
aspiration and injection have proven to be successful in the 
event of an early diagnosis of ovarian ectopic pregnancy. A 
case report that used a total dose of 50 mg of methotrexate 
directly into the ectopic followed by disruption of the corpus 
luteum cyst reported B-hCG levels declined appropriately 
until undetectable by 8 weeks. The patient subsequently con-
ceived an intrauterine pregnancy and delivered a healthy 
child. The original four Spiegelberg clinical criteria for the 
diagnosis of ovarian ectopic pregnancy are outdated because 
they require surgical intervention for evaluation. Guidelines 
should be reformed to incorporate new and effective treat-
ment regimens such as ultrasound-guided local management 
of ovarian ectopic pregnancies [54].

40.5  Conclusions

With early diagnosis of non-tubal ectopic and heterotopic 
pregnancies, transvaginal ultrasound-guided local treatment 
alone or as an adjuvant to systemic medical management may 
be an option for advanced pregnancies in compliant patients 
and especially those who desire future fertility. Transabdominal 
ultrasound-guided local injection therapy may be a feasible 
alternative for patients in whom transvaginal ultrasound-
guided therapy is difficult or not feasible based on leiomyo-
mas, elevated BMI, pelvic adhesions, or long distances 
between the ectopic pregnancy and the vaginal fornices pre-
cluding safe intra-amniotic entry [24]. Local injection of 
agents such as methotrexate, potassium chloride, and hyperos-
molar glucose can be safely accomplished with ultrasound 
guidance and appropriate post-treatment monitoring. Case 
reports and series suggest high success rates and subsequent 
fertility after local treatment, although complications such as 
hemorrhage and need for emergent surgical management still 
exist as with systemic treatment protocols. It is reasonable to 
image the uterus via sonohysterography, hysterosalpingogra-
phy, or hysteroscopy several months after the disappearance 
resolution to reassess the uterine cavity and facilitate counsel-
ing of the patient. Multicenter prospective randomized trials 
are needed to clearly identify appropriate candidates, compare 
local treatment to medical and surgical management, and opti-
mize the procedure of local injection.
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Multiple Pregnancies as a Complication 
of Medically Assisted Reproduction

John Wu, David Prokai, and Orhan Bukulmez

Multiple gestations have long been a subject of interest to the 
medical community. In 1895, Polish pathologist Dyonizy 
Hellin established a formula for calculating the rate of mul-
tiples in the general population: he estimated twinning in 
1 in 89 pregnancies; triplets 1 in 892, or 7921; and quadru-
plets 1 in 893, or 704,969. To this day, these calculations pro-
vide a reasonable approximation of naturally occurring 
multiple pregnancy rates [1]. However, current worldwide 
rates of multiple gestations significantly outpace Hellin’s 
law. Why? The introduction of fertility treatments has caused 
an explosion of multiple gestations, especially in higher- 
order multiples (triplets or greater). Recent estimates show 
that 36% of twin births and 77% of high-order births result 
from fertility treatments.

Multifetal pregnancies can result from in vitro fertiliza-
tion (IVF) or medically assisted reproduction (MAR), as 
well as non-IVF fertility treatments such as ovulation induc-
tion and superovulation. In 2011, IVF was responsible for 
17% of twins and 32% of higher-order pregnancies in the 
United States [2]. The proportion of twin pregnancies due to 
IVF has been steadily increasing, while the proportion of 
higher-order multiples is decreasing (Fig.  41.1). Among 
women who had live births after IVF with fresh non-donor 
embryos in 2015, the rates of singleton, twin, and higher- 
order multiples were 77.2%, 22.1%, and 0.6%, respectively 
(Fig.  41.2) [3]. It is important to note that superovulation 
with both clomiphene citrate and/or injectable gonadotropins 
often combined with intrauterine insemination now accounts 
for a majority of the burden of higher-order multiple gesta-
tions and the attendant risks (2). For the purposes of this 
chapter, discussion will be focused on multiple gestations 
following IVF.
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41.1  Monozygotic Twinning in Art

The strongest driver of multiple births as a result of IVF is 
the number of embryos transferred. There is a smaller but 
still significant contribution from monozygotic twinning. 
Monozygotic twinning occurs in approximately 1.6–5.6% of 
single-embryo transfers, above the natural monozygotic rate 
of approximately 0.4% [4–10]. Risk factors for monozygotic 
twinning are controversial. It is generally accepted that 
younger oocytes and good quality embryos are more likely 
to result in monozygotic twinning [11, 12]. Two meta- 
analyses reported a two to threefold increased risk with blas-
tocyst transfer in comparison to cleavage stage transfer [13, 
14]. However, recent studies have failed to redemonstrate 
this increased risk. These contradictory results may be a 
reflection of advancements in embryo culture systems and 
improvements in laboratory technique over time [7, 8]. 
Although the debate is not settled, in 2013, the American 
Society of Reproductive Medicine Practice (ASRM) 
Committee recommended that patients should be counseled 
that there may be a small increased risk of monozygotic 
twinning with blastocyst stage embryo transfer [15].

41.1.1  Vanishing Twins

Approximately 10–15% of singleton pregnancies after IVF, 
began as twin gestations in early pregnancy. Although these 
pregnancies ultimately resulted in singleton live births, stud-

ies show that there is an increased risk for low birth weight 
<2500 g, very low birth weight <1500 g, and preterm birth in 
singleton survivors of vanishing twin pregnancies as com-
pared to pure single gestations. These risks increase with 
spontaneous reductions that occurred after 8 weeks of gesta-
tion [16].

41.2  Complications of Multiple Gestation 
Pregnancies

Where many patients struggling with infertility may con-
sider multiple gestation a desirable outcome [17, 18], there 
are many complications secondary to multiple gestation 
pregnancies that must be taken seriously.

41.2.1  Maternal Complications

Many complications seen in singleton pregnancies are exac-
erbated by multiple gestations, including but not limited to 
hyperemesis, hypertension, increased rates of cesarean deliv-
ery, and postpartum depression [19–21].

41.2.1.1  Hyperemesis
Nausea and vomiting in the first trimester occur in the major-
ity of pregnancies. Although the exact mechanism is unclear, 
it is widely believed that elevated levels of human chorionic 
gonadotropins (hCG) are the culprit. In conditions in which 

Percentages of Single Infants, Twins, and Triplets or More Among ART
Transfers Using Fresh Nondonor Eggs or Embryos That

Resulted in Live Births, 2006-2015

1.9

P
er

ce
nt

1.8 1.8 1.6 1.5 1.3 1.0 0.9 0.9 0.6

22.123.325.726.427.528.828.929.829.428.8

77.275.773.472.671.369.769.568.468.869.3

2006 2007 2008 2009

Single infants

National Center for Chronic Disease Prevention and Health Promotion
Division of Reproductive Health

* Totals do not equal 100% due to rounding.

Twins Triplets or more

2010 2011*
Year

2012 2013 2014* 2015*

Fig. 41.2 The annual live 
birth rates of singleton, twin, 
and higher-order multiples 
with fresh non-donor eggs or 
embryos over a period of 10 
years. US Department of 
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Centers for Disease Control 
and Prevention. Figures from 
the 2015 Assisted 
Reproductive Technology 
National Summary Report. 
(From https://www.cdc.gov/
art/pdf/2015-national-
summary-slides/art_2015_
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hCG is very elevated, such as molar pregnancies and multi-
ple gestation, there is increased incidence of severe symp-
toms including hyperemesis gravidarum, which is 
characterized by intractable nausea and vomiting leading to 
weight loss and/or electrolyte disturbances. Symptoms can 
significantly reduce a woman’s quality of life and may be so 
severe as to require hospitalization [22].

41.2.1.2  Hypertensive Disorders
Women with multifetal pregnancies are at increased risk for 
hypertensive disorders. Singleton pregnancies have 6.5% 
baseline risk for hypertensive disease. This risk multiplies 
with increasing fetal number: 12.7% for twins and 20.0% for 
triplets and beyond. Similar trends are seen for the most 
severe pregnancy-related hypertensive conditions with a 
baseline of 0.5% for singletons, 1.6% in twins, and 3.1% in 
higher-order pregnancies [23].

Preeclampsia, a syndrome in pregnancy characterized by 
hypertension and proteinuria, is increased in multiple gesta-
tion with a relative risk of 2.6 [19]. Severe maternal sequelae 
of preeclampsia can include kidney and liver dysfunction, 
coagulopathy, cerebral edema, seizure, and stroke. Pregnancies 
complicated by preeclampsia also lead to fetal morbidity and 
mortality, with even higher risk for multifetal gestations, espe-
cially related to increased preterm delivery before 35 weeks of 
gestation (34.5% twins vs. 6.3% in singletons) and placental 
abruption (4.7% twins vs. 0.7% singletons) [19].

41.2.1.3  Cesarean Delivery
Worldwide, 18.6% of all births occur by cesarean delivery. 
Cesarean delivery rates range from 6.0% to 27.2%, with 
increased rates seen in developed countries [24]. Although 
cesarean delivery can be an effective life-saving measure for 
both the fetus and the mother, it is a major surgery with 
maternal and perinatal risks. Potential complications of 
cesarean delivery include endometritis, wound complica-
tions, hemorrhage, injury to other organs, and thrombotic 
events (Table 41.1).

Currently, the estimated rate of cesarean delivery for twin 
births is 44% [25]. It has been previously argued that planned 
cesarean delivery for all twin pregnancies may reduce the risk of 

neonatal morbidity for the second twin. However, more recent 
literature supports selection of delivery route based on fetal pre-
sentation and amnionicity, as studies on planned cesarean deliv-
ery show limited neonatal benefit with known maternal risks. 
The Twin Birth Study randomly assigned patients with twin 
pregnancy with the first twin in cephalic presentation to planned 
cesarean versus planned vaginal delivery regardless of the pre-
sentation of the second twin. The study found no significant 
difference in fetal or neonatal death or severe neonatal morbid-
ity (2.2 vs. 1.9%), and follow-up at 2 years of age showed both 
groups had similar rates of death or developmental delay [25]. 
Despite evidence supporting the increased role for vaginal 
delivery in some twin gestations, cesarean rates remain high. 
Change may be limited by a lack of training in vaginal breech 
extractions for many obstetricians. The optimal route of delivery 
for women with higher-order multifetal gestations is unknown, 
but the rates of cesarean delivery are much increased in com-
parison to singleton pregnancies. Higher- order multiples also 
have a high incidence of abnormal presentation at time of 
delivery.

41.2.1.4  Postpartum Depression
In a prospective study of 207 women who conceived after 
IVF, mothers of multiples were found to be at threefold 
increased risk for clinically significant postnatal depression 
as determined by the Edinburgh postnatal depression scale. 
These women are more likely to feel tired, feel down, or 
stressed and even question parenthood [21]. One of the pos-
sible etiologies for postpartum depression is a mismatch 
between expectations and the reality of motherhood. This 
can be amplified for IVF patients who invest so much emo-
tionally and financially even prior to conception [26].

Postpartum depression not only affects the psychological 
state of the mother; it can impair other life areas such as 
decreased duration of breastfeeding, impaired bonding with 
the infant, care of the infant and other children, and relation-
ship with her partner [27, 28].

41.2.1.5  Maternal Death
Maternal mortality is the ultimate and most tragic maternal 
complication, although fortunately it is rare in developed 
countries. There is minimal data on maternal death specifi-
cally related to multiple pregnancy. However, in developing 
countries such as Malawi (with a multiple pregnancy rate of 
2.2%), multiple gestation contributed to 11.5% of maternal 
deaths in the population studied [29].

41.2.2  Neonatal Risks

Multiple pregnancy infants are at higher risk of adverse out-
comes compared to singletons, with risk increasing with 
plurality.

Table 41.1 Complications of primary cesarean delivery

Complications Rate (%)
Endometritis 6
Wound complications 1–2
Hemorrhage requiring blood transfusion 2–4
Surgical injury 0.2–0.5

From Hammad IA, Chauhan SP, Magann EF, Abuhamad AZ. Peripartum 
complications with cesarean delivery: a review of Maternal-Fetal 
Medicine Units Network publications. J Matern Fetal Neonatal Med 
[Internet]. 2014 Mar 11 [cited 2017 Nov 14];27(5):463–74, with per-
mission. Available from: http://www.tandfonline.com/doi/full/10.3109/
14767058.2013.818970
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41.2.2.1  Preterm Delivery
The most common fetal complication of multiple gestation is 
spontaneous preterm delivery, which is associated with 
increased perinatal morbidity and mortality and may result in 
long-term morbidity [30]. More than half of twins and more 
than 90% of triplets are born either preterm (<37 weeks) or low 
birth weight (<2500 g) (Table 41.2) [31]. There is additional 
evidence that preterm birth resulting from multiple gestations 
correlates with an increased risk for death and significant mor-
bidity compared to similarly preterm singletons [30].

Short-term complications of preterm delivery include 
hypothermia, respiratory abnormalities, cardiovascular 
abnormalities, intraventricular hemorrhage, glucose abnor-
malities, necrotizing enterocolitis, infection, and retinopathy 
of prematurity [32].

One of the most significant long-term complications of 
preterm delivery is cerebral palsy, a permanent neurological 
disorder affecting motor skills and potentially affecting 
thinking, learning, and communication. The incidence of 
cerebral palsy in at least one child is approximately 1.5%, 
8.0%, and 42.9% in twin, triplet, and quadruplet pregnan-
cies, respectively, in comparison to 0.2% in singleton preg-
nancies [33].

41.2.2.2  Intrauterine Growth Restriction
Impaired fetal growth in multiple gestations is directly pro-
portional to plurality. This is thought to arise from the inabil-
ity of the placenta to meet the nutritional needs of multiple 
fetuses [34].

Low birth weight is correlated with preterm delivery, 
hypoglycemia, asphyxia, impaired thermoregulation, polycy-
themia, impaired immune function, and ultimately increased 
mortality [35]. Long-term effects seen in singleton children 
who were growth restricted in utero include obesity, meta-
bolic dysfunction, diabetes, and cardiovascular and renal dis-
orders. Specific evidence in twin pregnancies is lacking and 
confounded by high incidence of preterm delivery [36].

41.2.2.3  Infant Mortality
For multiple births, the infant mortality rate is five times the 
rate of singleton births (25.84 vs. 5.25 per 1000 live births). 
Infant mortality rates increase with increasing plurality, with 
mortality rates for triplets and quadruplets being 12 and 26 
times the rate for singleton births, respectively. In the United 
States, multiple pregnancy accounted for 3% of all births but 
accounted for 15% of all infant deaths [31].

41.2.3  Costs

41.2.3.1  Financial Implications of Neonatal 
and Infant Morbidity

Based on numerous cost analyses, the cost of caring for infants 
from a twin pregnancy is approximately three times that of a 
singleton pregnancy during the perinatal period [37]. Much of 
increased costs are due to birth admission with increased utili-
zation of neonatal intensive care units (NICU). Estimates for 
NICU admissions are 25% for all twins, 75% for triplets, and 
100% for all quadruplets [38]. In a recent study conducted by 
a large university hospital in Canada, 17% of all NICU admis-
sions were infants from multiple gestations after ART [39]. 
Hospital costs from birth to age 5 remain 3.3-fold higher for 
IVF multiples in comparison to IVF singletons [40]. The costs 
of caring for these infants are extended in event of long-term 
conditions such as cerebral palsy. The Centers for Disease 
Control and Prevention (CDC) estimates that the average cost 
per person with cerebral palsy is $921,000 [41]. Overall, the 
estimated cost of caring for preterm infants resulting from 
ART in the United States is $1 billion annually, which approx-
imates the total cost of ART treatment itself [38].

41.2.3.2  Financial Implications for Maternal 
Morbidity

The antenatal and obstetric costs for multiple pregnancy also 
must be accounted for. Multiple gestation pregnancies are 

Table 41.2 Gestational age and birth weight characteristics, by plurality: United States, 2015

All births Singletons Twins Triplets Quadruplets Quintuplets and higher-order multiplesa

Numbera 3,978,497 3,841,219 133,155 3871 228 24
Percent very pretermb 1.59 1.23 10.70 37.12 81.14 95.83
Percent pretermc 9.63 7.82 59.11 98.63 98.25 100.00
Percent very low birth 
weightd

1.40 1.08 9.56 36.35 79.09 100.00

Percent low birth 
weighte

8.07 6.34 55.41 95.65 98.64 100.00

Adapted from Martin JA, Hamilton BE, Osterman MJKS, Driscoll AK, Mathews TJ. National Vital Statistics Reports, Volume 66, Number 1, 
January 5, 2017. 2015 [cited 2017 Nov 15]; 66(1). Available from: https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_01.pdf
aQuintuplets, sextuplets, and higher-order multiple births are not differentiated in the national data set
bUnder 32 completed weeks of gestation
cUnder 37 completed weeks of gestation
dLess than 1500 g
eLess than 2500 g
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inherently high risk, thus requiring more frequent visits to 
the obstetrician, increased number of procedures such as 
ultrasounds, and likely care from perinatologists in event of 
complications such as gestational diabetes or hypertension. 
Furthermore, obstetric costs are increased due to increased 
rates of cesarean delivery. In a large multihospital study con-
ducted in Great Britain, multiple pregnancy doubled the cost 
of antenatal and obstetric care in comparison to normal sin-
gleton pregnancies [42].

41.3  Prevention of Multiple Gestation 
Pregnancies

Primary prevention of multiple pregnancies is most directly 
addressed by limiting the number of embryos transferred. As 
iatrogenic multiple pregnancies are a result of the decision- 
making between patients and clinicians, careful education 
must be aimed at both parties.

41.3.1  Society Transfer Guidelines

As previously described, the use of ART has contributed sig-
nificantly to the incidence of twins and higher-order multi-
ples. Recognizing the increased rate of complications as well 
as the increased cost to the health system, many countries 
have enacted strict laws that place limits on the stimulation 
protocols and the number of embryos transferred to limit the 
incidence of multiple gestations. In the United States, the 
American Society for Reproductive Medicine (ASRM) and 
the Society for Assisted Reproductive Technology (SART) 
published guidelines to restrict the number of embryos trans-
ferred as a means of decreasing the incidence of multiple 
gestations [43]. Using the age of the patient, stage of the 
embryo, and preimplantation genetic screening for aneu-
ploidy (PGS) if performed, the upper limit of embryos rec-
ommended to be transferred is shown in Table  41.3. In 
addition to guidelines, careful and thorough discussion with 
the patient regarding the number of embryos to transfer is 
required. A strong patient-clinician relationship is needed to 
support these complex discussions.

41.3.2  Elective Single-Embryo Transfer

Recent studies demonstrate the effect of increasing elective 
single-embryo transfer (eSET) rates. In the United States, 
one study demonstrated that increasing the eSET rate from 
9.6 to 22.5% over a period of 3 years only decreased the twin 
rate in women under age 35 slightly, from 32.4 to 28.3% 
[44]. Nordic countries like Sweden and Finland, as well as 
Belgium, have achieved less than 10% multiple birth by 

more robust use of eSET. The rate of eSET in Sweden was 
reported to reach 69.9% [45].

Elective single-embryo transfer has not been embraced 
globally for many reasons, including prognostic factors like 
female age, reproductive treatment history, embryo grade, as 
well as economic issues including public funding, national 
legislation, and accessibility of effective embryo cryopreser-
vation [45]. One cost-effectiveness study also failed to show 
superiority of eSET as compared to double-embryo transfer 
(DET), and the authors concluded that the choice should be 
decided by the financial coverage for ART, the prognostic 
factors, and the preference of patients [46].

In fact, randomized controlled trials comparing eSET with 
DET demonstrated that the rate of live birth is decreased with 
eSET unless it is combined with a highly successful frozen-
thawed embryo transfer program [47, 48]. A meta- analysis 
suggested that eSET of cleavage stage embryos decreases the 
likelihood of live birth by 38% and multiple birth by 94%. 
However, increasing the number of both fresh and frozen 
eSET attempts results in cumulative live birth rate (LBR) 
comparable to that of DET [49]. Hence the cumulative LBR 
with eSET is comparable to DET only when a single-embryo 
transfer following a failed eSET is included [50].

An analysis of United Kingdom’s Human Fertilization 
and Embryology Authority data recommended that transfer 
of three or more embryos at any age should be avoided, and 
eSET versus DET decision can be based on factors including 
female age [51]. Government-sponsored eSET programs in 
some countries like Canada reduced the total number of IVF 
offspring by up to one-third but did drop twin rates pro-
foundly [52].

Currently, eSET is offered for good prognosis patients 
like those younger than 35 years of age. One retrospective 

Table 41.3 American Society for Reproductive Medicine (ASRM) 
recommendations for the limit of the number of embryos to transfer

Factors Age (years)
Embryo classification <35 35–37 38–40 41–42
Cleavage stage embryos
    Euploid 1 1 1 1
    Other favorable 1 1 ≤3 ≤4
    All others ≤2 ≤3 ≤4 ≤5
Blastocysts
    Euploid 1 1 1 1
    Other favorable 1 1 ≤2 ≤3
    All others ≤2 ≤2 ≤3 ≤3

Adapted from Penzias A, Bendikson K, Butts S, Coutifaris C, Fossum 
G, Falcone T, et al. Guidance on the limits to the number of embryos to 
transfer: a committee opinion. Fertil. Steril. 2017;107:901–3, with 
permission
Other favorable = Any one of the following criteria—fresh cycle, 
expectation of one or more high-quality embryos available for cryo-
preservation or previous live birth after an IVF cycle; FET cycle, avail-
able vitrified day 5 or day 6 blastocysts, euploid embryos first FET 
cycle, or previous live birth after an IVF cycle

41 Multiple Pregnancies as a Complication of Medically Assisted Reproduction
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cohort study from Finland suggested acceptable outcomes 
for eSET at cleavage stage in women aged 40–44 years if 
combined with subsequent frozen-thawed embryo transfer 
cycles [53]; however the feasibility of an eSET approach to 
the advanced reproductive age population remains contro-
versial [52]. High-quality evidence to definitively direct 
patient selection for eSET or DET is not yet available.

The use of morphology, PGS with comprehensive chro-
mosomal analysis, and new techniques such as mitochon-
drial DNA content [54] can also be employed as means of 
selecting the “best” single embryo to transfer in order to 
increase the likelihood of a successful pregnancy and live 
birth.

Forman et  al. conducted an important randomized trial 
comparing ongoing pregnancy rate and risk of multiple ges-
tation between transfer of a single, PGS-tested euploid blas-
tocyst stage embryo and transfer of two untested blastocysts. 
Overall, they showed similar ongoing pregnancy rates 
(60.7% vs. 65.1%, respectively) and a significantly decreased 
risk of multiple gestation from 53.4% to 0%. This meant that 
patients with single euploid blastocyst transfer were nearly 
twice as likely to have an ongoing singleton pregnancy 
(60.7% vs. 33.7%; RR, 1.8; 95% CI, 1.3–2.5) [55]. The find-
ings of this paper and others [56] demonstrated the efficacy 
and non-inferiority of elective single-embryo transfer with 
PGS in appropriately selected patients.

Guidelines for eSET currently include preimplantation 
aneuploidy screening (43), although PGS for embryo selec-
tion has its own controversies [57]. Newer technology mea-
suring mitochondrial DNA content is also controversial; one 
recent study failed to show any correlation between mito-
chondrial DNA content and blastocyst ploidy, age, and via-
bility [58].

Another approach to minimizing the number of embryos 
transferred while maintaining successful pregnancy out-
comes is the use of mild or minimal stimulation IVF [59]. 
One randomized controlled trial demonstrated that while a 
conventional stimulation protocol produced twice as many 
embryos as a mild stimulation protocol, the total number of 
euploid embryos produced (tested at cleavage stage with 10 
chromosome analysis) was no greater [60]. Conventional 
stimulation, focused on maximizing oocyte yield, may there-
fore result in a pool containing a mix of euploid and aneu-
ploid embryos. If mild stimulation produces a higher-quality 
pool for embryo selection, then embryo biopsy (and PGS, 
with its attendant limitations) may not be required to ensure 
quality prior to transfer.

Overall, the approach to preventing multiple pregnancies 
after IVF has evolved over time. Limiting the number of 
embryos transferred has resulted in a decrease especially in 
high-order multiple pregnancies. This trend accelerated after 
the publication of a landmark paper in 1998 showing that, in 
good prognosis patients, DET resulted in comparable preg-

nancy rates but greatly reduced high-order multiples when 
compared to the transfer of three or more embryos [61]. In 
1999, eSET was proposed to additionally reduce twin gesta-
tions [62]. Nowadays, research and discussion are focused 
on refining eSET protocols to optimize outcomes as described 
above. It will be important to continue studying the outcomes 
of ART as new protocols are identified and refined, in order 
to establish the safest and most effective clinical practices as 
well as direct patient counseling for complex decision- 
making including eSET.

41.3.3  Barriers to eSET

Despite strong evidence in favor of eSET, both patients and 
clinicians may still be reluctant to embrace this approach for 
a number of reasons.

Many patients continue to request multiple-embryo trans-
fer. Patient factors including the duration of infertility, desire 
to limit the number of IVF cycles, income, and level of 
knowledge regarding risks of multiples may contribute to 
this decision [63–65]. In one survey of 449 infertile women, 
1 out of 5 patients cited twins as the outcome they most 
desire. In these patients, researchers showed a significant 
underestimation of the risks and complications related to 
multiple gestations [64]. Interestingly, favorable media por-
trayals of multiple gestations may contribute to the desire for 
multiple pregnancy [66]. In the United States, the high out- 
of- pocket cost associated with IVF affects patients’ decision- 
making. Multiple single-embryo transfer cycles incur more 
cost to the patient than a single multiple-embryo transfer. 
Patients may view a twin or triplet pregnancy as the fastest 
and least expensive way to achieve an “instant family.” 
Importantly, the costs of a high-risk pregnancy and delivery 
are not as visible.

Physician and clinical factors may play a role as well. A 
desire to boost clinic success rates may motivate a physician 
to transfer more embryos to achieve more favorable preg-
nancy statistics. Finally, as discussed, even with perfect 
adherence to eSET guidelines, the possibility of multiple 
gestations exists via the monozygotic splitting of a single 
transferred embryo [5].

41.4  Prevention of the Complications 
from Multiple Pregnancies

Primary prevention of multiple gestations with the use of 
careful ovarian stimulation protocols and a carefully chosen 
embryo strategy, including comprehensive patient counsel-
ing, is the preferred means to limiting the incidence of mul-
tiple pregnancies. However, when twins and especially 
higher-order multiples do occur, patients and providers are 

J. Wu et al.
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often placed in a difficult position to decide on the best man-
agement options.

41.4.1  Multifetal Pregnancy Reduction (MFPR)

In the 1980s, fetal reduction techniques were developed to 
decrease morbidity and mortality associated with multifetal 
pregnancies. The first case reports in Europe [67] and the 
United States [68] described surgical techniques to achieve 
the desired reduction to singleton or twin. Various methods 
have been described, but the most common technique 
involves the use of transabdominal imaging followed by 
intrathoracic injection of potassium chloride (KCl) to achieve 
cardiac asystole [69]. Classically, the fetus chosen to be 
reduced is based on technical factors, chiefly accessibility to 
the intended intervention. With the advent of advancing 
ultrasound techniques as well as prenatal genetic diagnosis, 
now reduction techniques are often combined with chorionic 
villus sampling (CVS) and nuchal translucency measure-
ments in an effort to reasonably exclude the chance of reduc-
ing a healthy fetus in favor of a fetus with genetic or 
anatomical abnormalities [70].

41.4.1.1  Pregnancy Outcomes Following MFPR
Since the publications of the earliest case reports of MFPR, 
successive publications have shown improved pregnancy 
outcomes when the total fetal count is reduced.

When MFPR was introduced, the procedure was offered 
to pregnancies with quadruplets or more. Technical safety 
was established in a multicenter report showing low fetal 
loss rates (16% pregnancy loss rate through 24 completed 
weeks of gestation) and lower proportions of preterm deliv-
eries relative to control groups [71]. A series of papers dem-
onstrated that there was a consistent improvement in 
pregnancy outcomes, with the largest benefit seen in the 
highest-order pregnancies [72].

With clear benefits seen in quadruplet and higher preg-
nancies, investigators began to expand the use of MFPR to 
triplet pregnancies. Yaron et  al. looked at the outcomes of 
unreduced triplets as opposed to triplets reduced to twins and 
found substantially improved rates of miscarriage (25% for 
expectantly managed triplets and 6.2% for triplets reduced to 
twins) and significantly later gestational age at delivery 
(32.9±4.7 weeks for expectantly managed triplets and 
35.8±3.9 weeks for triplets reduced to twins). Mean birth 
weights were also significantly higher in the triplet to twin 
group [73]. Another study showed a reduction in pregnancy 
loss from 15.41% to 4.76% by reducing from triplets to 
twins, as well as decreased incidence of low birth weight 
from 28% to 11% [74].

Additional ethical questions remain regarding the limits 
of MFPR and to whom it should be offered. Some have pos-

ited that offering MFPR is ethically permissible in twin preg-
nancies regardless of mode of conception, as there is data to 
suggest improvement in outcomes when the pregnancy is 
reduced to a singleton [75].

41.4.1.2  Emotional Burden
Couples undergoing infertility treatments are faced with 
many decisions that provoke significant anxiety. Following 
the initial joy of a positive pregnancy test, multiple gesta-
tions force parents to confront dilemmas they may have 
never considered before. Couples who opt for MFPR are 
faced with a unique set of emotional and psychological 
stressors that can have long-lasting impacts.

The long-term emotional impact of MFPR was first 
looked at by a group in France [76]. Couples who underwent 
pregnancy reduction were followed for a total of 2 years after 
reduction. In the first year following MFPR, the reduction 
group reported higher rates of depressive symptoms related 
to their decision to reduce. At the 2-year mark, all but two 
women no longer had negative feelings toward their decision 
to reduce and actually had less anxiety and depression when 
compared to parents with triplets. Regardless of this evi-
dence, each patient and family will have a unique emotional 
experience. Broaching the subject of reduction requires con-
siderable sensitivity, regardless of the patient’s treatment 
phase.

41.5  Conclusion

Efforts at educating clinicians, patients, and the public can 
pay huge dividends toward reducing the number of ART- 
related multiple births and the associated risks. A culture 
shift is needed in terms of redefining the meaning of a suc-
cessful outcome in assisted reproduction. Societal guidelines 
and carefully selected clinic performance metrics need to 
place greater emphasis on reducing multiples. Comprehensive 
patient education, in conjunction with interdisciplinary edu-
cation for perinatologists and general obstetricians, is needed 
to fully realize the goal of improving maternal and fetal 
outcomes.
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Multiple Birth Minimisation Strategies

V. Peddie, Rachel Cutting, and Jane Denton

Since the birth of Louise Brown in 1978, advances in assisted 
reproductive technology (ART) have resulted in excess of 5 
million births worldwide [1, 2]. However, this has not been 
without risk: 0.9% and 1.4% of all births in England and 
Wales in the early 1980s and late 1990s being multiples [3] 
with the rest of Europe reporting a similar trend [4]. Triplets 
and higher-order multiples experienced a similar rise, with 
Kulkarni and colleagues [5] estimating a total of 36% of twin 
births and 77% of triplet and higher-order births resulting 
from ART in the United States (US).

Twin and triplet pregnancies are concomitant with increased 
obstetric and neonatal morbidity and mortality, usually related 
to preterm delivery [3]. Complications include gestational dia-
betes, hypertension and pre- eclampsia, preterm delivery, intra-
uterine growth restriction, congenital abnormality and cerebral 
palsy. Inevitably these complications lead to increased health-
care costs, not only in the short term (neonatal care) but in the 
health and development needs of children [6]. In 2011, the 
European Society for Human Reproduction and Embryology 
(ESHRE) published data from 32 European countries on ART, 
which highlighted the risk of extremely preterm birth rate 
(gestational weeks 20–27) as 0.8% for a singleton delivery, 
increasing to 2.6% for twins and 7.4% for triplets. The same 
trend was noted for very preterm (28–32 weeks), from 2.5 to 
11.0% and 37.4%, and for preterm (33–36 weeks), from 8.7 to 
39.3 and 43.9%, respectively [7].

It is now widely accepted that these risks to both mother 
and child are unacceptable. Although there has been a range 
in uptake of elective single embryo transfer (eSET), varying 
from 2.8% in the USA to 69.4% in Sweden [8], there is now 
pressure from both professional society and regulatory bod-
ies for IVF clinics to act responsibly and implement multiple 
birth minimization strategies.

This chapter aims to review the historical aspect of the 
number of embryos to transfer the current global variation in 
adoption of eSET policies and common strategies which 
have been implemented to ensure eSET does not compro-
mise the chance of patients achieving live births.

42.1  Worldwide Picture

In 1993, Sweden provided the catalyst for a worldwide shift 
in embryo transfer policy, with a voluntary reduction in the 
number of embryos transferred in IVF cycles from three to 
two. This resulted in almost complete eradication of higher- 
order multiple pregnancy (triplets or more), with the overall 
pregnancy and delivery rates unaffected at around 1:3 per 
embryo transfer [9]. However, the twinning rate remained 
relatively stable at 1:4 per delivery [10] which promoted a 
multicentre trial to compare the outcome of one fresh embryo 
(transfer), and if no pregnancy occurred, the addition of a 
frozen embryo compared to a double fresh embryo transfer 
[11]. The study concluded there was no difference in the 
chance of achieving a pregnancy and Swedish legislation 
quickly ensued to specify that only one embryo could be 
replaced in the majority of cases.

Interest was sustained, and in 2004, Pinborg and col-
leagues published results from a retrospective study on the 
outcome of 8602 children born as a result of ART, conclud-
ing that the outcome of twins was considerably poorer than 
singleton deliveries, thus drawing the attention of clinicians 
to elective single-embryo transfer (eSET) [12]. The same 
year, European countries such as Belgium published data to 
show that from a health economic perspective, the transfer of 

V. Peddie 
Division of Applied Health Sciences, Department of Obstetrics  
and Gynaecology, School of Medicine and Dentistry, University  
of Aberdeen, Aberdeen Maternity Hospital, Aberdeen, Scotland 

R. Cutting 
Human Fertilization and Embryology Authority,  
10 Spring Gardens, London, UK 

J. Denton (*) 
Queen Charlotte’s & Chelsea Hospital, Imperial College Health 
Care NHS Trust, London, UK
e-mail: jane.denton1@nhs.net

42

The original version of this chapter was revised. The correction to this 
chapter can be found at https://doi.org/10.1007/978-981-15-2377-9_93

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2377-9_42&domain=pdf
https://doi.org/10.1007/978-981-15-2377-9_42#DOI
mailto:jane.denton1@nhs.net


380

a single top-quality embryo in women <38 years of age was 
equally as effective, with the added benefit of being cost- 
effective from a health economic perspective [13].

In March 2004, the fertility sector in the UK witnessed an 
amendment in Human Fertilization and Embryology 
Authority [14] policy with the maximum number of embryos 
to be replaced (in women <40 years) reduced to two. 
However, this transition significantly reduced triplet, but not 
twin pregnancy rates.

To address this issue, the HFEA commissioned an expert 
group in 2005, who published the report ‘One Child at a 
Time: Reducing Multiple births after IVF’ [15]. This led to 
the best outcome from IVF being expressed not simply as a 
live birth but as a healthy term infant of normal weight.

This inevitably led to consideration of eSET in good 
prognosis patients and the development of policies specifi-
cally addressing multiple births. The UK formed a ‘One at a 
Time’ multidisciplinary stakeholder group, consisting of 
representatives of professional organisations involved in 
aspects of fertility care, in collaboration with colleagues 
facilitating obstetric and paediatric care. As a result, a con-
sensus statement and directives were issued by the HFEA in 
2007, requiring all licenced centres to have a clear and con-
cise multiple birth minimisation strategy (MBMS) in place 
by 2009. This movement was endorsed by the British Fertility 
Society (BFS) [16] and the Association of Clinical 
Embryologists (ACE) [17].

The HFEA set a national threshold for a multiple preg-
nancy rate (MPR) of 10% to be achieved by a stepwise pro-
gression, by setting an annual maximum MPR target that 
would reduce each year: from 24% in 2009 to 15% in 2011 
[18]. To support the UK sector in this cultural change, the 
‘One at a Time’ Editorial Board agreed guiding principles 

and focussed on themes prioritised by the expert group [15] 
in reviewing the literature, national data and health and psy-
chosocial outcomes of twins born as a consequence of fertil-
ity treatment.

The group worked to endorse eSET by developing tools 
to improve clinical practice, including written and web- 
based information for patients and healthcare professionals. 
In addition, the HFEA facilitated a number of workshops for 
clinic staff to share experiences and best practice of ET 
polices, audit and multiple pregnancy rates.

The policy has resulted in a significant decrease in multi-
ple births (from 1:4 IVF live births in 2008; 1:6 in 2013 to 
1:7  in 2015), whilst maintaining stable success rates 
(Fig. 42.1). Such a positive step is testament to the fertility 
sector auditing and reviewing their strategies and making use 
of the data available to them [19].

By 2010, Turkey had also introduced legislation for eSET 
in women aged 35 years and under, in both first and second 
cycles [20]. Equally, central funding in Canada enabled the 
rollout of eSET legislation across the Atlantic, its aim being 
eSET in every treatment cycle, irrespective of age or history, 
which resulted in an impressive reduction in the MPR from 
25.6% to 3.7% [21].

In the USA, Kulkarni and colleagues [4] reported a 1.9 
factor increase in twin deliveries from 1971 to 2009 and 6.7 
factor increase in triplet and higher-order births from 1971 to 
1998. However, the latter decreased by 29% from 1998 to 
2011. This decline in number of triplet and higher-order mul-
tiples coincided with a 70% reduction in the transfer of three 
or more embryos during IVF programmes.

Nevertheless, more than a third of all treatments in the 
USA resulted in triplet and higher-order births. In 2012, the 
Practice Committee won the backing of the American 
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Society for Reproductive Medicine (ASRM) with the adop-
tion of eSET for all good prognosis patients [22].

42.2  Influence of Funding and Insurance 
on eSET

In 2003, Belgium introduced a policy to support funding for 
up to six cycles of IVF treatment for all couples, provided the 
female was less than 43 years old. The Belgian government 
recognised that this would reduce perinatal costs associated 
with multiple pregnancies if eSET was actively encouraged. 
This policy subsequently led to a dramatic increase in the use 
of eSET [23]. Other countries such as Australia—where 
there is generous public funding—have seen this aspect posi-
tively influencing voluntary uptake of eSET [24] and a sub-
sequent successful MPR reduction.

It is important to recognise the contribution that increased 
state-funding affords. However, this is not the case for all 
countries. For example, state-funding via the National Health 
Service (NHS) remains low in the UK, where there is dispa-
rate commissioning of IVF services. Some areas of the UK 
have full NHS funding for IVF treatment, with patients are 
more willing to accept eSET; conversely, other areas have 
restricted NHS funding, e.g. for only one NHS-funded cycle, 
with patients more reluctant to accept eSER, especially if the 
cost of cryopreservation is not included.

For self-funding patients with only two good quality 
embryos available on day of transfer, the decision regarding 
eSET is not always morally and ethically determined, irre-
spective of prognosis [25]. As a result, and irrespective of 
multidisciplinary engagement with the eSET policy, health-
care professionals may find themselves ‘empathising’ with a 
rationale that supports the request for double-embryo trans-
fer (DET). Nevertheless, where ambiguity and uncertainty 
exist, it is imperative that healthcare professionals consider 
the obstetric and general medical history.

42.3  Influence of Technological Advances 
on eSET: Embryo Selection in a MBMS

Embryo quality is one of the most influential factors in the 
prediction of IVF treatment success [13], and until very 
recently, focus has been solely on static morphological 
assessment. Embryo quality is primarily based on the num-
ber of blastomeres, evenness of cell division, and degree of 
fragmentation, although oocyte quality can also be consid-
ered [26]. In the UK, a MBMS algorithm scheme was pro-
posed over a decade ago, based on the number of top quality 
embryos available [17]. Whilst external quality assurance 
schemes have tried to drive consistency, grading of embryo 
morphology is notoriously subjective. The challenge, there-

fore, to select the most viable embryo has intensified with the 
introduction of eSET. This has contributed towards develop-
ment of two technologies: an increase in blastocyst transfer 
and development of technologies such as time-lapse imaging 
(TLI) and preimplantation genetic testing for aneuploidy 
(PGT-A, formerly called preimplantation genetic screening 
[PGS]).

42.3.1  Blastocyst Culture

Scientists in Australia were one of the first to explore the 
potential for blastocyst transfer in 1998, with Gardner and 
colleagues comparing day 3 implantation rates with embryos 
cultured to day 5  in serum-free medium [27]. They con-
cluded that transfer of blastocysts in IVF would result in sus-
tainable pregnancy rates, whilst reducing the number of 
embryos transferred, thereby minimising the risk of multiple 
pregnancy (Fig. 42.2). Furthermore, inconsistent and unreli-
able day 2–3 embryo selection invariably led to development 
of blastocyst culture programmes with promising pregnancy 
rates, where patients had a number of top quality embryos 
available [28].

The development of sequential media to meet the meta-
bolic requirements of the human embryo further encouraged 
the use of blastocyst culture, with reports of an increase in 
implantation rates [29], possibly because the timing of trans-
fer more closely reflected that of normal conception and 
improved embryo selection [30].

A Cochrane review [30] concluded that it was question-
able whether the stage of embryo replaced impacted on live 
birth rates. Whilst blastocyst transfer was recognised as ben-
eficial and able to improve live birth rates, the low quality of 
the evidence led to the conclusion that further well-designed 
randomised controlled trials (RCTs) are required, specifi-
cally relating to eSET.
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2013 to Feb 2016. (Human Fertilization & Embryology Authority 
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Whilst we have witnessed increased interest in blastocyst 
culture, it does have practical drawbacks; the technique is 
more labour-intensive and requires specialist incubators (low 
oxygen tension) and, thus, increases overall cost.

There have also been compromises in the context of 
number of embryos cryopreserved [31] and the potential 
for gene expression modification (epigenetics) with the 
adoption of blastocyst culture strategies. Epigenetics 
refers to modifications of gene expression (active versus 
inactive genes) that can alter phenotypic characteristics. 
According to De Ryke et  al. [32], there are at least two 
critical periods in which epigenetic reprogramming 
occurs, one during the process of gametogenesis and the 
other throughout the preimplantation embryonic stage. 
Recent changes in ET timing and prolonged culture may 
interrupt methyltransferase activity and gene expressions. 
Whilst many successful eSET programmes recommend 
extended culture, further research should be conducted to 
evaluate the safety.

42.3.2  Time-Lapse Imaging

Although TLI was used as early as 1929 to visualise preim-
plantation development of rabbit embryos [33], its use 
remained predominantly experimental. However, in 1997, a 
report was published showing the value of serial imaging in 
assessing pronuclear formation and polar body extrusion in 
human embryos [34]. These findings, together with the drive 
to learn more about preimplantation embryo development, 
founded the interest in using continual monitoring of 
embryos for non-invasive assessment. TLI has rapidly 
advanced with great interest, and no doubt in response to 
worldwide pressure towards implementation of a MBMS. TLI 
allows the investigation of the morphology and developmen-
tal kinetics (collectively termed morphokinetics) without 
disturbing the culture environment [35], especially if a sin-
gle-step culture medium is used [36].

One of the first TLI studies of human preimplantation 
embryos showed that synchrony in the appearance of nuclei 
after the first cleavage correlated with pregnancy rates 
(P < 0.05) [35]. Another Danish group concluded that high- 
quality blastocysts could be predicted within the first 48 h 
of culture, although this did not correlate with pregnancy 
rates [36].

Since then, further research to develop algorithms to 
aid embryo selection has been undertaken with many 
studies showing promising results [37, 38]. Negative pre-
dictors, which lead to embryos having lower implantation 
potential, include direct cleavage from one to three cells, 
uneven blastomeres at the two-cell stage and multinucle-
ation at the four- cell stage [39]. However, a recent critical 

appraisal of the literature concluded that the current evi-
dence fails to support routine use of the TLI; therefore 
patients should not be subject to a surcharge for applica-
tion of this ‘add-on’ [40]. Furthermore, a Cochrane review 
stated that there is insufficient evidence of differences in 
live birth, miscarriage, stillbirth or clinical pregnancy to 
promote use of TLI over conventional incubation and that 
further studies are required to further elucidate the per-
ceived benefits [41].

42.3.3  Preimplantation Genetic Testing 
for Aneuploidy

It is well established that embryonic aneuploidy is preva-
lent in IVF cycles and that these fatal genetic flaws are 
responsible for implantation failure and early miscarriage 
following ET of a morphologically good quality embryo. 
This prevalence increases with female age: the estimated 
aneuploidy rate increases from 25% for oocytes from 
women under 35 years to in excess of 75% for women over 
40 years [42].

Chromosomal analysis can be used to help select euploid 
embryos for ET, which, in theory, should improve implanta-
tion rates, decrease miscarriage rates and reduce time to 
achieve a successful pregnancy. Innovative methods allow 
for comprehensive chromosomal screening—such as micro-
array comparative genomic hybridisation (a-CGH)—which 
utilises a whole genome amplification technique prior to 
labelling the DNA with a fluorescent dye and applying it to a 
microarray. Used alongside trophectoderm biopsy, this tech-
nique is increasingly being used clinically, although the 
results from well-designed multicentre RCTs are eagerly 
awaited. Published trials have reported initial benefits with 
statistically significant higher delivery rates being achieved 
after PGT-A [43]. Furthermore, a systematic review sug-
gested that PGT-A improved embryo selection methods and 
could decrease multiple pregnancy rates in good prognosis 
patients [44].

42.3.4  Assessment of Embryo Metabolism

Although not routinely implemented in clinical practice, a 
promising area that may in the future be used to improve 
minimisation strategies is assessment of embryo metabo-
lism. Embryo viability can be measured by analysing the 
components in culture media, which are either taken up or 
released by the human embryo [45]. Further research is 
required to determine whether metabolomics, oxygen con-
sumption or amino acid turnover will provide us with a 
definitive model to select viable embryos.

V. Peddie et al.
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42.4  Cryopreservation

Cryopreservation of supernumerary good quality embryos is 
a fundamental adjunct to IVF cycles. Successful implemen-
tation of eSET is therefore strongly dependent on successful 
cryopreservation programmes, since there is no evidence of 
a significant difference in the cumulative live birth rate from 
a single cycle of DET compared to cumulative cycles of 
eSET (e.g. one fresh eSET cycle followed by one frozen 
eSET cycle) [46].

More recently, there has been a shift towards vitrification 
with the more traditional slow-freeze methods becoming less 
common practice. Current evidence appears to favour vitrifi-
cation in yielding more consistent results with extended cul-
ture embryos and metaphase II oocytes [47]. Loutradi and 
colleagues [48] conducted a systematic review and meta- 
analysis and similarly concluded that vitrification of blasto-
cysts was superior to slow-freezing methods; nevertheless, 
some argue that slow freezing still has a place.

Regardless of the cryopreservation technique used, both 
rely on morphological selection beforehand, as restricting 
cryopreservation to good quality embryos may lead to better 
recovery after thawing/warming [22]. Further RCTs, using 
the same criteria for post-thaw/warm survival and defined 
outcome points, are required before one method can be rec-
ommended over another.

In addition, studies that assess the safety and efficacy of 
vitrification and its application of high concentration of 
cryoprotectants are also required. However, improvements 
and confidence in vitrification programmes appear to have 
positively influenced the uptake of eSET and as a result 
should be assimilated with minimisation strategies.

42.5  Reinvigorating MBMS in the UK

In the UK, the HFEA continues to work with the fertility sec-
tor via their online tool ‘Cumulative Sum Analysis 
(CUSUM)’ to monitor multiple clinical pregnancy rates in 
real time. Since 2012, IVF clinics have been able to access 
CUSUM directly through the HFEA online ‘clinic portal’. 
CUSUM plots have an upper threshold, which, if breached, 
suggests that where clinic’s multiple clinical pregnancy rates 
continue at the same rate or upward trend, they are unlikely 
to meet the annual target. However, if clinics engage in 
monthly key performance indicator (KPI) meetings, they can 
involve the multidisciplinary team in reviewing their MBMS 
and make a case for positive change.

The HFEA continues to gather evidence via patient sur-
veys, engagement with clinics, and further field-based data 
analysis. This helps to drive the HFEA’s proactive engage-
ment with NHS Commissioners to discuss equitable funding 
to further support the uptake of eSET.

42.6  Conclusion

This chapter has described the worldwide collaborative 
efforts to reduce the public health issue of iatrogenic multi-
ple births. Where one or more good quality blastocysts are 
available on day 5, there is overwhelming evidence that 
eSET should be implemented.

eSET success is dependent on accurate embryo assess-
ment and selection methods together with a good cumulative 
pregnancy rate, which is heavily dependent on effective 
cryopreservation programmes. New technologies such as 
TLI and PGT-A may further help quantify embryo health, 
viability and potential. Many clinics are already integrated 
these within an MBMS, to attempt to further optimise the 
chance of pregnancy with eSET.

Whilst IVF outcomes and patient satisfaction can be 
measured in numerical form, there is no substitute for 
engaging the patients in what many would perceive as the 
most significant part of the treatment programme. 
Multidisciplinary involvement is therefore crucial for 
informed consent to occur. Within the UK, IVF clinics 
have the autonomy to develop and implement individual-
ised MBMS. However, these must be harmonised with an 
active audit programme to allow for continual review and 
subsequent improvement in response to both pregnancy 
and multiple pregnancy rates.

Since the inception of the HFEA’s MBMS in 2009, the 
views of the fertility sector have shifted in response to its 
successful implementation. Accepting and respecting pro-
fessional roles (and boundaries), together with confidence 
in multidisciplinary involvement, have been key to the suc-
cessful application of the eSET policy. The way in which 
the information and data is presented, coupled with accep-
tance and belief in the regulatory functions, will ensure 
maintenance of effective eSET programmes and, most 
importantly, improve the obstetric outcome for mother and 
baby.
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43.1  Background

The ideal goal of assisted reproductive technology is to facil-
itate the conception and birth of a healthy child; the unin-
tended consequence of efforts to meet this objective has been 
the dramatic rise in multiple gestations [1]. The incidence of 
higher-order multiples steadily increased in the United States 
between 1980 and 1998, rising from 37.0 to 193.5 per 
100,000 births [2]. In part, the increasing numbers of twin, 
triplet, and higher-order multiples can be attributed to both 
ovulation induction and in vitro fertilization with multiple- 
embryo transfer [1–5]. In 2012, 44% of infants resulting 
from assisted reproductive technology were part of a multi-
ple birth, whereas only 3% originated from naturally con-
ceived multiple gestations [3].

The increased risk for both perinatal and postnatal com-
plications in multiple gestations has been well established 
[4–7]. Table 43.1 shows the fetal risks with the percentage of 
risk increasing proportionately with the number of fetuses 
present. The trend toward delayed childbearing has resulted 
in a disproportionate number of older women utilizing 
assisted reproductive technology [6], a cohort that is more 
apt to have pre-existing medical conditions. The physiologi-
cal changes of pregnancy can exacerbate maternal disease, 
the effects of which can be further exaggerated by a multiple 
gestation [7]. Maternal cardiovascular disease is a major 
cause of both morbidity and mortality during pregnancy; 
women over the age of 35 years are 2–4 times more likely to 
have prepregnancy chronic hypertension [8]. The rate of pre-
eclampsia is essentially doubled in women who are over the 
age of 40 years. Multiple gestations further magnify these 
risks, as well as the risk for gestational diabetes, anemia, 
thrombocytopenia, hyperemesis gravidarum, placenta pre-

via, and postpartum hemorrhage. Women carrying multiples 
may experience earlier disease onset and faster progression. 
Higher-order multiples almost always necessitate cesarean 
delivery, which carries its own inherent risks [4–8].

Higher-order multiples also confer greater economic and 
psychosocial burdens [1, 4, 5–7]. The cost of prenatal care is 
increased in multiple gestations due to the need for more 
intensive fetal monitoring, more frequent prenatal appoint-
ments, a higher risk for pregnancy-related complications 
(gestational diabetes, etc.), and a greater chance for hospital-
ization and in-patient monitoring [9]. Premature and low 
birth weight infants are typically cared for in the neonatal 
intensive care unit rather than the newborn nursery, resulting 
in longer hospitalization, increased surveillance, and a higher 
incidence of procedures and interventions [9, 10]. Beyond 
the delivery and initial hospitalization, parents of multiples 
have the ongoing costs of caring for multiple children of the 
same age. Diapers, clothing, and childcare (or lost wages if a 
parent stops working to care for their multiples) can impose 
significant economic strain [9, 10]. Exclusively breast- 
feeding higher-order multiples is rarely an achievable goal, 
thus adding the financial burden of providing infant formula 
and bottles. The greater psychosocial burden of higher-order 
multiples cannot be overlooked; studies have shown higher 
rates of parental depression, anxiety, marital discord and/or 
divorce, child abuse, and maladaptive behavior in older sib-
lings [7, 11, 12].

43.2  Terminology and Rationale

Multifetal pregnancy reduction (MFPR) is a procedure, the 
intent of which is to reach a “safer” number of fetuses, to 
decrease the risk for adverse outcome associated with higher- 
order multiples [4, 6, 7, 13, 14]. Multifetal pregnancy reduc-
tion cannot eliminate risk altogether, nor can it guarantee the 
desired outcome of a healthy term infant [15]. As such, it 
should be presented to patients as a means of risk mitigation, 
rather than one of risk prevention.
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Conversely, selective termination (ST) is performed 
when fetal anomalies have been detected in at least one fetus 
(but not all) of a multiple gestation. The goal of selective 
termination is twofold: to terminate the anomalous fetus and 
to allow continuation of the pregnancy for the unaffected 
fetus, with the anticipated outcome being a healthy live birth 
[4, 13, 14].

43.3  Ethical Issues

Multifetal reduction represents a conflict between “the value 
for human life, reduction of harm, prevention of suffering, or 
benefit of health” [16]. Although the increased risk of com-
plications in multiple gestations is well established, debate 
remains about whether contemporary outcomes warrant 
reduction. Advancements in care have improved the outcome 
of triplets. For example, the risk of delivering an extremely 
low birth weight baby is greatly increased with triplets, but 
there is still a 90% chance of delivering infants weighing 
>1000 g, for which survival is almost certain in a modern 
neonatal intensive care unit [17]. Furthermore, plurality 
itself does not significantly influence short-term outcome, 
that is, infants of similar birth weight have similar outcomes 
[17, 18]. This argument notwithstanding, the goal of assisted 
reproduction techniques should be to achieve a singleton 
pregnancy [19].

From a legal perspective, it is unclear whether MFPR 
should be, or is, considered a form of abortion. Laws vary 
from state to state, but in general, where abortion is legal, 
MFPR is legal. The terms “abortion” and “termination” refer 
to removal of an embryo or fetus and placenta from the 
uterus to end a pregnancy. Many experts argue that MFPR is 
not really “termination of pregnancy” and distinct ethical 
features and justifications distinguish the two procedures. 
Multifetal reduction is a procedure to secure a healthier preg-
nancy outcome; by reducing one or more fetuses, those 
remaining may be more likely to do better [19]. In this 
instance, fetal death is an indirect consequence of the therapy 
which is a necessary, but not necessarily desirable, result [20, 
21]. As an analogy, think of the life boat full of people while 
others still in the water are about to drown. Letting some 
people perish is possibly justified because too many passen-

gers will cause the vessel to sink, with all lives lost [22]. In 
other words, some sacrifices are, every so often, necessary 
and legitimate when the interest of the many precedes those 
of the few (aka the reduced fetuses) [14].

In addition to the distinctions between MFPR and abor-
tion, opinions on fetal reduction do not follow the traditional 
“pro-life/prochoice dichotomy” [16]. Up to one-third of cou-
ples with multiple pregnancies refuse MFPR for moral, reli-
gious, and ethical reasons that parallel arguments against 
abortion [23]. But, some individuals who oppose abortion 
justify MFPR either to improve the life and well-being of the 
remaining fetus(es) or because of lifestyle preferences [16]. 
Viewing “health” as a simply biological concept would pre-
clude the desire to raise a child with financial security or 
adequate attention and emotional support [24].

Most providers see the decision to undergo reduction as 
that of the patient’s, and the same arguments that justify 
abortion also justify fetal reduction. Principle among these is 
respect for autonomy, which is the foundation for informed 
consent, acknowledges a woman’s right to hold views and 
make choices based on her personal values and beliefs [4]. 
Whether a woman’s autonomy to determine a state of preg-
nancy should extend to determination of the number of 
fetuses she is pregnant with remains controversial [25]. For 
now, so long as abortion remains controversial, MFPR will 
remain controversial as well.

From both a procedural and ethical perspective, MFPR 
and ST are very similar. Possibly the biggest distinction is 
that while the reduced fetus(es) are presumably normal in 
MFPR, in ST the reduced fetus is abnormal [14]. The notion 
of overlapping risks, lifestyle framework, the nature and 
acceptability of disability, and patient autonomy arguably 
apply to both procedures [26].

43.4  Professional Society 
Recommendations

Though many professional societies have statement about 
the need for strategies to minimize the risk of multifetal 
pregnancies, few offer statements about MFPR.  The 
American College of Obstetricians and Gynecologists 
(ACOG) and International Federation of Gynecology and 

Table 43.1 Fetal risks of multiple pregnancies increase proportionally to the number of fetuses

Risk (%) Singleton Twin Triplet Quadruplet Quintuplet+
Preterm birth (all) 7.74 58.71 98.35 97.97 100
Preterm birth <32 weeks 1.23 10.58 39.27 71.95 100
Average gestational age at delivery (weeks) (Stone—higher-order multiples) 40 35.3 31.9 29.5 <30
Low birth weight 6.24 55.26 95.14 97.53 100
Very low birth weight 1.07 9.56 36.96 65.43 90.91
Risk per 1000
Early mortality (20 weeks gestation—age 1 year) 5.24 24.37 61.08 137.04 Not available
Cerebral palsy 2.3 12.6 44.8 NA NA
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Obstetrics (FIGO) state that women should be provided non-
directive counseling about the risks of multifetal pregnancy 
and the possible benefits of MFPR in the setting of higher- 
order multiple (typically triplets or more) conceived either 
spontaneously or with assisted reproductive technology [4, 
5, 19]. Studies have shown that patients pursuing assisted 
reproductive technology may view a twin or triplet gestation 
as a positive outcome; this may be influenced by many fac-
tors, including the amount of time spent trying to conceive, 
the financial aspects of assisted reproductive technology, 
parental age, and desire for a large family [1, 6, 9, 10, 27]. 
The perinatal risks of multiple gestations are often not well 
understood and may be largely underestimated by patients 
who have not been appropriately counseled [1, 14].

43.5  Counseling

Informed consent is more than a single conversation, and it is 
the responsibility of the rendering provider to make sure that 
all information is adequately conveyed to patients in a way 
that is both understandable and meaningful [4, 28–31]. While 
multifetal pregnancy reduction should by no means be 
viewed as a bulwark for assisted reproductive technology, 
patients must be accurately counseled of its availability, both 
before and, when necessary, after conception occurs. 
Nondirective counseling is essential when discussing topics 
such as reproductive planning, prenatal diagnostic testing, 
and feticide [29–31]. Regardless of personal convictions, 
there is a professional responsibility to convey information 
that is complete and accurate, while respecting patient auton-
omy [4, 29–31]. For both providers offering multifetal reduc-
tion as well as providers who may directly or indirectly 
facilitate such a referral, information should be provided to 
patients, in as many iterations as is necessary, to allow them 
to make their own best decision for their personal circum-
stances. Not only does this mean an accurate depiction of the 
risks, benefits, and limitations of multifetal pregnancy reduc-
tion but a similar explanation of any alternative, including 
expectant management of higher-order multiples. Likewise, 
it is paramount that patients know that they will receive sup-
port for their decision without fear of provider coercion or 
disapproval [4, 29–31]. When MFPR is discordant with a 
physician’s value system, he/she should provide a referral to 
an experienced physician [4].

43.6  Genetic Testing

An increasing number of tests are available to women during 
pregnancy to assess the health of the fetus; the information 
provided by these tests focuses primarily on karyotypic 
abnormalities. Non-invasive screening, which assays mater-
nal serum analytes or cell-free fetal DNA, provides an esti-

mation of risk for fetal aneuploidy without posing any risk of 
fetal injury or loss. However, the sensitivity and specificity 
of screening tests are decreased in twin gestations; currently, 
neither maternal serum screening nor cell-free fetal DNA 
screening can be performed in higher-order multiples [7, 15]. 
This is problematic in that multifetal gestations are inher-
ently at greater risk for aneuploidy (Table 43.2). While the 
risk for a chromosome abnormality in any one fetus is the 
same as that of a singleton, the risk is additive in multifetal 
gestations, thereby conveying a higher overall risk [4, 5–7, 
15, 32]. In the absence of other identifiable risk factors, a 
maternal age of 35 years at the time of delivery has histori-
cally been the turning point for which invasive prenatal test-
ing is offered as part of routine prenatal care [27]. With each 
additional fetus, the threshold for the age at which a woman 
should be considered “high-risk” is lowered.

If the goal of multifetal reduction is to curtail the risk of 
adverse pregnancy outcome, testing for fetal chromosome 
abnormalities—which inherently increase the risk for spon-
taneous loss, stillbirth, and neonatal death—should be con-
sidered [4, 5–7]. Early sonographic findings such as lagging 
fetal growth, increased nuchal translucency, absent nasal 
bone, or non-physiologic ventral wall herniation are all 
indicative of a potential fetal anomaly [7, 15, 27, 32]. As 
such, there would be little perceived benefit to obtaining a 
karyotype for an abnormal-appearing fetus. However, not all 
aneuploid fetuses will present with visible markers [15], and 
it is therefore prudent to initiate a conversation with the 
patient about prenatal diagnostic testing prior to multifetal 
reduction. This counseling should focus on the risks, bene-
fits, and limitations of both electing and declining invasive 
prenatal testing [6, 32].

Chorionic villus sampling is technically more challenging 
in a multiple gestation; when being performed prior to fetal 
reduction, it is cardinal that every effort be made to minimize 
the risk of sampling error (e.g., unintentional sampling of the 
same placement more than once). Accurate mapping of each 
fetus and its placenta is crucial, and the respective locations 
should be well documented for future reference [5–7, 27, 
32]. Samples should be obtained for fetuses that are not 
slated for reduction to confirm a normal karyotype. Whether 
one additional fetus should be sampled depends upon multi-
ple factors such as index of suspicion for aneuploidy, poten-

Table 43.2 Risk of aneuploidy by maternal age and fetal number

Maternal age Singleton (1/x) Twin Triplet Quadruplet
24 670 335 223 168
26 625 313 208 156
28 560 280 187 140
30 465 233 155 116
32 350 175 117 88
34 230 115 77 58
35 180 90 60 45
36 135 68 45 34
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tial risk of the additional procedure, and the technical 
feasibility of obtaining the extra sample [27]. Another dis-
cussion point is the type of results desired before proceeding 
with a planned reduction. A full karyotype will rule out any 
numerical or large structural rearrangements; however, 
results are not available for 7–10 days. Fluorescent in situ 
hybridization (FISH) allows for more immediate informa-
tion, with results available in as little as 24 h; however, FISH 
is less comprehensive than a full karyotype. Direct FISH 
screens for common aneuploidies (Trisomy 13, 18, 21, and 
sex chromosome aneuploidies), which account for approxi-
mately 70% of aneuploidies present at the time of chorionic 
villus sampling [6, 15, 27, 32]. The provider and patient 
should therefore have a conversation about goals of testing, 
including the relative acceptability of postponing fetal reduc-
tion in anticipation of a full karyotype versus lessening the 
interval between chorionic villus sampling and fetal reduc-
tion by proceeding with more limited test results because of 
the ongoing risk of loss of unreduced multiples [16].

43.7  Outcomes

Multiple studies have demonstrated improvement in preg-
nancy outcome with MFPR [33–35]. In a meta-analysis of 
2240 triplets reduced to twins compared to 604 triplets 
managed conservatively, fetal loss <24 weeks was 5.1% vs. 
11.5% (OR 0.45 95% CI 0.3–0.6), delivery <28 weeks was 
2.9% vs. 8.4% (OR 0.35 95% CI 0.2–0.6), delivery <32 
weeks was 10.1% vs. 20.3% (0.5 95% CI 0.4–0.7), and 
perinatal mortality was 26.6/1000 vs. 92/1000 (OR 0.3 
95% CI 0.2–0.7) [36]. The benefits can be loosely summa-
rized as “one month, one pound.” That is, for each fetus 
reduced, the benefit is approximately 1 month longer gesta-
tion and 1 pound greater birth weight. Pregnancies reduced 
to twins have an outcome similar to pregnancies starting as 
twins [37].

Factors most closely linked to pregnancy outcome follow-
ing fetal reduction are:

• Starting number
• Ending number
• Gestational age
• Operator/center experience

43.7.1  Starting and Ending Number

Fetal loss rates and prematurity vary with both the starting 
and ending number (Table  43.3) [32]. The loss rate is the 
lowest when twins are reduced to singletons; remains stable 
when the starting number is three, four, or five fetuses; and 
increases substantially when the starting number is greater 

than five or the finishing number is three or more [32]. The 
pregnancy loss rate when starting with sextuplets exceeds 
20% [35].

43.7.2  Gestational Age

Most fetal reductions are performed between 10 and 13 
weeks for reasons outlined below. For procedures performed 
within this time frame, there is no significant difference in 
loss rates [35]. Whether procedures performed at later gesta-
tional ages are associated with higher rates of loss is not 
entirely clear [38, 39] and the data is confounded by indica-
tion since procedures performed at later gestational ages tend 
to be for discordant anomalies or genetic conditions. In a 
group of women undergoing ST, the loss rate was 5.4% for 
procedures between 9 and 12 weeks versus 8.7%, 6.8%, and 
9.1% for procedures carried out between 13–18, 19–24, and 
over 25 weeks, respectively, but the difference was not statis-
tically significant [39].

43.7.3  Operator Experience

In 1988, Berkowitz et al. published the first reports using a 
transabdominal technique in which three of nine women lost 
the entire pregnancy (33%) [40]. Subsequently, Berkowitz 
and colleagues published their results with another 200 con-
secutive cases in which the rate of loss was 9.5% and 
decreased to 8% as their experience increased to 400 cases 
[41, 42]. This group has now performed >2000 cases with a 
loss rate of 4.7% in the last 1000 procedures performed from 
1999 to 2006 [32]. The reduction in loss rate with experience 
was also seen in another large, multicenter study of 3513 
women in which the losses decreased from 13.2% before 
1990 to 9.4% from 1991 to 1994 and to 6.4% from 1995 to 
1998 [35]. The overall loss rate was 9.6% which is higher 
than reported by Berkowitz’s group (5.4% in 1000 consecu-
tive cases from 1986 to 1999) [34]. The difference is attrib-
uted to all of the procedures being performed at a single 
center and only using a transabdominal technique. 
Improvements in loss rates over time have also been 

Table 43.3 Loss rates by starting and ending number

Starting number of 
fetuses

Loss rate if ending as 
twins

Loss rate if ending as 
singleton

>5 12.1% Na
4 5.8% 4.0%
3 4.5% 6.1%
2 Na 2.1%

From Stone, J., Ferrara, L., Kamrath, J., Getrajdman, J., Berkowitz, R., 
Moshier, E., Eddleman, K., 2008. Contemporary outcomes with the lat-
est 1000 cases of multifetal pregnancy reduction (MPR). Am. J. Obstet. 
Gynecol. 199, e1–e4, with permission
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explained by improvements in ART leading to smaller pro-
portion of higher-order multiples, better ultrasound visual-
ization, and use of CVS which lowers the risk of leaving 
behind an abnormal fetus [36].

All said, compared to the spontaneous background loss 
rate, the incremental added risk of the procedure is <1% 
[43].

43.7.4  Selective Termination

Outcomes following ST are generally good with loss rates 
that are similar to those seen in MFPR (4.0% and 7.5% in the 
two largest series) [27, 39]. The effect of starting and ending 
number is similar to that seen in MFPR; however, the biggest 
risk of loss occurs when more than one fetus is reduced. 
Median gestational age at delivery after ST is 36–37 weeks. 
While gestational age does not appear to be a significant fac-
tor in the loss rate, ST should be performed as soon as pos-
sible once the decision is made [39].

43.8  Technique

The critical steps in planning a MFPR can be outlined as fol-
lows: (1) counseling, (2) “mapping” ultrasound, (3) CVS 
(optional), (4) reduction, and (5) follow-up. At the first 
encounter (optimally at 9–10 weeks), the patient is sched-
uled for consultation and a mapping ultrasound. The map-
ping scan serves several purposes:

• Confirm pregnancy number and viability of all fetuses.
• Confirm dating and assess growth.
• Confirm chorionicity (rule out monochorionicity) and 

document location of the placenta and associated fetus/
sac.

• Evaluate for gross anomalies (e.g., thickened nuchal 
translucency).

Labs (complete blood count, type and screen, HIV, and 
hepatitis C) should be obtained prior to the visit. When there 
are known concerns about fetal growth, an ultrasound before 
the consult is preferred to ensure the viability of all the 
fetuses.

Most women who opt for chorionic villus sampling 
(CVS) are scheduled for a follow-up visit (typically 10–11 
weeks). Separating the consult/mapping and CVS visits 
serves two major purposes. First, it maintains a neutral and 
bias-free counseling environment, and second, it aids in 
scheduling. Trying to accomplish everything in a single visit 
can put tremendous pressure on resources because of the 
time needed. Additionally, many women are undecided about 
MFPR, decline after counseling, or have abnormal ultra-

sound findings like spontaneous co-twin demise, discordant 
growth, or major anomalies. Factors which are considered 
when selecting fetuses for reduction include:

• Location
 – Distance from the cervix
 – Accessibility of the placenta for sampling
 – Feasibility of reduction without disrupting an adjacent 

fetus
• Growth
• Gross anomalies

All factors being equal, we sample the fetuses closest to 
the cervix. Sampling is limited to two fetuses in a single visit 
and no more than two passes per placenta (if needed to 
ensure adequate sample size).

Reduction is scheduled as soon as possible once the 
patient has opted to proceed; for women who elected sam-
pling, scheduling should coincide with the availability of 
cytogenetic test results (typically 13 weeks). A follow-up 
ultrasound is performed to evaluate for interval changes and 
correlate fetal labeling/location with the previous ultra-
sounds. When choosing the fetuses for reduction, the same 
factors used in selecting fetuses for placental sampling are 
considered with the addition of cytogenetic testing results (if 
any). Again, all things being equal, we reduce the fetus/es 
farthest from cervix. When possible, the fetus closest to the 
cervix is avoided because of the theoretical risk of infection 
and to reduce fluid leakage.

Reduction is performed transabdominally under sterile 
conditions as an outpatient procedure. The abdomen is 
prepped with betadine or chlorhexidine, and a sterile cover 
is placed over the ultrasound probe. A 22-gauge amniocen-
tesis needle is inserted into the fetal thorax, ideally intra-
cardiac, under real-time ultrasound guidance. Once 
placement is confirmed visually, 0.5–2.0 cc of 2 mEq/mL 
potassium chloride (KCl) is injected, and the fetus is 
observed for cessation of cardiac activity for 60–120  s 
before removal of the needle. Additional fetuses are reduced 
following the same technique either through the same 
puncture site or, more often, through a second needle inser-
tion. Reduction of five or more fetuses is separated into two 
appointments a week apart. Other techniques, including 
transvaginal or transcervical aspiration, have been described 
but have higher loss rates.

An ultrasound is repeated in 30–60  min to confirm 
absence of fetal heart motion in the reduced fetus and viabil-
ity of the remaining fetus/es. If reactivation of the fetal heart 
rate was to occur, the procedure should be repeated. Neither 
prophylactic antibiotics nor local analgesia is used; however, 
a small prescription of benzodiazepines (typically Ativan) to 
be used immediately before the procedure and in the imme-
diate post-procedure period is offered for anxiety.
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Selective termination is very similar though some key ele-
ments are different. In general, ST is most commonly per-
formed in twins. The procedure is typically performed at a 
later gestational age for anomalies and/or aneuploidy diag-
nosed often at the time of a routine anatomy ultrasound. 
Amniocentesis is performed rather than CVS when cytoge-
netic testing is required and can be done as a separate proce-
dure or immediately prior to injection of KCl. A larger gauge 
needle (typically 20-gauge) and larger volume of KCl (typi-
cally 1–5 cc) are used. More attention is paid to intracardiac 
placement of the needle.

43.9  Post-Procedure Care and Follow-Up

Patients are counseled to observe for leakage of fluid, vagi-
nal bleeding, abdominal pain, and fever. Some leakage of 
amniotic fluid, or even a large “gush,” from the sac of the 
reduced fetus, is not uncommon and typically occurs within 
the first few days [43]. We perform a follow-up ultrasound 
for reassurance though even when imaging confirms oligo- 
or anhydramnios this fluid loss does not appear to increase 
the risk of loss. A short course of antibiotics, such as azithro-
mycin, is sometimes given. Some cramping immediately fol-
lowing the procedure is common and can be treated with 
acetaminophen. Pain unrelieved with acetaminophen, heavy 
vaginal bleeding, or any fever requires evaluation.

A follow-up ultrasound is scheduled 1 week after reduc-
tion to confirm cessation of fetal cardiac activity. In most 
series, intracardiac KCl has a 0% first dose failure rate [44]. 
We counsel our patients that return of cardiac activity is pos-
sible but very unlikely. In the unlikely event that there is 
return of cardiac activity, a repeat procedure is strongly 
advised. After this, the referring provider is advised to follow 
growth every 4 weeks in the third trimester. The reduced 
fetuses will be visible for several weeks after the procedure 
until the tissue is resorbed. By the time of delivery, it is often 
difficult to identify any tissue from the reduced fetuses. In 
ST, the larger fetus does not resorb; however over time the 
tissue will compact, and the amniotic fluid will disappear. 
The reduced fetus is delivered along with the placenta and is 
not often identifiable to the patient. Although it is typical to 
send the fetal remains and placenta to pathology, the degree 
of maceration limits the utility of this evaluation.

43.10  Special Issues

43.10.1  Reduction to Singleton

An increasing proportion of women are reducing to a single-
ton [6, 45]. From 2000 to 2007, Stone and colleagues 
observed a threefold increase in the number of patients 
reducing to a singleton compared to the period from 1986 to 

1999 (11.8% vs. 31.8%). Yet reduction to singleton is still 
somewhat controversial because depending on perspective, it 
is less likely to improve outcome. Reduction of triplets to a 
singleton, compared to twins, is associated with a higher rate 
of term deliveries and higher birth weight [45–47]. Similar 
findings were noted by Haas et al. using transvaginal fetal 
aspiration at 6–8 weeks [48]. However, a higher rate of early 
fetal loss <24 weeks with a lower finishing number (typically 
1–2% higher) may not justify increases in gestational age 
and birth weight that are of marginal clinical significance. 
For example, the mean gestational age at delivery of triplets 
reduced to twins compared to singletons was 35.2 vs. 37.7 
weeks, arguably an acceptable either way outcome for many 
parents [32]. Nonetheless, this is a complex discussion which 
should also take into account reductions in severely preterm 
birth and maternal complications like gestational hyperten-
sion/preeclampsia and gestational diabetes [46, 48].

Another consideration is that a woman’s individual cir-
cumstance may justify reduction to a singleton irrespective 
of the difference in outcome noted in these studies. Reduction 
to singleton may reduce the risk of preterm birth in women 
whose history places them at marked risk [5]. For example, 
in a woman with a history of mid-trimester loss secondary to 
cervical insufficiency, twins will not only further increase 
already high risk of recurrent preterm birth but also limit the 
options for intervention. Reduction to a singleton may also 
be justifiable to reduce the physiologic stress in women with 
medical comorbidities like heart disease [4]. Other, less tan-
gible factors include economic and psychosocial factors as 
well as preference [4].

A related issue is reduction of a twin pregnancy to single-
ton which has also become increasingly common [47]. The 
same obstetrical, medical, and psychosocial rationale can be 
used to justify reduction of twins, but patients and providers 
are less comfortable with this scenario [49]. Age appears to 
be a factor in choosing to reduce twins. There is conflicting 
evidence as to whether obstetrical outcomes are improved 
with reduction of twins to a singleton. Some authors have 
reported no change in outcome [50], while others have shown 
lower prematurity rates but no reduction in early preterm 
birth or birth weight <5th percentile [51–53]. Regarding the 
results of a study by Haas and colleagues, Drugan et  al. 
stated “considering a 5% risk of pregnancy loss following 
fetal reduction, two pregnancies will be lost because of fetal 
reduction for each case of (not necessarily fatal) RDS pre-
vented” [47].

In our view, while elective termination of pregnancy is 
legal, women should have the option to reduce higher-order 
multiples to a singleton. Reduction of twins to a singleton 
is not routinely discussed in our practice unless warranted 
by historical factors or requested by the patient. Paraphrasing 
from Dr. Evan, in a pluralistic society where the emphasis 
is on curbing a state’s interference with the choice of abor-
tion, how could it be wrong to respect a couple’s right to 
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noninterference in the freedom to choose to have one infant 
rather than two [6].

43.10.2  Monochorionic

Multiples with a monochorionic pair have become more 
common rising from 2.1% of patients undergoing reduction 
during the period from 1986 to 1999 to 5.7% in the decade 
following, largely as a result of assisted reproductive tech-
nology [45]. These multiples are at increased risk of adverse 
outcomes largely because of the unique complications which 
result from placental vascular communication, namely, twin- 
twin transfusion syndrome and selective intrauterine growth 
restriction. Demise of one twin in a monochorionic pair has 
serious implications for the surviving twin including neuro-
logic injury or death (30–50%) [36]. To give perspective, the 
risk of a monochorionic pair in a multiple pregnancy is 
equivalent to that of an additional fetus (i.e., the outcome of 
dichorionic triamniotic triplets is equivalent to that of quadra- 
chorionic quadruplets).

Most experts agree that, as long as the other fetus(es) 
appears healthy, reduction of the monochorionic pair pro-
vides the best outcome. The report by Myers et al. was one of 
the first to suggest that, in higher-order multiples, reduction 
of the monochorionic pair improves pregnancy outcome 
[54]. A second report published around the same time 
showed higher rates of immediate complications in 12 preg-
nancies in which a monochorionic pair was reduced; how-
ever, the complications were rupture of the reduced sac and 
all had favorable outcomes [55]. Several other studies have 
shown similar improvements in pregnancy outcome largely 
attributable to a reduction in preterm birth at the expense of 
a higher miscarriage rate and lower rate of survival of at least 
one fetus [56–58]. Morlando and colleagues modeled the 
results of a systematic review in a hypothetical cohort of 
1000 dichorionic triamniotic triplets. Preterm birth <32 
weeks was 5.5% following reduction of the monochorionic 
pair compared to 33.3% and 17.6% in unreduced triplets and 
reduction of the fetus with a separate placenta, respectively 
[57]. Selective termination in monochorionic twins requires 
cord coagulation, cord ablation, radiofrequency ablation, or 
microwave ablation, procedures which carry much higher 
risk and are performed in a limited number of centers.
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Perinatal Outcome of Medically 
Assisted Reproduction Pregnancies

Galia Oron and Benjamin Fisch

Currently more than 1.6% of all infants born in the United 
States are conceived by medically assisted reproduction 
(MAR) [1]. The most recent report of the European Society 
of Human Reproduction and Embryology found that the per-
centage of infants born after ART varied from 0.2% to 6.1% 
of the total national birth cohort in 2013 [2]. That same year, 
an estimated five million babies worldwide were born using 
MAR [3], and by the time you read this chapter, the number 
will have increased substantially.

MAR is associated with an increased risk of adverse 
maternal and perinatal outcomes, including pregnancy- 
induced hypertension, gestational diabetes, placenta previa 
and placental abruption, cesarean section, preterm delivery 
(PDT), and low birth weight (LBW). In the past, most of 
these complications were attributed to the increased preva-
lence of multiple gestations associated with ART treatment. 
However, systematic reviews and meta-analyses since the 
mid-2000s have revealed that MAR-conceived singletons are 
also at higher risk of adverse perinatal outcomes than sponta-
neously conceived singletons, [4–10] even after controlling 
for maternal risk factors such as age, parity, smoking, dura-
tion of infertility, and preexisting diseases [11–13]. This find-
ing is important as these maternal risk factors, in addition to 
obesity, alcohol use, and previous pregnancy loss, are them-
selves strong predictors of adverse obstetric outcomes [14].

The perinatal safety of MAR is of growing concern given 
its increasing use and potential long-term health effects that 
may arise later in life in the offspring [15, 16].

Definitions
• Low birth weight, <2500  g; very low birth weight, 

<1500 g
• Preterm delivery, <37 weeks of gestation; very preterm 

delivery, >32 weeks of gestation
• Perinatal mortality, still birth from 20 weeks of gestation, 

or neonatal deaths at 0–27 completed days after birth

44.1  Perinatal Outcomes of ART

44.1.1  Perinatal Outcomes in Singletons

The most recent national surveillance reports prepared by the 
Centers for Disease Control and Prevention (CDC) for 2013 
reported LBW rates of 29.1% for MAR-conceived infants 
compared to 8.0% for general population of infants in the 
United States [1]. Additionally, 33.6% of all ART-conceived 
singletons were born preterm and 6.1%, very preterm. The 
corresponding rates in the general population were 11.4% 
and 1.9%. Overall, MAR-conceived infants accounted for 
approximately 5.8% of all LBW infants and 5.1% of all very 
low birth weight (VLBW) infants and approximately 4.6% 
of all preterm infants and 6.1% of all very preterm infants.

These data are in line with the results of systematic 
reviews and meta-analyses published in the early 2000s 
which showed that singletons conceived by MAR were at 
increased risk of LBW, VLBW, PTD, and very preterm deliv-
ery (VPTD) in both matched and non-matched studies [14–
19]. These studies were the first to rebut the traditional notion 
that the relatively poor perinatal outcome of ART newborns 
was due to the higher frequency of multiple pregnancies 
associated with the new technology. Although by the time of 
their publication the absolute risk for LBW had decreased 
from the more than twofold increased risk in the 1990s, it 
was still considerably higher than that in the general popula-
tion, even after adjusting for maternal age, parity, and ethnic-
ity. Proposed explanations for the decline included advances 
in MAR procedures, technical improvements in ultrasound- 
guided embryo transfer, and changes in obstetric practices 
leading to closer monitoring and intervention [20].

In 2012, a meta-analysis of 30 cohort studies (20 matched 
and 10 unmatched) comparing MAR-conceived and sponta-
neously conceived singletons observed that in the 19 studies 
(total 28,352 ART singletons) in which the rate of LBW was 
reported, the relative risk (RR) of LBW in the MAR group 
was 1.65 (95% CI 1.56–1.75), with an absolute increased 
risk of 3% compared to spontaneous conception. In the 14 G. Oron (*) · B. Fisch 
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studies in which the rate of VLBW was reported (total 27,105 
MAR singletons), the RR of VLBW in the MAR group was 
1.93 (95% CI 1.72–2.17), with an absolute increased risk of 
1%. In the 22 studies reporting PTD (total 27,819 ART sin-
gletons), the RR was 1.54 (95% CI 1.47–1.62) and the abso-
lute risk, 3%, and in the 11 studies reporting VPTD (total 
24,170 ART singletons), the RR was 1.68 (95% CI 
1.48–1.91).

The most recent meta-analysis conducted to date included 
50 cohort studies with a total of 161,370 MAR-conceived 
singletons and 2,280,241 spontaneously conceived single-
tons. The RRs of LBW and VLBW in the MAR group were 
1.6 (95% CI 1.49–1.75) and 2.2 (95% CI 1.84–2.43), respec-
tively, and of PTD and VPTD, 1.71 (95% CI 1.59–1.83) and 
2.12 (95% CI 1.73–2.59), respectively. The risk of perinatal 
death was 64% higher in the ART singletons than the con-
trols (RR 1.64, 95% CI 1.41–1.90). MAR was also associ-
ated with significantly higher risks of maternal and obstetric 
complications: 30%, pregnancy-induced hypertension; 31%, 
gestational diabetes; 27% placenta previa; 83%, placental 
abruption; and 58%, cesarean section. The risks persisted 
even when the data analysis was restricted to studies using 
matched controls or adjusting for such confounders as mater-
nal age, parity, smoking, preexisting medical conditions, and 
socioeconomic and demographic parameters [21, 22].

44.1.2  Perinatal Outcomes in Twins

According to the CDC MAR surveillance report, in 2013, 
41.1% of all MAR pregnancies ended in multiple-birth deliv-
eries compared with 3.5% in the general population [1]. The 
MAR-conceived twins were approximately 4.5 times more 
likely to be born before term and 6 times more likely to be 
born with LBW compared to MAR-conceived singletons. 
Consequently, there has been a widespread trend to transfer 
only single embryos, leading to a 22.6% decline in the per-
centage of MAR-conceived multiple-birth infants in the 
United States, from 53.1% in 2000 to 41.1% in 2013 [1].

In 2010 a Swedish national cohort study of dizygotic born 
in 1982–2007, 1545 MAR-conceived and 8675 spontane-
ously conceived, reported an increased risk of VPTD in the 
ART group, even after adjusting for maternal age, parity, and 
smoking [23]. These findings were in line with a another 
meta-analysis published in the same year that included a 
total of 4385 ART-conceived twins and 11,793 spontane-
ously conceived twins wherein the ART group showed a 
greater likelihood of premature birth and LBW after adjust-
ing for maternal confounding factors [24]. In 2016, a meta- 
analysis of 15 cohort studies including 6420 ART-conceived 
and 13,650 spontaneously conceived dichorionic twins con-
cluded that ART twins were at increased risk of preterm birth 
(RR 1.13, 95% CI 1.00–1.29; p = 0.05), very preterm birth 

(RR 1.39, 95% CI 1.07–1.82; p = 0.01), and LBW (RR 1.11, 
95% CI 1.00–1.23; p = 0.05), with no statistically significant 
between-group difference in VLBW and perinatal mortality. 
However, the number of participants in each outcome analy-
sis varied according to the number of studies reporting that 
outcome such that substantial heterogeneity was observed 
across the studies [25].

Nevertheless some studies show comparable perinatal 
risks of MAR multiples. A Danish national cohort study of 
twins born between 1995 and 2000, including 3438 con-
ceived by ART and 10,362 conceived spontaneously, found 
that after stratification for maternal age and parity, there was 
no between-group difference in the risk of LBW, PTD, or 
perinatal mortality. When the study population was restricted 
to dizygotic twins, including 1650 ART-conceived and 3546 
spontaneously conceived, the ART group had a significantly 
lower mean birth weight and gestational age, but these differ-
ences disappeared after the analysis was adjusted for mater-
nal age and parity [26]. Also in 2016, a Dutch study evaluated 
the outcome of 6694 dizygotic twins: 470 after ovulation 
induction, 511 after controlled ovarian stimulation and intra-
uterine insemination (COH-IUI), 2437 after in vitro fertiliza-
tion (IVF), and 3276 after natural conception (controls). 
Similar rates of LBW and prematurity were noted in the 
COH-IUI and IVF groups compared to controls [27].

44.1.3  Perinatal Outcomes of Fresh Versus 
Frozen Embryo Transfers

The practice of cryopreservation of supernumerary embryos 
is increasing worldwide in the wake of the cumulative, gen-
erally reassuring data in recent years in terms of achieving 
pregnancy, live birth rate, and obstetric and perinatal out-
comes with frozen embryo transfer. However, in the absence 
of randomized controlled trials comparing the obstetric and 
perinatal outcomes of singletons born of fresh or frozen- 
thawed embryos, the available data so far are derived from 
large cohort studies and meta-analyses of observational 
studies.

Large registry studies from Denmark [26], Finland [28], 
and Sweden [29] reported a better outcome for singletons 
born after frozen-thawed rather than fresh embryo transfer 
even after adjusting for confounding variables known to have 
an effect on pregnancy outcome. In all three studies, infants 
in the frozen-thawed embryo group had a lower rate of LBW 
and, in some cases, a decreased risk of PTD. Perinatal mor-
tality was comparable between the groups in the Danish and 
Finnish studies, whereas the Swedish study reported higher 
rates in the frozen-thawed embryo group.

Others compared perinatal outcome between singleton 
infants born after ART with frozen-thawed or fresh embryo 
transfer and spontaneously conceived singletons, but the 
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results were mixed. A large retrospective Nordic population- 
based cohort study of singletons born in the late 1990s to 
2007 found that those born after frozen-thawed embryo 
transfer (n = 6647) had a lower rate of LBW (aOR 0.81 95% 
CI 0.71–0.91) and PTD (aOR 0.84, 95% CI 0.76–0.92) than 
those born after fresh embryo transfer (n  =  42,242) but a 
higher rate of perinatal mortality (aOR 1.49, 95% CI 1.07–
2.07). Compared to the spontaneous conception 
(n = 288,542), the frozen embryo transfer group had higher 
rates of LBW, PTD, VLBW, and VPTD, after adjusting for 
maternal age, parity, offspring sex, and year of birth. The 
authors also reported a significant increase in the rate of 
cesarean section in the frozen embryo transfer group (26.3% 
vs. 22.6% in the fresh embryo transfer group and 15.4% in 
the spontaneous conception group; p  <  0.001) [30]. These 
findings were corroborated by other meta-analyses which 
showed an association of singleton frozen-thawed pregnan-
cies with LBW and PTD [31, 32]. In the study of Maheshwari 
et al. [31], the absolute risk reduction was 3% for LBW (RR 
0.69, 95% CI 0.62–0.76) and 2% for PTD (RR 0.84, 95% CI 
0.78–0.9), and the RR of perinatal mortality was 0.68 (95% 
CI 0.48–0.96). Analyses restricted to matched cohort, good- 
quality studies yielded a persistent risk reduction with the 
transfer of frozen-thawed embryos. In their meta-analysis 
including 32,349 frozen embryo transfer cycles and 94,472 
fresh embryo transfer cycles, Zhao et  al. [32] noted a 
decreased risk of LWB and PDT in the singletons born after 
fresh embryo transfer. There was no significant difference 
from controls in perinatal mortality.

It should be noted that all the findings described above 
were derived from meta-analyses of different studies with 
heterogeneous populations using different methods of cryo-
preservation (slow freezing or vitrification at the cleavage 
and/or the blastocyst stage), which may have affected the 
reported outcome.

Wennerholm et al. [30] also reported a higher birth weight 
of singletons following frozen embryo transfer compared 
with fresh embryo transfer and spontaneous conception and 
an increased risk of being born large for gestational age 
(LGA) (5.8% vs. 4% and 3.9%, respectively) and macroso-
mic (>4000  g) (5.7% vs. 2.8% and 3.4%, respectively). 
These risks were supported in a cohort study of 550 children 
with a sibling combination of first child fresh embryo trans-
fer/second child frozen embryo transfer (group 1) and 116 
children with a sibling combination of first child frozen 
embryo transfer/second child fresh embryo transfer (group 
2), with adjustment for birth order. Taking into account that 
second children are generally heavier than first-born chil-
dren, the authors found a higher risk of LGA for the first 
sibling combination, although it was still significantly 
increased for the second sibling combination [33]. The rea-
son for the higher birth weight in singletons born after frozen 
embryo transfer is still unclear. One possible mechanism is 

compromise of the intrauterine environment by COH in 
fresh cycles, with better placentation and overgrowth in fro-
zen cycles. However, this does not explain the higher risk of 
LGA in singletons born after frozen embryo transfer than in 
naturally conceived singletons. Another possible mechanism 
involves fetal growth-related epigenetic modifications of the 
human embryo during cryopreservation and thawing.

A recent study based on data provided by the Human 
Fertilization and Embryology Authority (HFEA) included 
112,432 singletons born in 1991–2011  in the United 
Kingdom: 95,911 after fresh embryo transfer and 16,521 
after frozen embryo transfer. The frozen embryo transfer 
group had a decreased risk for LBW (RR 0.73, 95% CI 0.66–
0.80) and VLBW (RR 0.78, 95% CI 0.63–0.96) and an 
increased risk of high birth weight (>4 kg) (RR 1.64, 95% CI 
1.53–1.76), with no between-group difference in the risk of 
preterm and very preterm deliveries. This study had the 
advantages of access to one of the largest national datasets 
available in addition to the possibility to adjust for important 
confounding factors of maternal age and parity and cause 
and duration of infertility [34].

44.2  Causes of Adverse Outcomes

There is an ongoing debate as to whether adverse perinatal 
outcomes of MAR pregnancies are related to the technology 
or to the infertility itself. There is an inherent problem in 
studies comparing MAR-conceived with spontaneously con-
ceived singletons because of the a priori condition of the 
mothers: subfertile with underlying reproductive abnormali-
ties or healthy and fertile and drawn from the general popula-
tion. Accordingly, singletons born to women with at least 1 
year of involuntary childlessness were found to be at 
increased obstetric and perinatal risks compared to single-
tons born to fertile women, after adjusting for age and parity 
[35, 36].

In a further attempt to isolate the effects of these factors, 
several groups from different countries used a sibship study 
design. The cohorts consisted of consecutive singleton sib-
ling pairs in which one sibling was MAR-conceived and the 
other, spontaneously conceived, However, the results were 
conflicting. In the study from Norway including 2546 sibling 
pairs, perinatal outcome was similar in the MAR and sponta-
neous conception groups, and the authors conclude that the 
increased perinatal risk of MAR babies was related to factors 
that led to the mothers’ infertility [37]. A larger, more recent, 
study from Holland analyzed 272,551 sibling pairs using 
both inter-sibling and sibship analyses, taking mode of con-
ception, maternal characteristics, and birth order into 
account. The results showed that maternal characteristics, 
including subfertility, were associated with an increased risk 
of perinatal mortality, LBW, and PTD [38]. By contrast, 
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however, a Danish sibship study of 13,692 singleton sibling 
pairs demonstrated an increased perinatal risk in the MAR 
babies than in the spontaneously conceived babies. Although 
the risk in the MAR group showed a trend toward a decrease, 
the difference from controls was significant and persistent. 
These findings indicated that treatment factors may be at 
least partially liable for the adverse outcome associated with 
MAR [39].

Using another approach, several studies compared single-
tons born after different fertility treatments, namely, ovula-
tion induction, intrauterine insemination, and in  vitro 
fertilization; spontaneously conceived singletons served as 
controls. They found an increased risk associated with fertil-
ity treatment regardless of the type of treatment used, indi-
cating that the technology itself was apparently not 
exclusively responsible for adverse outcome [12, 40]. The 
authors suggested that ovarian stimulation may lead to the 
production of several corpora lutea of varying function or 
adversely affect the growing follicle and developing oocyte. 
Alternatively, ovarian stimulation may be associated with an 
increased excretion of insulin-like growth factor binding 
protein (IGFBP)-1, which is linked to fetal growth restriction 
and placental structural abnormalities [41].

To date the largest prospective study of this issue was 
conducted in China in 2016. A total of 5639 singleton babies 
were included: 1260 born after IVF, 1899 born after non- 
ART treatments to subfertile women, and 2480 naturally 
conceived babies of fertile women. The analyses were 
adjusted for important confounding factors. Compared to the 
spontaneously conceived group, the babies born to subfertile 
mothers were at increased risk of LBW and PTD. However, 
the ART-conceived babies were at highest risk of all the 
groups, with an aOR of 1.75 for LBW (95% CI 1.12–2.92) 
and aOR of 1.26 for PTD (95% CI 1.01–1.53) [13].

44.3  Attempts to Reduce the Adverse 
Perinatal Outcome of MAR Singletons

44.3.1  Single-Embryo Transfer

To avoid multiple pregnancies in MAR and their accompa-
nying adverse effects, researchers are attempting to transfer 
only single embryos in MAR cycles. This has been made 
possible with recent improvements in culture conditions and 
cryopreservation and the establishment of morphologic cri-
teria defining the highest quality embryos with the best 
chance of implantation. Greater emphasis has also been 
placed on patient education for better implementation of this 
practice worldwide.

In regular stimulated IVF cycles, it is often possible to 
select the embryo of highest quality among the high-quality 
embryos available. This procedure is termed elective single- 

embryo transfer (e-SET). Randomized controlled studies of 
cleavage-stage embryos have shown that fresh e-SET yields 
comparable pregnancy rates to the transfer of two embryos 
simultaneously, with a significant reduction in the rate of 
multiple gestations and adverse perinatal and obstetric out-
comes. Similar findings were noted for blastocyst-stage 
embryos. Birth rates were not significantly compromised 
when either cleavage-stage or blastocyst-stage embryos were 
used. [42]. Others reported that singletons born after elective 
SET had a substantially reduced risk of PTD (RR 0.37, 95% 
CI 0.25–0.55) and LBW (RR 0.25, 95% CI 0.15–0.45) than 
singletons born after double-embryo transfer. Compared to 
spontaneously conceived singletons, they had a barely 
detectable increased risk of PTD, placenta previa, and gesta-
tional diabetes [43].

Promising findings for SET have also been reported in 
terms of perinatal mortality relative to double-embryo trans-
fer (DET). A large population study from Australia and New 
Zealand including more than 50,000 singleton births noted a 
53% higher perinatal mortality rate in the DET group than 
the SET group (aRR 1.53, 95% CI 1.29–1.8) [44]. 
Furthermore, the transfer of a single embryo, whether elec-
tive or not, almost completely eliminated the vanishing twin 
phenomenon (birth of a singleton after the co-twin disap-
peared), which has been associated with an increased likeli-
hood of LBW and PTD compared to IVF pregnancies that 
were originally singletons [45]. It is still unknown if the 
increased adverse outcome of IVF singletons with a van-
ished co-twin is due to the absorption of necrotic fetoplacen-
tal tissue by the remaining twin, followed by the release of 
cytokines and prostaglandins, or to impaired utero-fetal 
interaction leading to the fetal demise of one twin [45, 46]. 
Nevertheless, it should be borne in mind that monozygotic 
twinning can still occur with the transfer of a single embryo 
[47] and that twins born after DET have half the risk of peri-
natal mortality than monozygotic twins born after SET (aRR 
0.48, 95% CI 0.32–0.72) [44].

The most recent large population study of SET included 
more than 140,000 live births in Japan between 2007 and 
2012. The results showed that the use of SET has substan-
tially reduced perinatal morbidity, including PTD and LBW, 
and perinatal mortality [48].

44.3.2  Day of Embryo Transfer: Blastocyst 
Versus Cleavage

Culturing cleavage-stage embryos (day 2–3) to the blasto-
cyst stage (day 5–6) enables the clinician to select the 
highest- quality embryos for transfer based on the morpho-
logical score. Furthermore, women who undergo blastocyst- 
stage embryo transfer constitute a selective cohort with 
distinct characteristics and a good prognosis. They are pos-
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sibly younger with a higher ovarian response to treatment 
than women who undergo cleavage-stage embryo transfer. 
Nevertheless, there is still a risk of cancelled embryo transfer 
due to unsuccessful culturing. Extending embryo time in cul-
ture conditions beyond genomic activation could have 
genetic and epigenetic effects on trophoectodermic cells, 
triggering differences in implantation and placentation and 
leading to adverse perinatal outcomes [49–52]. Although the 
current literature suggests that transferring a fresh single 
blastocyst embryo yields higher rates of clinical pregnancy 
and live birth than transferring a cleavage-state embryo [53, 
54], the quality of the evidence is moderate to low, and large 
randomized controlled studies are still needed to draw a 
definitive conclusion [55].

A large population-based Swedish registry study com-
pared the perinatal outcome of singletons born after 
blastocyst- stage transfer (n = 4819), cleavage-stage transfer 
(n  =  25,747), or spontaneous conception (n  =  1,196,394) 
between 2002 and 2013. The blastocyst-transfer group was 
found to be at increased risk of perinatal mortality (aOR 1.16, 
95% CI 1.14–2.29) compared to the cleavage-embryo group 
and at increased risk of PTD compared to the spontaneous- 
conception group (aOR 1.17, 95% CI, 1.05–1.31). They also 
had an increased risk of placenta previa and placental abrup-
tion. There was a lower rate of LBW and a higher rate of 
macrosmic (>4500  g) infants despite lower rates of gesta-
tional diabetes in the blastocyst group [56].

Systematic reviews and meta-analyses report an increased 
risk of PTD and VPTD with extended culture [57–59]. 
However, these findings referred to singletons resulting from 
the transfer of more than one embryo, with no way to account 
for the vanishing twin phenomenon which is known to affect 
perinatal outcome. Some of the studies that adjusted for the 
vanishing twin phenomenon and possible maternal con-
founders reported an increased risk of PTD and VPTD with 
extended embryo culture (aOR 1.39, 95% CI 1.29–1.50 and 
aOR 1.35, 95% CI 1.13–1.61) [60] whereas others found 
comparable perinatal outcomes, including LBW and PTD, to 
cleavage-stage transfer [61]. The latter studies were in agree-
ment with a large recent population study from Australia and 
New Zealand including more than 40,000 singleton deliver-
ies which yielded similar rates of PTD and LBW in the two 
groups [62]. Studies analyzing singletons born after SET of 
a cleavage or a blastocyst embryo also found no between- 
group differences [63] even when the groups were matched 
for maternal confounders and embryo quality [64].

The largest study to date evaluated the outcome of 277,042 
singletons from single-embryo transfers of fresh and frozen- 
thawed cleavage- and blastocyst-stage embryos in Japan 
between 2008 and 2010. Frozen transfer was associated with 
a significantly reduced risk of PTD and LBW but a higher 
incidence of placenta accrete. There was no significant asso-
ciation between blastocyst transfer and maternal risk [65]. 

Studies evaluating perinatal outcome after fresh and vitrified- 
thawed blastocyst embryo transfers show comparable find-
ings, although vitrification was associated with an overall 
higher birth weight [66] even when restricted to e-SETs [67] 
similar to findings reported for cleavage-stage embryo 
transfers.

44.3.3  Type of Culture Medium

Not only extended time under culture conditions but also the 
type of culture medium has an effect on the perinatal out-
come. Genes responsible for cell cycle and DNA replication 
have been shown to favor certain types of media over others 
[68]. Furthermore, the source of the proteins found in embryo 
culture was found to be an independent factor affecting birth 
weight [69].

However, the effect of the type of culture medium on birth 
weight is controversial. A study from Holland was the first to 
report an association of lower mean singleton birth weight 
with in vitro embryo culture in Cook medium as opposed to 
Vitrolife medium, regardless of whether the embryos were 
fresh or frozen-thawed [70, 71]. Others reported a higher rate 
of LBW among singletons conceived after embryo culture in 
Medicult ISMI medium compared to Medicult Universal or 
Vitrolife GI medium [72, 73]. By contrast, numerous studies 
failed to find significant differences in the mean singleton 
birth weight by type of culture medium used (G1.3/Global/
G1.5, HTF/Sage, G5tm/Global/Quinn Advantage, Medicult/
Cook/Vitrolife, and Cook/Medicult) [74–78]. Most recently, 
no significant differences in mean singleton birth weight 
were observed between Medicult- and Vitrolife-cultured 
embryos after controlling for potential confounders and 
adjusting for culture duration [79]. A review summarizing 
the current literature concluded that although extreme differ-
ences in birth weight have been observed in animal studies, 
the relationship between certain types of culture medium and 
birth weight in humans is less clear-cut. Of the 11 relevant 
studies published to date, 5 reported a significant relation-
ship [80].

44.3.4  Embryo Quality

Embryo quality, defined by strict morphological parameters, 
is a major predictor of the success of ART. The association of 
cleavage-stage embryo quality with implantation rate and 
pregnancy outcome is well established [81–83]. There are 
numerous reports of an association between blastocyst mor-
phology and rates of implantation, clinical pregnancy, and 
live birth. Which of the three main morphologic characteris-
tics of blastocysts, namely, blastocyst expansion and hatch-
ing [84, 85], appearance of the trophectoderm cells [86, 87], 
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or appearance of the inner cell mass (ICM) [88], is the stron-
gest predictor of implantation and live birth remains unclear.

The first study to evaluate the possible association of 
embryo quality with perinatal complications was performed 
on singletons born after fresh cleavage- or blastocyst-stage 
SET to ensure that the baby delivered was from the embryo 
that was morphologically graded. Good-quality single- 
embryo transfers were compared with poor-quality SETs. 
The good-quality embryo transfers were associated with 
higher clinical pregnancy rate, but there was no significant 
between-group difference in maternal or neonatal adverse 
outcomes after adjusting for important confounders [89]. A 
more recent study from Japan also found comparable perina-
tal outcomes for good-quality and poor-quality cleavage- 
stage embryos, but it included both fresh and frozen embryo 
transfer and did not adjust for potential confounders [90]. 
There is strong need for additional large randomized con-
trolled studies to corroborate the absence of short- and long- 
term adverse consequences to the offspring with the use of 
poor-quality as opposed to good-quality embryos.

44.3.5  Minimal Ovarian Stimulation

It is unclear if the response to ovarian stimulation affects the 
obstetric outcomes of IVF treatment. A recent study based 
on data provided by the Human Fertilization and Embryology 
Act (HFEA) included 591,003 fresh IVF cycles, of which 
584,835 were stimulated and 6168 were unstimulated, result-
ing in 98,667 singleton live births. After adjusting for poten-
tial confounders, no significant difference was found between 
the stimulated and unstimulated cycles in the risk of preterm 
birth (aOR 1.43, 95% CI 0.91–2.26) and LBW (aOR 1.58, 
95% CI 0.96–2.58) [91]. When the same group analyzed the 
role of ovarian response using a large national database of 
402,185 stimulated fresh IVF cycles resulting in 65,868 sin-
gleton live births, they found a significantly higher risk of 
adverse outcomes in women with an excessive response 
(≥20 oocytes) than in women with a normal response (10–15 
oocytes) (preterm birth: aOR 1.15, 95% CI 1.03–1.28; LBW: 
aOR 1.17, 95% CI 1.05–1.30). There was no increased risk 
in the women with a suboptimal (4–9 oocytes) or poor 
response (<3 oocytes). This study, however, was limited by a 
failure to adjust for confounding factors and the inclusion of 
women with more than one cycle in the dataset such that the 
true sample size was unknown. Furthermore, the high- 
responder group had a high prevalence of women with poly-
cystic ovary syndrome, which is known to be associated with 
preterm birth and LBW [92]. Therefore, further studies are 
needed to determine if the increased risk is attributable to the 
underlying diagnosis or to treatment-associated parameters 
such as the high estradiol level during embryo implantation.

44.4  Conclusions

Singletons conceived by ART are at increased risk of adverse 
maternal and perinatal outcomes compared to spontaneously 
conceived singletons. Although the underlying infertility is 
probably at least partly responsible, the technology plays an 
important role as well. Great effort has been exerted to 
improve perinatal outcome, including the use of single- 
embryo transfer, avoiding hyperstimulated cycles with vastly 
elevated E2 levels, employing different culture conditions, 
and freezing all embryos. While all of these methods are 
promising, none are without risk themselves.
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45.1  Background and Introduction

A detailed expatiation of what artificial reproduction 
technologies (ARTs) are and what are their various meth-
ods, their indication, and pros and cons have already been 
described in preceding chapters of this book. The first 
test tube baby was born in 1978 [1], and after that about 
7 million children have been born so far by assisted 
reproduction techniques, and 2–3% of deliveries in devel-
oped countries are ART conceptions [2]! The number is 
significant enough to warrant a detailed analysis of the 
problems (if any) which might be associated with these 
babies.

The artificial reproduction technology procedures are 
way different than the natural way of conceiving, and it 
clearly associated with pumping of hormones and other 
drugs to the mother, also artificial reproduction technology is 
often tried in relatively older females, all these factors result 
in mental, physical and social stress which might have some 
effects over the fetal and newborn health. Further, more the 
perinatal events, viz., multiple pregnancies, premature labor, 
small for gestation babies, etc., might add into the increased 
risk of morbidity.

There is an array of published literature on growth and 
well-being of ART-conceived babies, and this chapter will 
look into major evidence available so far and find out “Are 
children conceived through artificial reproduction technolo-
gies at more risk of developing health issues in comparison 
to normally conceived babies?”

45.2  Pregnancies Conceived by Artificial 
Reproduction Technologies 
and Perinatal Outcomes

45.2.1  Immediate Neonatal Outcomes

Babies born after ART conception are considered to be at 
increased likelihood of being low birth weight, preterm and/
or premature labor/delivery, in utero growth retardation 
(IUGR), morbidity and neonatal intensive care unit (NICU) 
admission [3]. This can be because of multiple embryo 
implantations resulting to multiple pregnancies. Almost one 
quarter to half of artificial reproduction technology- 
conceived deliveries are multiple deliveries [4]. Single 
embryo transfer (SET) is a relatively newer technique which 
is associated with lower likelihood of multiple gestation [5] 
and thus has potential to provide better outcomes in terms of 
lower rates of premature labor and hence lesser low birth 
weight babies (LBW) [6].

There are studies which eliminated confounding factor 
(i.e., multiple pregnancy) by considering only singleton deliv-
eries, and it was found that the likelihood of adverse events 
(preterm delivery, low birth weight, neonatal intensive care 
unit admission rates and hospital stay, etc.) was still high [7, 
8]. One meta-analysis concluded that in artificial reproduc-
tion technology-conceived singleton pregnancies, there was 
almost double chances of adverse perinatal events, viz., death, 
low birth weight delivery, and/or premature birth; substan-
tially increased risk of delivery a small for gestation baby; 
and almost 30–40% increment in risk of birth of a baby with 
congenital malformation [9]. Henningsen et  al., in a large 
cohort of 13,692 singleton children born after artificial repro-
duction technology conception, concluded that an artificial 
reproduction technology baby was approximately 65 g lighter 
and there were 40% more chances of delivering a low birth 
weight baby and 30% increased likelihood of premature 
delivery [7]. Furthermore, artificial reproduction technolo-
gies are mostly a treatment option for subfertility and/or any 
other etiology when normal conception is not possible; thus, 
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the baseline problem might change the course of perinatal 
events [10]. A Norwegian study concluded that perinatal mor-
bidity and mortality were significantly higher in ART-
conceived babies, but when the perinatal adverse events were 
compared with previous pregnancies in the same couple, the 
differences became non-significant [11]. Hayashi et  al., in 
their retrospective study (which was published in 2012), com-
pared the perinatal events in singleton deliveries conceived 
after ART methods (viz., intrauterine stimulation, ovulation 
stimulation, in vitro fertilization) with who were conceived 
through ovulation stimulation, intrauterine insemination 
(IUI), in vitro fertilization (IVF) and normal conception, and 
it was found that adverse events were similar regardless of the 
type of artificial reproduction technology used [10].

The mortality and morbidity statistics in ART-assisted twin 
pregnancies is inconclusive because many articles advocate that 
ART-assisted twin pregnancies have increased perinatal adverse 
outcomes, viz., increased chances of low birth weight babies, 
premature deliveries, and neonatal intensive care unit admis-
sions when compared with twin deliveries conceived naturally 
[12, 13]. On the contrary few studies differ in outcomes [9, 14].

Therefore, generally speaking, the newborn is at increased 
risk of morbidity and mortality if the conception was assisted 
by artificial reproduction technologies. One of the etiological 
contributors could be subfertility.

45.3  Congenital Malformation

There are several articles which conclude that babies born 
after artificial reproduction technology-assisted conception 
have increased chances of having congenital malformations 
[9, 15–17]. Wen et  al., in their meta-analysis consisting of 
1,24,468 children born by different artificial reproduction 
technologies (like in vitro fertilization (IVF)/intracytoplasmic 
sperm injection, etc.), estimated a pooled- risk equal to 1.37 
[CI 95% (1.26–1.48)], but when individual ART methods, 
(i.e., in  vitro fertilization and intracytoplasmic sperm injec-
tion) were compared in subgroup analysis, the risk difference 
was insignificant. The risk of congenital malformation was 
maximum in the nervous system (more than double the risk as 
compared to natural conception), followed by the renal and 
genitourinary system, gastrointestinal system, and cardiovas-
cular system [17]. On the other hand, a large Chinese study 
showed no significant difference in incidence of congenital 
malformation as compared to normal population [18].

As alluded earlier, subfertility is a confounding factor for 
congenital defects [19]; therefore, it could be an independent 
risk factor for causation of birth defects in the offspring. 
Hence it is unfair to blame the ART conception as a sole 
reason for congenital malformations unless we have enough 
evidence. It was shown by Davies et al. that infertility is an 
independent contributor to birth defects irrespective of mode 

of conception [16]. Bonduelle et al. compared birth defects 
in 5-year-old children born after in vitro fertilization (IVF) 
versus intracytoplasmic sperm injection (ICSI) and found 
that the birth defects were clearly more frequent ICSI- 
assisted conceptions [20]. An Australian study also found 
similar results [16]. However, many later articles found 
insignificant difference in congenital malformations on com-
paring children born as a result of ICSI technology with 
in vitro fertilization (IVF)-conceived children [17, 21].

At present we can state that more research is warranted to 
firmly conclude about the real etiological causes of birth defect 
in ART-conceived offspring whether it is a mode of concep-
tion, subfertility, or any other dependent/independent factor.

45.4  Long-Term Health Outcome in ART- 
Conceived Offspring

45.4.1  Growth and Gonadal Development

A myriad of studies supports the notion that the growth is 
similar in ART-conceived children when compared to natu-
rally conceived children [20, 22, 23]. On the contrary, a few 
studies also say that ART-conceived children have more height 
[24]. It is hypothesized that increased quantity of insulin-like 
growth factors I and insulin-like growth factor binding protein 
is responsible for increased growth in these children [25].

The sexual organ development is an important concern in 
this subgroup of population because artificial reproduction is 
a modality for subfertile/infertile parents, and it has always 
been a point of concern that the children born out of ART 
conception have normal sexual development. There are stud-
ies to confirm that sexual development is normal in ART- 
conceived children [26–29].

The size of penis and testes volume was found to be normal 
in boys in the age group of 8–14 years. This study also found 
normal level of anti-Mullerian hormone (AMH) [26]. Belva 
et al. found salivary testosterone and inhibin B were within nor-
mal range [28]. A research on the pubertal girls (born by intra-
cytoplasmic sperm injection) found insignificant difference in 
gonadal development, pubic hair growth, and menarche, but 
the development of breasts was lagging in these girls [29].

45.5  Physical Health

Most of the published articles about physical well-being sup-
port the fact that there is hardly any difference in pattern of 
childhood illnesses of children conceived through ARTs as 
compared to those conceived naturally. Beydoun et al. found 
insignificant difference in chronic diseases pattern of ART 
conceived in young adults (18–26 years) when compared 
with population in general [30].
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However, there are studies which disagree with above 
findings [20, 31, 32]. Bonduelle et al. found that likelihood 
of illness, seeking medical advice, hospital admission, or 
surgery was significantly higher in the children born after 
ART-assisted conception [20]. Ludwig et al. found that the 
risk of urogenital surgery in boys who were conceived after 
intracytoplasmic sperm injection was higher because of an 
increased incidence of undescended testis/testes [32].

45.6  Cardiovascular System

Some reports say that there is an increased incidence of 
hypertension and glucose intolerance in adolescents born 
after some or other ART-assisted conceptions [33]. Moreover, 
Scherrer et al. concluded that the children conceived through 
ART who look apparently health might have systemic or pul-
monary vascular dysfunction [34]. Furthermore, Wikstrand 
et  al. found aberrations in retinal vascularization in those 
5-year-old children who were born after conception through 
intracytoplasmic sperm injection [35].

All of the above evidences are enough to conclude that a 
long-term follow-up is advocated for all the children born 
after conception assisted by artificial reproduction 
technologies.

45.7  Nervous System 
and Neurodevelopment

A number of studies found that children born after ART- 
assisted conception more often suffer neuro-sequelae, viz., 
cerebral palsy [36, 37]. Even though multiple pregnancies 
and preterm labor are considered to be responsible for this 
primarily [36, 38, 39], a positive correlation was seen in sin-
gletons also [40].

Nevertheless, most of the studies in ART-conceived kids 
(born at term) found insignificant differences in neurodevel-
opment when compared to those conceived naturally [31, 
41–43].

As of now if we remove the confounding factors like mul-
tiple pregnancy and prematurity, the neurodevelopment of 
children born after ART-assisted conception is at par with 
children conceived naturally; however, long-term follow-up 
and further studies are advocated.

45.8  Psychosocial Development 
and Pervasive Thought Disorders

Wagenaar et al. studied social, emotional, and behavioral 
parameters in 9–18-year-old children who were born after 
ART-assisted conception by assessment through parent 

and teachers. In artificial reproduction technology-con-
ceived children, externalizing behaviors were less pro-
nounced, but depressive and withdrawal behavior was 
more common [44].

Leunens et al. found no significant difference in motor as 
well as cognitive development in children of 8–10 year age 
group conceived through artificial reproduction technologies 
when compared to normal conception group [45]. In a 
Chinese study, children (4–6 year age) born after intracyto-
plasmic sperm injection and in vitro fertilization (IVF) were 
compared, and no difference was found in social, psycho-
logical, and emotional parameters [46]. However, autism 
spectrum disorder (ASD) was found more prevalent in the 
intracytoplasmic sperm injection group [47].

45.9  Risk for Cancer

This is one of the most controversial issues because a few 
published studies showed there are increased chances of 
some particular cancers in children born after artificial repro-
duction technologies.

One study initially found an elevated risk of retinoblas-
toma in children conceived via ART [48], but later on the 
analysis of the extended data confirmed no correlation was 
there [49].

In conclusion, the cancer risk in children born after con-
ception assisted by artificial reproduction technologies is dif-
ficult to assess because of the rarity of the disease, yet larger 
case-control and follow-up studies are recommended to find 
any association if exists.

45.10  Epigenetic Abnormalities

Epigenetics means modifications in gene functions by exter-
nal means (viz., DNA methylation and histone modification) 
without changing the sequence of the genes. Genomic 
imprinting refers to process of silencing of one of the two 
allyls which results in expression of only one allyl (maternal 
or paternal), and it is a normal phenomenon and its aberra-
tions can cause diseases [50].

Coming on to epigenetics in children born after ART- 
assisted conception, Laprise reported that some rare genetic 
disorders, viz., Beckwith-Wiedemann syndrome (BWS), 
Angelman syndrome (AS), and retinoblastoma, were more 
common in this subgroup of population [51]. On the other 
hand, insignificant correlation between Beckwith- 
Wiedemann syndrome, Angelman syndrome, retinoblas-
toma, and Prader-Willi syndrome has been reported by most 
of other researchers. Furthermore, the disorders are exceed-
ingly uncommon and an exact risk estimation is very 
difficult.
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Some epigenetic changes might result into adult onset 
disorders: Katari et  al. found altered methylation of CpG 
sites (which may influence gene expression) in cord blood 
and placental samples of babies born after ART conception; 
many of these genes have association with metabolic disor-
ders, viz., obesity and diabetes [52].

On the brighter side, most of the recent publications 
showed no significant correlation between ART-assisted con-
ception and occurrence of epigenetic abnormalities in off-
spring [53].

Finally, the minor difference in epigenetic disorder 
between ART conceived and naturally conceived is difficult 
to explain unless more robust studies and extensive follow-
 up is conducted.

45.11  Conclusions

In conclusion, it can be stated that largely the children born 
after artificial reproduction technologies are healthy if we 
remove the confounding factors like problems arise because 
of perinatal events (e.g., prematurity). The issues which 
should be planned more assiduously are aggressive prenatal 
and perinatal management. The delivery should be attempted 
in a center which is well equipped with level 3 or level 4 
neonatal intensive care unit and adept neonatal team. These 
children should be screened for metabolic disorders, con-
genital defects, and epigenetic disorders in case of slightest 
suspicion.

Nevertheless, it is still to be investigated whether it is the 
ART procedure itself or the underlying subfertility which is 
the cause of these issues. At this point of time the first batch 
of IVF babies are adults and many have their own healthy 
progeny now.
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Effectiveness and Safety of Freeze-All 
Strategy with Regard to Medically 
Assisted Reproduction and Perinatal 
Outcomes

Engin Turkgeldi, Sule Yildiz, Bulent Urman,  
and Baris Ata

Despite differences in patient management and variations in 
practice, the final aim of all medically assisted reproduction 
(MAR) cycles is pregnancy culminating in a healthy single-
ton baby, ideally in the shortest time and at a reasonable cost. 
Such an approach would also minimize the psychological 
and financial stress on the couple.

The two main components of successful implantation are an 
embryo endowed with the potential to implant and a receptive 
endometrium. While implantation failure and miscarriages are 
mostly attributed to aneuploid embryos, about 35% of euploid 
embryos also fail to implant, suggesting a significant role of 
endometrial receptivity in achieving pregnancy [1].

More oocytes equate to higher pregnancy rate in MAR [2, 
3]; however, supraphysiological levels of sex steroids during 
ovarian stimulation (OS) to achieve this goal may impair 
endometrial receptivity and result in lower birth rates [4]. 
The effect may be due to different gene expression patterns, 
differences in endometrial morphology, and/or hormonal 
advancement of the endometrium rendering it less receptive 
to the embryo. Endometrial gene expression and endometrial 
morphology were shown to be different in stimulated vs. 
non-stimulated cycles [5]. Elevation of serum progesterone 
levels during the follicular phase which appears to be a rela-
tively common phenomenon shifts the implantation window 
that may affect MAR success [4]. Moreover, medications 
used during MAR may affect endometrial receptivity. For 

instance, triggering ovulation with human chorionic gonado-
tropin (hCG) may result in downregulation of luteinizing 
hormone receptors in the endometrium due to extended 
exposure to hCG, possibly decreasing the positive effect of 
the hCG secreted by the blastocyst during implantation [6].

Besides the suggested detrimental effect of OS on endo-
metrial receptivity and implantation, some observational 
studies imply that the rates of preterm delivery and low birth 
weight (LBW) are higher in pregnancies resulting from the 
transfer of fresh embryos [7].

It is against this background, and with the support of 
highly effective cryopreservation techniques such as vitrifi-
cation, some experts have proposed that bypassing the afore-
mentioned detrimental effects of ovarian stimulation by 
freezing all embryos and performing elective frozen-thawed 
embryo transfer (eFET) increases implantation rates, and 
this approach should be the standard in ART practice [8].

In this chapter, our aim was to examine the current evi-
dence on the effect of eFET from the ART and maternal/
perinatal outcome perspectives and determine if there is any 
benefit in applying a universal freeze-all strategy.

46.1  A Review of Randomized Controlled 
Trials of Fresh and Elective Frozen- 
Thawed Embryo Transfers

The studies on which universal freeze-all strategy is based 
are mostly laboratory-based and do not report live birth rates, 
the ultimate endpoint in MAR. This raises doubt about the 
applicability of this approach for two reasons: in vitro find-
ings do not always translate into clinical results, and even if 
they do, it is not known whether eFET will overcome the 
suggested problems with OS. Currently, the ideal method to 
test this hypothesis is performing randomized control trials 
(RCTs) comparing the effectiveness of fresh transfers with 
eFET. Up to date, seven RCTs have tested this hypothesis.

Assuming that ovarian stimulation and multiple follicular 
growth impair endometrial receptivity, this effect would be 
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expected to be more apparent in patients with a high ovarian 
response, as seen in a dose-response pattern [9]. Of the seven 
RCTs performed to date, six include high responders, that is, 
patients with an average estradiol level >3000 pg/ml on the 
trigger day or a mean number of 12 or more oocytes col-
lected. We will review these studies starting from the one 
with the highest response.

In a short communication that did not evolve into an origi-
nal article, Shapiro et al. reported performing an RCT spe-
cifically in women with an antral follicle count of at least 16, 
who are expected to be high responders [10]. One-hundred 
and twenty-two patients were randomized into fresh or fro-
zen embryo transfer. Fresh transfers were done on day 5, 
while other embryos were cryopreserved using slow- freezing 
method at the two-pronuclear stage and cultured to blasto-
cyst stage after thawing. Peak serum estradiol levels were 
5427 vs. 5263 pg/ml, and mean number of oocytes that were 
retrieved were 20.9 vs. 19.3 in the frozen and fresh transfer 
groups, respectively. Ongoing pregnancy rates were 77.6% 
in the frozen transfer group and 65.4% in the fresh transfer 
group (p = 0.19). The authors performed an arbitrary regres-
sion analysis controlling for embryo quality and reported 
statistically significant higher clinical pregnancy rates in the 
frozen embryo transfer group. Clearly, embryo quality might 
have been affected by the freezing and thawing process and 
should be regarded as a factor related to the intervention 
tested. Thus, an analysis adjusting for embryo quality is not 
suitable. An intention to treat (ITT) analysis shows similar 
ongoing pregnancy rates in frozen and fresh embryo transfer 
groups, 38/60 (63.3%) vs. 34/62 (54.9%), respectively 
(p = 0.63) [11].

Chen et al. recruited 1508 infertile women with polycys-
tic ovary syndrome (PCOS) undergoing their first IVF cycle 
and randomized them to fresh or frozen embryo transfer at 
the cleavage stage [12]. As can be expected from the study 
population, the patients responded excessively reaching an 
average serum estradiol level of 4288 vs. 4141 pg/ml on the 
trigger day and an average of 14.4 vs. 14.2 oocytes collected 
in frozen and fresh embryo groups, respectively. While bio-
chemical (66% vs. 64.6%, p  =  0.57), clinical (58.7% vs. 
56.2%, p = 0.32), and ongoing (52.7% vs. 48.8%, p = 0.13) 
pregnancies were similar, live birth rates were significantly 
higher in the frozen embryo transfer group (49.3% vs. 42%, 
rate ratio = 1.17, 95% confidence interval CI of 1.05–1.31, 
p = 0.004). This translates to a number needed to treat of 14, 
meaning that one extra live birth would be achieved for every 
14 frozen embryo transfer performed instead of fresh embryo 
transfer.

Coates et al. undertook a study that compared live birth 
rates between fresh and elective frozen euploid blastocyst 
transfers [13]. While the primary objective of the study was 
to investigate the optimal strategy for transferring embryos 
following preimplantation genetic screening (PGS), the 

study provides valuable information about the outcomes of 
fresh and frozen embryo transfer cycles. One-hundred and 
seventy-nine patients undergoing PGS were randomized into 
freeze-all or sixth day fresh embryo transfer groups. The 
mean serum estradiol levels were not reported in the article; 
however, median number of oocytes collected were 14 and 
17 in fresh and eFET groups, respectively, implying a high 
ovarian response. Implantation rates were similar in fresh 
and eFET groups (67.4% vs. 76%, p = 0.19); however as the 
pregnancies progressed, outcomes became significantly 
more favorable in the eFET group, with ongoing clinical 
pregnancy rates reported as 40.9% vs. 62.6% (p < 0.01) and 
live birth rates as 39.8% vs. 61.5% (p < 0.01), in fresh and 
eFET groups, respectively. Yet, it is important to note that the 
results were presented according to an intention-to-treat 
analysis. Due to technical and logistics problems in avail-
ability of PGS results, a number of patients originally ran-
domized to the fresh transfer group were moved to eFET 
group. The objective of the study was to develop a strategy 
for the clinical management, justifying an intention-to-treat 
analysis; however, a per-protocol analysis serves the current 
review better since we are interested in whether endome-
trium provides a more favorable environment for embryos in 
a stimulated or a non-stimulated cycle. Per-protocol analysis 
yielded similar rates for implantation (67% vs. 78%, 
p = 0.23), ongoing pregnancy (61% vs. 78%, p = 0.1), and 
live birth (59% vs. 70%, p = 0.3) in fresh and eFET cycles, 
respectively.

Shapiro et  al. performed an RCT on women with 8–15 
AFC undergoing their first IVF cycles who were expected to 
be normo-responders [14]. Originally, a sample size of 411 
was aimed at, however, the study was prematurely halted 
after an interim analysis following the 100th blastocyst 
transfer. By that time, 137 patients were randomized into 
fresh and frozen transfer groups, with 50 and 53 blastocysts 
transferred, respectively. The mean serum estradiol level on 
the trigger day was 3418 pg/ml vs. 3076 pg/ml; and mean 
number of oocytes collected were 14.1 vs. 12.9 in the fresh 
and frozen transfer groups, respectively. It is interesting that 
the study defines itself to be dealing with normo-responders 
whereas these values imply a high ovarian response. Authors 
reported clinical pregnancy rate per transfer of 54.7% vs. 
84% (p = 0.0013) and ongoing pregnancy rate per transfer at 
10th gestational week of 50.9% vs. 78% (p = 0.0072) in fresh 
and frozen transfer groups, respectively. However, it is inter-
esting that these values are not derived from an intention-to- 
treat analysis. As the study question is to discover if fresh or 
frozen transfer policy will yield a better clinical outcome, an 
intention-to-treat analysis would have provided results that 
could be generalized and applied to the clinical setting. In 
fact, an intention-to-treat analysis of the study data reveals 
similar ongoing pregnancy rates in both groups, 27/67 
(40.3%) vs. 39/70 (55.7%) p  =  0.11, in fresh and frozen 
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transfer groups, respectively. Another drawback of the 
Shapiro trials is cryopreservation of embryos at the two- 
pronuclear stage using the slow-freezing technique. Current 
validity of their data is questionable since almost all clinics 
worldwide prefer vitrification at the cleavage or blastocyst 
stages.

Chronologically, the first trial to compare the outcomes of 
fresh and frozen transfer cycles was by Afflatoonian et al. in 
2010 [15]. Three-hundred and seventy-four patients with 
serum estradiol levels greater than 3000 pg/ml or 15 oocytes 
collected were included in the study. Significant difference 
was reported with implantation rates of 17.5% vs. 24.7% and 
ongoing pregnancy rates of 27.8% vs. 39% in fresh and fro-
zen embryo transfer groups, respectively. However, we will 
neither analyze this study in detail nor take it into consider-
ation in our review since it was retracted by the American 
Society of Reproductive Medicine Publications Committee 
due to serious methodological problems [16].

A recent RCT by Shi et al. investigated the outcomes of 
fresh and frozen embryo transfers in 2157 ovulatory women 
[17]. Participants were aged between 20 and 35 years, had 
regular menstrual cycles, and were undergoing their first 
in  vitro fertilization cycle. Mean estradiol levels were 
3110 pg/ml in the fresh embryo transfer group and 3188 in 
the frozen embryo transfer group, with mean number of 
oocytes retrieved 12.3 and 12.5, respectively. Live birth rates 
(LBR) were similar between the fresh and eFET groups 
(48.7% and 50.2%, respectively; relative risk, 0.97; 95% 
confidence interval [CI], 0.89–1.06; p  =  0.50). Likewise, 
implantation, clinical pregnancy, overall pregnancy loss, and 
ongoing pregnancy rates were similar in the two groups. It is 
noteworthy that risk of second-trimester pregnancy loss was 
significantly lower in the eFET group. However, this was a 
post hoc analysis. Even though the risk of moderate–severe 
ovarian hyperstimulation syndrome was significantly lower 
in the eFET group, the general incidence of this complica-
tion was low (0.6% vs. 2.0%; relative risk, 0.32; 95% CI, 
0.14–0.74; p = 0.005). A high withdrawal rate (15.3% and 
18.8%, in the fresh and eFET groups, respectively, p = 0.03) 
was a study limitation.

Another recently published RCT by Vuong et al. included 
infertile women without PCOS [18]. Seven hundred eighty- 
two women were randomly assigned to fresh or eFET of 
cleavage stage embryos. A maximum of two embryos were 
transferred in both groups. The primary outcome was ongo-
ing pregnancy after the first embryo transfer. The mean 
serum estradiol level on trigger day was 2029  pg/ml and 
2019 pg/ml in the fresh and frozen transfer groups, respec-
tively. Ongoing pregnancy rate was 36.3% and 34.5% in the 
fresh and eFET groups (RR, 1.05; 95% CI, 0.87–1.27; 
p = 0.65). Live birth rates after the first transfer were 33.8% 
and 31.5%, respectively (RR  =  1.07; 95% CI, 0.88–1.31). 
Implantation and clinical pregnancy were similar in both 

groups. The incidence of ectopic pregnancy, miscarriage, 
multiple pregnancy, OHSS in the primary cycle, or preg-
nancy complications were not significantly different. Live 
birth rate after the first cycle and the ongoing pregnancy rates 
at 12 months were similar between the groups. Singleton 
birth weight was the only significant difference in perinatal 
outcomes to the benefit of frozen embryo group. In sum-
mary, frozen embryo transfer resulted in a rate of live birth 
that was similar to that of fresh-embryo transfer. The risk of 
moderate or severe ovarian hyperstimulation syndrome was 
lower with frozen embryo transfer. A summary of the afore-
mentioned RCTs can be found in Table 46.1.

In conclusion, it has been hypothesized that the uterine 
environment of a fresh embryo transfer cycle may be less 
affected in ovulatory women with a normal ovarian 
response due to lower estradiol levels when compared with 
PCOS or those with a high ovarian response. However, one 
study aside, all were dealing with high responders. 
Furthermore, even in this setting, clinical outcomes did not 
consistently favor frozen embryo transfers. Chen et  al. 
showed a significant benefit for frozen embryo transfer, but 
it should be recognized that PCOS comprise a very specific 
group of patients and due to their increased risk for OHSS, 
they would be best served with a freeze all policy. Still, it is 
noteworthy that although not significant, a trend for 
improved clinical outcome was observed in patients with a 
high ovarian response. However, as demonstrated above, 
such a benefit or trend dwindles and finally ceases to exist 
as ovarian response reduces from high to normal. Moreover, 
freeze-all strategy increases time to reach pregnancy, costs, 
and possible risks by delaying the treatment and subjecting 
the embryo to additional procedures. Finally, based on the 
current evidence, offering a universal freeze-all strategy 
seems to be an overgeneralization of data from a specific 
group, and changing the clinical practice dramatically for 
all patients undergoing IVF based on this is a leap too big 
to take.

46.2  A Review of Studies on the Effect 
of Frozen Embryo Transfer 
on Perinatal Outcomes

Early studies comparing perinatal outcomes of fresh and fro-
zen ART cycles have shown differences in the incidences of 
preterm birth (PTB), fetal weight, and preeclampsia [19, 20]. 
It is difficult to pinpoint the effect of a single factor such as 
fresh or frozen embryo transfer, since ART includes a num-
ber of variables that interact with each other, parental factors, 
medications used, fertilization method, culture media, and 
transfer stage to name a few. It should also be noted that most 
studies on the subject are observational, with few random-
ized controlled trials. The relatively low incidence of some 
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adverse perinatal outcomes renders it difficult to assess them 
in the RCT setting [21]. Supraphysiological hormone levels 
in a stimulated cycle is one of the suspected factors leading 
to adverse perinatal outcomes following fresh embryo 
transfer.

The risk of SGA delivery is thought to be increased in 
ART pregnancies, but results are controversial. Recently, a 
record linkage study compared 5536 spontaneous singleton 
pregnancies with 6470 singleton ART pregnancies, and after 
adjusting for maternal age, ethnicity, marital status, mater-
nal education, smoking status, prenatal care, parity, gesta-
tional hypertension, and sex of the infant, they showed no 
statistically significant difference between the two groups 
regarding (OR = 1.1, 95% CI 0.96–1.27) [22]. On the other 
hand, preterm delivery and low birth weight (LBW) risks 
were higher in ART pregnancies (aOR 1.23, 95% CI: 1.08–
1.41 and aOR 1.26, 95% CI: 1.08–1.47, respectively) [22]. 
An observational study of all ART cycles in the United 
Kingdom between 1991 and 2008 included 65,868 singleton 
deliveries from 402,185 cycles, and after adjusting for treat-
ment period, female age, indication for ART, type of infer-
tility (primary or secondary), number of embryos transferred, 
and pregnancies initiated as singletons or multiples, women 
from whom 20 or more oocytes were collected were at 
higher risk for LBW and PTB compared to women from 
whom 10–15 oocytes were retrieved [23]. Pregnancies fol-
lowed by frozen transfer IVF cycles were less likely to be 
complicated by SGA, LBW, and PTB compared with chil-
dren born after fresh embryo transfers in this large Nordic 
cohort study [19]. Moreover, the rates of LGA and birth-
weight >4500 g were significantly increased for singletons 
conceived from cryopreservation cycles compared with 
singletons conceived from fresh cycles [24].

Kalra et al. compared 38,626 and 18,166 pregnancies fol-
lowing the transfer of fresh and frozen embryos, respectively. 
In singletons, preterm delivery rates did not show any differ-
ence. However, the odds of overall LBW following fresh 
embryo transfer were significantly higher (AOR 1.35, 95% 
CI 1.20–1.51) [25]. Recently, Weinerman et  al. compared 
perinatal outcomes following transfer of fresh and vitrified 
blastocysts in a transgenic mouse model [26]. Embryo trans-
fer in a superovulated cycle resulted in smaller term fetuses 
regardless of the transferred blastocysts being fresh or fro-
zen. This suggests that fetal growth disorders can be a conse-
quence of altered placental vasculogenesis and blood flow 
caused by the superovulated environment. These findings 
suggest that supraphysiological hormone levels can have a 
detrimental effect on endometrial function, leading to LBW 
and SGA.

Although observational studies showed small yet signifi-
cant differences regarding fetal weight between fresh and 
frozen cycles, the difference was not that prominent in RCTs. 
Results from the RCTs are contradictory with the observa-

tional data. Three of the four RCTs reporting birthweight did 
not indicate a significant difference between fresh and frozen 
embryo transfers, whereas one RCT reported significantly 
lower birthweight and higher incidence of low birth weight 
with fresh embryo transfer [12, 18, 27].

It should be noted that the vast majority of the data from 
observational studies and RCTs are cleavage stage embryo 
transfer cycles. It is questionable whether observations on 
cleavage stage transfers are applicable to blastocyst trans-
fers, a practice that is increasingly becoming more common. 
A population-based registry study examining 4819 single-
tons born after blastocyst transfer; 25,747 after cleavage 
stage transfer; and 1,196,394 spontaneous conceptions found 
that the risk of SGA was significantly lower with blastocyst 
transfers compared to cleavage stage transfers (AOR 0.71, 
95% CI: 0.56–0.88) or spontaneous conceptions (AOR 0.70, 
95% CI: 0.57–0.87) [28]. Recently, a systematic review and 
meta-analysis assessed perinatal outcomes of singleton preg-
nancies followed by blastocyst vs. cleavage stage embryo 
transfers. Primary outcomes were preterm birth before 37 
weeks and low birth weight (<2500 g). They reported signifi-
cantly higher rates of preterm birth <37 weeks after blasto-
cyst transfer in fresh cycles (RR 1.15, 95% CI, 1.05–1.25; 
p = 0.002). Also, they found fewer SGA deliveries after blas-
tocyst transfer in fresh cycles. However, after blastocyst 
transfers in frozen cycles, LGA births were observed more 
than cleavage transfers. In fresh cycles, no differences were 
observed for LGA in both groups [29].

In addition to PTB, LBW, or SGA, other pregnancy- 
related complications such as ectopic pregnancy, hyperten-
sive disorders, perinatal mortality, and placenta anomalies 
can occur at different rates following fresh or frozen transfer. 
These are discussed below.

Registry-based studies and a few RCTs consistently 
reported an increased risk of preeclampsia following frozen 
embryo transfer. Preeclampsia rate was found to increase 
threefold after eFET in Chen et al.’s study (rate ratio 3.12, 
95% CI: 1.26–7.73, p = 0.009) [12]. CoNARTaS group and 
registry-based studies from Sweden and Japan reported simi-
lar results [20, 24, 30]. The odds of hypertensive disorders 
were increased 2.63-fold (1.73–3.99) after eFET in the 
Nordic registry. Likewise, risk of preeclampsia was signifi-
cantly higher following eFET in Swedish (aOR: 1.32, 95% 
CI: 1.07–1.63) and Japanese (aOR: 1.58, 95% CI: 1.35–1.86) 
registries [20]. In a recently published retrospective study 
including 15,937 births from ART, 9417 singletons and 6520 
twin pregnancies compared preeclampsia risk between fresh 
and frozen transfer in both singleton and twin pregnancies as 
well pregnancies from autologous and donor eggs. They cat-
egorize preeclampsia in groups as preeclampsia without 
severe features, preeclampsia with severe features, pre-
eclampsia with preterm delivery, and chronic hypertension 
with superimposed preeclampsia. The results showed 
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increased preeclampsia risk after cryopreserved-warmed ET 
than after fresh transfer in all groups in singleton pregnan-
cies. Preeclampsia rates in singleton pregnancies conceived 
with donor eggs were similar between the cryopreserved 
transfer and fresh transfer groups (10.78% vs. 12.13%, 
respectively, p  =  0.56). However, pregnancies from donor 
egg transfers showed 2.69-fold higher preeclampsia rates 
than pregnancies from autologous eggs. The underlying 
mechanism is suggested as different HLA-C pattern originat-
ing from the donor egg. In twin pregnancies from autologous 
eggs, preeclampsia with severe features and preeclampsia 
with preterm delivery were also more frequent after cryopre-
served–warmed transfers than fresh ETs (9.26% vs. 5.70%, 
p  <  0.01, and 14.81% vs. 11.74%, p  =  0.04, respectively) 
[31]. However, findings from most recent RCTs by Shi et al. 
[17] and Vuong et al. [18] involving normo-ovulatory women 
are contradictory with the abovementioned data. Both stud-
ies reported no significant difference regarding preeclampsia 
between fresh and frozen transfers (rate ratio 1.36, 95% CI: 
0.77–2.42 and rate ratio 2, 95% CI: 0.18–21.97), 
respectively.

A number of studies showed that cleavage stage and fresh 
embryo transfers pose higher risk for ectopic pregnancy 
compared to blastocyst and frozen embryo transfers, respec-
tively [32–35].

In a recently published retrospective study based on the 
results of 69,756 in vitro fertilization–embryo transfer cycles 
including 45,960 (65.9%) fresh and 23,796 (34.1%) frozen–
thawed embryo transfer cycles, a lower rate of ectopic preg-
nancy per clinical pregnancy after frozen-thawed embryo 
transfer pregnancies was observed, compared with fresh 
embryo transfers (odds ratio = 0.31; 95% confidence inter-
val = 0.24–0.39) [36].

Overall incidence of ectopic pregnancy is reported to be 
about 1.5% in these studies. The absolute difference between 
fresh and frozen embryo transfers ranges between 0.5 and 
1.4%, in favor of frozen embryo transfers. However, the 
three recent RCTs comparing fresh and frozen embryo trans-
fers that report ectopic pregnancy rates report similar rates in 
the two groups [12, 17, 18]. Moreover, two studies, one of 
which examines the 153,115 ART pregnancies in the United 
Kingdom registry, found similar rates for ectopic pregnancy 
after fresh and frozen transfer [37, 38]. Data are conflicting 
about ectopic pregnancy rates between fresh and frozen 
cycles. ART indications such as tubal pathologies, transfer 
technique, number of embryos transferred in each cycle, and 
the method of endometrial preparation should be considered 
prior to a causal inference of the embryo status can be con-
cluded [39].

In Chen et al.’s RCT, the fact that there were two stillbirth 
and five neonatal deaths in the eFET group and none in the 
fresh embryo transfer group is disturbing. The p value com-
paring neonatal deaths was 0.06, just short of statistical sig-

nificance. Similarly, increased risk for perinatal death after 
eFET was shown in a registry-based study (aOR 1.9, 95% 
CI: 1.03–3.54) [24]. A recent meta-analysis reported con-
flicting results [21]. On the contrary, Vuong et al. reported 
three stillbirths all of which occurred in the fresh embryo 
group versus none in the frozen transfer group [18]. As still-
birth and perinatal mortality are grave outcomes, even a 
minor increase is worrisome and can solely be a strong argu-
ment against eFET. It is relieving to observe that recent find-
ings are comforting.

Placenta accreta is a rare complication of pregnancy with 
potentially severe consequences. Several studies investigated 
placenta-associated complications regarding frozen or fresh 
embryo transfers. Ishiara et  al. reported an association 
between advanced maternal age and increased odds of both 
placenta previa (AOR 1.05 [95% CI 1.02–1.08]) and PIH 
which is also categorized as a placenta-associated complica-
tion (AOR 1.07 [95% CI 1.06–1.09]). A remarkable finding 
of this study was significantly higher odds of both placenta 
accreta (AOR 3.16 [95% CI 1.71–6.23]) and PIH (AOR 1.58 
[95% CI 1.35–1.86]) following FET [20].

Since the analyses were not controlled for known risk fac-
tors, these observations do not comprise proof of a causal 
relationship between FET and placenta accreta. However, in 
a case control study, with the aim to investigate an associa-
tion between placenta accreta and frozen embryo transfer, 50 
women with placenta accreta were matched with 150 women 
without accreta for age and prior cesarean section status; the 
aOR was 3.2 (95% CI: 1.14–9.02) with fresh embryo transfer 
as the referent [20, 40]. The suggested mechanism regarding 
association between FET and placenta accreta was low 
serum estradiol levels in FET cycles. In a murine model, it 
was shown that low doses of estradiol permit trophoblast 
ingrowth by maintaining uterus in a prolonged receptive 
state. In addition, the endometrium is supposed to be thinner 
causing exuberant trophoblastic growth [40, 41].

To sum up, although some evidence suggests that frozen 
embryo transfer may be associated with better outcomes for 
PTB, LBW, SGA, and ectopic pregnancy, the data are far 
from conclusive. Furthermore, there is some evidence sug-
gesting that frozen embryo transfer may be associated with 
an increased risk of hypertensive disorders, stillbirth, perina-
tal mortality, and placental anomalies.

46.3  Conclusion

The hypothesis that the supraphysiological sex hormone lev-
els may have a detrimental effect on ART outcomes and a 
universal freeze-all strategy could overcome this effect 
appears to be less plausible with the recent high-quality stud-
ies. According to the current evidence, normal and poor 
responders do not seem to benefit from eFET. On the other 
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hand, FET can be regarded as a medically indicated interven-
tion for hyperresponders since fresh ET should already be 
avoided in order to prevent ovarian hyperstimulation 
 syndrome in these patients. Hence, deferring fresh ET in 
favor of eFET should be based on ovarian response, rather 
than a universal strategy for all ART cycles.

Likewise, the available evidence on the effects of frozen 
embryo transfer on maternal and perinatal outcomes is con-
flicting and not robust enough to prefer one method of trans-
fer over the other.
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Outcome of Vitrified-Thawed Embryo 
Transfer in the GnRH Agonist Versus 
Antagonist Protocols

Mete Isikoglu

47.1  Rationale

Considerable proportion of the adverse treatment outcome in 
assisted reproductive techniques (ART) is the result of mul-
tiple pregnancies, including twins. Thus, one of the main 
challenges is to avoid multiple pregnancies without signifi-
cantly lowering the overall pregnancy rates. This can be done 
if the best embryo can be selected for transfer and if the 
freezing and thawing techniques can be improved.

Since the mid-1980s, cryopreservation and storage of 
in vitro-derived cleavage stage embryos have been employed. 
The first successful pregnancy via frozen embryo transfer 
(FET) was reported in 1983 in Australia [1] followed by the 
first live birth following embryo cryopreservation in 1984 in 
the Netherlands [2]. The major advantages of frozen embryo 
transfer are increased cumulative pregnancy rate after oocyte 
pickup, decreased multiple birth rate, decreased cost, and 
prevention of ovarian hyperstimulation syndrome (OHSS) 
and related complications [3]. The economic costs of multi-
ple births are much higher compared with singleton births. 
The mean medical cost of delivering a singleton baby was 
estimated to be $9329, whereas a set of twins costs $20,318, 
and triplets costs $153,335 [4].

Conventional slow-freezing protocols have been exten-
sively used for cryopreservation of human embryos. These 
procedures are based on low cryoprotectant concentrations 
and a slow cooling rate. Vitrification (i.e., a glass-like state) 
is an increasingly popular method, based on an ultra-rapid 
method of cryopreservation, the aim of which is to overcome 
the damages due to cryopreservation including chilling 
injury, intracellular ice formation, and fracture damages. The 
principle of dehydration also applies in vitrification, but con-
cepts such as hydraulic permeability play a less significant 
role. To achieve vitrification within a cell, both a reduction in 
water content and a highly viscous cytoplasm are necessary. 

This is facilitated by exposure to high concentrations of per-
meating and non-permeating cryoprotectants which result in 
extreme shrinkage together with rapid cooling rates. In order 
to minimize the impact of the hyper-osmotic conditions, the 
exposure time is reduced followed by loading on to microto-
ols. Further improvements, such as artificial collapse of the 
blastocoel and use of minute volume holding devices (e.g., 
electron microscopic grid and Cryoloop), have greatly 
improved the survival rates of vitrified blastocysts.

The first successful pregnancy following transfer of vitri-
fied blastocyst was reported in 2000 followed 1 year later by 
the first report of live delivery via vitrified blastocyst.

In their critical review of the published literature, Edgar 
et al. reported that available evidence suggests that vitrifica-
tion is the current method of choice when cryopreserving 
metaphase II oocytes. Early cleavage stage embryos can be 
cryopreserved with equal success using slow cooling and vit-
rification. Successful blastocyst cryopreservation may be 
more consistently achieved with vitrification, but optimal 
slow cooling can produce similar results [5].

The effect of many factors on the outcome of FET has 
been the subject of the studies so far including controlled 
ovarian hyperstimulation (COH) protocol, freezing protocol, 
the selection of embryos for freezing and transfer, and endo-
metrial preparation before embryo transfer, as well as the age 
of women undergoing FET.

Interestingly, in the existing literature, comparison of the 
outcome of vitrified-thawed embryos generated from gonad-
otrophin releasing hormone (GnRH) agonist and antagonist 
protocols has not been rigorously evaluated so far. In a scarce 
number of studies, the issue is mentioned among other stim-
ulation parameters.

This chapter will discuss the effect of the type of the 
GnRH analog used in a COH program on the outcome of 
vitrified/thawed cycles.
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47.2  Introduction

The ultimate goal of assisted reproductive techniques is to 
get the woman pregnant with a singleton pregnancy. Elective 
single embryo transfer and cryopreservation of the excess 
embryos with a good cryopreservation program may results 
in acceptable pregnancy rates with a low risk for multiples. 
Besides, cryopreservation may provide safety for patients 
with a high risk of OHSS. Furthermore, for patients whose 
endometrium is not favorable, cryopreservation of the entire 
cohort of embryos and FET may provide better implantation 
rates.

Based on the data generated from European registers by 
ESHRE, IVF practitioners have a tendency to transfer lesser 
number of embryos over the last decade (Fig. 47.1).

According to the same database, in 2009 the proportion of 
FET cycles to “fresh” cycles was 28.0% (26% in 2008), but 
in some countries the proportion was much higher: 43% in 
Switzerland, 32% in Sweden, and 40% in Finland [6].

In the United States, the contribution of frozen-thawed 
embryo transfers to the number of total live births has been 
increasing continuously for the last 15 years (Fig. 47.2a, b).

Because vitrification appears to be an efficient and safe 
method for preservation, the prevalence of vitrification 
increased worldwide in the last decade. Factors related to the 
outcome of frozen/thawed embryo transfers are COH proto-
col, freezing protocol, selection of embryos for freezing and 
transfer, pregnancy in the fresh IVF/ICSI cycle from where 
the frozen embryos originated, female age at embryo freez-
ing, the age of women undergoing FET, embryo quality 
before freezing, thawed embryos resume cleaving, 

cryopreservation- associated damage, progesterone supple-
mentation, hormonal substitution, antral follicle count, basal 
serum FSH level, endometrial thickness, mean number of 
embryos transferred, mean number of good-quality embryos, 
reason for freezing, damaged blastomere, and observed com-
paction [7–9].

47.3  Clinical Discussion

In their retrospective analysis, Ashrafi et al. investigated the 
impact of the clinical and embryological factors on the preg-
nancy outcome of frozen-thawed embryo transfer. Evaluation 
of 247 cycles in which slow-freezing technique was used 
revealed that the pregnancy outcome was better and implan-
tation rate was higher in women who were stimulated with 
the GnRH long agonist protocol in their fresh cycles than 
those stimulated with the antagonist protocol [7]. 
Contradictory results were reported by some other research-
ers: Seelig et  al. found that pregnancy rates were similar 
independent of whether they resulted from the long-protocol 
cycles with hMG (15.4%) and recFSH (13.1%) or from the 
antagonist protocol cycles with hMG (25.0%) and recFSH 
(17.5%) [10]. In parallel to these findings, Eldar-Geva et al. 
found similar outcome for cryopreserved embryo transfer 
following GnRH-antagonist/GnRH-agonist, GnRH- 
antagonist/HCG, or long protocol ovarian stimulation [11].

Shi et al. retrospectively analyzed 2313 vitrified-thawed 
embryo transfer cycles regarding 22 clinical variables. 
Blastocyst transfers were excluded. The pregnancy rates 
were higher in long agonist protocol (51.6%) compared to 
short protocol (33.7%) and other protocols (35.5%) [12]. In 
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another retrospective study, Ahlström et al. evaluated several 
variables for the prediction of live birth in frozen-thawed 
single blastocyst transfer cycles. Live birth rates after agonist 
and antagonist cycles were 39.2% and 38.8%, respectively 
(p = 0.98) [13].

We retrospectively analyzed our own data pertaining to 
the period between November 2011 and July 2015 on vitrifi-
cation/thawing cycles (Fig. 47.3). In all agonist and antago-
nist cycles, final triggering was performed by recombinant 
human chorionic gonadotrophin.

Of the 91 cryopreservation cases, 48 were vitrified at 
cleavage stage (on day 2 or day 3), while 43 were vitrified at 
blastocyst stage.

During the mentioned time period, all FETs were per-
formed in hormonally supplemented cycles. For the prepara-
tion of the endometrium, hormone replacement with 2 mg/
day estradiol valerate was started from day 1 of the cycle and 
gradually increased to 6 mg/day, and 90 mg intravaginal pro-
gesterone was commenced 2 days before FET. Endometrial 
thickness was assessed by transvaginal ultrasound.

Age of the patients, husbands’ ages, BMIs, and the num-
ber of previous IVF attempts were similar in both groups 
(Table 47.1).

The etiology of the patients is depicted in Table 47.2. The 
percentage of tubal factor infertility was much higher in ago-
nist group. There is not a conceivable explanation except 
coincidence for this finding. Higher number of patients 
would be helpful to exclude the effect of chance.

The stimulation parameters for the fresh cycles did not 
show any statistically significant difference (Table 47.3).

Pre-freeze parameters are shown in Tables 47.4 and 47.5.
Post-thaw parameters, pregnancy rates, and implantation 

rates for cleavage phase transfers (Table 47.6) and blastocyst 
transfers did not show any statistically significant difference 
(Table 47.7).

The percentage of subgroups with immediate FET and 
FET after post-thaw extended culture were found to be 
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Fig. 47.2 (a) The contribution of fresh and frozen-thawed embryo 
transfers to the number of total live births after ART per age group from 
1997 to 2011 in the United States. (b) The number of frozen-thawed 

embryo transfers per the number of fresh cycles per year from 1997 to 
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Fig. 47.3 Flowchart of the retrospective descriptive analysis of the 
vitrified-thawed embryo transfers

Table 47.1 Demographic and general characteristics of both groups

Agonist Antagonist p
# Patients 33 58 NA
Age 31.7 ± 5.1 31.7 ± 5.2 0.97
Husband’s age 35.6 ± 4.5 36.1 ± 6.6 0.68
BMI 24.4 ± 4.0 23.3 ± 4.0 0.24
Previous IVF attempts 3 (9%) 6 (10%) 0.52
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 similar for the agonist and antagonist groups (Tables 47.8 
and 47.9).

47.4  Recent Advances and Conclusion

FET has been successfully performed worldwide and pro-
vides further opportunities for patients to achieve pregnancy 
in addition to fresh embryo transfers. However consensus is 
still lacking on the best practice for embryo cryopreserva-
tion. Even though several variables of patients’ profiles, con-
trolled ovarian stimulation, embryo morphokinetics, and 
freezing-thawing techniques were rigorously investigated; 
the effect of the type of GnRH analog on the outcome of 
vitrified-thawed embryo transfers has not been the major 
concern of the studies so far. Our study is the first one focus-
ing directly on the effect of the type of the GnRH analog on 
the outcome of the vitrified-thawed embryo transfer. It also is 
unique since it compares the outcome of both cleavage stage 
embryos as well as blastocysts. In the present data, post-thaw 
embryo parameters and pregnancy outcome were very simi-
lar in vitrified-thawed embryo transfers in agonist and antag-
onist cycles. Thus, the potential for frozen-thawed embryos 
to implant and develop following transfer seems to be inde-
pendent of the GnRH analog. This issue still needs high- 
quality prospective randomized trials for stronger evidence.
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Blastocyst Transfer For Everyone?

J. Preston Parry and John S. Rushing

One of the hardest questions in medicine is “What does it 
mean to do right by our patients?” When it comes to deciding 
whether patients should have only blastocyst transfers, this is 
not as clear cut as it would seem. At first glance, transferring 
only blastocysts makes sense if wishing to maximize fecun-
dity while following current standards for the number of 
embryos to transfer [1]. Though a case can be made for this 
approach resulting in the best outcomes, what may be right 
for the patient may not always be the approach that leads to 
the highest fecundity per transfer. Several factors such as 
patient autonomy, lab capabilities, and cost-effectiveness 
may result in circumstances where a cleavage-stage transfer 
may be reasonable. Patients are heterogeneous in their diag-
noses and desires, so a one-size-fits-all approach is difficult 
to justify, even if one size will fit most. By reviewing core 
considerations for blastocyst relative to cleavage-stage trans-
fer, it is easier for clinicians to delineate their personal bal-
ance between the ideal and the real, which helps their patients 
find this balance as well.

The primary objectives for this chapter are to assess trans-
ferring only blastocysts relative to cleavage-stage embryos, 
explore the underlying evidence, and then address consider-
ations that may favor cleavage-stage over cavitating-stage 
transfer.

48.1  The Case for Blastocyst Transfer 
for Everyone

When combined, three considerations suggest that most, if 
not all, patients should have blastocyst-stage transfer pre-
ferred to cleavage stage. These are:

 1. Current standards for the number of embryos to transfer 
typically recommend transferring a similar number of 
cleavage- and blastocyst-stage embryos.

 2. For the same number of embryos, blastocyst transfer 
results in a higher pregnancy rate per transfer than cleav-
age stage.

 3. Relative to extended culture, transfer of poor-quality 
cleavage-stage embryos does not increase the likelihood 
of a live birth, even if waiting until a cavitating stage 
would increase the risk of having no embryos to transfer.

Taken in combination, if extended culture allows embryos 
to demonstrate their true viability, when only one embryo (or 
two) should be transferred regardless of stage, it makes sense 
to choose one that has declared itself to have a better 
prognosis.

48.2  How Many Embryos Should 
Be Transferred?

The American Society for Reproductive Medicine (ASRM) 
and the Society for Assisted Reproductive Technology 
(SART) have been leaders in trying to reduce the “multiple 
birth epidemic.” Popular awareness for this issue dates back 
to Life Magazine in their August 25, 1965, issue describing 
Pergonal as “the fantastic drug that creates quintuplets.” 
Though this article predates IVF, for the USA in the 1980s 
when IVF started to become more available, a meaningful 
gap started to develop between observed and age-adjusted 
rates of twin as well as triplet and higher-order births [2]. 
Between 1971 and 2001, twin births increased almost two-
fold and triplet and higher-order births increased more than 
sevenfold.

Advances in technology have been important in allowing 
fewer embryos to be transferred for comparable or even 
higher rates of success. However, public pressure as well as 
guidance from ASRM, SART, and other organizations has 
also helped in stemming the tide of multiple gestation. As a 
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result, between 1998 and 2011, transfer of three or more 
embryos during an IVF cycle declined from 79% to 24% [2]. 
As a result, the proportion of twins associated with IVF 
appears to be plateauing, and the proportion of triplet and 
higher-order births from IVF has declined by 33% over a 
13-year period from 48% to 32%.

To make further progress in reducing multiple gestations, 
ASRM and SART Practice Committees issued in 2017 even 
more stringent guidelines for the number of embryos to 
transfer (Table 48.1) [1]. With these guidelines, all women 
with euploid embryos should have single-embryo transfer, 
regardless of whether it is cleavage stage or blastocyst. 
Similarly, if euploidy is unknown but the patient has a favor-
able prognosis, all women up to age 37 should have single- 
embryo transfer, regardless of whether it is cleavage stage or 
blastocyst. Moreover, if the woman is under the age of 35 
and does not have known euploidy or favorable prognosis, 
she should only receive one to two embryos, regardless of 
whether they are cleavage stage or blastocyst. Outside of 
these circumstances, the guidelines start to allow for greater 
flexibility with increasing advanced maternal age, which 
makes sense because of higher rates of aneuploidy. However, 
based on the national statistics for age distributions for IVF, 
one would expect at least half to two thirds of women under-
going IVF with their own eggs to have the same number of 
embryos recommended for transfer, regardless of whether 
they are cleavage stage or blastocysts. Therefore, if patients 

are wanting to maximize pregnancy rates and are constrained 
in the quantity to transfer, then selecting the best quality 
embryos optimizes per cycle fecundity.

48.3  Does Blastocyst Transfer Result 
in a Higher Pregnancy Rate than 
Cleavage-Stage Transfer?

Embryology can be humbling. Suboptimal-appearing early- 
stage embryos can progress into healthy-appearing blasto-
cysts. High-grade embryos can be aneuploid. Even a few 
hours can sometimes result in an “ugly duckling” turning in 
to a “swan,” where embryos selected for transfer in the morn-
ing may change by the afternoon. Multiple factors contribute 
to this and preimplantation genetic screening will be an 
important step for further understanding embryonic viability, 
as well as potentially technologies such as metabolomics and 
time-lapse embryo monitoring.

One of the critical underlying factors may relate to the 
influence of paternal DNA on embryonic development. 
Though maternal genes drive the first two embryonic cell 
divisions [3], poor-quality sperm have progressively more 
negative effects throughout the rest of embryonic develop-
ment [4, 5]. As a result, though marked damage may be 
readily apparent, the longer an embryo develops past the 
cleavage stage, the greater the chance for identifying DNA-
associated defects, particularly for sperm-associated prob-
lems, which may be why cleavage-stage morphology is 
limited in predicting blastocyst quality [6]. Additionally, 
even if a single viable embryo is present, there may be an 
advantage to transferring at a cavitating stage relative to a 
cleavage stage, as uterine contractility seems to decrease as 
time progresses from hCG administration [7]. Also, the 
hyperestrogenic environment may be more disadvanta-
geous to early-stage embryos as a result of less than ideal 
conditions for growth [8].

Regardless of mechanism, multiple publications have 
shown the theoretical benefits of blastocyst transfer to result 
in higher pregnancy rates relative to cleavage stage after con-
trolling for the number of embryos transferred [9–11]. A 
2016 Cochrane review showed an odds ratio of 1.48 (95% CI 
1.20–1.82) from blastocyst transfer relative to cleavage-stage 
transfer (Fig. 48.1) [12]. These findings were pooled from 13 
studies with a total of 1630 participants (couples or women 
using donor sperm). Clinical pregnancy rates (OR 1.3, 95% 
CI 1.14–1.47) and cumulative pregnancy rates with vitrifica-
tion (OR 2.44, 95% CI 1.17–5.12) also favor blastocyst 
transfer. (Cumulative pregnancy rates were higher for cleav-
age stage than blastocyst transfers when looking at four older 
studies using slow freeze protocols, but freezing technology 
and extended culture were less advanced at the time of those 
studies as a potential source of bias.) Also of note, because 

Table 48.1 Recommendations for the limit to the number of embryos 
to transfer

Prognosis
Age (years)
<35 35–37 38–40 41–42

Cleavage-stage embryosa

    Euploid 1 1 1 1
    Other favorableb 1 1 ≤3 ≤4
    All others ≤2 ≤3 ≤4 ≤5
Blastocystsa

    Euploid 1 1 1 1
    Other favorableb 1 1 ≤2 ≤3
    All others ≤2 ≤2 ≤3 ≤3

From Guidelines for limits on how many embryos should be trans-
ferred. (Reproduced with permission from the Practice Committee of 
the American Society for Reproductive Medicine and the Practice 
Committee of the Society for Assisted Reproductive Technology. 
Guidance on the limits to the number of embryos to transfer: a commit-
tee opinion. Fertil Steril. 2017;107(4): p. 901–3, with permission
aSee text for more complete explanations
bOther favorable-Any ONE of these criteria: Fresh cycle: expectation of 
one or more high-quality embryos available for cryopreservation, or 
previous live birth after an IVF cycle; FET cycle: availability of vitrified 
day 5 or day 6 blastocysts, euploid embryos, first FET cycle, or previ-
ous live birth after an IVF cycle
Please note: Justification for transferring additional embryos beyond 
recommended limits should be clearly documented in the patient’s 
medical record. ASRM
Limits on number of embryos to transfer. Fertil Steril. 2017
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clinicians tend to transfer more cleavage stage than 
blastocyst- stage embryos, subgroup analysis where only 
equal numbers of embryos were transferred still showed a 
persistent advantage to blastocyst transfer. Though the data 
did not show a statistically significant increase in twin (OR 
1.05, 95% CI 0.83–1.33) or high-order multiple gestation 
(OR 0.45, 95% CI 0.18–1.15), there was a trend toward the 
latter increasing with cleavage-stage transfer. Also of note, 
surprisingly there was a slight trend toward a higher likeli-
hood of miscarriage with blastocyst transfer (OR 1.15, 95% 
CI 0.88–1.50), though this also was not statistically signifi-
cant. Finally, the Cochrane analysis did not see a difference 
in cumulative pregnancy rates between cleavage- and 
blastocyst- stage transfers, but this conclusion (or lack 
thereof) came from very-low-quality evidence.

48.4  Are Poor-Quality Cleavage-Stage 
Embryos More Likely to Survive 
in Utero than in Culture Until 
the Blastocyst Stage?

If patients have favorable prognosis and are planning to 
freeze all embryos with subsequent transfer, doing this at the 
blastocyst stage seems to result in higher pregnancy rates 
than freeze all at the cleavage stage [13]. Part of this differ-

ence relates to embryo selection. However, even when select-
ing good-quality embryos, blastocysts seem to have a slightly 
higher survival rate with vitrification than cleavage-stage 
embryos [14], so if there are embryos in excess of those that 
would be transferred, many will culture embryos until they 
are cavitating. Accordingly, decisions for blastocyst transfer 
are easier if extended culture is intended anyway.

If extended culture for transfer and freezing indications is 
probable in good prognosis patients, then the decision for 
cleavage-stage transfer may apply more to poor prognosis 
patients with fewer embryos of lower quality. Though day 3 
of culture is a snapshot in time and some embryos can make 
a remarkable recovery, many poor-quality cleavage-stage 
embryos do not progress to the blastocyst stage. This is con-
sistent with the Cochrane findings that culturing to the blas-
tocyst stage increases the probability that there are no 
embryos to transfer (OR 2.5, 95% CI 1.76–3.55, day 2–3 
3.6%, day 5–6 8.5%) [12]. However, the lack of embryos to 
transfer does not necessarily mean that pregnancy outcomes 
were changed. If focusing on patients with poor-quality 
cleavage-stage embryos, limited data suggests that continu-
ing culture to blastocyst stage doesn’t hurt and may help. 
According to one prospective case study using historic con-
trols for comparable poor-quality embryos, transferring at 
cleavage stage resulted in a 27.2% pregnancy rate per trans-
fer, which increased to a net pregnancy rate of 33.5% if 
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embryos were cultured to the blastocyst stage before transfer 
(even after accounting for 7.6% of patients having no blasto-
cysts to transfer) [15]. The higher pregnancy rate with blas-
tocyst transfer for similar poor-quality embryos was not 
statistically significant nor was the lower rate of miscarriage 
(cleavage stage 20.4% vs. blastocyst 13.2%) nor the lower 
rate of multiple gestation (cleavage stage 13.6% vs. blasto-
cyst 9.4%). However, a mean of 5.2 embryos were trans-
ferred in the cleavage stage relative to a mean of 2.4 embryos 
in the blastocyst stage. More research needs to be performed 
specifically comparing immediate transfer to extended cul-
ture for patients with poor-quality cleavage-stage embryos; 
however, the trend does not show cleavage-stage transfer to 
be advantageous, and it may even be disadvantageous. 
Moreover, if ASRM/SART guidelines for a patient would 
recommend a similar number of cleavage-stage and blasto-
cyst embryos for transfer, yet more than doubling the num-
ber of cleavage-stage embryos transferred does not increase 
fecundity; the case for blastocyst transfer in poor prognosis 
patients becomes even stronger.

48.5  The Case Against Blastocyst Transfer 
for Everyone

48.5.1  Patient Autonomy

A central principle of medical ethics is patient autonomy. 
Predating both the Nuremberg Code and the Tuskegee 
syphilis study, the landmark 1914 New  York case 
Schloendorff v. Society of New  York Hospital ruled that 
medical intervention without consent could be considered 
battery [16]. Clinicians caring for hypertension, diabetes, 
and cancer frequently find their patients have different pref-
erences relative to their own, and the balance of autonomy 
with beneficence and nonmaleficence can be difficult. 
Procreative therapy is rife with patients using complemen-
tary and alternative medicines, and this is accepted by clini-
cians even when these can be associated with up to 30% 
lower pregnancy and live birth rates [17]. Many patients 
will choose blastocyst transfer when presented with data 
that it overall results in higher live birth rates per fresh 
transfer and that cleavage-stage transfer even with poor-
quality embryos does not seem to improve pregnancy out-
comes. However, not all patients will make such choices 
any more than they will all agree on ICSI, assisted hatch-
ing, or complementary and alternative medicines. Though 
autonomy does not give patients the right to force clinicians 
into dangerous or unethical practice, it does give patients 
the right to choose less effective therapies if on a scale 
comparable to other accepted treatment alternatives. 
Informing and respecting our patients is central to great 
care, even when their choices may not mirror our own, 

including when it comes to cleavage stage relative to blas-
tocyst transfer.

48.5.2  Laboratory Technology

Though advances in embryology have led to “extended cul-
ture” becoming relatively standard, not all practices in the 
world use extended culture. This is comparable to the persis-
tence of ZIFT and GIFT after culture to cleavage stage 
became more successful. With favorable outcomes being 
associated with blastocyst transfer, as well as programs able 
to offer extended culture likely having a level of technology 
contributing to higher fecundity, ideally patients should be 
steered to programs that can offer the best chance of preg-
nancy. However, access to fertility care can be limited, where 
geographic and other barriers may hinder patients from 
receiving the full range of therapies [18]. Accordingly, all 
practices that offer IVF should strive to be able to culture 
embryos to the blastocyst stage effectively, even if rare 
exceptions may exist.

48.5.3  Cost-Effectiveness

No economic analyses have been performed comparing 
cleavage-stage and blastocyst transfer. However, the cumu-
lative live birth rates for cleavage-stage and blastocyst 
transfer are not statistically different, even though it favors 
blastocyst transfer when using vitrification for embryo 
freezing [12]. (Of note, the literature is underpowered sta-
tistically on this issue, and because this metric tends to 
bias towards the null, a better measure with future research 
may be the total cumulative number of live births per fresh 
cycle.) Extended culture adds to the cost of an IVF cycle, 
but there is also a cost to freezing embryos at cleavage 
stage as well as the potential for multiple additional trans-
fer-associated costs for an offsetting cumulative pregnancy 
rate. It has also been argued the costs of repeating IVF 
should be accounted for if there is a higher likelihood of 
having no embryos to transfer with extended culture [19], 
but this likely applies primarily to poor prognosis patients, 
who may be at greater risk for needing repeat IVF with 
either approach [15]. Also, in addition to live birth rates, 
miscarriage rates, culture, and freezing costs, cost-effec-
tiveness modeling should consider neonatal outcomes. 
With blastocyst transfer there seems to be a higher rate of 
preterm birth (22–31%), but a lower rate of small for ges-
tational age (12–23%), but this data comes from observa-
tional studies [19]. Finally, costs need to distinguish those 
directly to the patient relative to those to society, and these 
will depend on whether patients have insurance coverage 
for IVF and other factors.
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48.6  Conclusions

It is hard to determine best practice when better-quality stud-
ies are needed. There is sufficient heterogeneity and doubt in 
published research such that cases can be made for both 
cleavage-stage and blastocyst transfer. Many patients facing 
difficult medical choices redirect questions to their physician 
and ask “What would you do for your family?” The question 
is more easily answered if stratified by prognosis. If in good 
prognosis patients the likelihood of having no embryos to 
transfer is low, and similar numbers of cleavage- and 
blastocyst- stage embryos are to be transferred according to 
ASRM and SART guidelines, but blastocysts have a higher 
implantation rate, choosing blastocyst transfer will likely 
shorten the time to pregnancy. If in poor prognosis patients 
“compassionate transfer” at the cleavage stage does not 
improve outcomes and may even worsen them, the belief that 
“at least I had a chance” may be a counterproductive illusion. 
Accordingly, blastocyst transfer should be preferred for most 
patients, though not all, particularly in the context of respect-
ing patient autonomy. Further research such as cost- 
effectiveness data could change such a perspective. However, 
given the increasing trend toward preimplantation genetic 
screening, where cleavage-stage biopsy is less accurate and 
more harmful to the embryo than blastocyst biopsy [20], the 
future may lead to blastocyst transfer for everyone.
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Endometrial Receptivity Testing

Jacqueline Y. Maher, Rebecca A. Garbose, 
and Mindy S. Christianson

Chapter Objectives
After reading this chapter, the reader will be able to:

 1. Understand the regulation of endometrial receptivity by 
ovarian hormone production and the implanting 
blastocyst.

 2. Explain the current knowledge of endometrial receptiv-
ity testing, including biomarkers for endometrial 
receptivity.

 3. Describe diagnostic modalities utilized to determine opti-
mal endometrial receptivity and improve pregnancy rates, 
which include endometrial histology, biochemical mark-
ers, and the endometrial receptivity array.

49.1  Introduction

The act of an embryo implanting into the uterus is the culmi-
nation of three major actions, which include development, 
synchronization, and signaling between the developing blasto-
cyst and endometrium. The uterine lining and the embryo 
communicate in a complex manner with orchestrated genetic 
and hormonal interaction [1]. In order for successful ongoing 
pregnancy to occur, precise coordination of these events is 
critical. Endometrial receptivity is defined as the ability of the 
uterine lining to permit an embryo to attach, implant into the 
myometrium, and develop a placenta and ultimately result in a 
successful pregnancy. While the implantation process is com-
plex and multifactorial, interaction between a viable embryo 
and an endometrial receptivity is paramount. Accurate testing 
to diagnose endometrial receptivity over the years has been 
challenging. Many researchers have studied and developed 

endometrial histology, biomarkers, and noninvasive ultra-
sound markers to detect defects in endometrial receptivity [2].

Despite advances in assisted reproduction technology 
(ART) over the past 40 years, overall implantation and preg-
nancy rates have remained relatively low. This suboptimal 
implantation rate occurs despite optimized embryo factors 
such as preimplantation genetic screening to confirm euploid 
embryos are transferred, demonstrating that success of 
in  vitro fertilization and embryo transfer (IVF-ET) cycles 
relies not only on a viable embryo but also on uterine recep-
tivity [3]. Unsuccessful embryo transfers of high-quality 
euploid embryos are generally assessed to be due to a failure 
at the level of endometrial receptivity [4].

In recent years, investigators have started to reveal the 
complexities of uterine receptivity, in both human and ani-
mal models [1]. However, specifics of the concerted rela-
tionships between the endometrium and embryo remain 
unclear, mostly because an in vitro model to study implan-
tation does not exist and there are ethical obstacles involved 
in early embryo research [5]. In this chapter, we will pro-
vide an overview of endometrial receptivity and its rela-
tionship with ovarian hormone production and the 
implanting blastocyst with special focus on the window of 
implantation. We will also highlight diagnostic modalities 
utilized to diagnose ideal endometrial receptivity and opti-
mize pregnancy rates. Key areas reviewed include endome-
trial histology, biochemical markers, and the endometrial 
receptivity array (ERA).

49.2  The “Window of Implantation”

Specific molecular, genetic, and hormonal factors guide 
endometrial development and receptivity, allowing for a 
blastocyst to implant only under optimal conditions with pre-
cise timing [1, 6]. Implantation has a specific timeline that 
begins at the start of progesterone exposure, transitioning the 
endometrium from a pre-receptive phase to a receptive phase 
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called the window of implantation (WOI). The receptive 
time frame is then followed quickly by a nonreceptive or 
refractory phase [1]. In pre-receptive phase, blastocysts can 
survive in the endometrial cavity until the receptive state 
begins. When window of implantation ends and the endome-
trium transforms to the nonreceptive phase, embryo survival 
in the uterine cavity is no longer possible [1].

In a typical 28-day natural cycle, the WOI begins on day 
19 or 20 and remains open for 4 to 5 days when serum pro-
gesterone levels peak [2, 7]. The term implantation failure 
may refer to two different situations: (1) no detectable β-hCG 
level or (2) a detectable β-hCG level, but no visible gesta-
tional sac seen on transvaginal ultrasound, also known as a 
biochemical pregnancy [8]. The WOI is tightly controlled by 
ovarian hormonal regulation and cross talk between the 
uterus and early embryo impacting various implantation 
factors.

49.3  Ovarian Hormonal Regulation 
of the Endometrial Development 
and Receptivity

The endometrium is morphologically divided into the func-
tionalis and basalis layers. The functionalis is thickened and 
sloughed due to actions of ovarian hormones, while the basa-
lis, located near the myometrium, remains during the men-
strual cycle [9]. The functionalis layer is comprised of two 
primary cellular areas: (1) a single layer of epithelial cells on 
the surface and overlaying the epithelial glands and (2) the 
stroma, which consists of extracellular matrix, fibroblasts, 
blood vessels, and immune cells [10]. The endometrial cycle 
is divided into three phases: proliferative, secretory, and 
menstrual phases, which interact with the ovarian, follicular, 
and luteal phases (Fig. 49.1). During the proliferative phase, 
ovarian estradiol causes stromal cell and glandular prolifera-
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tion and elongation of the spiral arteries. After ovulation, 
during the secretory phase, progesterone produced by the 
corpus luteum changes the endometrium to a receptive phe-
notype essential for implantation (Figs. 49.2 and 49.3).

Ovarian production of estradiol and progesterone is a 
critical factor for regulating and activating the endometrium 
for implantation. While progesterone has long been known 
to play a pivotal role for both implantation and pregnancy 
maintenance, the role of ovarian estrogen production on 
implantation is less elucidated and species specific [11]. 
Prior studies have demonstrated that estrogen is necessary 
for proliferation of the endometrial lining and for it to be 
primed for implantation. This development may also play a 
role in blastocyst activation and continued growth, therefore 
being essential for effective implantation [6, 12].

49.3.1  Estrogen Priming of the Endometrium

Estrogen, specifically estradiol, induces endometrial prolif-
eration during the follicular phase of the menstrual cycle. 
Aside from proliferation, estradiol endometrial priming pro-

motes molecular changes necessary for implantation [13]. 
Notably, estrogen upregulates activity of both estrogen recep-
tors (ER) and progesterone receptors (PR) within the endo-
metrium [14]. Two distinct isoforms of the estrogen receptor 
(ER), ERα and ERβ, regulate the estrogen’s impact on the 
endometrial lining. ERα is most abundant in the endometrium 
and has its greatest activity during the follicular phase, with 
activity declining after ovulation. ERβ, localized within the 
glandular epithelium and vascular epithelium, also has 
decreased activity after ovulation due to progesterone- 
induced downregulation of both ER isoforms [13].

In cases of exogenous estradiol administration, such as 
programmed FET cycles or donor egg embryo recipient 
cycles, estradiol doses similar to serum levels during a natu-
ral cycle induce ER and PR activity within the endometrium. 
To achieve proper endometrial priming, duration of estradiol 
exposure must exceed a certain level. However, once this 
time length is exceeded, length of time of estrogen treatment 
has a broad temporal window until initiation of progesterone 
supplementation. Navot et  al. examined the flexibility of 
length of estrogen treatment in donor-recipient cycles and 
reported that adequate estrogen treatment could range from 
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5 days to 6 weeks without negatively impacting pregnancy 
rates [15]. Alternative researchers have demonstrated that 
prolonged estrogen exposure does not decrease rate of suc-
cessful pregnancy outcomes after up to 14 weeks of estrogen 
treatment [16–18]. However, since abnormal uterine bleed-
ing often commences after 9 weeks of estrogen therapy, it is 
recommended to discontinue plans for an embryo transfer 
after 9 weeks to optimize outcomes [16].

49.3.2  Progesterone Regulation 
of the Implantation Window

After ovulation, the secretory phase is characterized by com-
plex actions that result in defined endometrial histologic 
changes [19]. Progesterone receptor (PR) isoforms, PR-A 
and PR-B, allow progesterone to antagonize estrogen activ-
ity. Progesterone downregulates ER and epithelial PR, while 
stromal PR concentration is consistent [6]. In rodent models, 
gene mutations in PR-A cause infertility, while treatment 
with RU-486, a progesterone antagonist, can postpone the 
endometrial receptivity window [1]. One critical aspect of 
the WOI, however, is that endometrial receptivity is irrevers-
ible and cannot be lengthened in duration or reversed [20, 
21]. Entry into the nonreceptive phase ultimately results in 
lack of embryo survival and has a negative impact on implan-
tation [1, 7].

Progesterone treatment results in a defined window of 
receptivity that lasts for only 24 to 48 h [22]. In early studies, 
Navot et al. reported pregnancy rates of 40% when cleavage 
stage embryos were transferred between days 17 and 19 (day 
15 defined as the first day of progesterone administration), 
while no pregnancies occurred if ET occurred on day 16 or 
≥20 days [7]. While this suggests an optimal embryo transfer 
time between 3 and 5  days post-progesterone exposure, 
defining the optimal WOI remains controversial [23, 24].

49.4  Uterine-Embryonic Cross Talk

Successful implantation requires a complex sequence of 
interaction and signaling between the endometrium and blas-
tocyst, with the specific steps of apposition, adhesion, and 
penetration. While apposition is the initial contact of tropho-
blastic tissue to the luminal epithelium of the endometrium, 
blastocyst adhesion requires an increase in stromal vascular 
permeability [25, 26]. The final stage, penetration, involves 
trophoblastic invasion through the luminal epithelium into 
the stroma, connecting to maternal blood supply and com-
mencing endometrial decidualization [1, 26].

In order for the chain of events described above to occur, 
communication must occur between the endometrium and 
embryo. Several genes have been identified as playing a role 
in endometrial receptivity. For example, HOX genes, specifi-
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cally HOXA10 and HOXA11, have demonstrated increased 
expression in the secretory phases, correlating with increased 
estradiol and progesterone levels. After implantation and in 
early pregnancy, the decidua demonstrates high levels of 
HOXA10 and HOXA11 mRNA [27, 28]. The HOX genes 
also regulate expression of other genes that impact implanta-
tion including pinopodes, integrins, and IGFBP-1 [29–32].

Numerous cytokines and growth factors are associated with 
receptivity and implantation, including leukemia inhibitory 
factor (LIF), a member of the interleukin 6 family of proteins, 
heparin-binding epidermal growth factor (HB-EGF), integrins, 
mucin 1 (MUC1), Wnt signaling, and β-catenin proteins [33–
35]. Endometrial LIF secretion is regulated by prokinextin1 
(PROK1) in the secretory phase of the menstrual cycle. In the 
rodent model, LIF-null mothers experience implantation fail-
ure. While LIF-null blastocyst embryos transferred into a wild-
type pseudopregnant uterus implant normally [36], embryo 
demise occurs subsequently, suggesting maternal LIF is critical 
for both implantation and embryo development [37]. In 
humans, LIF’s role in implantation remains unclear. Integrins 
are also associated with embryo-endometrium communication 
[35, 38]. Expression of the integrin αvβ3 is upregulated by 
HOX genes during the WOI [38–40] and demonstrates 
decreased levels in conditions that negatively impact fertility 
such as endometriosis [39, 41], though other studies have not 
corroborated these findings [41, 42]. Another potential media-
tor of implantation includes MUC1, which is downregulated by 
the blastocyst in the uterine epithelium. Although its specific 
role remains unknown, MUC1 is increased during the follicular 
phase of the menstrual cycle [43] and remains increased for the 
first half of the luteal phase [44].

Wnt proteins, a large group of cysteine-rich molecules, 
play a role in blastocyst activation [45] and also induce LIF 
expression in the endometrium [1, 5]. Uterine Wnt signaling 
has been stimulated at the time of embryo attachment before 
implantation occurs and is necessary to promote the acti-
vated blastocyst’s attachment to the endometrium [46]. 
Blocking the Wnt/β-catenin signaling pathway results in 
decreased implantation as demonstrated by smaller litter 
sizes in the mouse model [11, 45, 46].

49.5  Endometrial Biopsy, Histology, 
and Biomarkers

49.5.1  Endometrial Dating

Noyes et  al. [47] first reported histological changes in the 
endometrium over the menstrual cycle and published a senti-
nel paper establishing criteria for dating the endometrium by 
endometrial biopsy and subsequent histology [47]. Their 
findings were identified as sentinel findings in gynecologic 
practice to evaluate luteal function and diagnose luteal phase 
deficiency for many years. More recently, however, the 

Reproductive Medicine Network examined the utility of 
endometrial biopsy in the fertility evaluation. In a multicenter 
study of fertile and infertile women (n = 847), the objective 
was to examine if there was a difference in endometrial histo-
logic dating between the two groups [48]. After detection of a 
urinary luteinizing hormone surge, subjects were randomized 
to biopsy in the luteal phase. When the research team com-
pared biopsies from fertility and infertile women in the luteal 
phase, they found that the percentage of endometrial biopsies 
that had delayed maturation of the endometrium were not sig-
nificantly different. The findings of this study led to the clini-
cal finding that histological dating of the endometrium should 
not be used in routine fertility evaluation [48, 49].

Another application of endometrial histology is in the evalu-
ation of luteal phase defect (LPD), which is when an abnormal 
corpus luteum results in decreased progesterone production, 
hindering the receptivity of the endometrium for implantation. 
The premise is that if not enough progesterone is produced to 
support a functional secretory endometrium, then an embryo 
would not be able to implant and grow. Additionally, one could 
theoretically observe endometrial histology to evaluate the 
secretory endometrium. In the late 1940s, Dr. Georgeanna 
Seegar Jones pioneered this idea by looking at basal body tem-
peratures, pregnanediol levels, and endometrial biopsy speci-
mens based on the Noyes criteria to identify LPD [50]. As more 
sensitive serum assays were developed, Jones corroborated 
these findings reporting that those with LPD diagnosed by tis-
sue biopsy had a significant decreased in serum progesterone 
levels during the luteal phase of the menstrual cycle [51]. Smitz 
et al. [52] reported that administering either progesterone in oil 
(50 mg daily) or intravaginal micronized progesterone could 
correct a LPDs in women [52]. Progesterone and HCG have 
both been used with similar efficacy for luteal phase support in 
stimulated IVF cycles [53, 54]. Today, however, there are no 
consensus definitions, tests, or treatment for LPD. Additionally, 
a 2015 committee opinion from the American Society for 
Reproductive Medicine concluded that “although progesterone 
is important for the process of implantation and early embry-
onic development, LPD as an independent entity causing infer-
tility has not been proven” [55].

49.5.2  Pinopodes

Pinopodes, also called uterodomes, are progesterone- 
dependent organelles that project from the endometrium 
from days 20 to 21 of the natural menstrual cycle [56, 57] 
(Fig. 49.4). While the precise mechanism of action of pinop-
odes is unknown, they are thought to be necessary for blasto-
cyst adhesion and considered a biomarker for endometrial 
receptivity. Pinopodes typically appear after 6 to 8 days of 
progesterone exposure; expression occurs for approximately 
48 h within the human endometrium, with fully developed 
pinopodes existing for little as 1 day [56, 58]. The utility of 
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pinopodes to elucidate the window of receptivity is based on 
the assumptions that pinopodes last for a short <48 h period 
and can be used to predict endometrial receptivity.

In 1995, Nikas et al. used biopsy to examine pinopodes 
as an indicator for endometrial receptivity in 14 women 
undergoing artificial cycles for IVF. Based on the variance 
of the timing of the fully developed pinopodes and the brief 
window of maturity, they were hopeful that pinopodes 
could be used as a tool to determine the ideal timing of 
implantation for an individual [56]. The same group also 
found that controlled ovarian hyperstimulation (COH) did 
not impact pinopode formation in terms of quality and 
lifespan, but that pinopodes formed 1–2  days earlier in 
COH cycles compared to natural cycles [59]. However, 
more recent human studies by Ordi et al. [60] and Quinn 
et al. [61] have found that infertile women regularly exhibit 
pinopode formation, calling into question the utility of 
pinopodes as a marker of the window of implantation in a 
clinical setting [60, 61].

Overall, endometrial biopsy and histology and evaluation 
of endometrial pinopodes are techniques used less frequently 
in current clinical practice.

49.6  Biochemical Receptivity Biomarkers

During the secretory phase of the menstrual cycle, the endo-
metrium undergoes biochemical changes to prepare for 
implantation. The histologic and molecular properties of the 

receptive secretory endometrium are a source of investigation 
to identify markers critical for implantation and altered in 
infertility. Abnormalities in these biomarkers could be due to 
intrinsic abnormalities in the individual, inadequate hormonal 
stimulation, or systemic disorders causing altered function of 
the endometrium [62]. A summary of the candidate biomark-
ers evaluated in the literature are detailed in Table  49.1. 
Although these biomarkers offer hope in the evaluation of 
endometrial receptivity, lack of accuracy, predictability, and 
the need for invasive technique are some of the ongoing limi-
tations, and more research is needed in this direction. 
Innovations in the future to improve endometrial receptivity 
include endometrial stem cell and gene therapy [76].

49.7  Endometrial Receptivity Array (ERA)

Molecular influences as well as endometrial gene expression 
play a key role in endometrial receptivity and implantation 
[77]. The endometrial receptivity assay (ERA) test, devel-
oped over the last decade, is a microarray analysis of tissue 
obtained by endometrial biopsy [78]. The ERA test can 
determine a specific transcriptomic signature and identify 
the receptive endometrium in both natural and artificially 
stimulated cycles [79, 80]. The ERA test compares the 
genetic profile of a test sample with biopsies from control 
patients taken 7 days after an LH surge (LH +7) in a natural 
cycle or 5 days after progesterone administration (P + 5) and 
after estrogen priming in an artificial endometrial prepara-
tion cycle. The test is a customized array that contains 238 
genes that are differentially expressed and coupled to a com-
putational predictor. The bioinformatic predictor creates a 
gene signature by selecting genes whose expression was 
consistent among different models of endometrial receptivity 
[81, 82]. The ERA determines if the endometrium is recep-
tive or not and calculates a personalized WOI to optimize the 
timing of embryo transfer [82].

The test classifies an endometrial sample as “receptive” 
when the endometrium is suitable for blastocyst implantation 
or “nonreceptive” when implantation is not favorable. The 
“nonreceptive” ERA is then sub-classified as “pre- receptive” 
or “post-receptive” and assigned an exact endometrial status 
at time of biopsy [81]. With ERA testing, some patients have 
a delayed WOI, while others may have an advanced 
WOI. Another subset of patients have an unusually short win-
dow of receptivity. The test has been shown to be accurate and 
reproducible with a specificity of 0.89 and sensitivity of 0.99 
for endometrial dating and a specificity of 0.16 and a sensitiv-
ity of 0.99 for the pathological classification [81, 83]. These 
observations suggest that ERA is a superior test over histo-
logical dating and has value as a diagnostic tool.

In a pilot study of 17 patients with RIF, clinical pregnancy 
rates increased from 19% to 60% in patients who had ERA 
testing and subsequent personalized embryo transfer [84]. In 
a prospective multicenter trial, women with RIF (n  =  85) 
were compared to controls (n = 25) with no previous IVF 

Fig. 49.4 Electron microscopy. Pinopode formation. Endometrial 
sample obtained on cycle day LH +7 (From Gemzell-Danielsson K, 
Bygdeman M. Effects of Progestogens on Endometrial Maturation in 
the Implantation Phase. In: Croxatto HB, Schürmann R, Fuhrmann U, 
Schellschmidt I, editors. New Mechanisms for Tissue-Selective 
Estrogen-Free Contraception; Berlin, Heidelberg Springer; 2005. 
p. 119-38, with permission)
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failure after undergoing ERA testing. Although not statisti-
cally significant, a nonreceptive endometrium with an altered 
WOI was present in 25.9% of those with RIF compared to 
12% of controls. In the receptive control group, the implanta-
tion rate was 55% and pregnancy rate of 81.8%. By compari-
son, in receptive RIF patients, the implantation rate was 
33.9%, and pregnancy rate was 51.7%. In nonreceptive RIF 
patients who underwent personalized embryo transfer, the 
implantation rate was 38.5%, and pregnancy rate was 50%. 
This study suggests that in approximately one fourth of 
patients with RIF, an endometrial factor exists with a WOI 
that appears adjustable with the ERA assay [84].

A larger retrospective study of ERA evaluated 3 groups: 
patients with RIF (n = 80), 93 patients with one unsuccessful 
embryo transfer (n = 93), and patients with thin endometrial 
lining measuring 6 mm or less (n = 13). ERA testing revealed 
a nonreceptive endometrium in 27.5% of the RIF group, sig-
nificantly higher than the group with one IVF failure (15%, 
P = 0.04). After personalized embryo transfer based on ERA 
results, the ongoing pregnancy and implantation rates in the 
RIF group were 42.4% and 33%, respectively. Notably, 75% 
of those with persistently thin endometrium had a receptive 
endometrium and overall ongoing pregnancy rate of 66.7% 
after an ERA-personalized embryo transfer [80]. Though 
promising, ERA is a relatively new diagnostic tool that is 
currently undergoing multicenter clinical trials, and addi-
tional research outcomes are required to validate its use.

49.8  Controlled Ovarian Hyperstimulation, 
Progesterone Levels, 
and the Receptivity Window

While timing of the WOI may vary between women, it can 
also be altered if a woman is undergoing ART. For patients 
undergoing COH and IVF, exogenous gonadotropins have 

been implicated to impair endometrial receptivity due to sup-
raphysiologic estradiol levels and altered endometrial devel-
opment. Even though COH has not shown a change in 
endometrial pinopode expression, they appear on average 
1–2  days earlier in comparison with natural cycles, which 
may reflect a shift in the WOI and decreased implantation 
success in fresh IVF cycles [59].

A number of studies have prospectively evaluated the 
impact of COH on clinical outcomes. In one randomized 
control trial comparing fresh (n = 50) to frozen blastocyst 
embryo transfers (n = 53), significantly higher implantation 
rates, clinical pregnancy rates, and ongoing pregnancy rates 
per transfer were seen in frozen embryo transfers (70.8%, 
84%, and 78%, respectively) compared to fresh embryo 
transfers (38.9%, 54.7%, and 50.9%, P  <  0.001). These 
results suggest impaired endometrial receptivity in fresh ET 
cycles compared to FET cycles with artificial endometrial 
preparation [85].

In a meta-analysis of 63 studies evaluating 55,199 fresh 
IVF cycles, including 7,229 frozen-thawed cycles and 1,330 
donor/recipient cycles, in cycles with a premature progester-
one elevation (PPE), defined using a threshold ≥0.8 ng/ml, 
there was a decreased probability of pregnancy in women 
undergoing fresh transfer IVF cycles with PPE of the day of 
β-hCG administration when compared with those without 
PPE.  The pooled effect sizes based on progesterone level 
were 0.8–1.1 ng/ml, odds ratio (OR) = 0.79; 1.2–1.4 ng/ml, 
OR = 0.67; 1.5–1.75 ng/ml, OR = 0.64; 1.9–3.0 ng/ml, OR – 
0.68, P < 0.05. Interestingly, there was no impact of PPE on 
pregnancy outcomes from frozen embryo transfer or fresh 
donor egg recipient cycles [86]. This further support the 
potential adverse effect of COH with PPE, which is thought 
to be due to a shift in the window of receptivity, which is in 
part overcome when performing a frozen embryo transfers 
(Fig. 49.5).

Window of
Receptivity

Menses

Natural
cycle

IVF

Follicular Phase

Controlled Ovarian
Hyperstimulation

LH surge

Trigger

Ovulation Blastulation

Embryo
Transfer

Retrieval

Window of
Receptivity

Fig. 49.5 Shift in window of 
receptivity with controlled 
ovarian hyperstimulation 
cycles during in vitro 
fertilization
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49.9  Conclusion

Endometrial receptivity and synchrony between the embryo 
and the endometrium is essential for an embryo attachment, 
implantation, and invasion. ART continues to be an ineffi-
cient process as many implantation failures occur even in the 
presence of high-quality genetically normal embryos and 
appears to be the result of altered endometrial receptivity.

Historically, endometrial biopsy with histologic evalua-
tion has been used to evaluate the WOI. To date, a range of 
diagnostic tools exist to better assess endometrial receptivity 
including transvaginal ultrasound, biomarkers, and ERA 
testing. The adverse effects of COH used in ART cycles have 
been identified including PPE, which continues to guide 
decisions about fresh embryo transfer versus embryo freez-
ing due to alterations in the WOI. Further data is needed to 
further evaluate the endometrial receptivity assay, although 
preliminary data appears promising. Endometrial receptivity 
testing elucidates the readiness of the uterine lining to allow 
for attachment, implantation, and placentation, guiding clini-
cal practice to help optimize and individualize the timing of 
intercourse, IUI, or embryo transfer and achieve a successful 
pregnancy.

References

 1. Wang H, Dey SK. Roadmap to embryo implantation: clues from 
mouse models. Nat Rev Genet. 2006;7(3):185–99.

 2. Lessey BA.  Assessment of endometrial receptivity. Fertil Steril. 
2011;96(3):522–9.

 3. De Rycke M, Belva F, Goossens V, Moutou C, SenGupta SB, 
Traeger-Synodinos J, et al. ESHRE PGD consortium data collec-
tion XIII: cycles from January to December 2010 with pregnancy 
follow-up to October 2011. Hum Reprod. 2015;30(8):1763–89.

 4. Sharkey AM, Macklon NS. The science of implantation emerges 
blinking into the light. Reprod Biomed Online. 2013;27(5):453–60.

 5. Chen Q, Zhang Y, Lu J, Wang Q, Wang S, Cao Y, et al. Embryo- 
uterine cross-talk during implantation: the role of Wnt signaling. 
Mol Hum Reprod. 2009;15(4):215–21.

 6. de Ziegler D, Fanchin R, de Moustier B, Bulletti C. The hormonal 
control of endometrial receptivity: estrogen (E2) and progesterone. 
J Reprod Immunol. 1998;39(1–2):149–66.

 7. Navot D, Scott RT, Droesch K, Veeck LL, Liu HC, Rosenwaks 
Z.  The window of embryo transfer and the efficiency of human 
conception in vitro. Fertil Steril. 1991;55(1):114–8.

 8. Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, Gurgan T, et al. 
Recurrent implantation failure: definition and management. Reprod 
Biomed Online. 2014;28(1):14–38.

 9. Hawkins SM, Matzuk MM.  The menstrual cycle: basic biology. 
Ann N Y Acad Sci. 2008;1135:10–8.

 10. Bulun SEAE. The physiology and pathology of the female repro-
ductive axis. In: Kronenberg HMMS, Polonsky KS, Larsen PR, 
editors. Williams textbook of endocrinology. 11th ed. Philadelphia, 
PA: Elsevier; 2009. p. 549–622.

 11. Dey SK, Lim H, Das SK, Reese J, Paria BC, Daikoku T, et  al. 
Molecular cues to implantation. Endocr Rev. 2004;25(3):341–73.

 12. Lim H, Song H, Paria BC, Reese J, Das SK, Dey SK. Molecules in 
blastocyst implantation: uterine and embryonic perspectives. Vitam 
Horm. 2002;64:43–76.

 13. Strauss J, Barberi R. Yen and Jaffe’s reproductive endocrinology. 
6th ed. Philadelphia: Saunders Elsevier; 2009.

 14. Garcia E, Bouchard P, De Brux J, Berdah J, Frydman R, Schaison 
G, et al. Use of immunocytochemistry of progesterone and estro-
gen receptors for endometrial dating. J Clin Endocrinol Metab. 
1988;67(1):80–7.

 15. Navot D, Anderson TL, Droesch K, Scott RT, Kreiner D, 
Rosenwaks Z. Hormonal manipulation of endometrial maturation. 
J Clin Endocrinol Metab. 1989;68(4):801–7.

 16. Remohi J, Gallardo E, Guanes PP, Simon C, Pellicer A.  Donor- 
recipient synchronization and the use of gonadotrophin-releasing 
hormone agonists to avoid the premature luteinizing hormone surge 
in oocyte donation. Hum Reprod. 1995;10(Suppl 2):84–90.

 17. Michalas S, Loutradis D, Drakakis P, Kallianidis K, Milingos S, 
Deligeoroglou E, et  al. A flexible protocol for the induction of 
recipient endometrial cycles in an oocyte donation programme. 
Hum Reprod. 1996;11(5):1063–6.

 18. Younis JS, Mordel N, Lewin A, Simon A, Schenker JG, Laufer 
N. Artificial endometrial preparation for oocyte donation: the effect 
of estrogen stimulation on clinical outcome. J Assist Reprod Genet. 
1992;9(3):222–7.

 19. Noyes RW. Uniformity of secretory endometrium; study of mul-
tiple sections from 100 uteri removed at operation. Fertil Steril. 
1956;7(2):103–9.

 20. Psychoyos A, Prapas I. Inhibition of egg development and implan-
tation in rats after post-coital administration of the progesterone 
antagonist RU 486. J Reprod Fertil. 1987;80(2):487–91.

 21. Sarantis L, Roche D, Psychoyos A. Displacement of receptivity for 
nidation in the rat by the progesterone antagonist RU 486: a scan-
ning electron microscopy study. Hum Reprod. 1988;3(2):251–5.

 22. Giudice LC.  Microarray expression profiling reveals candidate 
genes for human uterine receptivity. Am J Pharmacogenomics. 
2004;4(5):299–312.

 23. Imbar T, Hurwitz A.  Synchronization between endometrial and 
embryonic age is not absolutely crucial for implantation. Fertil 
Steril. 2004;82(2):472–4.

 24. Lessey BA, Yeh I, Castelbaum AJ, Fritz MA, Ilesanmi AO, 
Korzeniowski P, et  al. Endometrial progesterone receptors and 
markers of uterine receptivity in the window of implantation. Fertil 
Steril. 1996;65(3):477–83.

 25. Tabibzadeh S, Babaknia A.  The signals and molecular pathways 
involved in implantation, a symbiotic interaction between blasto-
cyst and endometrium involving adhesion and tissue invasion. Hum 
Reprod. 1995;10(6):1579–602.

 26. Sharkey AM, Smith SK. The endometrium as a cause of implantation 
failure. Best Pract Res Clin Obstet Gynaecol. 2003;17(2):289–307.

 27. Taylor HS, Arici A, Olive D, Igarashi P. HOXA10 is expressed in 
response to sex steroids at the time of implantation in the human 
endometrium. J Clin Invest. 1998;101(7):1379–84.

 28. Taylor HS, Igarashi P, Olive DL, Arici A.  Sex steroids mediate 
HOXA11 expression in the human peri-implantation endometrium. 
J Clin Endocrinol Metab. 1999;84(3):1129–35.

 29. Cermik D, Selam B, Taylor HS. Regulation of HOXA-10 expres-
sion by testosterone in  vitro and in the endometrium of patients 
with polycystic ovary syndrome. J Clin Endocrinol Metab. 
2003;88(1):238–43.

 30. Daftary GS, Kayisli U, Seli E, Bukulmez O, Arici A, Taylor 
HS.  Salpingectomy increases peri-implantation endometrial 
HOXA10 expression in women with hydrosalpinx. Fertil Steril. 
2007;87(2):367–72.

 31. Rackow BW, Taylor HS. Submucosal uterine leiomyomas have a 
global effect on molecular determinants of endometrial receptivity. 
Fertil Steril. 2010;93(6):2027–34.

 32. Taylor HS, Bagot C, Kardana A, Olive D, Arici A.  HOX gene 
expression is altered in the endometrium of women with endome-
triosis. Hum Reprod. 1999;14(5):1328–31.

49 Endometrial Receptivity Testing



442

 33. Cavagna M, Mantese JC. Biomarkers of endometrial receptivity - a 
review. Placenta. 2003;24(Suppl B):S39–47.

 34. Paria BC, Reese J, Das SK, Dey SK.  Deciphering the cross- 
talk of implantation: advances and challenges. Science. 
2002;296(5576):2185–8.

 35. Giudice LC. Potential biochemical markers of uterine receptivity. 
Hum Reprod. 1999;14(Suppl 2):3–16.

 36. Escary JL, Perreau J, Dumenil D, Ezine S, Brulet P. Leukaemia inhib-
itory factor is necessary for maintenance of haematopoietic stem 
cells and thymocyte stimulation. Nature. 1993;363(6427):361–4.

 37. Yoshida K, Taga T, Saito M, Suematsu S, Kumanogoh A, Tanaka T, 
et al. Targeted disruption of gp130, a common signal transducer for 
the interleukin 6 family of cytokines, leads to myocardial and hema-
tological disorders. Proc Natl Acad Sci USA. 1996;93(1):407–11.

 38. Illera MJ, Lorenzo PL, Gui YT, Beyler SA, Apparao KB, Lessey 
BA. A role for alphavbeta3 integrin during implantation in the rab-
bit model. Biol Reprod. 2003;68(3):766–71.

 39. Lessey BA, Damjanovich L, Coutifaris C, Castelbaum A, Albelda 
SM, Buck CA. Integrin adhesion molecules in the human endome-
trium. Correlation with the normal and abnormal menstrual cycle. J 
Clin Invest. 1992;90(1):188–95.

 40. Lessey BA, Ilesanmi AO, Lessey MA, Riben M, Harris JE, Chwalisz 
K.  Luminal and glandular endometrial epithelium express integ-
rins differentially throughout the menstrual cycle: implications for 
implantation, contraception, and infertility. Am J Reprod Immunol. 
1996;35(3):195–204.

 41. Lessey BA, Castelbaum AJ, Sawin SW, Sun J. Integrins as markers 
of uterine receptivity in women with primary unexplained infertil-
ity. Fertil Steril. 1995;63(3):535–42.

 42. Creus M, Ordi J, Fabregues F, Casamitjana R, Ferrer B, Coll E, 
et  al. alphavbeta3 integrin expression and pinopod formation in 
normal and out-of-phase endometria of fertile and infertile women. 
Hum Reprod. 2002;17(9):2279–86.

 43. Hey NA, Li TC, Devine PL, Graham RA, Saravelos H, Aplin 
JD. MUC1 in secretory phase endometrium: expression in precisely 
dated biopsies and flushings from normal and recurrent miscarriage 
patients. Hum Reprod. 1995;10(10):2655–62.

 44. Bergh PA, Navot D.  The impact of embryonic development and 
endometrial maturity on the timing of implantation. Fertil Steril. 
1992;58(3):537–42.

 45. Mohamed OA, Dufort D, Clarke HJ.  Expression and estradiol 
regulation of Wnt genes in the mouse blastocyst identify a candi-
date pathway for embryo-maternal signaling at implantation. Biol 
Reprod. 2004;71(2):417–24.

 46. Mohamed OA, Jonnaert M, Labelle-Dumais C, Kuroda K, Clarke 
HJ, Dufort D.  Uterine Wnt/beta-catenin signaling is required for 
implantation. Proc Natl Acad Sci USA. 2005;102(24):8579–84.

 47. Noyes R, Hertig A, Rock J. Dating the endometrial biopsy. Fertil 
Steril. 1950;1(1):3–25.

 48. Coutifaris C, Myers ER, Guzick DS, Diamond MP, Carson SA, 
Legro RS, et al. Histological dating of timed endometrial biopsy tis-
sue is not related to fertility status. Fertil Steril. 2004;82(5):1264–72.

 49. Murray MJ, Meyer WR, Zaino RJ, Lessey BA, Novotny DB, 
Ireland K, et al. A critical analysis of the accuracy, reproducibil-
ity, and clinical utility of histologic endometrial dating in fertile 
women. Fertil Steril. 2004;81(5):1333–43.

 50. Jones HW Jr. Luteal-phase defect: the role of Georgeanna Seegar 
Jones. Fertil Steril. 2008;90(5):e5–7.

 51. Jones GS, Aksel S, Wentz AC. Serum progesterone values in the 
luteal phase defects. Effect of chorionic gonadotropin. Obstet 
Gynecol. 1974;44(1):26–34.

 52. Smitz J, Devroey P, Faguer B, Bourgain C, Camus M, Van 
Steirteghem AC.  A prospective randomized comparison of intra-
muscular or intravaginal natural progesterone as a luteal phase and 
early pregnancy supplement. Hum Reprod. 1992;7(2):168–75.

 53. Fatemi HM, Popovic-Todorovic B, Papanikolaou E, Donoso P, 
Devroey P.  An update of luteal phase support in stimulated IVF 
cycles. Hum Reprod Update. 2007;13(6):581–90.

 54. van der Linden M, Buckingham K, Farquhar C, Kremer JA, 
Metwally M. Luteal phase support for assisted reproduction cycles. 
Cochrane Database Syst Rev. 2015;(7):Cd009154.

 55. Practice Committee of the American Society for Reproductive 
M. Current clinical irrelevance of luteal phase deficiency: a com-
mittee opinion. Fertil Steril. 2015;103(4):e27–32.

 56. Nikas G, Drakakis P, Loutradis D, Mara-Skoufari C, Koumantakis 
E, Michalas S, et  al. Uterine pinopodes as markers of the ‘nida-
tion window’ in cycling women receiving exogenous oestradiol and 
progesterone. Hum Reprod. 1995;10(5):1208–13.

 57. Beier HM, Beier-Hellwig K.  Molecular and cellular aspects of 
endometrial receptivity. Hum Reprod Update. 1998;4(5):448–58.

 58. Lessey BA. The role of the endometrium during embryo implanta-
tion. Hum Reprod. 2000;15(Suppl 6):39–50.

 59. Nikas G, Develioglu OH, Toner JP, Jones HW Jr. Endometrial 
pinopodes indicate a shift in the window of receptivity in IVF 
cycles. Hum Reprod. 1999;14(3):787–92.

 60. Ordi J, Creus M, Quintó L, Casamitjana R, Cardesa A, Balasch 
J.  Within-subject between-cycle variability of histological dat-
ing, alpha v beta 3 integrin expression, and pinopod forma-
tion in the human endometrium. J Clin Endocrinol Metab. 
2003;88(5):2119–25.

 61. Quinn C, Ryan E, Claessens EA, Greenblatt E, Hawrylyshyn P, 
Cruickshank B, et  al. The presence of pinopodes in the human 
endometrium does not delineate the implantation window. Fertil 
Steril. 2007;87(5):1015–21.

 62. Leach RE, Jessmon P, Coutifaris C, Kruger M, Myers ER, Ali- 
Fehmi R, et al. High throughput, cell type-specific analysis of key 
proteins in human endometrial biopsies of women from fertile and 
infertile couples. Hum Reprod. 2012;27(3):814–28.

 63. Kumar S, Zhu LJ, Polihronis M, Cameron ST, Baird DT, Schatz 
F, et al. Progesterone induces calcitonin gene expression in human 
endometrium within the putative window of implantation. J Clin 
Endocrinol Metab. 1998;83(12):4443–50.

 64. Aghajanova L, Stavreus-Evers A, Nikas Y, Hovatta O, Landgren 
BM.  Coexpression of pinopodes and leukemia inhibitory fac-
tor, as well as its receptor, in human endometrium. Fertil Steril. 
2003;79(Suppl 1):808–14.

 65. Mikolajczyk M, Skrzypczak J, Wirstlein P. No correlation between 
pinopode formation and LIF and MMP2 expression in endome-
trium during implantation window. Folia Histochem Cytobiol. 
2011;49(4):615–21.

 66. Zanatta A, Rocha AM, Carvalho FM, Pereira RM, Taylor HS, Motta 
EL, et al. The role of the Hoxa10/HOXA10 gene in the etiology of 
endometriosis and its related infertility: a review. J Assist Reprod 
Genet. 2010;27(12):701–10.

 67. Bastu E, Mutlu MF, Yasa C, Dural O, Nehir Aytan A, Celik C, et al. 
Role of Mucin 1 and Glycodelin A in recurrent implantation failure. 
Fertil Steril. 2015;103(4):1059–64.e2.

 68. Dominguez F, Garrido-Gomez T, Lopez JA, Camafeita E, 
Quinonero A, Pellicer A, et  al. Proteomic analysis of the human 
receptive versus non-receptive endometrium using differential in- 
gel electrophoresis and MALDI-MS unveils stathmin 1 and annexin 
A2 as differentially regulated. Hum Reprod. 2009;24(10):2607–17.

 69. Vilella F, Ramirez L, Berlanga O, Martinez S, Alama P, Meseguer 
M, et al. PGE2 and PGF2alpha concentrations in human  endometrial 
fluid as biomarkers for embryonic implantation. J Clin Endocrinol 
Metab. 2013;98(10):4123–32.

 70. Achache H, Tsafrir A, Prus D, Reich R, Revel A. Defective endo-
metrial prostaglandin synthesis identified in patients with repeated 
implantation failure undergoing in vitro fertilization. Fertil Steril. 
2010;94(4):1271–8.

J. Y. Maher et al.



443

 71. Altun T, Jindal S, Greenseid K, Shu J, Pal L. Low follicular fluid 
IL-6 levels in IVF patients are associated with increased likelihood 
of clinical pregnancy. J Assist Reprod Genet. 2011;28(3):245–51.

 72. Chakrabarti J, Chatterjee R, Goswami S, Chakravarty B, Kabir 
SN. Overt leptin response to controlled ovarian hyperstimulation 
negatively correlates with pregnancy outcome in in vitro fertiliza-
tion--embryo transfer cycle. J Hum Reprod Sci. 2012;5(2):194–9.

 73. Skrzypczak J, Wirstlein P, Mikolajczyk M, Ludwikowski G, Zak 
T. TGF superfamily and MMP2, MMP9, TIMP1 genes expression 
in the endometrium of women with impaired reproduction. Folia 
Histochem Cytobiol. 2007;45(Suppl 1):S143–8.

 74. Martin JC, Jasper MJ, Valbuena D, Meseguer M, Remohi J, Pellicer 
A, et  al. Increased adhesiveness in cultured endometrial-derived 
cells is related to the absence of moesin expression. Biol Reprod. 
2000;63(5):1370–6.

 75. Brandenberger AW, Bersinger NA, Huber PR, Berger E, 
Glanzmann P, Birkhaeuser MH.  CA-125 concentrations in the 
serum and pregnancy outcome in IVF cycles. J Assist Reprod 
Genet. 1998;15(6):390–4.

 76. Cakmak H, Taylor HS. Implantation failure: molecular mechanisms 
and clinical treatment. Hum Reprod Update. 2011;17(2):242–53.

 77. Tapia A, Gangi LM, Zegers-Hochschild F, Balmaceda J, Pommer 
R, Trejo L, et al. Differences in the endometrial transcript profile 
during the receptive period between women who were refractory 
to implantation and those who achieved pregnancy. Hum Reprod. 
2008;23(2):340–51.

 78. Ruiz-Alonso M, Blesa D, Diaz-Gimeno P, Gomez E, Fernandez- 
Sanchez M, Carranza F, et  al. The endometrial receptivity array 
for diagnosis and personalized embryo transfer as a treatment 

for patients with repeated implantation failure. Fertil Steril. 
2013;100(3):818–24.

 79. Blesa D, Ruiz-Alonso M, Simon C. Clinical management of endo-
metrial receptivity. Semin Reprod Med. 2014;32(5):410–3.

 80. Mahajan N.  Endometrial receptivity array: clinical application. J 
Hum Reprod Sci. 2015;8(3):121–9.

 81. Garrido-Gomez T, Ruiz-Alonso M, Blesa D, Diaz-Gimeno P, 
Vilella F, Simon C.  Profiling the gene signature of endometrial 
receptivity: clinical results. Fertil Steril. 2013;99(4):1078–85.

 82. Miravet-Valenciano JA, Rincon-Bertolin A, Vilella F, Simon 
C.  Understanding and improving endometrial receptivity. Curr 
Opin Obstet Gynecol. 2015;27(3):187–92.

 83. Diaz-Gimeno P, Horcajadas JA, Martinez-Conejero JA, Esteban FJ, 
Alama P, Pellicer A, et  al. A genomic diagnostic tool for human 
endometrial receptivity based on the transcriptomic signature. 
Fertil Steril. 2011;95(1):50–60.. e1-15

 84. Ruiz-Alonso M, Galindo N, Pellicer A, Simon C. What a difference 
two days make: “personalized” embryo transfer (pET) paradigm: a 
case report and pilot study. Hum Reprod. 2014;29(6):1244–7.

 85. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, 
Thomas S. Evidence of impaired endometrial receptivity after ovar-
ian stimulation for in vitro fertilization: a prospective randomized 
trial comparing fresh and frozen-thawed embryo transfer in normal 
responders. Fertil Steril. 2011;96(2):344–8.

 86. Venetis CA, Kolibianakis EM, Bosdou JK, Tarlatzis 
BC. Progesterone elevation and probability of pregnancy after IVF: 
a systematic review and meta-analysis of over 60000 cycles. Hum 
Reprod Update. 2013;19(5):433–57.

49 Endometrial Receptivity Testing



445© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_50

Androgens for Improving Ovarian 
Response to Stimulation

Kayhan Yakin

Poor response to ovarian stimulation is one of the major 
challenges in reproductive endocrinology and infertility 
practice. Current efforts fail to hold ovarian aging back or to 
replenish the ovarian reserve. Nevertheless, throughout the 
years, a number of empiric therapies have been tested to 
enhance follicle growth. Among such treatments, the bio-
logical plausibility of androgen supplementation, based on 
the essential role of androgens in ovarian physiology, has 
drawn a great deal of attention. This chapter presents a criti-
cal appraisal of the evidence underpinning the use of andro-
gens and androgen-modulating agents as adjuvants in ovarian 
stimulation.

50.1  Role of Androgens in Follicle Growth

Androgens appear to be one of the major players involved in 
the control of early, “gonadotropin-independent” phase of 
folliculogenesis [1]. While many aspects of the functions and 
interactions of intraovarian factors remain elusive, there is a 
growing body of evidence that a critical balance exists 
between androgens, FSH, AMH, and estradiol for the regula-
tion of optimal follicle growth [2].

The adrenal prohormone dehydroepiandrosterone 
(DHEA), primarily produced by the adrenal glands, acts as 
the essential substrate for steroidogenesis in the ovary and 
other target tissues [3]. DHEA is converted to androstenedi-
one and testosterone determined by the steroidogenic 
enzymes available in the particular cells, and both can be 
converted to estrogens by aromatization. Testosterone can 
also be converted to the much more potent 
5α-dihydrotestosterone. Serum levels of both DHEA and tes-
tosterone gradually decline with age [4].

Androgens exert their action mainly through the androgen 
receptors (AR). The AR functions as a ligand-activated 

nuclear transcription factor, whereas non-genomic effects of 
androgens have also been reported [3, 5, 6]. AR is expressed 
at all stages of follicular development, including the oocyte, 
granulosa, and theca cells [7, 8]. From the primary stage 
onward, increasing concentrations of AR are detected in 
granulosa cells, peaking in the antral stage [7–13]. Among 
AR-induced genes that regulate follicular development in the 
ovary, only a small number of direct genes including Kit 
ligand, microRNA-125b, cyclooxygenase-2, amphiregulin, 
cyclin-dependent kinase inhibitor-1/p21, and liver receptor 
homolog has been identified [14].

The essential role of androgen receptors was docu-
mented in various animal models. Administration of andro-
gens in monkey [15, 16] and ewes [17] was shown to initiate 
follicular recruitment, stimulate early stages of follicular 
growth, and increase the number of growing follicles. 
Moreover, these effects could be blocked by the adminis-
tration of anti- androgens [10, 18, 19]. Granulosa cell-spe-
cific AR knockout mice was characterized with reduced 
follicle development and ovulation as well as increased fol-
licular atresia and reduced litter size and subfertility [8, 
20–22].

Adequate levels of androgens, synergistically with 
follicle- stimulating hormone (FSH) and through different 
mechanisms, have been shown to promote follicle growth 
and development. The proposed mechanisms of action of 
androgens in folliculogenesis are summarized in Table 50.1. 
Inadequate androgen levels at the early follicle maturation 
stages may hamper the process, resulting in increased folli-
cle degeneration and apoptosis. These biological facts have 
led to the assumption that administration of androgens prior 
to or concurrent with gonadotropins would improve the ovar-
ian response when follicle growth is impaired, such as in 
women with low functional ovarian reserve or premature 
ovarian failure.
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50.2  DHEA Supplementation

The idea of using DHEA as an adjunct to ovarian stimulation 
was introduced in 2000 by a case series published by Casson 
et al., but the interest on the subject climbed sharply after the 
documentation of a case who had achieved an 18-fold 
increase in peak estradiol levels and dramatic improvement 
in ovarian response following self-administration of DHEA 
[33, 34]. Subsequently, a number of groups have studied the 
impact of DHEA supplementation on hormonal profile, 
ovarian reserve, and IVF outcomes. Vast majority of these 
publications provide low quality of scientific evidence, sug-
gesting potential beneficial effects of DHEA supplementa-
tion on reproductive outcomes and ovarian response in 
women with diminished ovarian reserve. Extrapolation of 
animal data to clinical practice turned DHEA into a “pana-
cea” being widely marketed as “the first medication to be 
shown to rejuvenate the ovary to recover its younger func-
tionality, with better quality and quantity of oocytes” [35]. 
The findings observed following 6–12 weeks of DHEA pre-
treatment in case series, self-controlled “before and after” 
trials, historical case-control studies, and non-randomized 
trials are summarized in Table  50.2. Unfortunately, hardly 
any of these findings were reproducible in randomized 
trials.

Despite almost two decades of empirical use in clinical 
practice, a well-designed, large-scale randomized controlled 
trial has never been available. A caveat is that perfection can-
not be easily achieved in the experimental design of a study 
on an aggressively marketed oral supplementation, readily 
found over the counter, because poor responder women 
would be reluctant to join a randomized trial in which they 
may be assigned to a placebo group. Nevertheless, until to 
date, a number of groups managed to perform small-sized 
randomized trials.

The first, non-blinded RCT (n = 33) compared the clinical 
outcome in 17 poor responder women who completed 26 
stimulation cycles following DHEA supplementation with 
16 women in the control group who completed 25 cycles. A 
significant improvement was observed both in embryo qual-
ity and live birth rate (23.1% vs. 4.0%; p  <  0.05) in the 
DHEA group compared to the controls [49]. However, the 
study was heavily criticized on methodological and statisti-
cal grounds [50, 51]. Therefore, their findings should be 
treated with caution.

Artini et al. in a small RCT (n = 24) reported that 75 mg 
daily DHEA supplementation for 3 months prior to ovarian 
stimulation did not confer a significant benefit in terms of the 
number of oocytes retrieved, fertilization, and clinical preg-
nancy rates [52]. Another non-blinded RCT [53], comprising 
the highest number of patients among all published RCTs 
(n  =  208), showed that DHEA supplementation failed to 
increase the number oocytes retrieved and did not improve 
the pregnancy rate. However, this study was also criticized 
for carrying high risk of selection, performance, and attrition 
bias [54, 55].

In a non-blinded RCT [56] (n = 133), the use of 75 mg 
daily DHEA for 12  weeks before ovulation induction was 
associated with a significant increase in the clinical preg-
nancy rate per embryo transfer (24.1% vs 21.3%) and per 
cycle (20.9% vs 15.2%) in younger (<40 years) first- cycle 
poor responders.

Tartagni et al. analyzed 109 younger women with unex-
plained infertility in a double-blind, placebo-controlled trial 
and reported that women who had 8 weeks of DHEA supple-
mentation had similar number of harvested oocytes (8.9 ± 1.8 
vs 8.2 ± 2.2) but significantly higher live birth (22% vs 13%) 
and lower miscarriage rates (0 vs 27.8%) compared to con-
trols [57].

Yeung et al. studied the impact of DHEA supplementa-
tion in three different patient populations. In the first double- 
blind, placebo-controlled trial, 22 women with primary 
ovarian insufficiency (<40-year-old women with amenorrhea 
for at least 4 months, sex steroid deficiency, and two record-
ings of serum FSH in the menopausal range) were analyzed. 
Higher antral follicle count and ovarian volume but similar 
AMH and FSH levels were detected in women who had been 
given 75 mg DHEA for 16 weeks, compared to the control 

Table 50.1 Proposed mechanisms of action of androgens

1.  Stimulate development of primary, preantral, and antral follicles 
independent of the gonadotropins [10, 12, 16]

2. Rescue follicles from atresia [23–25]
3. Suppress apoptosis [26]
4.  Upregulate FSH receptor expression and prime the follicle for 

FSH-stimulated growth and maturation [1, 9, 25, 27–29]
5.  Show synergistic effect to FSH in follicular recruitment and 

granulosa cell proliferation [30]
6.  Modulate AMH expression and inhibit FSH-induced aromatase 

expression to maintain a predominantly androgenic intrafollicular 
milieu [1, 2, 31]

7.  Auto-amplify local effects by increasing their own receptor 
expression and activity [1]

8.  Augment the growth-promoting and survival-enhancing effect of 
IGF-I [32]

Table 50.2 Proposed benefits of DHEA in women with poor ovarian 
reserve

1. Increased oocyte yield [33–40]
2. Higher fertilization rate [36, 40]
3. Improved embryo morphological grading [36, 37, 40]
4. Increased pregnancy rate [37–42]
5.  Lower miscarriage rate when compared to the national IVF 

statistics [43]
6. Lower aneuploidy rate [44]
7. Improved ovarian reserve markers (AFC, AMH) [39, 45–47]
8.  Balanced Th1/Th2 immune response and/or modulation of the 

types/behavior of T lymphocytes [48]
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group [58]. In the second RCT including 32 women with 
anticipated poor response, DHEA supplementation resulted 
in statistically significant increases in serum DHEAS, free 
androgen index, and follicular DHEAS levels, but no signifi-
cant improvement found in ovarian response and clinical 
outcome parameters [59]. In their third RCT (n = 72), the 
authors demonstrated that DHEA supplementation for 
12 weeks increased serum androgen levels but failed to con-
fer any benefit in terms of ovarian reserve markers or ovarian 
response in anticipated normal ovarian responders [60].

A double-blind, randomized pilot trial (DITTO: dehydro-
epiandrosterone intervention to treat ovarian aging) was con-
ducted to test whether DHEA pretreatment would improve 
clinical outcome in women with anticipated poor ovarian 
response and to inform the design of a large multicenter 
DHEA trial [61]. Jayaprakasan et al. presented their findings 
at the annual meeting of the European Society of Human 
Reproduction and Embryology in 2015. Sixty women with 
decreased ovarian reserve as determined with an antral fol-
licle count <10 or serum AMH level < 5 pmol/L, between 23 
and 43 years of age, were given 75 mg/day DHEA for up to 
16 weeks (median, 12 weeks). Women in the DHEA group 
had similar number of oocytes collected (median of four 
oocytes). Clinical pregnancy rate (28.6% vs. 36.0%; relative 
risk, 0.79) and live birth rate (and 25% vs. 32%; RR, 0.78) 
were comparable in the study and control groups. Authors 
concluded that “Successful recruitment for this pilot trial 
suggests a large definitive trial is feasible, but the lack of 
effect on IVF outcome—not even a trend—suggests it is a 
low priority” [62].

On the contrary, the latest non-blinded RCT from Egypt 
(n  =  140) reported significant increases in the number of 
oocytes retrieved (6.9 ± 3.0 vs 5.8 ± 3.1; p = 0.03), fertiliza-
tion rate (62.3% ± 27.4 vs 52.2% ± 29.8; p = 0.039), and 
ongoing pregnancy rate (28.5% vs 12.8%) with 12 weeks of 
daily 75 mg DHEA pretreatment in Bologna criteria defined 
poor responder women [63].

One might question whether longer DHEA supplementa-
tion might improve IVF outcomes, perhaps by affecting the 
gonadotropin-responsive follicle pool. The major argument 
against the use of DHEA for longer durations is that pro-
longed exposure to high androgen levels in the late follicular 
phase might cause unfavorable intraovarian environment, 
reducing the fertilization potential of oocytes harvested from 
large preovulatory follicles [64, 65]. Some experts would 
also argue that poor responders, regardless of their age, have 
similar intrafollicular androgenic concentrations with nor-
mal responder women, an observation that would challenge 
the hypothesis of androgen supplementation [66].

Interpretation of the above data should also take into 
account the bias introduced by small sample size and major 
differences in study designs, patient populations, definition 
of poor response, and ovarian stimulation protocols. A 

Cochrane review has failed to reveal any benefit when stud-
ies at high risk of bias were removed from the meta-analysis 
[55]. Although findings reported in the literature merit fur-
ther consideration, the small number of randomized con-
trolled trials does not permit ultimate conclusions regarding 
the proposed benefits of DHEA supplementation. Until clear 
benefits are supported by high-quality evidence, DHEA pre-
treatment to improve ovarian response is regarded as empiri-
cal [67].

50.3  Testosterone Pretreatment

Evidence is divided on whether testosterone pretreatment 
improves ovarian response and clinical outcome in poor 
responders. The first double-blind, placebo-controlled RCT 
[68], addressing the use of testosterone gel application 
(10 mg/day for 15–21 days) in 53 women, showed a nonsig-
nificant increase in the number of cumulus-oophorus com-
plexes (COCs) retrieved as compared with placebo (mean 
difference, +0.31 COCs; 95% CI, 2.16 to +2.26). Later, in an 
open-label RCT [68] (n = 110), Kim et al. reported a signifi-
cant increase in the number of COCs with testosterone pre-
treatment (12.5 mg/day for 21 days) (mean difference, +1.60 
COCs; 95% CI, +0.97 to +2.23) as compared to no pretreat-
ment [69]. The systematic review of these two studies sug-
gested that testosterone pretreatment increased clinical 
pregnancy and live birth rates by 15% and 11%, respectively 
[70]. In another RCT, Kim et al. studied the effect of testos-
terone with respect to duration of pretreatment and showed 
that statistically significant increase in the number of COCs 
could be achieved only after 3–4 weeks of application [71].

On the contrary, the latest RCT comprising 48 Bologna 
criteria defined poor responder women showed that no dif-
ferences were observed regarding the number of COCs (3.5 
versus 3.0), fertilization rates (66.7% vs 66.7%), or live birth 
rates (7.7% vs 8.3%) with 21  days of pretreatment with 
transdermal testosterone as compared to no treatment [72].

In summary, published data are conflicting, and it is pos-
sible that testosterone pretreatment might be associated with 
a small increase in the number of oocytes retrieved. Even if 
the available evidence seems favorable, its efficacy is yet to 
be proven in large-scale, well-designed randomized trials.

50.4  Adjunctive Use of Aromatase 
Inhibitors

The rationale behind the use of aromatase inhibitors, as an 
adjunct to gonadotropins for the stimulation poor respond-
ers, is the inhibition of aromatase activity in granulosa cells. 
This, in turn, not only creates an androgenic ovarian micro-
environment but also provides pituitary escape from estro-
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gen feedback, leading to elevated gonadotropins levels. Both 
anastrozole and letrozole have been used as adjuvant treat-
ments in poor responders as highly potent, reversible aroma-
tase inhibitors.

The implementation of aromatase inhibitors into clinical 
practice has been hampered due to concerns regarding their 
teratogenic potential. Biljan et  al. called into question the 
safety of letrozole for infertility treatment, based on their 
findings showing a higher risk for cardiac and skeletal mal-
formations [73]. This presentation was followed by a state-
ment from the producer, advising against the use of letrozole 
for indications other than breast cancer therapy. Many 
experts have argued that it is unlikely for those compounds to 
exert a teratogenic effect, given their short half-life (45 h), 
ensuring that complete elimination from the body would 
occur until the time of conception. However, amidst a grow-
ing body of evidence refuting the teratogenic risk of aroma-
tase inhibitors [74, 75], their use in premenopausal women 
for infertility remains off-label.

The evidence is inconclusive regarding the augmentation 
of ovarian response by adjunctive use of aromatase inhibitors 
in poor responders. The first small RCT showed that letro-
zole + recombinant FSH (rFSH) provides a low-cost regimen 
alternative for the stimulation of poor responders, achieving 
comparable pregnancy rates with GnRH agonist + rFSH pro-
tocol [76].

Garcia-Velasco et  al. 2005 (n = 147) demonstrated that 
addition of letrozole to GnRH antagonist + gonadotropin 
stimulation led to significantly higher serum androgen lev-
els, higher number of oocytes retrieved (6.1 vs 4.3; p = 0,033), 
higher implantation rates (25% vs 9.4%; p  =  0.009), but 
comparable clinical pregnancy rates per cycle (22.4% vs 
15.2%) [77]. Likewise, another RCT with a similar design 
(n = 70) showed no difference in clinical pregnancy rates per 
embryo transfer (25.8% vs 20%) [78].

Three clinical trials compared GnRH 
antagonist+FSH  +  HMG  +  letrozole stimulation with the 
microdose flare-up FSH + HMG protocol. In a prospective, 
nonrandomized controlled trial (n = 534), adjuvant letrozole 
treatment failed to increase the number of oocytes retrieved 
(12 ± 6 vs 13 ± 5.3), but it was associated with a lower preg-
nancy rate (37.9% vs + 51.8%) compared to microdose flare-
 up regimen [79]. Likewise, another RCT found that adjuvant 
letrozole treatment resulted in significantly lower number of 
oocytes (8.5 ± 1.1 vs 9.2 ± 1.2) and pregnancy rate (4.4% vs 
12.2%) [80]. The third RCT reported similar number of 
oocytes in both groups but a lower pregnancy rate (13.3% vs 
16.7%) in the letrozole group [81].

In a non-blinded RCT, Lee et al. compared GnRH antago-
nist protocols with HMG alone and sequential letrozole + 
HMG administration (n = 53). They showed that letrozole 
therapy was associated with less gonadotropin use, a shorter 
period duration, and comparable live birth rates [82].

A recent double-blinded, placebo-controlled RCT 
(n = 70) in Bologna criteria defined poor responders failed to 
demonstrate any difference when GnRH antagonist+FSH 
protocol was coupled with letrozole in terms of the total dose 
of FSH, duration of induction, number of oocytes retrieved, 
and clinical pregnancy rate [83].

A critical appraisal of the evidence shows that letrozole 
shortens the duration of induction, but the assumption that 
they would augment the follicular response in poor respond-
ers has not been confirmed.

50.5  Meta-Analyses and Systematic 
Reviews

Androgen supplementation in women with diminished ovar-
ian reserve has been the subject of several meta-analyses [55, 
70, 84–89]. A comprehensive Cochrane review reported 
higher ongoing pregnancy rates or live birth rates with the 
use of DHEA (OR 1.88, 95% CI: 1.30–2.71) and testoster-
one (OR 2.60, 95% CI: 1.30–5.20) [55]. However, when 
low-quality studies with high-risk bias were excluded, the 
suggested benefits of both adjuvants were no longer signifi-
cant (OR 1.50, 95% CI: 0.88–2.56 for DHEA and OR 2.00, 
95% CI: 0.17–23.49 for testosterone) [55].

The evidence provided by the meta-analyses was limited 
by the heterogeneity between the studies, with regard to dif-
ference in study populations; varying definitions of poor 
ovarian response, type, dose, and duration of androgen sup-
plementation; and ovarian stimulation protocols. 
Furthermore, imprecision of the calculated treatment effects 
are reflected by the wide confidence intervals, which result 
from small sample sizes of the individual primary studies.

50.6  Side Effects of Androgen Therapy

Androgens at the prescribed dosages for 6–16 weeks of sup-
plementation are usually well-tolerated, and the adverse 
effects are rare. The most frequently reported side effects are 
related with their virilizing effects, including acne, hair loss, 
hirsutism, and deepening of voice, some of which may be 
irreversible [90, 91]. Short-term use of DHEA may be asso-
ciated with decreased high-density lipoprotein cholesterol 
levels, insulin resistance, and impaired glucose tolerance 
[92]. Hepatic dysfunction, hypertension, acute manic symp-
toms, and seizures in convulsion-prone women have also 
been reported, albeit rarely [93–96]. DHEA may suppress 
cytochrome p450 and lead to an increase in serum concentra-
tions of many drugs metabolized by this system [97]. Another 
concern regarding the prolonged use of androgens is the risk 
of estrogen- or androgen-dependent malignancies. The risk 
of breast cancer in premenopausal women was reported to be 
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positively associated with circulating estrogens and andro-
gens [98].

A Cochrane review on the use of DHEA in the peri- or 
postmenopausal women failed to show any evidence that 
DHEA improves quality of life, except slight improvement 
in sexual function, but there was some evidence that it is 
associated with androgenic side effects compared with pla-
cebo [99].

50.7  Conclusion and Future Directions

Androgen supplementation prior to ovarian stimulation is not 
supported by the best available evidence (Fig.  50.1). 
According to the existing animal and human study models, 
androgens are actively involved in the intraovarian control of 
folliculogenesis. It is therefore very plausible that increasing 
the level of androgens in ovarian microenvironment would 
stimulate development of follicle growth. The hypothesis that 
they would replenish the follicular pool or augment ovarian 
response in women with depleted reserves is yet to be proven. 
Biological plausibility does not justify medical practice in the 
absence of robust evidence. Clinicians therefore should resist 
the temptation of offering remedies until they are proven 
effective in robustly designed clinical studies.

References

 1. Lebbe M, Woodruff TK.  Involvement of androgens in ovarian 
health and disease. Mol Hum Reprod. 2013;19:828–37.

 2. Dewailly D, Robin G, Peigne M, Decanter C, Pigny P, Catteau- 
Jonard S.  Interactions between androgens, FSH, anti-Mullerian 
hormone and estradiol during folliculogenesis in the human normal 
and polycystic ovary. Hum Reprod Update. 2016;22:70–24.

 3. Labrie F. DHEA, important source of sex steroids in men and even 
more in women. Progr Brain Res. 2010;182:97–148.

 4. Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen 
levels in adult females: changes with age, menopause, and oopho-
rectomy. J Clin Endocrinol Metab. 2005;90:3847–53.

 5. Gelmann EP. Molecular biology of the androgen receptor. J Clin 
Oncol. 2002;20:3001–15.

 6. Yang JL, Zhang CP, Li L, Huang L, Ji SY, Lu CL, et al. Testosterone 
induces redistribution of forkhead box-3a and down-regulation of 
growth and differentiation factor 9 messenger ribonucleic acid 
expression at early stage of mouse folliculogenesis. Endocrinology. 
2010;151:774–82.

 7. Rice S, Ojha K, Whitehead S, Mason H.  Stage-specific expres-
sion of androgen receptor, follicle-stimulating hormone receptor, 
and anti-Mullerian hormone type II receptor in single, isolated, 
human preantral follicles: relevance to polycystic ovaries. J Clin 
Endocrinol Metab. 2007;92:1034–40.

 8. Sen A, Hammes SR.  Granulosa cell-specific androgen receptors 
are critical regulators of ovarian development and function. Mol 
Endocrinol. 2010;24:1393–403.

 9. Weil SJ, Vendola K, Zhou J, Adesanya OO, Wang J, Okafor J, 
et al. Androgen receptor gene expression in the primate ovary: cel-
lular localization, regulation, and functional correlations. J Clin 
Endocrinol Metab. 1998;83:2479–85.

 10. Yang MY, Fortune JE. Testosterone stimulates the primary to sec-
ondary follicle transition in bovine follicles in vitro. Biol Reprod. 
2006;75:924–32.

 11. Cardenas H, Pope WF. Androgen receptor and follicle-stimulating 
hormone receptor in the pig ovary during the follicular phase of the 
estrous cycle. Mol Reprod Dev. 2002;62:92–8.

 12. Hampton JH, Manikkam M, Lubahn DB, Smith MF, Garverick 
HA.  Androgen receptor mRNA expression in the bovine ovary. 
Domest Anim Endocrinol. 2004;27:81–8.

 13. Juengel JL, Heath DA, Quirke LD, McNatty KP. Oestrogen recep-
tor a and b, androgen receptor and progesterone receptor mRNA 

STRENGTHS WEAKNESSES

SWOT
analysis

OPPORTUNITIES THREATS

Proven role in the regulation of folliculogenesis
Molecular studies in animal and human tissue
models
Biological plausability

Low quality of evidence providing comflicting
results
Heterogenous study population
Vaguely defined target population
Lack of well-designed RCTs

Potential adverse effects
Unresolved effects of prolonged
hyperandrogenic microenvironment
Litigation risk regarding off-label use of AIs

Unraveling the molecular control of
folliculogenesis
Precise control of follicle growth
Understanding the pathophysiology of
premature ovarian failure

Fig. 50.1 SWOT analysis of 
the use of androgen and 
androgen-modulating agents 
in ovarian stimulation. RCT, 
randomized controlled trial; 
AI, aromatase inhibitors

50 Androgens for Improving Ovarian Response to Stimulation



450

and protein localisation within the developing ovary and in small 
growing follicles of sheep. Reproduction. 2006;131:81–92.

 14. Prizant H, Gleicher N, Sen A. Androgen actions in the ovary: bal-
ance is key. J Endocrinol. 2014;222:141–51.

 15. Abbott DH, Barnett DK, Bruns CM, Dumestic DA.  Androgen 
excess fetal programming of female reproduction: a developmen-
tal aetiology for polycystic ovary syndrome? Hum Reprod Update. 
2005;11:357–74.

 16. Vendola KA, Zhou J, Adesanya OO, Weil SJ, Bondy CA. Androgens 
stimulate early stages of follicular growth in the primate ovary. J 
Clin Invest. 1998;101:2622–9.

 17. Smith P, Steckler TL, Veiga-Lopez A, Padmanabhan 
V. Developmental programming: differential effects of prenatal tes-
tosterone and dihydrotestosterone on follicular recruitment, deple-
tion of follicular reserve, and ovarian morphology in sheep. Biol 
Reprod. 2009;80:726–36.

 18. Peluso JJ, Charlesworth J, England-Charlesworth C. Role of estro-
gen and androgen in maintaining the preovulatory follicle. Cell 
Tissue Res. 1981;216:615–24.

 19. Murray AA, Gosden RG, Allison V, Spears N. Effect of androgens 
on the development of mouse follicles growing in vitro. J Reprod 
Fertil. 1998;113:27–33.

 20. Hu YC, Wang PH, Yeh S, Wang RS, Xie C, Xu Q, et al. Subfertility 
and defective folliculogenesis in female mice lacking androgen 
receptor. Proc Natl Acad Sci USA. 2004;101:11209–14.

 21. Walters KA, Middleton LJ, Joseph SR, Hazra R, Jimenez M, 
Simanainen U, et al. Targeted loss of androgen receptor signaling 
in murine granulosa cells of preantral and antral follicles causes 
female subfertility. Biol Reprod. 2012;87:151.

 22. Walters KA, Allan CM, Jimenez M, Lim PR, Davey RA, Zajac JD, 
et al. Female mice haploid insufficient for an inactivated androgen 
receptor (AR) exhibit age-dependent defects that resemble the AR 
null phenotype of dysfunctional late follicle development, ovula-
tion, and fertility. Endocrinology. 2007;148:3674–84.

 23. Hillier SG, Tetsuka M. Role of androgens in follicle maturation and 
atresia. Bailliere’s Clin Obstet Gynaecol. 1997;11:249–60.

 24. Wang H, Andoh K, Hagiwara H, Xiaowei L, Kikuchi N, Abe 
Y, et  al. Effect of adrenal and ovarian androgens on type 4 fol-
licles unresponsive to FSH in immature mice. Endocrinology. 
2001;42:4930–6.

 25. Sen A, Prizant H, Light A, Biswas A, Hayes E, Lee HJ, et  al. 
Androgens regulate ovarian follicular development by increasing 
follicle stimulating hormone receptor and microRNA-125b expres-
sion. PNAS. 2014;111:3008–13.

 26. Otala M, Makinen S, Tuuri T, Sjoberg J, Pentikainen V, Matikainen 
T, et  al. Effects of testosterone, dihydrotestosterone, and 
17β-estradiol on human ovarian tissue survival in culture. Fertil 
Steril. 2004;82(Suppl. 3):1077–85.

 27. Weil S, Vendola K, Zhou J, Bondy CA.  Androgen and follicle- 
stimulating hormone interactions in primate ovarian follicle devel-
opment. J Clin Endocrinol Metab. 1999;84:2951–6.

 28. Walters KA, Allan CM, Handelsman DJ. Androgen actions and the 
ovary. Biol Reprod. 2008;78:380–9.

 29. Nielsen ME, Rasmussen IA, Kristensen SG, Christensen ST, 
Møllgard K, Wreford Andersen E, et al. In human granulosa cells 
from small antral follicles, androgen receptor mRNA and androgen 
levels in follicular fluid correlate with FSH receptor mRNA. Mol 
Hum Reprod. 2011;17:63–70.

 30. Feigenberg T, Simon A, Ben-Meir A, Gielchinsky Y, Laufer N. Role 
of androgens in the treatment of patients with low ovarian response. 
Reprod BioMed Online. 2009;19:888–98.

 31. Narkwichean A, Jayaprakasan K, Maalouf WE, Hernandez- 
Medrano JH, Pincott-Allen C, Campbell BK. Effects of dehydro-
epiandrosterone on in  vivo ovine follicular development. Hum 
Reprod. 2014;29:146–54.

 32. Vendola K, Zhou J, Wang J, Bondy CA. Androgens promote insulin- 
like growth factor-I and insulin-like growth factor-I receptor gene 
expression in the primate ovary. Hum Reprod. 1999;14:2328–32.

 33. Casson PR, Lindsay MS, Pisarska MD, Carson SA, Buster 
JE.  Dehydroepiandrosterone supplementation augments ovar-
ian stimulation in poor responders: a case series. Hum Reprod. 
2000;15:2129–32.

 34. Barad DH, Gleicher N. Increased oocyte production after treatment 
with dehydroepiandrosterone. Fertil Steril. 2005;84:756.

 35. Gleicher N, Weghofer A, Barad DH.  Improvement in diminished 
ovarian reserve after dehydroepiandrosterone supplementation. 
Reprod Biomed Online. 2010;21:360–5.

 36. Barad D, Gleicher N. Effect of dehydroepiandrosterone on oocyte 
and embryo yields, embryo grade and cell number in IVF.  Hum 
Reprod. 2006;21:2845–9.

 37. Sonmezer M, Ozmen B, Cil AP, Ozkavukcu S, Taci T, Olmu H, 
et  al. Dehydroepiandrosterone supplementation improves ovarian 
response and cycle outcome in poor responders. Reprod Biomed 
Online. 2009;19(4):508–13.

 38. Xu B, Li Z, Yue J, Jin L, Li Y, Ai J, et al. Effect of dehydroepian-
drosterone administration in patients with poor ovarian response 
according to the Bologna criteria. PLoS One. 2014;9(6):e99858.

 39. Hyman JH, Margalioth EJ, Rabinowitz R, Tsafrir A, Algur N, 
Eldar-Geva T.  Dehydroepiandrosterone (DHEA) supplementation 
for poor responders  - how does it work? Fertil Steril. 2010;94(4 
Supplement):S86.

 40. Zangmo R, Singh N, Kumar S, Vanamail P, Tiwari A. Role of dehy-
droepiandrosterone in improving oocyte and embryo quality in IVF 
cycles. Reprod Biomed Online. 2014;28:743–7.

 41. Barad D, Brill H, Gleicher N. Update on the use of dehydroepian-
drosterone supplementation among women with diminished ovar-
ian function. J Assist Reprod Genet. 2007;24:629–34.

 42. Fusi FM, Ferrario M, Bosisio C, Arnoldi M, Zanga L.  DHEA 
supplementation positively affects spontaneous pregnancies in 
women with diminished ovarian function. Gynecol Endocrinol. 
2013;29:940–3.

 43. Gleicher N, Ryan E, Weghofer A, Blanco-Mejia S, Barad 
DH.  Miscarriage rates after dehydroepiandrosterone (DHEA) 
supplementation in women with diminished ovarian reserve: a case 
control study. Reprod Biol Endocrinol. 2009;7:108.

 44. Gleicher N, Weghofer A, Barad DH.  Dehydroepiandrosterone 
(DHEA) reduces embryo aneuploidy: direct evidence from pre-
implantation genetic screening (PGS). Reprod Biol Endocrinol. 
2010;8:140.

 45. Yilmaz N, Uygur D, Inal H, Gorkem U, Cicek N, Mollamahmutoglu 
L.  Dehydroepiandrosterone supplementation improves predic-
tive markers for diminished ovarian reserve: serum AMH, inhibin 
B and antral follicle count. Eur J Obstet Gynecol Reprod Biol. 
2013;169:257–60.

 46. Gleicher N, Weghofer A, Barad DH. The role of androgens in fol-
licle maturation and ovulation induction: friend or foe of infertility 
treatment? Reprod Biol Endocrinol. 2011;9:116.

 47. Vlahos N, Papalouka M, Triantafyllidou O, Vlachos A, Vakas P, 
Grimbizis G, et al. Dehydroepiandrosterone administration before 
IVF in poor responders: a prospective cohort study. Reprod Biomed 
Online. 2015;30:191–6.

 48. Zhang J, Qiu X, Gui Y, Xu Y, Li D, Wang L. Dehydroepiandrosterone 
improves the ovarian reserve of women with diminished ovarian 
reserve and is a potential regulator of the immune response in the 
ovaries. Biosci Trends. 2015;9(6):350–9.

 49. Wiser A, Gonen O, Ghetler Y, Shavit T, Berkovitz A, Shulman 
A.  Addition of dehydroepiandrosterone (DHEA) for poor- 
responder patients before and during IVF treatment improves the 
pregnancy rate: a randomized prospective study. Hum Reprod. 
2010;25:2496–500.

K. Yakin



451

 50. Yakin K, Urman B. DHEA as a miracle drug in the treatment of 
poor responders; hype or hope? Hum Reprod. 2011;26:1941–4.

 51. Kolibianakis EM, Venetis CA, Tarlatzis BC. DHEA administration 
in poor responders. Hum Reprod. 2011;26:730–1.

 52. Artini PG, Monti M, Matteucci C, Valentino V, Cristello F, 
Genazzani AR. Vascular endothelial growth factor and basic fibro-
blast growth factor in polycystic ovary syndrome during controlled 
ovarian hyperstimulation. Gynecol Endocrinol. 2006;22:465–70.

 53. Kara M, Aydin T, Aran T, Turktekin N, Ozdemir B. Does dehydro-
epiandrosterone supplementation really affect IVF-ICSI outcome 
in women with poor ovarian reserve? Eur J Obstet Gynecol Reprod 
Biol. 2014;173:63–5.

 54. Haydardedeoglu B.  DHEA supplementation and ICSI outcomes: 
was this really randomized trial? Eur J Obstet Gynecol Reprod 
Biol. 2016;201:217.

 55. Nagels HE, Rishworth JR, Siristatidis CS, Kroon B.  Androgens 
(dehydroepiandrosterone or testosterone) for women under-
going assisted reproduction. Cochrane Database Syst Rev. 
2015;26(11):CD009749. https://doi.org/10.1002/14651858.
CD009749.pub2.

 56. Moawad M, Shaeer M.  Long-term androgen priming by use of 
dehydroepiandrosterone (DHEA) improves IVF outcome in poor- 
responder patients. A randomized controlled study. Middle East 
Fertil Soc J. 2012;17:268–74.

 57. Tartagni M, Cicinelli MV, Baldini D, Tartagni MV, Alrasheed H, 
DeSalvia MA, et  al. Dehydroepiandrosterone decreases the age- 
related decline of the in  vitro fertilization outcome in women 
younger than 40 years old. Reprod Biol Endocrinol. 2015;13:13–8.

 58. Yeung TW, Li RH, Lee VC, Ho PC, Ng EH. A randomized double- 
blinded placebo-controlled trial on the effect of dehydroepian-
drosterone for 16 weeks on ovarian response markers in women 
with primary ovarian insufficiency. J Clin Endocrinol Metab. 
2013;98:380–8.

 59. Yeung TWY, Chai J, Li RHW, Lee VCY, Ho PC, Ng EHY.  A 
randomized, controlled, pilot trial on the effect of dehydroepian-
drosterone on ovarian response markers, ovarian response, and 
in  vitro fertilization outcomes in poor responders. Fertil Steril. 
2014;102(1):108–15.

 60. Yeung T, Chai J, Li R, Lee V, Ho PC, Ng E. A double-blind ran-
domised controlled trial on the effect of dehydroepiandrosterone on 
ovarian reserve markers, ovarian response and number of oocytes in 
anticipated normal ovarian responders. BJOG. 2016;123:1097–105.

 61. Jayaprakasan K, Narkwichean A, Maalouf WE, Campbell 
BK.  Efficacy of dehydroepiandrosterone to overcome the effect 
of ovarian ageing (DITTO): a proof of principle randomised con-
trolled trial protocol. BMJ Open. 2014;4:e005767.

 62. Jayaprakasan K, Narkwichean A, Maalouf WE, Baumgarten M, 
Polanski L, Raine-Fenning N, Zujovic L, Thornton J, Campbell 
BK.  Efficacy of dehydroepiandrosterone to overcome the effect 
of ovarian ageing (DITTO trial): a pilot double blinded placebo 
controlled randomised controlled trial protocol. 2015; European 
Society of Human Reproduction and Endocrinology 31th Annual 
Meeting, Lisbon, Portugal.

 63. Kotb MM, Hassan AM, AwadAllah AM. Does dehydroepiandros-
terone improve pregnancy rate in women undergoing IVF/ICSI 
with expected poor ovarian response according to the Bologna cri-
teria? A randomized controlled trial. Eur J Obstet Gynecol Reprod 
Biol. 2016;200:11–5.

 64. Andersen CY, Lossl K.  Increased intrafollicular androgen levels 
affect human granulosa cell secretion of anti-Mullerian hormone 
and inhibin-B. Fertil Steril. 2008;89:1760–5.

 65. Ikeda K, Baba T, Morishita M, Honnma H, Endo T, Kiya T, Saito 
T. Long-term treatment with dehydroepiandrosterone may lead to 
follicular atresia through interaction with anti-Mullerian hormone. 
J Ovarian Res. 2014;7:46.

 66. de los Santos MJ, García-Laez V, Beltrán D, Labarta E, Zuzuarregui 
JL, Alamá P, et al. The follicular hormonal profile in low-responder 
patients undergoing unstimulated cycles: is it hypoandrogenic? 
HumReprod. 2013;28:224–9.

 67. Garcia-Velasco JA. Poor responders and androgen adjuvant treat-
ment: “still haven’t found what I’m looking for…”. Reprod Biomed 
Online. 2014;28:661–2.

 68. Massin N, Cedrin-Durnerin I, Coussieu C, Galey-Fontaine J, Wolf 
JP, Hugues JN. Effects of transdermal testosterone application on 
the ovarian response to FSH in poor responders undergoing assisted 
reproduction technique—a prospective, randomized, double-blind 
study. Hum Reprod. 2006;21:1204–11.

 69. Kim CH, Howles CM, Lee HA. The effect of transdermal testos-
terone gel pretreatment on controlled ovarian stimulation and IVF 
outcome in low responders. Fertil Steril. 2011;95:679–83.

 70. Bosdou JK, Venetis CA, Kolibianakis EM, Toulis KA, Goulis DG, 
Zepiridis L, et  al. The use of androgens or androgen- modulating 
agents in poor responders undergoing in  vitro fertilization: a 
systematic review and meta-analysis. Hum Reprod Update. 
2012;18:127–45.

 71. Kim CH, Ahn JW, Moon JW, Kim SH, Chae HD, Kang BM. Ovarian 
features after 2 weeks, 3 weeks and 4 weeks transdermal testoster-
one gel treatment and their associated effect on IVF outcomes in 
poor responders. Dev Reprod. 2014;18:145–52.

 72. Bosdou JK, Venetis CA, Dafopoulos K, Zepiridis L, Chatzimeletiou 
K, Anifandis G, et  al. Transdermal testosterone pretreatment in 
poor responders undergoing ICSI: a randomized clinical trial. Hum 
Reprod. 2016;31:977–8.

 73. Biljan MM, Hemmings R, Brassard N. The outcome of 150 babies 
following the treatment with letrozole or letrozole and gonadotro-
pins. Fertil Steril. 2005;84:S95.

 74. Tatsumi T, Jwa SC, Kuwara A, Irahara M, Kubota T, Saito H. No 
increased risk of major congenital anomalies or adverse pregnancy 
or neonatal outcomes following letrozole use in assisted reproduc-
tive technology. Hum Reprod. 2017;32:125–32.

 75. Tatsumi T, Jwa SC, Kuwara A, Irahara M, Kubota T, Saito 
H.  Pregnancy and neonatal outcomes following letrozole use 
in frozen-thawed single embryo transfer cycles. Hum Reprod. 
2017;32:1244–8.

 76. Goswami SK, Das T, Chattopadhyay R, Sawhney V, Kumar J, 
Chaudhury K, et al. A randomized single-blind controlled trial of 
letrozole as a low-cost IVF protocol in women with poor ovarian 
response: a preliminary report. Hum Reprod. 2004;19:2031–5.

 77. Garcia-Velasco JA, Moreno L, Pacheco A, Guillen A, Duque L, 
Requena A, et al. The aromatase inhibitor letrozole increases the 
concentration of intraovarian androgens and improves in vitro fer-
tilization outcome in low responder patients: a pilot study. Fertil 
Steril. 2005;84:82–7.

 78. Ozmen B, Sonmezer M, Atabekoglu CS, Olmus H. Use of aroma-
tase inhibitors in poor-responder patients receiving GnRH antago-
nist protocols. Reprod Biomed Online. 2009;19:478–85.

 79. Schoolcraft WB, Surrey ES, Minjarez DA, Stevens JM, Gardner 
K.  Management of poor responders: can outcomes be improved 
with a novel gonadotropin-releasing hormone antagonist/letrozole 
protocol? Fertil Steril. 2008;89:151–6.

 80. Davar R, Oskouian H, Ahmadi S, Firouzabadi RD. GnRH antago-
nist/letrozole versus microdose GnRH agonist flare protocol in 
poor responders undergoing in vitro fertilization. Taiwan J Obstet 
Gynecol. 2010;49:297–301.

 81. Mohsen IA, El Din RE. Minimal stimulation protocol using letro-
zole versus microdose flare up GnRH agonist protocol in women 
with poor ovarian response undergoing ICSI. Gynecol Endocrinol. 
2013;29:105–8.

 82. Lee VC, Chan CC, Ng EH, Yeung WSB, Ho PC. Sequential use 
of letrozole and gonadotrophin in women with poor ovarian 

50 Androgens for Improving Ovarian Response to Stimulation

https://doi.org/10.1002/14651858.CD009749.pub2
https://doi.org/10.1002/14651858.CD009749.pub2


452

reserve: a randomized controlled trial. Reprod Biomed Online. 
2011;23:380–8.

 83. Ebrahimi M, Akbari-ASbagh F, Ghalandar-Attar M.  Letrozole+ 
GnRH antagonist stimulation protocol in poor ovarian responders 
undergoing intracytoplasmic sperm injection cycles: an RCT. Int J 
Reprod Biomed. 2017;15:101–8.

 84. Sunkara SK, Pundir J, Khalaf Y. Effect of androgen supplementa-
tion or modulation on ovarian stimulation outcome in poor respond-
ers: a meta-analysis. Reprod Biomed Online. 2011;22:545–55.

 85. González-Comadran M, Durán M, Solà I, Fábregues F, Carreras R, 
Checa MA.  Effects of transdermal testosterone in poor respond-
ers undergoing IVF: systematic review and meta-analysis. Reprod 
Biomed Online. 2012;25:450–9.

 86. Narkwichean A, Maalouf W, Campbell BK, Jayaprakasan 
K. Efficacy of dehydroepiandrosterone to improve ovarian response 
in women with diminished ovarian reserve: a meta-analysis. Reprod 
Biol Endocrinol. 2013;11:44.

 87. Li J, Yuan H, Chen Y, Wu H, Wu H, Li L. A meta-analysis of dehydro-
epiandrosterone supplementation among women with diminished 
ovarian reserve undergoing in vitro fertilization or intracytoplasmic 
sperm injection. Int J Gynaecol Obstet. 2015;131:240–5.

 88. Zhang M, Niu W, Wang Y, Xu J, Bao X, Wang L, et  al. 
Dehydroepiandrosterone treatment in women with poor ovarian 
response undergoing IVF or ICSI: a systematic review and meta- 
analysis. J Assist Reprod Genet. 2016;33:981–91.

 89. Qin JC, Fan L, Qin AP.  The effect of dehydroepiandrosterone 
(DHEA) supplementation on women with diminished ovar-
ian reserve (DOR) in IVF cycle: evidence from a meta-analysis. 
J Gynecol Obstet Biol Reprod. 2016; https://doi.org/10.1016/j.
jgyn.2016.01.002.

 90. Kroboth PD, Salek FS, Pittenger AL, Fabian TJ, Frye RF. DHEA 
and DHEA-S: a review. J Clin Pharmacol. 1999;39:327–48.

 91. Sadock BJ, Sadock VA.  Anabolic—androgenic steroid abuse. 
Kaplan & Sadock’s concise textbook of clinical psychiatry. 
3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2008. 
p. 150–2.

 92. Morales AJ, Haubrich RH, Hwang JY, Asakura H, Yen SS.  The 
effect of six months treatment with a 100 mg daily dose of dehydro-
epiandrosterone (DHEA) on circulating sex steroids, body compo-
sition and muscle strength in age-advanced men and women. Clin 
Endocrinol. 1998;49:421–32.

 93. Sahelian R, Borken S.  Dehydroepiandrosterone and cardiac 
arrhythmia. Ann Intern Med. 1998;129:588.

 94. Kline MP, Jaggers ED. Mania onset while using dehydroepiandros-
terone. Am J Psychiatry. 1999;156:971.

 95. Markowitz JS, Carson WH, Jackson CW.  Possible 
dehydroepiandrosterone- induced mania. Biol Psychiatry. 
1999;45:241–2.

 96. Karp G, Bentov Y, Masalha R, Ifergane G. Onset of late posttrau-
matic seizure after dehydroepiandrosterone treatment. Fertil Steril. 
2009;91:931.

 97. Nakamura H, Nakasa H, Ishii I, Ariyoshi N, Igarashi T, Ohmori S, 
Kitada M.  Effects of endogenous steroids on CYP3A4-mediated 
drug metabolism by human liver microsomes. Drug Metab Dispos. 
2002;30:534–40.

 98. Hormones E, Breast Cancer Collaborative Group, Key TJ, Appleby 
PN, Reeves GK, Travis RC, Alberg AJ, et al. Sex hormones and risk 
of breast cancer in premenopausal women: a collaborative reanaly-
sis of individual participant data from seven prospective studies. 
Lancet Oncol. 2013;14:1009–19.

 99. Scheffers CS, Armstrong S, Cantineau AE, Farquhar C, 
Jordan V.  Dehydroepiandrosterone for women in the peri- or 
postmenopausal phase. Cochrane Database Sys Rev. 2015; 
22:1CD011066.

K. Yakin

https://doi.org/10.1016/j.jgyn.2016.01.002
https://doi.org/10.1016/j.jgyn.2016.01.002


Part V

Third Party Reproduction



455© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_51

Oocyte Donation

Nadine Massiah, Jonathan Briggs, 
and Meenakshi Choudhary

51.1  Definition

Oocyte donation (OD) is a type of medically assisted repro-
duction (MAR) through which women voluntarily give their 
oocytes for the advanced fertility treatment of another 
woman or for research. 3–23% of MAR cycles for fertility 
treatment are secondary to oocyte donation [1–6].

51.2  Background

The first oocyte donation (OD) cycle was undertaken in 
1982 in Australia [7]. It resulted in pregnancy but ended in 
miscarriage at 10 weeks gestation. The first live birth follow-
ing OD cycle was reported in 1984 in the United States [8]. 
This occurred 6 years after the first IVF baby, Louise Brown, 
was born in 1978  in the United Kingdom [9]. Currently 
oocyte donation is an established fertility treatment, but the 
practice varies worldwide depending on the laws of the 
country, their ethical perspective and religious beliefs. 
Internationally, oocyte donation continues to grow in popu-
larity, and in 2014 it was estimated to have resulted in the 
birth of over 200,000 children [10].

51.2.1  Incidence

Within Europe there is intercountry variation in the inci-
dence of oocyte donor cycles. Between 1997 and 2010, 3% 
of all ART cycles (n = 178,027) were reported in Europe to 
be oocyte donation cycles [11]. However, by 2012, this rose 

to 5.9% of all ART cycles in 26 European countries with 
most oocyte donor cycles conducted in Spain [6]. The inci-
dence per country varied from 0.0% to 23.9% of ART cycles 
[6]. The latest figures quote oocyte donor cycles of approxi-
mately 1.5% in Australia, 4% in the United Kingdom and 
Canada, 11.9% in the United States and 17% in Latin 
America [1–6]. In the United States, oocyte donation 
accounts for 18% of live births following ART.

51.2.2  Indications

The indications for oocyte donation are summarised in 
Table 51.1. In a broad context, donor oocyte treatment is an 
option for women who have non-functioning or absent ova-
ries and for women with functioning ovaries but having 
either diminished ovarian reserve, persistent poor quality 
eggs or poor quality embryos during IVF treatment. It 
enables these women to carry a pregnancy, experience child-
birth and to have a family. Premature ovarian insufficiency 
(POI) is the main indication for donor oocytes. It is the 
reduction/loss of ovarian function before the age of 40. 
Primary ovarian insufficiency occurs in approximately 1% of 
post-pubertal women [12]. Chromosomal abnormalities such 
as Turner’s syndrome and Fragile X result in gonadal dys-
genesis [13]. FSH receptor mutations have also been identi-
fied as a cause of ovarian insufficiency [13]. In up to 5% of 
women with POI, an autoimmune oophoritis (steroidogenic 
cell autoimmunity) is responsible for their infertility [14]. 
Secondary iatrogenic causes of ovarian insufficiency include 
chemotherapy or radiotherapy which irreversibly destroy 
ovarian tissue, bilateral oophorectomy which may have been 
undertaken for borderline or malignant ovarian tumours, 
cancer risk-reduction surgery or other indications such as 
life-threatening haemorrhagic complications during ovarian 
cystectomy. Some causes of POI are unknown.

Since the 1980s, in Europe and the United States, the 
average age at first childbirth has steadily increased [15]. 
Delayed childbearing has contributed to advanced 
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reproductive- aged women seeking fertility treatments despite 
known decline in reproductive outcomes in these women 
secondary to detrimental effect on egg number, quality and 
chromosomal segregation errors. Oocyte donation for age- 
related decline in ovarian reserve is employed to improve 
live birth outcomes from ART cycles. It was reported that 
two thirds of the oocyte donor cycles in the United Kingdom 
were in women aged over 40 [2].

Oocyte donation is also an alternative for those women 
who wish to prevent transmitting an inheritable severe 
genetic condition to their offspring as an alternative to pre-
implantation genetic diagnosis or prenatal diagnosis. When 
combined with gestational surrogacy, oocyte donation can 
enable same-sex male couples to father children biologically 
related to one parent. Fertility treatment is not the only pur-
pose of donor oocytes. They are utilised for stem-cell and 
reproductive medicine research. Their use within research 
enabled the development of mitochondrial replacement ther-
apy aimed at preventing the transmission of mitochondrial 
disease.

51.2.3  Accessibility

The accessibility of oocyte donation varies around the world. 
In some countries such as Germany where MAR is legal, 
oocyte donation is prohibited. In the United States, although 
oocyte donation is permitted, access to donor oocytes is 
determined by several factors such as health insurance policy 
or self-funding capacity. In the United Kingdom, oocyte 
donation may be funded by the National Health Service with 
interregional variation in eligibility criteria such as patient 
age, previous children and number of previous cycles. 
However the shortage of donors has led to some oocyte 
recipients waiting for as long as 3 years for donor oocytes. 
The international disparity in the legality of oocyte donation 
may contribute to the increased use of cross-border repro-
ductive care.

51.2.4  Categories of Oocyte Donors: Altruistic/
Known/Egg Sharing

Oocyte donors for fertility treatment may be altruistic or 
known donors. An altruistic donor is commonly referred to 
donors who are not known to the oocyte recipients and give 
their oocytes benevolently to women whose identity they do 
not know. Known donors (also referred to as directed dona-
tion) give their oocytes to women who they know, such as a 
friend or family member. In the United States, there are 
agencies that link potential oocyte donors to recipients. In 
that setting, a donor and recipient may meet each other and 
receive identifying information about each other. The donor 
is then referred to as a known donor rather than an altruistic 
donor. Altruistic donors are more common than known 
donors. A questionnaire study reported that 41% of potential 
oocyte donors thought that they would agree to altruistic 
donation and 25% to known donation [16].

A controversial reason for oocyte donation is egg shar-
ing, an established practice in some countries where a 
woman undergoing MAR shares her eggs in exchange for a 
reduction in the cost of her IVF treatment, commonly 
regarded as “benefit in kind” [17, 18]. Despite a survey of 
234 IVF couples in the United Kingdom reporting that 90% 
of them were receptive to donating oocytes for fertility 
treatment of others [16], only 3.8% of women who under-
went IVF/ICSI were part of egg-sharing agreements [19]. In 
2013, 709 women in the United Kingdom donated oocytes 
within egg-sharing schemes, with a live birth rate of 38.1% 
per cycle [19]. Egg sharing for research rather than for treat-
ment of others is an alternative, where eggs are shared for a 
research project rather than donated to others for creating a 
baby [20].

Table 51.1 Indications for oocyte donation

For treatment purposes
• Women with hypergonadotropic hypogonadism
   –  Primary ovarian insufficiency, e.g. Turner’s syndrome, gonadal 

dysgenesis
   –  Secondary ovarian insufficiency, e.g. iatrogenic causes such as 

post-chemotherapy or radiotherapy, bilateral oophorectomy
• Women with diminished ovarian reserve
   – Advanced reproductive age
   –  Other conditions contributing to low reserve, such as ovarian 

endometrioma surgery
   – Unexplained
• Women with ART factors
   – Poor oocyte quality
   – Recurrent failed fertilization of oocytes
   – Poor embryo quality
   – Multiple unsuccessful IVF cycles
• Women with inheritable conditions
   –  Any significant genetic mutation or carrier state that can result 

in an affected offspring
• Egg-sharing option
   –  Women undergoing ART donating some of their eggs as benefit 

in kind to receive discounted treatment
For research purposes
•  Advancing science and technology for clinical translation and 

improvement such as research into oocyte ageing, genomics and 
gene editing and mitochondrial replacement techniques

For mitochondrial replacement therapies
•  As mitochondrial donation for women affected with cytoplasmic 

mitochondrial disorders at risk of having high mutation loads in 
offsprings

•  For recurrent implantation failures secondary to poor embryo 
quality (though still controversial)
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51.3  Process of Oocyte Donation

The process of oocyte donation is discussed in this chapter 
from oocyte donor’s perspective. The oocyte recipient will 
also be required to undergo implications counselling, screen-
ing and endometrial preparation regime for oocyte donation 
cycle. However, it is beyond the remit of this chapter.

51.3.1  Recruitment

The method of recruiting oocyte donors including advertis-
ing is influenced by the country’s regulation or nonregulation 
of oocyte donation. Fertility clinics may recruit locally by 
advertising on their website, local universities and other 
areas within their community or nationally by advertising in 
magazines, national newspapers, television and social media. 
Anonymity and inadequate compensation are often cited as 
reasons people chose not to donate [21–23]. In the United 
States commercialisation, anonymity and non-anonymity are 
allowed, and there is no donor shortage. In Spain, the largest 
provider of oocyte donor cycles in Europe, commercialisa-
tion is not allowed, but anonymity is mandatory. A study of 
oocyte donors who had received financial compensation 
reported that altruism was the main reason the women had 
donated their oocytes. However, the same study reported a 
significant negative correlation between pre-donation finan-
cial motivation and post-donation satisfaction [24]. In coun-
tries, where compensation is permitted, the financial reward 
of oocyte donors has increased, in order to encourage young 
women to donate their oocytes. Other reasons for the lack of 
volunteers include fear of complications, time commitment 
and ethical concerns (Table 51.2).

In the absence of a regulatory body, the American Society 
for Reproductive Medicine published extensive guidelines 
for gamete donation in 2012 [25]. Potential donors with or 
without proven fertility, ideally aged between 21 and 
34 years old, may be recruited. The age criteria are compa-
rable in other countries. Donor age under 35 years is associ-
ated with reduced risk of chromosomal abnormalities and 
higher live birth rates. After potential donors are recruited, 
they are required to undergo rigorous screening and coun-
selling before being approved to go through the actual 
donation.

51.3.2  Screening Process

The purpose of screening is to identify healthy women who 
would be suitable oocyte donors. This ensures the safety and 
welfare of the oocyte donor, oocyte recipient and the donor- 
conceived child. It also functions to identify women who 
can undergo the oocyte donation process with minimal risk 
to their medical well-being. It has been shown than only 
17% of potential oocyte donors were considered suitable 
after medical and genetic screening [26]. Screening can be 
divided into four categories: (1) medical and family history, 
(2) physical examination, (3) investigations and (4) psycho-
logical assessment. A detailed medical and family history 
should be taken. Donors should ideally have good general 
health with no evidence of heritable diseases. Physical 
examination should include blood pressure and body mass 
index. The investigations consist of baseline investigations 
including ovarian reserve tests and screening for genetic and 
infectious diseases. The genetic screen consists of the 
karyotype and cystic fibrosis test as a minimum. Some pri-
vately run clinics screen for a wide range of genetic dis-
eases. Wallerstein et  al. reported that 11% of potential 
oocyte donors were excluded because of genetic conditions 
[27]. The infectious diseases screen usually comprises of 
HIV, hepatitis B and C, syphilis, gonorrhoea, chlamydia and 
others such as cytomegalovirus, toxoplasmosis and herpes 
virus. Potential oocyte donors who are from or have visited 
countries with Zika virus must be screened for Zika virus, to 
reduce the risk of transmission of this virus [28]. Reasons 
for exclusion of potential donors can vary among centres. In 
some centres, potential donors are excluded if they have 
haemophilia, received an organ transplant, at higher risk for 
sexually transmitted diseases such as intravenous drug 
users, had a tattoo within 1 year or have dementia or any 
degenerative or demyelinating disease [25]. It has been sug-
gested that quarantining of oocytes should be offered to all 
recipients [25]. The duration of quarantining can be as long 
as 180  days. Psychological assessment is an approach 
adopted by some fertility centres to ensure that donors are 
psychologically capable of undertaking the egg donor pro-
cess and coping afterwards with their decision.

51.3.3  Egg Donor Cycle

Following a satisfactory history, examination, screening and 
psychological assessment, donors can be invited to sign 
oocyte donation consent forms. The consent forms must be 
signed prior to treatment indicating informed decision pro-
cess. Blood group and phenotypic characteristics such as 
height, hair and eye colour are used to match donors to recip-
ients. The number of recipients to one donor cycle can 
vary based on number of oocytes retrieved and local policy. 

Table 51.2 Factors that influence the shortage of oocyte donors

• Time commitment
• Non-anonymity
• Lack of or inadequate compensation
• Potential complications of oocyte donation
• Ethnicity
• Ethical concerns
• Lack of public awareness of need for oocyte donors

51 Oocyte Donation
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A retrospective study of 249 donor oocyte cycles reported a 
94% success rate among recipients sharing donor cycles 
[29]. Following the selection of the oocyte donor, the treat-
ment cycles of the oocyte donor and oocyte recipient are 
timed together in fresh oocyte donation cycles. The aim is for 
mature oocytes to be retrieved and fertilized, when the oocyte 
recipient’s endometrium has been optimally prepared for 
embryo transfer. Controlled ovarian stimulation is initiated 
for the development of multiple ovarian follicles. Ovarian 
stimulation following GnRH-antagonist protocols reduce the 
risk of ovarian hyperstimulation syndrome (OHSS) when 
compared to GnRH-agonist long downregulation protocols, 
without affecting live birth rate [30]. Ultrasound monitoring 
ensures assessment of follicular growth and timing ovulation 
trigger for oocyte retrieval. Human chorionic gonadotropin 
(HCG) or GnRH agonist can be used to mimic the endoge-
nous LH surge in natural ovulation [31]. HCG has a longer 
circulating half-life than GnRH agonists, and the sustained 
LH receptor activity following HCG increases the risk of 
OHSS compared to agonist trigger [31]. The donor can with-
draw from donating her oocytes until this point though varia-
tions do exist. Once the oocytes are obtained and given to the 
recipient, then the ownership gets transferred to the recipi-
ent. In some cases, a recipient may not be lined up for fresh 
oocyte donation cycles. In these situations, the oocytes 
donated are cryopreserved (vitrified) for future use by recipi-
ents. An oocyte bank works on similar principles where 
oocytes are batched and frozen to create a stock of donor 
eggs. Subsequent review of the oocyte donor is recom-
mended to ensure return of menstrual cycles and recovery 
from the process.

51.3.4  MAR Outcome for OD

Success rates of oocyte donation correlate with the donor 
age, as opposed to the female recipient’s age. It is the most 
successful treatment option for women aged over 40 years 
old. The success rate also depends on number of embryos 
transferred. In Europe, in 2013, pregnancy rates of 49.8%, 
46.4% and 38.5% were reported for oocyte donor treatments 
using fresh embryos, frozen embryo and frozen oocytes, 
respectively, with a 29.5% live birth rate per embryo transfer 
[6]. In egg-sharing cycles, live birth rates of 38.1% and 
35.0% were observed in donors and recipients, respectively 
[18]. In countries such as Latin America where restriction 
doesn’t exist on number of embryos transferred, higher live 
birth rates (42.5%) are reported in conjunction with high 
multiple pregnancy rates [5]. The Society of Assisted 
Reproductive Technology (SART) in the United States 
reported preliminary data of 50% overall live birth rate for 
fresh donor eggs and 38.4% live birth rate for frozen donor 
eggs per recipient cycle in 2015. The live birth rate of single-

ton pregnancies was 36.5% for fresh donor eggs and 29.9% 
for frozen donor eggs [32]. With the surge of oocyte banks 
having vitrified donor oocytes, it is recommended that recipi-
ents are informed about the slightly lower live birth rate with 
frozen donor oocytes compared to fresh donor oocytes.

51.3.5  Risks of Oocyte Donation to the Donor

The risks of oocyte donation can be divided into short-term 
and long-term risks (Table 51.3). The effects of ovarian stimu-
lation include physical risks such as abdominal pain/bloating, 
mood swings, headaches, nausea, ovarian hyperstimulation 
syndrome and thrombosis. Allergic reaction to medications 
can also occur. Moderate to severe ovarian hyperstimulation 
syndrome occurs in <5% of women undergoing controlled 
ovarian stimulation. Although uncommon, OHSS can result in 
serious complications [33]. There is no proven treatment for 
OHSS; as such it is managed with supportive care, fluid resus-
citation and prophylactic anticoagulation [33]. Ultrasound-
guided transvaginal oocyte retrieval (TVOR) is considered a 
safe and effective procedure [34]. Whilst complications are 
uncommon, they include risks of pelvic pain, bleeding from 
the vaginal wall, infection, pelvic abscess and injury to local 
structures such as vessels, bowel or ureters.

There is a paucity of long-term follow-up studies of the 
oocyte donor population. Whilst the majority of oocyte 
donors report post-donation satisfaction, some donors have 
experienced long-term psychological effects [35]. 
Furthermore, donors may wonder whether their oocytes 
resulted in the birth of a child or may wonder about the wel-
fare of any children born.

Breast and endometrial cancers are linked to endogenous 
oestrogen exposure, and hyperstimulation may result in bor-
derline ovarian tumours or malignant transformation [36]. 
Although plausible, lack of robust evidence precludes one 
from drawing firm conclusions as regards aftermath of gyn-
aecological cancer risk secondary to oocyte donation per se.

Table 51.3 Risks and complications of oocyte donation

Short 
term

Effects of the 
hormones

• Abdominal discomfort/pain
• Mood swings
• Headaches
• Ovarian hyperstimulation syndrome
• Thrombosis

Effects of the 
oocyte retrieval

• Abdominal/pelvic pain
• Vaginal bleeding
• Vascular injury
• Bowel/bladder injury
• Infection

Long 
term

Effects of the 
hormones

•  Risk of ovarian, endometrial, breast 
or colon cancers (inconclusive)

Overall egg 
donation process

• Psychological problems
• Unknown long-term effects
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51.3.6  Risks of Oocyte Donation 
to the Recipient/Child

In an age- and parity-matched study of singleton pregnancies 
following fresh embryo transfer, donor oocyte pregnancies 
carried a higher risk of preeclampsia, pregnancy-induced 
hypertension and caesarean section delivery compared to 
autologous oocytes [37]. Mascarenhas et  al. published a 
meta-analysis comparing the pregnancy outcomes between 
oocyte donor pregnancies and autologous oocyte pregnan-
cies following fresh embryo transfers after IVF and found an 
increased risk of preterm birth and low birth weight in oocyte 
donor pregnancies compared to autologous pregnancies [38]. 
It is important to recognise that there is an increased risk of 
obstetric complications in women with advanced maternal 
age and Turner syndrome. This could affect findings on the 
comparison of complications and risks between oocyte donor 
and autologous pregnancies.

51.4  Facilitators and Barriers to Oocyte 
Donation

51.4.1  Legal and Regulatory Perspective

The regulation of oocyte donation varies worldwide. In 
some countries such as Italy and Germany, oocyte donation 
is illegal. Countries that permit oocyte donation may have 
legislation on this, and it may be regulated by an official 
body or authority. Spain was the first country to have a sepa-
rate law for assisted reproduction, and this was passed in 
November 1988 [39]. Current Spanish legislation regarding 
oocyte donation is found under the Assisted Human 
Reproduction Act, Law 14/2006 and is regulated by the 
National Commission on Assisted Reproduction [40]. 
British legislation on oocyte donation is found under the 
HFEA Act 1990 [41], and oocyte donation is closely regu-
lated by the Human Fertilization Embryology Authority 
(HFEA). In Greece, the legislation on oocyte donation is 
found under law 3305/2005 which was implemented in 
2005, and the National Authority of Medically Assisted 
Reproduction regulates IVF treatment including oocyte 
donation [42]. In the United States, guidelines exist for 
oocyte donation, but there is no regulatory body. Each state 
determines whether oocyte donation is permitted. In the 
United States, there is no state or federal regulation on ART 
or oocyte donation. The American Society for Reproductive 
Medicine has produced guidelines on gamete donation [33], 
and fertility centres can choose whether they wish to follow 
these guidelines. Similarly, in Japan, there is no legislation 
on ART or oocyte donation. However, the Japanese Society 
of Reproductive Medicine has published guidelines which 
fertility centres may follow [43].

Legal stipulations include the number of families or chil-
dren that can be formed and single women as recipients. In 
Spain, oocyte donation from one person is limited to the for-
mation of six families and in the United Kingdom ten fami-
lies. In Greece, the donations are limited to the formation of 
ten children. In Spain and in the United Kingdom, it is legal 
to treat single women, whereas in Greece, it is not 
permitted.

51.4.2  Anonymity

Donor anonymity is an important factor in the decision of 
both donors and recipients to participate in oocyte donor 
treatment. In most countries, donors are anonymous, and 
their identities will never be known by the donor recipients 
or donor-conceived children (Table 51.4). This was also the 
case in the United Kingdom until 2005 when donor ano-
nymity was removed legally. The HFEA recommended that 
there should be a move toward the removal of donor ano-
nymity based on the findings of a public consultation on the 
amount of information that should be given to donor off-
spring [44]. The law now states that at the age of 18, chil-
dren conceived by oocyte donation have the right to find out 
the identity of the donor [44]. In Spain, it is possible for 
medical reasons only, for the donor’s identity to be revealed. 
This can only be obtained through the court. But in the 
United States, anonymity may or may not be held by prior 
agreement between the donor, fertility centre and 
recipient.

51.4.3  Compensation

Variation in financial payment exists between countries 
(Table 51.4). Some countries such as Israel forbid any finan-
cial payment [45] or allow payment for proven expenses. 
Other countries such as Spain, Greece, France, Belgium and 
the United Kingdom impose set compensation limits. 
Oocyte donors are compensated only for their travel 
expenses and loss of work. The compensation given to the 
donor varies between 500 and 1000 euros dependent on the 
decision made by the fertility centre. In the United States, 
donors may be compensated beyond the coverage of 
expenses, and it has been reported that donors have been 
compensated as much as US$8000 [46]. In 2016, the ASRM 
ethics committee deemed financial compensation to oocyte 
donors justifiable on the provision that compensation 
reflects time commitment, inconvenience and discomfort 
caused by oocyte donation. Further, compensation should 
not differ based on the number of oocytes retrieved, number 
of previous donated oocyte cycles, the intended use of the 
donated oocytes or the donor’s characteristics/ethnicity. In a 

51 Oocyte Donation



460

Table 51.4 Compensation and anonymity of oocyte donors by country

Compensation Anonymity
Europe
France Expenses only Anonymous only
Spain Fixed payment of 900 euros, with some variability Anonymous only
UK Fixed cap of £750 set by regulator, per cycle to cover expenses Anonymous and known donation

Donor identity release to offspring at age 18
Netherlands Fixed amount of 900 euros to cover expenses Anonymous donation

Donor identity release to offspring at age 16
Denmark Fixed amount to cover expenses Anonymous and known donation

Donor identity release to offspring
Cyprus Financial compensation, not regulated Anonymous only
Czech Republic Payment + expenses Anonymous only
Greece Variable financial compensation Anonymous only
Belgium Variable but <2000 euros Known and anonymous donation legal
Portugal Fixed financial compensation Anonymous only
Finland Proven expenses +250 euros fixed payment Anonymous and known donation

Donor identity release to offspring
Sweden Regional variation Anonymous and known donation

Optional donor identity release to offspring
Ukraine Payment prohibited Anonymous and known donation

No donor identity release to offspring
Poland Financial compensation, not regulated Anonymous only
Austria Payment prohibited. Anonymous and known donation

Donor identity release to offspring
Switzerland Financial compensation Known donation only
Russia Payment permitted Anonymous and known donation

No donor identity release to offspring
Americas
Canada Expenses only Anonymous and known donation

Donor identity release to offspring
USA Payment recommends up to $5000, >$5000 requires justification Anonymous and known donation

Donor identity release to offspring
Mexico No information available Anonymous and known donation
Brazil Payment prohibited Anonymous only
Asia
Australia Expenses only Anonymous and known donation

Donor identity release to offspring
New Zealand Expenses only Anonymous and known donation

Donor identity release to offspring
China Payment prohibited Only permitted in patients undergoing ART 

who obtain >20 oocytes. Anonymous only
India Average $250–500, not regulated Anonymous donation

Donor identity release to offspring
Africa and Middle East
Israel Fixed payment to donors of NIS 20 000 (~$5787) Anonymous only
Iran Not regulated, commercial OD services exist Known and anonymous donation permitted
Lebanon Not regulated Known and anonymous donation permitted
South Africa Compensation for time and expenses. Not >5000 R recommended Known and anonymous donation permitted

survey of 1427 people in the United States, 90% supported 
payment for oocyte donation, and 90% believed that pay-
ment should be less than US$10 000 [47]. Some centres in 
the United States, including reproductive research centres, 
ethically object to the provision of large financial compen-
sation and because of this have experienced donor shortage 
in comparison with other centres [48].

51.4.4  Legal Parenthood

The oocyte donor is not the legal parent of the child and does 
not have any legal or financial responsibility for the child. 
The oocyte recipient and her partner are the legal parents of 
the child. The authors have not identified any country that 
considers the oocyte donor the legal parent.
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51.4.5  Cross-Border Reproductive Care

Cross-border reproductive care (CBRC) or reproductive 
tourism is on the rise. It is estimated that CBRC accounts for 
5% of ART treatment in North America and Europe. Patients 
choose CBRC for oocyte donation treatment when there is 
donor shortage in their own country, OD is not permitted in 
home country, or the cost of oocyte donation is more expen-
sive. In 2013, oocyte donation accounted for 19.4% of CBRC 
patients across 12 European countries [6]. In the United 
States, a high proportion of CBRC patients receive treatment 
with donated oocytes, often due to limited availably of this 
treatment modality in their home countries. Unfortunately, 
there is poor data and follow-up on CBRC patients.

51.4.6  Ethical Perspective

Volunteers for oocyte donation are healthy women. An ethi-
cal issue is allowing these women to become patients, put-
ting them at risk of harm, although they have no medical 
problems. Oocyte donation will not improve the health of the 
oocyte donor but may impair it. Inadequate informed consent 
is an ethical issue that should not be overlooked. The provi-
sion of insufficient information can lead to lack of awareness 
of the potential risks of oocyte donation. Women need to be 
fully informed in order to make their decision. Compensation 
is an ethical issue that has led to worldwide debate [49]. It is 
known that compensation is a motivating factor for women 
to donate their oocytes. If potential donors are focused 
mainly on the financial reward, they may not fully consider 
the risks and implications of becoming an oocyte donor. 
They may accept the risks and implications because of their 
need for money. It has been argued that compensation may 
also lead to the commodification of the human body, since 
oocytes are part of the body being exchanged for money 
[50].

51.4.7  Counselling and Psychosocial 
Perspective

Counselling is an important element of oocyte donation for 
both the donors and the recipients. Implications counselling 
refers to counselling the donors and recipients on the impli-
cations of going through the process of egg donation that 
includes physical and psychosocial consequences. 
Therapeutic counselling refers to a talking therapy approach 
where the counsellor listens with empathy and focuses on 
helping individuals or couples better understand and learn 
different strategies to cope with their negative thoughts and 
problematic feelings that they may encounter secondary to 
oocyte donation process in a confidential manner. The role of 

the counsellor is not easy. It is essential for the counsellor to 
be impartial. Ideally the counsellor should not be employed 
by the fertility centre to minimise bias of the counsellor 
towards the interests of the fertility centre. This may also be 
more acceptable to potential oocyte donors and society as a 
whole.

It is essential that both oocyte donors and recipients 
receive counselling option. Implications counselling should 
be mandatory for all going through the process and should be 
incorporated in the oocyte donation program. However, ther-
apeutic counselling should be an option offered to all if they 
wish to pursue it. It may be worthwhile for fertility centres to 
make provisions to offer therapeutic counselling option as a 
free, confidential service to their oocyte donors and recipi-
ents. As counselling is a crucial component of oocyte dona-
tion process due to its associated psychosocial and ethical 
associations, a free counselling service would reduce risk of 
poor uptake secondary to financial constraints and promote 
future well-being. In a survey of 217 egg donors and recipi-
ents in the United Kingdom, 84% of respondents thought 
that donors and recipients should be counselled about egg 
donation [51]. Oocyte donors should be counselled about the 
physical, psychological and ethical issues surrounding 
oocyte donation. Psychological issues stem from regret of 
the decision to donate, failure to conceive themselves in the 
future, no contact with the donor-conceived child and not 
knowing whether a child was created. A study reported that 
67% of oocyte donors would have liked to know whether the 
recipient had become pregnant [52]. Another study has 
shown a negative correlation between pre-donation ambiva-
lence and post-donation satisfaction, suggesting that careful 
counselling of donors with high levels of pre-donation finan-
cial motivation is crucial [53]. The counselling session 
should also encompass the positive experience that some 
oocyte donors have reported. A study of 30 altruistic and 
anonymous oocyte donors found that at 12–18 months post- 
donation, most oocyte donors were very satisfied and had 
experienced minimal adverse effects. None of them regretted 
their decision to donate [52]. A study of 23 oocyte donors 
found a 91% donor satisfaction rate, and 74% wished to 
donate their oocytes again. There was also a low report of 
adverse symptoms [54]. A survey in the United States 
(n = 25) assessed the psychological characteristics and post- 
donation satisfaction of anonymous oocyte donors. Following 
oocyte donation, 80% of women stated that they would be 
willing to donate again [53]. Oocyte recipients should be 
counselled on the issues of raising a child not genetically 
related, the decision to disclose to the child that conception 
was by oocyte donation, presence/absence of anonymity 
which is dependent on the country that the oocyte donation is 
conducted and difficulties with having siblings conceived 
with oocytes from the same donor. The counsellor provides 
correct information to the recipient but also is someone that 
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the recipient can speak to openly about oocyte donation. A 
study showed that 80% of oocyte recipients had not told any-
one about becoming an oocyte recipient, and 80% did not 
plan to inform the child [55]. In the United Kingdom, the 
HFEA has recommended the development of better guide-
lines on the counselling of donor recipients but also counsel-
ling of donor-conceived children. Having a consortium of 
counsellors specifically trained in the field of providing 
counselling for oocyte donation and fertility treatments 
would enable sharing of professional knowledge and exper-
tise. British Infertility Counselling Association is one exam-
ple of professional society for infertility counsellors in the 
United Kingdom striving to promote high standards of coun-
selling related to subfertility and assisted conception 
treatments.

51.5  Other Modalities of Oocyte Donation

51.5.1  Oocyte Donation for Research

The development of medicine and clinical practice is depen-
dent on research. Research centres conduct a variety of stud-
ies. These include studies aimed at increasing knowledge in 
egg function and development and improving the outcomes 
of reproductive medicine [56]. Research on oocytes is very 
important since it paves the way for new knowledge to be 
discovered about fertility problems including ovarian age-
ing as well as the potential therapeutic targets from this 
research [57].

51.5.2  Mitochondrial Donation

Mitochondrial donation, also known as mitochondrial 
replacement therapy (MRT), is a complex development and 
novel application of in  vitro fertilization. The United 
Kingdom is currently the only country that has granted a 
licence for a fertility centre to perform MRT for women with 
mitochondrial disorders [58]. It aims at preventing the trans-
mission of mitochondrial disease from a mother to her off-
spring as well as future inheritance risk. It uses healthy 
mitochondria from donor oocytes and can be performed by 
maternal spindle transfer or pronuclear transfer [59]. 
Maternal spindle transfer involves transfer of the healthy 
nucleus of an oocyte with affected mitochondria, into a 
denucleated donor oocyte with healthy mitochondria. 
Pronuclear transfer occurs after fertilization of the affected 
mother’s oocyte and donor oocyte. The pronuclei of the 
embryo containing the mother’s mitochondria are transferred 
to the embryo (fertilized donor oocyte) containing healthy 
mitochondria. Mitochondrial donation for advanced female 
age or recurrent implantation failure is highly contentious 

due to lack of robust evidence to support this and should be 
deferred till more evidence is available showcasing concept 
of mitochondrial ageing and its role in ART. Although there 
have been reports of live births from other countries not reg-
ulating this treatment, it is recommended that these new 
treatments should be offered in a regulated manner where 
provision for long-term follow-up of MRT-conceived chil-
dren and their well-being exists.

51.5.3  Double Gamete Donation

Double gamete donation is less common than oocyte dona-
tion [60]. It can occur in two ways. The recipient can 
receive a donated oocyte which is fertilized by a donated 
sperm, followed by embryo transfer. Alternatively, an 
embryo can be donated from another couple who under-
went IVF treatment. Double gamete donation can be used 
for the treatment of other couples, research or training of 
embryologists. Similar to oocyte donors, embryo donors 
should attend counselling to discuss the implications of 
embryo donation. The indications for double gamete dona-
tion include people with both male and female infertility 
who require both egg and sperm donations to conceive a 
child, same-sex couples, single women with low ovarian 
reserve and older women who are unable to join long wait-
ing lists for donor eggs. Some people may have inheritable 
diseases that they do not want to pass on to their offspring, 
for example, a couple where both partners are carriers for 
autosomal recessive conditions. Alternatives to oocyte 
donation and double gamete donation are child-free life, 
adoption or fostering.

51.6  Future Direction of Oocyte Donation

The regulation and process of oocyte donation need to be 
standardised internationally. Research needs to be done to 
identify the optimal number of oocytes required for egg shar-
ing. Research is needed to evaluate the effectiveness of coun-
selling on the long-term psychological and social implications 
of oocyte donation and double gamete donation. Long-term 
follow-up studies of oocyte donors should be conducted to 
assess the development of cancer.

51.7  Conclusion

Oocyte donation has a major role in assisted conception 
(Table  51.5). Ethical concerns have been raised against 
oocyte donation, but these can be overcome within a well- 
regulated altruistic service built on a foundation of good 
clinical practice.
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52.1  History of Sperm Donation

The first documented application of a successful artificial 
insemination is from the 1790s, when the Scotsman Dr. John 
Hunter performed the first successful homologous insemina-
tion in humans using the semen of a husband with 
hypospadias.

Almost a century later, in 1884, Dr. William Pancoast, of 
the Jefferson Medical College in Philadelphia, decided to 
take an alternative approach with one of his patients, a 
woman who for a long time had been unable to conceive. 
After numerous examinations, Dr. Pancoast concluded that 
the fault lay with the low sperm count of her husband. Instead 
of informing the woman and her husband about the fact that 
the husband had a low sperm count, Dr. Pancoast summoned 
the woman to a final “examination.” When the woman lay 
unconscious and chloroformed, the doctor injected into her 
cervix a syringe full of semen. The semen was freshly 
donated by one of his medical students. Nine months later 
the woman gave birth to a healthy boy. Dr. Pancoast never 
informed the woman what happened to her in the “clinic” 
that fateful day. It was not until 1909, after the death of Dr. 
Pancoast, that the truth of the successful donor insemination 
(DI) became known. At that point one of the students, Dr. 
Addison Davis Hard, present at the day of insemination, 
published a letter in the journal Medical World containing all 
the details, and hence, this was the first report of a successful 
insemination using donor semen.

Starting from this first DI case, several procedures went 
on to be performed, but they were kept private, and all 
records were destroyed for privacy reasons. However, it was 

accepted that sperm donors were used on a regular basis to 
inseminate women that required semen for fertilization.

In 1953, Dr. Jerome K. Sherman, an American pioneer in 
sperm freezing, introduced a simple method whereby human 
sperm could be preserved using glycerol and slow cooling 
and subsequently freezing in solid carbon dioxide. Moreover, 
he showed that frozen human sperm, when thawed, could 
fertilize a human egg and induce normal development. Thus, 
the first successful human pregnancy with frozen sperm was 
reported in 1953 [1]. The procedure was debated for several 
years, and it was considered adultery by many people (and 
was declared illegal).

However, in 1964, DI was acknowledged in the US state 
of Georgia, and later it became legal in the entire USA, pro-
vided both intended parents gave their written consent. Until 
1977, it was estimated that at least 1000 children were born 
in the USA using frozen sperm [2]. The number of children 
who have been born today as a result of sperm donation is 
unknown, but it is probably many hundreds of thousands. 
Today, many fertility clinics use sperm from central donor 
sperm banks (see Fig. 52.1), most of which are located in 
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Europe and North America. However, some fertility clinics 
also use semen donated from their own local donors.

52.2  Regulation of Sperm Donation

The legality and regulation of sperm donation worldwide 
ranges from no regulation whatsoever to being illegal in 
some countries. Laws regarding sperm donation generally 
involve defining donor/recipient rights and obligations, reim-
bursement, the number of offspring allowed per donor, 
screening, and donor anonymity.

Donors in most countries are absolved of all parental 
rights and obligations. However, in many countries dona-
tions must be made through sperm banks or fertility clinics 
to protect donors from these obligations.

The use of the term “sperm donor” implies to many that 
the donation is an altruistic act. However, most countries 
allow some amount of payment to donors. In such countries, 
donor reimbursement is usually defined by law. However, 
certain countries, such as Italy and France, only allow sperm 
donation as a voluntary act with no reimbursement, whereas 
donors in the USA can receive as much as $150 per ejacu-
late. An alternative approach, as used in the UK, is to allow 
the donor to be compensated for expenses (e.g., for travel) 
related to the donation [3].

To minimize the risk of consanguinity, the number of 
children allowed from a single sperm donor is limited by law 
in many countries. The number permitted is usually deter-
mined by the population of the country in which the sperm is 
used. Limiting the number of offspring is one of the more 
difficult challenges faced by sperm banks because there is no 
universal limit to the number of offspring allowed in the vari-
ous countries. The USA and Canada have no regulations 
regarding the number of offspring per donor, and most sperm 
banks are left to follow guidelines set by the American 
Society for Reproductive Medicine (ASRM) which recom-
mends a limit of 25 births per population of 850,000 [4]. 
Other countries, including the UK, Denmark, Germany, 
Spain, and New Zealand, have a set numbers of offspring 
that are allowed for each donor, ranging from as few as 6 to 
as many as 15 [5]. Australia has limits that vary according to 
the state.

52.3  Sperm Donor Anonymity Versus 
Non-anonymity

There are two main types of sperm donors: anonymous and 
non-anonymous. Anonymous sperm donation refers to right 
of the privacy of anonymity of the donor to the recipient and 
donor offspring. Recipients select their donor based on non- 
identifiable information such as physical characteristics, 

nationality, intelligence, academic achievements, and profes-
sional background. Countries such as China, Spain, France, 
and Greece mostly allow anonymous donation.

Due to an increasing weight to the child’s right to know 
his/her genetic origins under the principle of personal auton-
omy, there has, over the recent years, been a strong tendency 
toward non-anonymous open-identity donation. This permits 
the sperm donor offspring to access the identity of their 
donor when they reach a certain age, normally 18  years. 
Following Sweden in 1985, numerous other countries have 
removed donor anonymity, even though most of the coun-
tries did not remove donor anonymity until between 2008 
and 2018. A few countries, such as Denmark, allow both 
anonymous and non-anonymous sperm donation. Table 52.1 
lists the status of different countries, regarding donor ano-
nymity, and if the marital status and sexual orientation of a 
recipient allows her to use donor sperm in a given country.

International studies report that most parents prefer to dis-
close the nature of conception as early as possible, with 
homosexual women appearing to be even more positive to 
disclose, compared to heterosexual couples [6]. Some par-
ents have concerns about informing their children of their 
biological origin, thinking that it might have a harmful social 
or psychological effect, or lead to the child rejecting their 
nonbiological parents. Additionally, some parents may wish 
not to reveal their male infertility, especially in cultures 
where sperm donation and assisted conception are not 
accepted. However, reports indicate that there is no negative 
impact in the psychological well-being of donor-conceived 
offspring at the ages of 6, 8, and 12 years, nor on the mental 

Table 52.1 Donor anonymity and recipients allowed to use sperm 
donation in various countries

Donor anonymity Country Allowed recipients
Anonymous France Heterosexual couples

China
Spain Single women, homosexual 

and heterosexual couplesGreece
Belgium

Non-anonymous Switzerland Heterosexual couples
Germany Usually heterosexual 

couples
The 
Netherlands

Single women, homosexual 
and heterosexual couples

Australia
New 
Zealand
UK
Sweden
Finland
Portugal

Both non-anonymous 
and anonymous

Denmark
USA

Please note, this information is correct at the time of writing
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development and parent-child relationships, compared with 
naturally conceived children [7–12]. Studies also reveal that 
most sperm donors strongly believe that parents should dis-
close the use of gamete donation to offspring [13].

A study published in 2014 comparing motivations and 
attitudes among Danish sperm donors over three decades 
revealed that the proportion of anonymous donors who 
would stop their donations if anonymity was abolished was 
51% (in 1992), 56% (in 2002), and 67% (in 2012). However, 
the difference between the various years was not statistically 
significant [14]. Additionally, it was revealed that 15–22% of 
the anonymous donors would accept contact from the off-
spring if anonymity was abolished [14, 15]. In another study 
investigating an American sample cohort of anonymous 
donors, 86% of the donors were positive about the prospect 
of being contacted by their offspring [16]. These differences 
could potentially be explained by demographic differences 
and differences in the sample cohort.

Historically, there have been numerous attempts from 
donor-conceived offspring to access their sperm donor iden-
tity. Mahlstedt et al. [17] reported that 25% of sperm donor- 
conceived offspring wished to request their donors’ identities, 
36% wished to create a contact, and 26% wished to create a 
relationship [17]. Specifically, motivations include simple 
curiosity, investigation of medical risks and consanguineous 
relationships, and to learn more about the sperm donor [18]. 
Interestingly, recent data show that compared to egg donors, 
sperm donors answered more positively for potential involve-
ment with their donor-conceived offspring, perhaps indicat-
ing that sperm donors consider the genetic link between 
parent and child more than egg donors [19]. These interest-
ing findings may indicate the desire of sperm donors to share 
their “good” genes and wish to procreate [19, 20]. In addi-
tion, age is a critical factor, as older sperm donors with chil-
dren were more positive compared to younger donors (30% 
vs 9%) [21, 22]. Furthermore, in contrast to heterosexual 
sperm donors, gay and bisexual donors were more open to 
being contacted by their offspring, indicating that sexual ori-
entation has an impact [23].

While most studies report positive attitudes toward an off-
spring’s right to information either identifying or non- 
identifying, little attention has been paid to the donor and 
donor-offspring potential interaction. Of the scarce current 
studies published, these tend to highlight an urgent need for 
donor pre- and post-donation counseling in order to avoid 
negative long-term consequences in the donors’ lives and 
families [13, 24–26]. Some studies also report that the pres-
ence of the donor in the life of the offspring could be a threat 
to the parents [27].

Moreover, nowadays it is also important to be aware 
that anonymity cannot be completely guaranteed. 
Anonymous donors could potentially be traced if their 
DNA or even the DNA of a relative to the donor is included 

in a database, which subsequently can be used for geneal-
ogy purposes [28].

52.4  Selection and Screening of Sperm 
Donors

The procedures for selection of sperm donors vary greatly 
among individual sperm banks. Most banks initially select 
sperm donors based on a number of parameters, including 
screening for infectious diseases, genetic screening, and 
sperm quality. There then follows screening for other traits 
such as personality, 3–4 generation family history, and age.

52.4.1  Regulations for Screening

In addition to donor/recipient protections, most countries 
that allow sperm donation also have regulations directed 
toward health and safety of the sperm. One of the largest 
regulatory agencies is the Food and Drug Administration 
(FDA) in the USA.

In 2005, the FDA issued a regulation entitled “21 CFR 
1271—Human Cells, Tissues, and Cellular and Tissue-Based 
Products,” a set of federal regulations governing human 
cells, tissue, and tissue-based products. 21 CFR 1271 con-
tained much broader tissue regulation than previous regula-
tions and included reproductive cells [29]. The focus was to 
ensure the safety of tissue products against the possible 
spread of infectious disease. The regulations contain specific 
requirements for screening donors of all tissues, with many 
specific requirements for sperm donors. The regulations 
include the registration of all facilities involved in the col-
lecting, processing, labeling, storage, shipping, and use of 
donor sperm. Registered facilities are subject to regular 
inspection by the FDA or the national health authorities in 
the country where the sperm bank is located.

52.4.2  Screening for Infectious Diseases

Screening of donors under both 21 CFR 1271 and European 
Union (EU) legislation consists of evaluating donors for risk 
factors associated with an increased chance of acquiring an 
infectious disease. This involves a review of relevant medical 
records and by physical examination of the donor.

Donor interviews then look at family medical history, 
social behavior, and past medical conditions that may indi-
cate if the donor is at increased risk for a relevant commu-
nicable infection. All tissue donors must be screened for 
HIV I and II, hepatitis B, hepatitis C, syphilis (Treponema 
pallidum), chlamydia (Chlamydia trachomatis), and gonor-
rhea (Neisseria gonorrhoeae). Additionally, sperm donors 
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must also be screened for human T-lymphotropic virus 
(HTLV) types I and II and in many countries also for cyto-
megalovirus (CMV).

52.4.3  Genetic Screening

Genetic screening of potential sperm donors is a standard 
component of donor eligibility practiced by most sperm 
banks, although the level of genetic screening varies. A dis-
tinguishing feature of screening compared with diagnostic 
testing is that screening is usually offered to individuals 
without any signs or symptoms of a specific health issue and 
without a priori increased risk.

Screening programs have to meet certain criteria. In 
many countries, the Wilson and Jungner criteria continue to 
be the applied standard, although with some adjustments 
for genetics [30].

The opportunity to minimize the future child’s risk of dis-
ease is emphasized by most sperm banks, and the screening 
for inherited diseases will, for many sperm banks, be initi-
ated by a three-generation family history analysis. In the EU, 
the EU Tissue and Cells Directives must be adhered to [31–
33] and further administered in the various member states. 
This means that potential sperm donor candidates in many 
countries are assessed using the following criteria:

• Occurrence of severe autosomal dominant or X-linked 
recessive diseases among first- to third-degree relatives of 
the potential donor, or in the donor himself

• Occurrence of serious autosomal recessive diseases 
among first-grade relatives, the potential donor, or the 
donor himself

• Occurrence of major malformations among first-degree 
relatives of (including any children of) the potential 
donor, or in the donor himself

• Prevalence of developmental impairment where the cause 
is unknown among first- and second-degree relatives to 
the potential donor

• Occurrence of severe polygenetic or multifactorial dis-
ease among first- and second-degree relatives of the 
potential donor

As a part of a genetic screening program, the majority of 
commercial sperm banks conduct karyotyping on the sperm 
donors to ensure that accepted donors have a normal 46,XY 
karyotype.

Moreover, the sperm donors of most sperm banks are sub-
jected to a carrier screening panel for a certain number of 
recessively inherited diseases. The number of genes included 
in the panel varies greatly among sperm banks. Donor candi-
dates who test positive for a pathological mutation are typi-
cally rejected.

So far, carrier screening has been conducted for relatively 
(few) frequent recessive disorders associated with significant 
morbidity and decreased life expectancy. One example is the 
screening for cystic fibrosis (CF) which is offered in a vari-
ety of countries including the USA, Denmark, and Australia. 
Another example is beta-thalassemia which has traditionally 
been offered in countries such as Cyprus, Israel, and Turkey, 
but also for donors who donate in international sperm banks.

Further screening panels exist for specific disorders which 
are known to be more frequent in specific communities, such 
as individuals with an Ashkenazi Jewish background. The 
disadvantage of ancestry-based screening is that diseases are 
not limited to specific groups and it is not possible to define 
who is at risk because of multiethnic backgrounds [34]. 
There is also increasing evidence that many of the so-called 
ethnic diseases range past the boundaries of specific ethnic 
groups [35]. This has, therefore, led to some sperm banks 
conducting carrier screening using a pan-ethnic approach. 
This means that all donors who are eligible to donate are 
screened for all recessive diseases included in the panel at 
the time of acceptance to become a sperm donor. An 
expanded carrier screening is carried out, which inevitably 
leads to the rejection of more donors as more genes are 
included in the test panels.

Several experimental approaches have led to the same 
conclusion: every human is a carrier of multiple disease- 
causing mutations [36–38]. These studies indicate that the 
real complexity of human reproduction, regardless of the 
usage of sperm donor, is not just reflected in the standard of 
care. Since every individual is a carrier of 3–5 recessive dis-
eases, it might be an outdated protocol to reject donors who 
are carrier positive for a clinically characterized variant with-
out also testing the recipient. This might also lead to a wrong 
belief among recipients that donors who are included in a 
donor program are “mutation-free” [39].

One way to achieve the screening goal of protecting future 
children from a large number of highly heritable diseases is 
to reflect the genetic reality in the screening approach so that 
both the donor and recipient are screened for a large number 
of recessive diseases. This approach is called “matching” 
and will probably become more utilized in relation to the 
usage of donated sperm in the future.

52.4.4  Sperm Quality and the Analysis 
of Sperm

During the selection process of being accepted into a sperm 
donation program, a semen quality assessment must be per-
formed. Accepted donors must have very good sperm 
quality.

For potential donors, one or more ejaculates are evaluated 
for sperm quality, most often after a 2–5  days’ abstinence 
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interval. The sample should be examined after liquefaction not 
more than 1 h after ejaculation to minimize the time the sperm 
are exposed to seminal plasma. The liquefaction process usu-
ally takes less than 15 min but can take up to an hour [40].

There are no uniformly accepted standards for selecting 
donors based on sperm quality, but the minimum criteria for 
normal semen quality according to the World Health 
Organization (WHO) can be applied [40] (Table 52.2).

All ejaculates donated to a sperm bank undergo process-
ing (e.g., gradient centrifugation, washing and addition of 
cryoprotectants, cryopreservation, test thawing) which will 
inevitably lead to a loss of motile sperm. This means that the 
sperm quality of donor samples must be very good, if the end 
product is to meet the requirements by the recipient and be 
suitable for artificial insemination.

At fertility clinics, a semen analysis is typically per-
formed on patients for diagnostic purposes, to collect infor-
mation so that an appropriate fertility treatment can be 
chosen. This means that the sperm analysis is very compre-
hensive and includes several macroscopic and microscopic 
examination steps.

• The macroscopic examination usually consists of assess-
ing volume, pH, appearance, liquefaction, and viscosity.

• The microscopic examination consists of assessing sperm, 
concentration, motility, morphology, vitality, aggregation, 
and agglutination. Additionally, testing for antibody coat-
ing of sperm and interaction assays between sperm and 
cervical mucus may be performed. Some clinics also per-
form DNA integrity tests such as sperm chromatin struc-
ture assay (SCSA) [41].

At sperm banks, the semen analysis is less comprehen-
sive, as the donors are healthy young men with no history of 
infertility. Here, the semen analysis is not used as a diagnos-
tic tool, but rather as a way to determine the quality of the 
sample. Volume, motility, and concentration are the main 
parameters assessed in all sperm banks. Morphology is also 
often a part of the semen analysis, at least in the initial evalu-
ation process.

In 2011, Ping et al. demonstrated the acceptance criteria 
for Chinese sperm banks related to semen parameters. This 
group stated that fresh donor semen is required to have a 
liquefaction time <60 min, sperm concentration ≥60 million 
per ml, motility (rapid and slow progressive sperm) ≥60%, 
normal morphology >30%, post-thaw sperm motility ≥40%, 
number of motile sperm per vial ≥12 million, and frozen- 
thaw survival rate ≥60%. The study also demonstrated that 
inadequate semen parameters were the most common rejec-
tion rate (55%) [42].

In 2014, Thijssen et al. [43] reported a substantial differ-
ence in acceptance criteria between sperm banks in Belgium:

The lower limit for native sperm concentration ranges from 15 
up to 60 million spermatozoa per ml. Additionally, the threshold 
for good forward progressive motility has to be at least 30% in 
one centre and up to 70% in another centre. Minimum criteria 
for sperm morphology range from 4% to 25% morphologically 
normal spermatozoa.

The sperm bank Cryos International (Aarhus, Denmark), 
only accepts donors with a total number of progressive 
motile cells of at least 100 million per ml.

North American and European sperm banks typically 
offer a few different qualities. The quality of the available 
specimens is often defined as “MOT,” meaning the concen-
tration of motile sperm cells per ml. For example, a “MOT30” 
sample contains 30 million motile sperm cells per ml. Most 
sperm banks offer volumes of 0.5 ml in vials or straws.

The MOT quality is defined post-thaw, where an aliquot 
of the processed semen sample is thawed after freezing and 
then reanalyzed. During processing, including freezing and 
thawing, a loss of motility is unavoidable, meaning that a 
post-thaw motility assessment is important. This post-thaw 
motility assessment determines the quality of the commer-
cially available specimen. The result of the analysis of the 
aliquot will therefore define the quality of the entire sample; 
hence, thorough mixing is essential.

Commonly different qualities are offered including 
unprocessed semen with the addition of cryoprotectant 
media for use in intracervical insemination (ICI) treatment, 
or density gradient centrifugated and washed sperm for use 
in intrauterine insemination (IUI) treatment. Some sperm 
banks offer lower MOT qualities for IVF or ICSI treatment. 
Large-scale sperm banks have developed factory-like set-
tings to be able to analyze and process as many samples as 
possible throughout the day. A Makler Counting Chamber 
(Sefi-Medical Instruments, Haifa, Israel) is often used when 
manually assessing motility and concentration in a sperm 
bank. It is accepted that a Makler Counting Chamber may 
cause an overestimation of concentration and motility, but 
the use is very fast and simple, which is the main reason why 
it is used at many sperm banks and fertility clinics [44].

Some sperm banks are now using computer-assisted 
sperm analysis (CASA) [45], particularly if there are many 

Table 52.2 The minimum criteria for “normal” semen quality accord-
ing to the World Health Organization (2010) guidance

Parameter
Lower reference 
limit

Semen volume (ml) 1.5 (1.4–1.7)
Total sperm number (million per ejaculate) 39 (33–46)
Sperm concentration (million per ml) 15 (12–16)
Total motility (progressive + non-progressive, 
%)

40 (38–42)

Progressive motility (progressive, %) 32 (31–34)
Vitality (live spermatozoa, %) 58 (55–63)
Sperm morphology (normal forms, %) 4 (3.0–4.0)

Note the reference limits are for the lower level of “normality”
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laboratory technologists and several collection sites. CASA 
can help to minimize subjectivity and intra- and interper-
sonal variation and enables standardization and 
 documentation which is a part of ensuring the most optimal 
sperm samples for the use in ART procedures (Fig. 52.2).

52.5  Summary

The use of sperm donation is not new, and donor semen is 
today widely used to assist heterosexual couples to conceive 
in cases of severe male factor subfertility, as well as single 
women and lesbian couples where no male partner is present. 
Historically, sperm donation and conception have remained 
secretive. However, in recent years, there has been an increas-
ing international trend supporting openness. In some coun-
tries, a recipient can choose between anonymous and 
non-anonymous donors, where the use of the latter ensures 
that the future child receives the possibility to know the iden-
tity of the sperm donor. In other countries, only the use of 
either anonymous or non-anonymous sperm donors is 
allowed.

The sperm donation process is usually regulated by law, 
which means that sperm donors are screened in order to 
decrease the risk for transferring infectious and genetic dis-
eases. Testing for genetic diseases is an area with an increas-
ing awareness, especially due to the growing knowledge and 
technical possibilities within genetic compatibility. Another 
key aspect of sperm donation is ensuring a high sperm qual-
ity, which means that ensuring highly motile sperm samples 
upon freeze-thawing is a key element in the processing of the 
sperm. Taken together, the various procedures within the 
sperm donation process will enable that the most optimal 
sperm samples are available for insemination or other 
assisted reproduction procedures.
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Embryo Donation

Jody Lyneé Madeira

Since embryo cryopreservation emerged as a viable technol-
ogy in the early 1980s, it has simultaneously improved medi-
cally assisted reproduction (MAR) treatment by improving 
cumulative pregnancy rates and facilitating elective single 
embryo transfer [1]. But with these advances have come new, 
potentially difficult decisions. While couples now routinely 
preserve surplus embryos, they also need to choose a dispo-
sition for those remaining after their families are complete or 
in the event that they or their spouses die or divorce. Given 
that fresh embryos are used in over 80% of IVF cycles, 
patients frequently have surplus embryos [2].

While choosing embryo dispositions can be difficult for 
couples, it also presents challenges for social policy and 
legal regulation. Certain disposition options, like discarding 
embryos or donating them to stem cell research, have gener-
ated extensive debate and controversy. Moreover, there is the 
question of what to do about the large number of “aban-
doned” embryos, which according to recent estimates is over 
1 million in the USA alone [3]. For clinics and storage facili-
ties, cryopreserving large numbers of embryos is “expensive 
and time-consuming” and has been described as an “ethical 
and practical problem” [4]. Although some countries have 
enacted legislative limits on how long embryos can be stored, 
the USA has no such regulatory scheme; instead, facilities 
discourage long-term storage by raising fees [5]. Thus, 
patients might feel pressure to choose a disposition option 
when they no longer want to pay cryostorage fees, which 
they often name as a decisional influence [5].

For most patients, the major disposition options include 
using embryos for personal reproductive use, donating them 
for scientific research or embryologist training, donating 
them to another couple for reproductive use, discarding or 
destroying them, or keeping them cryopreserved [2]. Other 

less common options include compassionate transfer into a 
woman’s uterus when she is unlikely to become pregnant 
(preferred by a “significant minority” of patients according 
to Lyerly et al. [2]) and a disposal ceremony. Lyerly et al. 
reported that these last alternatives are offered at fewer than 
5% of American fertility clinics [2].

The process of choosing a disposition option is made 
more complex by the fact that patients’ attitudes toward their 
embryos change over the course of their treatment experi-
ences. Patients may initially regard cryopreserved embryos 
as conceptive resources, a means to the end of a healthy baby 
[6]. Embryos might seem like an “insurance policy,” to pre-
serve fertility or as a safeguard lest anything happen to exist-
ing children [7]. Later, they may view them very differently, 
especially if their cryopreserved embryos are effectively the 
siblings of their existing children [5, 8]. Patients might even 
feel more attached to their embryos after they receive a pic-
ture of their embryos before transfer [6, 9]. At any point, they 
may feel quasi-parental feelings of responsibility or “an obli-
gation to protect the welfare and the interests of the potential 
offspring” [6, 9].

Though patients likely affirm and implement their chosen 
dispositions years or even decades after undergoing their first 
IVF cycle, these decisions about what should happen to sur-
plus embryos in the event of death, divorce, nonpayment, 
and loss of contact should be made prior to their first IVF 
cycle to adequately protect their legal interests as well as 
those of the clinic. Surprisingly, however, Lyerly et  al. 
reported that patients are “often” not asked about their pref-
erences prior to freezing, but only upon donation or disposal 
[2]. Furthermore, giving patients only one meaningful oppor-
tunity to select a disposition decision does not accord with 
best practices [2].

This essay will review how patients choose disposition 
decisions, why these decisions are difficult, and what hap-
pens when they break down. It first explores factors affecting 
which dispositions patients elect and the reasons why certain 
options are more popular or controversial. This essay then 
describes why the disposition decision can be difficult and 
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interrogates the growing problem of abandoned embryos. 
Finally, it discusses potential solutions that might improve 
the ease and quality of patients’ disposition decisions.

53.1  How Patients Choose Dispositions

Patients evaluate embryo disposition options according to 
their availability and acceptability and prioritize finding a 
meaningful and respectful disposition [2]. Several factors 
influence disposition decisions, including demographics, 
family and personal issues, perceptions of embryos’ moral 
status (as human or nonhuman), perceived responsibility 
toward their embryos, perceived responsibility toward soci-
ety, the adequacy of disposition information, the acceptabil-
ity of options, and trust in medical professionals [10]. For 
instance, Lyerly et al. found that patients who had no chil-
dren or few children or who attribute high moral status to 
embryos were more likely to use or store them for future 
reproduction, but patients whose embryos had been cryopre-
served for over 5 years, who believed embryos had low moral 
status, and who were highly concerned about the welfare of 
their embryo, future fetus, or child were more likely to dis-
card them or store them indefinitely [2].

In choosing an embryo disposition, patients often first 
determine their ideal family size; those who want additional 
children usually keep their embryos for their own reproduc-
tive use. Family size is in turn dependent on patients’ age, 
finances, and health, although cryopreserved embryos make 
age less determinative, since they might function as a “secu-
rity blanket” [10]. Patients might not be willing to allocate 
financial resources toward frozen embryo transfers, or they 
could be cautious about how future cycles would affect their 
health. If patients are uncertain about their family size or are 
certain they will not use their embryos, they face more diffi-
cult disposition choices.

Disposition choices often depend on how much trust 
patients repose in medical professionals. Trust might be 
more influential for some disposition decisions, like dona-
tion to research, than others, like disposal. Patients may be 
reluctant to donate embryos to research if they lack confi-
dence in medicine; they might fear that professionals would 
misuse the embryos or allow them to develop into children 
[11]. Conversely, those who do donate their embryos to 
research describe positive treatment experiences and trusting 
treatment relationships [5]. Diminished trust may be linked 
to inadequate information. Patients who thought they lacked 
information about certain options often could be dissuaded 
from donating embryos to research by “generalized fears 
about science” like “embryo misplacement, disposal, or use 
in the creation of chimeras, for eugenic purposes, or having 
embryos ‘grown into babies’” [5]. Although Samorinha et al. 
found that patients likely receive more information about 

donation to research than other options, they still might lack 
details about particular research objectives [12].

Patients’ disposition decisions might also be influenced 
by whether they accord embryos’ moral or human status; this 
status might merit special protective efforts like ensuring 
embryos are gestated or, alternatively, prevented from devel-
oping further [13, 14]. Couples might liken the disposition 
decision to other reproductive choices like adoption, preg-
nancy termination, and tissue donation; couples electing 
donation to research over disposal might feel their choice is 
more like donating tissue than terminating a pregnancy, but 
those who discard their embryos could feel they were pro-
tecting potential children from being adopted or given away 
[14]. Religious beliefs might either intensify or alleviate 
decisional conflict, dictating particular dispositions (like 
gestating each embryo) or ruling out others [11]. Feelings 
that embryos have a symbolic meaning, like being represen-
tative of a couple’s relationship, can also influence disposi-
tion choices [6].

Research suggests that patients’ viewpoints on embryos’ 
moral status is usually less important than the patients’ feel-
ings of responsibility toward the embryos [10, 15]. Patients 
who are genetically related to their embryos might feel a pro-
creative responsibility that manifests as concern for the wel-
fare of the embryo or potential child, eliciting fears that 
potential children could be raised by strangers and subject to 
unknown dangers [10]. This genetic relationship is so impor-
tant that comparatively few couples are willing to consider 
donating their surplus embryos to others for reproductive 
use; according to one Australian study, only 22% of couples 
were even willing to consider it, and only 4% considered 
themselves likely to donate their embryos [16]. Patients 
might be more willing to donate embryos created with donor 
oocytes [17].

Donating embryos to research is a popular option for 
patients who want their embryos to be of use to others but 
who do not want others to raise the children they might 
become. These individuals may feel responsible toward and 
protective of their embryos, yet also feel an altruistic obliga-
tion to give back to society through their embryo disposition. 
They might feel their embryos have a “high instrumental 
value,” and regard destruction as wasteful [11, 14]. Donation 
to research, then, allows patients to both protect embryos and 
use them for social good, illustrating how embryos can be 
“simultaneously … epistemic or medical objects for research 
and clinical practices, and ontological objects for reproduc-
tion, with an instrumental value that should not be wasted” 
[12]. Patients who elect this disposition are likely optimistic 
that it involves minimal risk and can improve MAR tech-
niques, public health, and/or clinical treatment of disease 
[12]. According to Samorinha et  al., patients were more 
likely to donate their embryos to research if they were older 
than 40  years, had higher levels of education, and were 
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Caucasian; they were less likely to donate to research if they 
believed their embryos were life or a potential child, had 
high moral status, or symbolized the couples’ relationship 
[12]. But Deniz et  al. found that some patients felt they 
lacked sufficient information on this option and were 
unaware of “how research initiatives were chosen and the 
amount of the information on the study they would receive”—
potential barriers to choosing donation to research [18].

The least popular disposition option is donation to another 
couple or individual for reproductive use; Lyerly et al. found 
that only 7% of patients stated that they were very likely to 
choose this option, while 59% indicated they were very 
unlikely to choose it [2]. Some countries ban donation to 
another couple outright because of its many “emotional, eth-
ical, legal and psychosocial aspects” [19]. It is permitted in 
countries such as Australia, Belgium, Brazil, Canada, 
Finland, France, the Netherlands, Portugal, Russia, Spain, 
the UK, and some states in the USA [19]. Even in countries 
that do permit it, regulations differ substantially, and “few 
clinicians … have clear guidelines for the procedure” [19]. 
In the USA, the ASRM has promulgated professional guide-
lines for embryo donation that require counseling for both 
donors and recipients and prohibit compensation for embryo 
donors, and embryo donors usually do not know of their 
donated embryos’ outcomes [20].

Finally, embryo destruction is often regarded as unattract-
ive, often because of an altruistic desire to “give back to soci-
ety and to help others” [2]. But it might seem an appropriate 
disposition option for low-quality embryos, or might be the 
best option for parents who do not want their embryos used 
for research or donated to another couple for reproductive 
use. Again, a lack of knowledge about the procedures for 
ethical disposal might discourage patients from choosing 
this option [18].

53.2  Difficulty Selecting a Disposition 
and the Problem of Abandoned 
Embryos

Numerous researchers have found that patients often have 
difficulty choosing a disposition decision [10, 11, 21] 
although few couples disagree [1], particularly because life 
circumstances and perceptions of embryos change across the 
treatment journey. Nonetheless, selecting a disposition might 
feel less like an ideal outcome and more like the “least 
uncomfortable alternative” [6, 14].

Since most patients initially choose a disposition before 
undergoing MAR, they might not know whether they will 
have any embryos to freeze and are certainly not anticipating 
that they will die or divorce. Patients might feel unprepared 
to choose a disposition if they lack information about cryo-
preservation before IVF or feel overwhelmed by what infor-

mation they have received [10]. Or they might be focused on 
their procreative chances at that time and unlikely to con-
sider disposition options other than their own reproductive 
use. Once patients have begun treatment, they might view 
their embryos differently, particularly after they have more 
information about embryo numbers and quality, after chil-
dren are born, or after certain embryo “batches” proved suc-
cessful or unsuccessful [10]. Nachtigall et  al. found that 
patients were very interested in embryo quality and how long 
cryopreserved embryos could be viable; those having few or 
poor-quality embryos “questioned whether it would be worth 
the emotional and/or financial investment to attempt addi-
tional frozen embryo transfers” [5].

Delayed disposition decisions can be agonizing for 
patients and difficult for those institutions responsible for 
storing or disposing of potentially abandoned embryos [2]. 
Patients experiencing decisional conflict might postpone 
their choices for 5 years or more, or keep their embryos per-
petually frozen [22]. Because attitudes toward embryos 
change over time, patients’ relief over having surplus 
embryos may eventually become weariness, reluctance to 
commit to a disposition decision, and even regret [9, 22]. 
Those who are initially confident about their disposition 
decisions might experience great indecision later on, when it 
is time to implement them.

Fortunately, empirical research has identified a number of 
factors that can predict when patients will experience deci-
sional conflict over embryo disposition. Patients who are 
unsure whether their families are complete are likely to have 
high decisional conflict, as are those who are sure that they 
are done; these groups know that they must confront the dis-
position decision sooner rather than later. In contrast, patients 
who know they want more children tend to have low deci-
sional conflict [22]. Moreover, patients who assign either full 
or no moral status to their embryos are also likely to have 
low decisional conflict; most patients fall in between these 
positions, however, and find their decisions more challeng-
ing, particularly if they assign high but not full moral status 
to their embryos [22].

Couples’ disposition decisions are even harder when their 
desired option is unavailable. Women might desire choices 
like a disposal ceremony or compassionate transfer that are 
offered by very few clinics [10]. Patients wishing to donate 
their embryos to another couple for reproductive use can face 
additional difficulties. Bankowski et  al. reported that most 
clinics that offered embryo donation had actually had not 
completed donation cycles [1], and Nachtigall et al. observed 
that some patients who were initially interested in embryo 
donation ultimately selected another disposition because 
their clinics lacked the infrastructure to facilitate donation 
[5]. And those whose embryos were frozen before the US 
Food and Drug Administration (FDA) promulgated its most 
recent policy requiring infectious disease testing for gamete 
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providers might be unable to donate at all [2]. When accept-
able disposition options are unavailable, patients might 
choose instead to keep their embryos frozen [10].

The worst disposition option is when patients intention-
ally or unintentionally abandon their embryos. Abandoned 
embryos are defined as those kept in storage for long time 
periods without clear written disposition instructions from 
their progenitors, who either cannot be contacted to provide 
a disposition or intentionally fail to do so [4]. Patients move, 
change their marital status, fail to make decisions by a cer-
tain deadline, or neglect to make decisions at all [23]. Clinics 
and storage facilities may be reluctant to carry out clear dis-
position instructions when progenitors have not affirmed 
their choices [4].

According to Sweet et  al., an increased risk of embryo 
abandonment correlated with several patient characteristics, 
including low education level, having more children at home, 
storing embryos for a long period, owing a large debt to their 
fertility practice, having partial or complete insurance cover-
age for IVF, a primary diagnosis of tubal or peritoneal infer-
tility or endometriosis, and having a large number of frozen 
embryos [24]. Sweet et  al. reported that, for each year 
patients paid cryopreservation storage fees, the risk of aban-
donment increased by 7.8% [24]. Abandonment may also 
occur when surplus embryos lose their original perceived 
value after patients decide they will not use them [25].

Abandoned embryos raise several ethical questions, from 
what acceptable disposition options might be to who can 
make these decisions [25]. The ASRM Ethics Committee 
recommends that a center may discard embryos after 5 years 
of no contact with the patients and after significant contact 
attempts [26].

53.3  Strategies for Improving Disposition 
Decisions

Despite the difficulty of the disposition decision, practitio-
ners can help patients make more expeditious and informed 
decisions. Reproductive medicine professionals influence 
the timing and outcome of patients’ disposition choices and 
affect their attitudes toward stored embryos’ viability [5]. 
Correspondingly, patients rank clinic information provision 
and support very important in making these choices; they 
expect medical professionals to be primary sources of 
information regarding cryopreservation and disposition and 
even believe that clinics have an obligation to assist in this 
decision [5].

But these informational needs and expectations may not 
be met. While patients trust physicians and feel that they 
have the greatest access to relevant information, some report 
that communication with their clinics “decreased drasti-
cally” once they had conceived, and others note that they 

received much more information about IVF than about 
embryo disposition [5]. Many patients want detailed infor-
mation, but find the written material they are given to be 
“impersonal” or of low “impact” or “importance” [26]. 
Information about disposition options is especially critical 
when certain possibilities, like donation to research or 
another couple, are inherently more opaque or complex, and 
patients need more details about what these options involve.

Both patients and researchers have identified solutions to 
ease disposition decisions and ultimately reduce large num-
bers of cryopreserved embryos. Patients have recommended 
the opportunity to participate in a follow-up educational 
seminar or support group, or the chance to consult trained 
counselors who can provide assistance in choosing among 
disposition options or offer emotional support [5]. 
Researchers like Nachtigall et  al. recommend providing 
patients with “comprehensible and detailed” information 
about disposition options before cryopreservation and regu-
larly thereafter, expansive information about stored embryos’ 
number and viability as well as storage fees and terms 
(including fee increases), and access to a knowledgeable 
medical expert or counselor [5]. Lyerly et  al. suggest that 
“improv[ed] information and support” will likely “alleviate 
distress and facilitate informed and reasoned decisions and 
closure” [22]. Finally, Samorinha et al. recommend decision- 
making guidelines incorporating “psychosocial care … that 
should be sensitive to … age, religion, trait anxiety, and con-
ceptualization of cryopreserved embryos” [12].

Informed consent provides a logical opportunity to deliver 
relevant information about embryo disposition and becomes 
especially crucial when patients are likely to experience high 
decisional conflict and when they are ready to implement a 
disposition decision. It is undeniably crucial to require 
patients to choose a disposition prior to undergoing MAR, 
since an estimated one-third of patients will not return to 
affirm their initial disposition choices [18]. At that time, 
however, patients’ attention is largely on other matters, and 
they might spend an average of less than 1 h contemplating 
the decision [18]. For this reason, patients should be given 
other, later opportunities to revisit the disposition decision. 
Lyerly et al. propose “revisit[ing] discussions about disposi-
tion preferences at regular intervals, to engage with patients 
later on … when they themselves can engage with the com-
plexity of embryo disposition decisions and consider them in 
the contexts of their lives” [22]. This could be as simple as 
enclosing updated information on disposition options in 
patients’ billing correspondence [22]. Models of shared 
decision- making provide support for patient counseling 
about disposition options, help patients to reflect upon and 
develop informed disposition preferences through healthy 
clinical relationships, allow patients to express their view-
points, and give them relevant information that can reduce 
decisional conflict [27].
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Implementing such evidence-based solutions transforms 
a one-stage informed consent process into a patient-centered 
process consisting of two or three stages, based not only on 
rational and autonomous decision-making but also on trust 
and treatment relationships [28]. Emphasis is placed not on 
the initial consent opportunity but on subsequent posttreat-
ment contacts, when patients are less stressed and have lower 
anxiety [12]. Revisiting patients’ disposition preferences at 
regular intervals posttreatment might better accord with how 
patients cognitively approach these decisions. In the begin-
ning, many might not even have “settled moral views or 
reflective preferences about their embryos”; instead, they 
formulate them through their treatment experiences [10].

If the informed consent process were altered to better reflect 
patients’ own disposition decision-making trajectories, 
informed consent’s initial goal would be “not to secure a 
patient’s commitment to a particular course of action regarding 
‘spare’ embryos, but to communicate that embryo cryopreser-
vation may have untoward consequences” [10]. Periodically 
revisiting the subject of embryo disposition may also prevent 
patients from being surprised when storage terms are up, or 
other changes occur [25]. Of course, this increases clinics’ 
administrative burdens [25]. Apte et al. found that staff mem-
bers in one clinic that contacted patients with stored embryos 
had to send many patients multiple letters; more than one letter 
was required for 26.7% of patients who had stored embryos for 
1 year and for 50% of patients who were in the final year of 
storage [23]. Nonetheless, this contact policy allowed the clinic 
to more effectively discard nonresponding patients’ embryos, 
reducing the burden of abandoned embryos [23].

For these reasons, best practices dictate that, in addition to 
requiring patients to complete an advanced disposition direc-
tive, clinics should maintain contact with patients at regular 
intervals and request that they confirm their initial disposi-
tion choice. This strategy both provides a “safety net for 
patients as imperfect decision makers” and allows clinics to 
dispose of embryos when patients cannot be reached [25]. 
One randomized controlled trial which offered the experi-
mental group a meeting with a mental health professional to 
discuss disposition options and provide additional support 
found that this group had “increased awareness knowledge 
of embryo donation to research and possibly an increased 
tendency towards donation” as compared with a control 
group that received standard care [29].

Finally, developing new educational options is another 
promising option for improving disposition decisions. Clinics 
can facilitate peer discussions among patients so that couples 
in the early stages of treatment can benefit from veteran 
patients’ advice and experiences about decision-making and 
emotional challenges [27]. Technology also offers new options 
for educating patients. New multimedia e-learning applica-
tions could be developed that educate patients, better prepar-
ing them to choose dispositions for their surplus embryos [30].
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Gestational Surrogacy

Virginia Mensah, Reeva Makhijani, and Carol Wheeler

The ability to use a surrogate to have a child has been possi-
ble for centuries and was described in the bible when Sarah, 
who was barren, gave her servant Hagar to Abraham to bear 
a child [1]. The advent of medically assisted reproduction 
(MAR) has made it possible to utilize a gestational surro-
gate, also referred to as a gestational carrier (GC), which dif-
fers from the traditional surrogacy described in the bible. In 
traditional surrogacy, the surrogate provides her own oocyte 
and conceives with insemination (or coitus) with the intended 
father’s sperm. Because of the risk of regret and complicated 
legal issues, many ART programs no longer offer traditional 
surrogacy arrangements. Alternatively, a gestational surro-
gate or carrier does not have a genetic connection to the child 
but carries the child for another individual or couple. In both 
situations, the “intended parents” (intended mother(s) and/or 
father(s)) will ultimately be both the social and legal parents 
of the child or children.

When using a gestational carrier, the gamete providers 
(source of egg and sperm) may or may not be the intended 
parents. This complicated legal and ethical relationship for 
the child born of this process may thus involve as many as 
five individual parent relationships: the GC provides the 
uterus to carry the child; the intended parents are the legal 
and rearing family; the gametes and/or embryos may come 
from a source other than the GC or the intended parents.

Gestational surrogacy requires in vitro fertilization (IVF) 
for conception, and, in general, a number of gestational sur-
rogacy cycles are increasing over time. The US Center for 
Disease Control tracks fresh gestational carrier cycles, and, 
in 2013, 86% of IVF programs offered gestational carrier 
programs with <1% of 190,777 cycles utilizing gestational 
carriers [2]. Outside of the United States, gestational surro-
gacy is often severely limited or outlawed by many coun-

tries, particularly when there is payment to the carrier for her 
services. This has led to an increase in cross-border repro-
duction resulting in intended parents and/or carriers coming 
to the United States (or other countries with more liberal 
laws) for treatment and delivery [3].

This chapter will review the indications for gestational 
carrier use and describe the process for the use of a GC, 
including carrier selection, evaluation, and management. It 
will also discuss the evaluation of gamete providers, who 
may or may not be the same as the intended parents. Lastly, 
the success rates, costs, and ethical issues surrounding the 
process of gestational surrogacy will also be reviewed.

54.1  Indications for the Intended Parent

When it comes to gestational surrogacy, there is a variable 
range of practices and criteria for whom this method of 
reproduction is indicated. From more obvious indications 
such as women lacking a uterus or having mullerian disor-
ders to more subtle reasons such as recurrent implantation 
failure, no current standard of care dictates what women may 
utilize a gestational carrier to achieve pregnancy. However, 
here we review generally accepted evidence-based indica-
tions for the use of GCs with emphasis on three groups: 
women who “cannot carry,” women who “fail to carry,” and 
the unique situations of same sex female and male partner-
ships or single males [4].

54.1.1  Women Who “Cannot Carry”: Altered or 
Absent Mullerian Anatomy

54.1.1.1  Turner Syndrome (45 X0)
Women born with Turner Syndrome generally lack func-
tional gonads capable of gametogenesis and therefore have 
very limited autologous reproductive potential. Additionally, 
although these women have uteri and thus can experience 
menstrual cycles with hormone replacement, they often have 
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significant cardiac comorbidities which preclude pregnancy 
(i.e., aortic root abnormalities) [5]. Consequently, these 
women are often recommended to avoid pregnancy and 
instead use gestational surrogacy to conceive.

54.1.1.2  MRKH/Mullerian Agenesis
Mullerian agenesis is a failure of proper development of the 
female reproductive tract resulting in absent or abnormal for-
mation of the vagina, cervix, and/or uterus. These women 
generally lack a uterus and, as a result, lack the ability to 
carry a pregnancy. Given the failure of development only 
affects the uterus, women with mullerian agenesis are capa-
ble of reproducing using their own gametes via in vitro fer-
tilization and GC cycles [6].

54.1.1.3  Women Status Post Hysterectomy
Hysterectomy is the second most commonly performed 
gynecologic procedure in the United States. Though the 
majority is completed after a woman has completed child-
bearing, for some women, hysterectomy is performed at an 
early age for indications such as fibroids, endometriosis, and 
severe chronic pelvic pain [7]. Therefore in these women, if 
childbearing is desired, gestational surrogacy may be the 
preferred option to achieve parenthood.

54.1.1.4  Women with Significant Medical or 
Pregnancy-Related Comorbidities or 
Complications

There are a number of cardiovascular conditions which confer 
significant risk of morbidity and mortality in pregnancy [8]. 
Consequently, if pregnancy is desired, the use of a GC is often 
strongly recommended. Similarly, women with medical con-
ditions that require use of powerful and potentially teratogenic 
medications may consider use of a GC. For these women, ges-
tational surrogacy offers the opportunity to continue their 
medical treatment uninterrupted while pursuing pregnancy 
without harm to the developing fetus. Finally, pregnancy-
related complications may provide some women with an indi-
cation to pursue gestational surrogacy. For example, a woman 
with a history of several prior poor obstetric outcomes (includ-
ing preterm deliveries or stillbirths) due to severely shortened 
cervix who previously failed vaginal or abdominal cerclage 
may benefit from use of a gestational carrier.

54.1.2  Women Who “Fail to Carry”: Recurrent 
Miscarriage and Issues of Uterine 
Receptivity

54.1.2.1  Recurrent Implantation Failure (RIF)
Although there is no universally accepted definition of RIF 
in the IVF literature, it is a condition marked by repeated 

failures of an embryo to implant within the endometrium. 
The etiology of such implantation failures is largely unknown 
but is usually attributed to aberrations within the gametes, 
the embryo, or the endometrium [9]. If RIF is apparent after 
several cycles of IVF, the use of a gestational carrier offers a 
solution for concerns regarding endometrial receptivity.

54.1.2.2  Recurrent Pregnancy Loss (RPL)
Per ASRM guidelines, an evaluation for RPL can be under-
taken as soon as two or more pregnancy losses have occurred. 
In approximately 50% of cases, the etiology is identifiable 
and potentially correctable. Therefore, a gestational carrier 
may not be necessary. Examples include cases of endocri-
nopathies (abnormal TSH or glucose studies), uterine mal-
formations (uterine septum), parental genetic translocations, 
and aberrations in coagulation (antiphospholipid antibody 
syndrome) [10]. In the case of unexplained RPL, however, 
the use of a GC may address a potential unidentified issue 
with endometrial receptivity.

54.1.2.3  Women with Severe Asherman 
Syndrome

Asherman syndrome is the significant loss of normal endo-
metrium and replacement of it with abnormal scar tissue 
within the uterus. Risk factors include infection and aggres-
sive curettage, which denudes the endometrial lining. Scar 
tissue formation may render the endometrial cavity incapa-
ble of embryo apposition and implantation. Thus, women 
with severe Asherman syndrome can have difficulty achiev-
ing pregnancy.

54.1.3  Unique Considerations

54.1.3.1  Same Sex Female Couples (Reciprocal 
IVF)

Though both partners may have the necessary reproductive 
structures to carry a pregnancy, any of the abovementioned 
situations can apply to same sex female couples and there-
fore may warrant this unique situation of gestational surro-
gacy. On the other hand, in the case of elective “reciprocal 
IVF,” no specific medical indication exists wherein the gam-
ete donor is unable to carry the gestation. However, the deci-
sion to proceed with such a cycle may derive from a desire 
for both partners to contribute in some way to the 
pregnancy.

54.1.3.2  Same Sex Male Couples or Single 
Males

Same sex male couples or single males who desire to con-
ceive fundamentally lack the total complement of reproduc-
tive structures to do so. As such, gestational surrogacy 
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combined with oocyte donation affords an excellent option 
for reproduction. Additionally, same sex male couples have 
the option of using either one or both partner’s sperm as the 
male gamete source, which allows both partners to poten-
tially contribute to a given pregnancy.

54.2  Evaluation and Treatment

54.2.1  Carrier Requirements/Screening/
Evaluation

As discussed in the introduction, the majority of the gesta-
tional surrogacy arrangements made in the United States use 
a GC rather than a traditional surrogate. GCs are typically a 
directed carrier, which means her identity is known to the 
intended parents prior to becoming a GC. She may be pro-
vided by an agency, and the intended parents do not know 
her identity prior to her being their carrier. Directed GCs 
may be family members or friends of the intended parents 
who have volunteered to carry the pregnancy. The most cited 
reasons for why couples use directed carriers include trying 
to preserve a familial link and reducing both costs and wait-
ing times [11]. For example, a sister acting as a GC is unlikely 
to request payment, which can yield huge financial savings 
for the intended parents.

The usual baseline requirements for a GC are that she is 
between the ages of 21 and 45, has ideally had a prior uncom-
plicated pregnancy, and delivered a live-born term infant [12, 
13]. Of course, one must also consider that use of a GC of 
advanced maternal age poses a number of potential risks to 
the pregnancy, such as higher rates of preeclampsia and dia-
betes. As gestational surrogacy also confers a number of 
unique physical and emotional stresses on the carrier, it is 
also preferable if the GC has a stable and supportive home 
life. Per ASRM practice guidelines, the carrier also should 
not have had more than five vaginal deliveries or three cesar-
ean sections, as there is an increased risk of postpartum hem-
orrhage and abnormal placentation, respectively (Table 54.1).

In selecting a GC, counseling should include information 
about the preliminary required work up, which involves a 
battery of infectious disease tests. It should also discuss the 
medical treatments and procedures that will be performed. 
Additionally, counseling should include the more unique 
demands of gestational surrogacy to decide whether the 
potential carrier is truly suitable and willing to take on the 
challenges. These issues include the ability to relinquish or 
separate from the offspring after birth, the risks of multiple 
pregnancy including preterm birth and the need for pro-
longed hospitalization, possible need to abstain from sexual 
intercourse, and also decisions about pregnancy termination, 
multifetal reduction, and invasive prenatal testing.

Unsurprisingly, it is strongly recommended that a mental 
health professional who is experienced in dealing with third- 
party reproduction be involved in the selection and evalua-
tion of GCs. The mental health assessment should include 
both a clinical interview and psychological testing. If any 
factors warrant further investigation, the clinician should 
refer the potential carrier for further psychiatric evaluation. 
The clinician should counsel the patient on the aforemen-
tioned considerations and also discuss the impact being a GC 
may have on the relationships the carrier has with her family 
and other people in her life. It should also be clear what rela-
tionship the GC will have with the intended parents, the plan 
for disclosure or nondisclosure of the GC to the offspring, 
and the plan for future contact, if any.

In addition to a mental health evaluation, screening and 
evaluation of the GC should include a complete medical his-
tory with a detailed personal and sexual history to identify 
individuals at high risk for HIV, STIs, and other infections 
that may be transmissible to the fetus. The potential carrier 
should be evaluated by a qualified medical provider and be 
cleared for pregnancy. A thorough physical exam should fol-
low to identify physical evidence of current or past sexually 
transmitted or other infectious diseases, evidence of illicit 
drug use, and inspection of recently obtained tattooed or 
piercings where sterile technique may have not been used. 
Laboratory testing should be done to rule out any current 
infectious diseases in the patient or partner as well as perti-
nent preconception testing (Table 54.2).

Lastly, given the conflict of interests between parties 
involved in these incredibly complex arrangements, the GC 
should have independent legal counsel who will draw up the 
gestational surrogacy contract. This contract should address 
informed consent, payment, psychological support, access to 
medical treatment, and also contingency plans for all fore-
seeable hazards or scenarios.

Table 54.1 Gestational carrier relative exclusion criteria

Five prior vaginal deliveries
  Three cesarean sections
   Presence of significant psychopathology/abnormal psychological 
testing

Current use of psychoactive medications/substance abuse
Impaired cognitive functioning or mental impairment
History of sexual or physical abuse without professional treatment
Excessive stress and/or chaotic lifestyle
High-risk sexual practices
Significant medical problems that preclude pregnancy
Evidence of financial or emotional coercion
Current marital or relationship instability
Inability to maintain respectful relationship with intended parents
Evidence of emotional inability to separate from child at birth
Child-to-parent collaboration is generally prohibited
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54.2.2  Intended Parents (IPs) Screening/
Gamete Donor Screening

An important consideration for GC cycles involves the dis-
tinction of the intended parent and gamete source, who may 
not necessarily be the same. In fact, according to recent CDC/
NASS data, a majority of GC cycles use donor oocytes [14]. 
Thus, the oocyte source can either be the intended female par-
ent or an oocyte donor, and likewise the sperm source can be 
either the intended male parent(s) or donor sperm. In the case 
of the latter, the intended parents (if both male) may elect to 
use sperm specimens from both partners to inseminate donor 
eggs. Not surprisingly, these permutations of traditional-
assisted reproduction cycles can sometimes complicate the 
social, legal, and ethical ramifications of GC cycles.

Regardless of whether autologous IP gametes or donor 
gametes are selected, the gamete source requires appropriate 
evaluation prior to initiation of an assisted reproduction cycle. 
These individuals must undergo a thorough evaluation with a 
complete history and physical examination within 6 months of 
creation of embryos to ensure appropriate fitness for assisted 
reproductive procedures. Additionally, genetic screening of 
the gamete source should be performed to minimize genetic 
risks to offspring. This evaluation should include appropriate 
genetic testing based on personal/family history and ethnic 
background. In addition, ACOG recommends universal 
screening for cystic fibrosis and spinal muscular atrophy.

Furthermore, it is recommended that the IPs have psycho-
social education and counseling prior to undertaking a GC 
cycle. The assessment at a minimum should include a clini-
cal interview by a qualified mental health professional and 
may or may not also involve psychological testing [12, 13]. 
Important areas to address include the impact of the preg-
nancy on family and community dynamics, the nature of the 
relationship between IPs and GC, as well as plans for disclo-
sure or future contact [12, 13].

54.2.3  Food and Drug Administration (FDA) 
Eligibility for Gamete Donors

In the United States, it is important to understand the termi-
nology FDA eligible versus FDA ineligible, which are like-
wise used in the donor literature. The former implies all 
mandated screening has taken place, and the intended parent 
or gamete donor has no positive findings based either on 
screening questionnaire or serum testing (Table 54.3). On the 
contrary, FDA ineligible indicates a positive finding during 
screening or testing; it is important to note, however, that this 
status does NOT preclude use of the gametes. Rather, in the 
case of FDA ineligible IPs or donors, embryos created can be 
transferred into a GC so long as (1) the tissue is labeled to 
indicate any associated increased risks and (2) physicians 
transferring the embryos are aware of the results [12, 13]. 
ASRM also recommends that all parties involved in a GC 
cycle undergo appropriate informed consent.

54.2.4  Lab Testing

In addition to minimizing risk to the embryo or fetus, the 
goal of lab testing is to minimize transmission of disease to 
the GC. However, no method completely mitigates the risk. 
The FDA requires testing within 30 days of oocyte retrieval 
and within 7 days of sperm collection with negative results 
documented before gametes are deemed eligible for transfer 
(Table 54.4). In addition to the tests mandated by the FDA, 
ASRM recommends both IPs undergo testing for blood type 
and Rh factor.

All positive tests should be confirmed and subsequently 
managed by or referred to the appropriate provider for coun-

Table 54.2 Recommended laboratory testing for the gestational 
carrier

HIV-1 and HIV-2 antibody as well as NAT
HIV group O antibody
Hepatitis C antibody and NAT
Hepatitis B surface antigen
Hepatitis B core antibody (IgG and IgM)
Serologic test of syphilis
CMV IgG and IgM
Gonorrhea and chlamydia cultures
Blood type and Rh factor
Pap smear
Mammogram if indicated by age-based screening guidelines
Varicella titer
Rubella titer
Urine drug screen—if indicated
Male partner of the GC—gonorrhea, chlamydia, HLTV-1, HLTV-2, 
CMV IgG and IgM

Table 54.3 Conditions that confer FDA ineligible status for gamete 
donors

Evidence of sexually transmitted infection (i.e., genital ulcerative 
lesions, HSV, chancroid, urethral discharge)
Risk for or evidence of syphilis, N. gonorrhea, or C. trachomatisa

Positive serum testing for HIV (1, 2, or group 0), Hepatitis B or C, 
HTLV-1 or HTLV-2
Evidence of anal intercourse in the male partner (history or physical 
evidence, including perianal condylomata)
Evidence of non-medical percutaneous drug use
Evidence of recent tattooing, ear piercing, or body piercing within 
the last 12 months where sterile technique was not used
Disseminated lymphadenopathy
Unexplained oral thrush
Evidence of Kaposi sarcoma
Unexplained jaundice, hepatomegaly, or icterus
Recent history or evidence of (large scab) smallpox immunization
Eczema vaccinatum, generalized vesicular rash, severely necrotic 
lesion (vaccinia necrosum), or corneal scarring (vaccinial keratitis)

aIneligible for use in GC for 12 months but should be treated, retested, 
and, if successful treatment is documented after 12  months with no 
active evidence of infection, may be reconsidered for use
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seling and management. Furthermore, the FDA requires 
records pertaining to each IP be maintained for at least 
10 years. The GC should be offered the option of cryopre-
serving and quarantining embryos derived from IPs for 
180  days, with release of embryos following IP re-testing 
and confirmed negative results. In the event of seroconver-
sion of an IP, the GC should be counseled appropriately.

54.2.5  Cycle Synchronization 
and Management

In the management of a GC cycle, the first question pertains 
to whether the cycle will be completed in a fresh or frozen 
cycle and whether autologous IP or donor oocytes are to be 
used. A recent retrospective review of CDC/NASS data that 
revealed most GC cycles to date completed in the United 
States is in a frozen cycle, with more than half using donor 
oocytes [14]. In general, frozen cycle coordination is simpler 
than fresh cycle, as no cycle synchronization is usually 
required.

For a frozen cycle, once embryos have been created and 
cryopreserved, a GC can undergo either embryo transfer fol-
lowing a natural unstimulated cycle or synthetic cycle with 
estrogen and progesterone supplementation. In either case, 
the endometrial lining of the GC is typically evaluated 
between CD11-14 for adequate thickness and structure (i.e., 
trilaminar). After the GC endometrial lining appears appro-
priate for transfer, embryo thaw and transfer are coordinated 
with lab staff accordingly.

On the other hand, a fresh GC cycle requires synchroniza-
tion of the IP/oocyte donor stimulation with the GC stimula-
tion and thus falls along similar lines as a fresh oocyte 
donor-recipient cycle. This requires a coordination of cycles 
based on type of stimulation protocol planned for the IP/
oocyte donor. Initial coordination can be accomplished 
through use of oral contraceptive pills and/or GnRH agonist 
to ensure both GC and IP/donor are in synchronous cycles. 
The prevailing principles governing this timing are to opti-

mize likelihood of implantation by harnessing the optimal 
window of endometrial receptivity and achieving embryo 
and endometrial synchrony.

The GC typically initiates a synthetic estrogen several 
days prior to the IP/donor initiating exogenous gonadotro-
pins. This ensures the GC endometrium is sufficiently 
exposed to estrogen before progesterone supplementation 
commences. If the IP/donor does not meet criteria for oocyte 
trigger by 12–14 days of stimulation, the GC can be main-
tained on her synthetic estrogen dose. The optimal duration 
of estrogen exposure before progesterone supplementation 
has not been established, and successful pregnancies have 
been reported in stimulated cycles with estrogen exposure 
lasting between days and weeks [15]. The endometrial thick-
ness of the GC should be monitored during this time to 
ensure adequate thickness and appearance. The adequacy of 
endometrial thickness varies by IVF program, and some evi-
dence supports that a lining less than 7 mm is associated with 
lower live birth rates [16]. Studies also suggest a trilaminar 
pattern is optimal and has been associated with higher 
implantation rates than a homogenous hyperechogenic pat-
tern [17]. Progesterone supplementation for the GC usually 
begins on the day of the oocyte retrieval in the IP/donor. This 
timing of progesterone start is intended to enhance the syn-
chronization between embryo development and receptivity 
of the secretory endometrium. Estrogen and progesterone 
supplementation is then continued for upward of 8–12 weeks 
per individual clinic protocol.

54.2.6  Financial Considerations

It is difficult to estimate the cost of using a GC as it depends 
largely on the clinic/program the intended parents choose as 
well as the type of GC. Several fertility clinic websites quote 
that, on average, intended parents who plan to use a GC 
should budget $75,000 to $140,000. The basic components 
that make up the cost include compensation to the carrier, 
agency fee, cost of health insurance for the carrier, legal fees, 
cost of psychological services, and cost for possible travel. 
The total cost may be higher or lower depending on whether 
the intended parents use their own or donor gametes, the 
number of IVF cycles and embryo transfers required to 
achieve pregnancy, as well as any pregnancy-related 
complications.

54.3  Outcomes

54.3.1  Success Rates

The pregnancy success rate in gestational surrogacy treat-
ment is dependent on a number of factors but is overall very 

Table 54.4 FDA recommended lab testing for gamete donors

HIV-1 and HIV-2 antibody as well as NAT
HIV group O antibody
Hepatitis C antibody and NAT
Hepatitis B surface antigen
Hepatitis B core antibody (IgG and IgM)
Serologic test of syphilis
Neisseria gonorrhea and chlamydia trachomatis NAT on urine or 
swab
Additional testing for male gamete donor:
CMV IgG and IgM
HTLV-1 and HTLV-2
Additional testing recommended by ASRM:
Blood type and Rh factor
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high compared to other ART treatments. The most signifi-
cant contribution comes from the age of the oocyte source. If 
the intended mother is the oocyte source, the ultimate suc-
cess rate will depend on her age. The SART (Society of 
Assisted Reproductive Technology) reported preliminary 
primary outcomes for intended retrievals in 2014 with a live 
birth rate of 50.5% for women < age 35 years but only 9.5% 
for women >age 42  years [18]. The use of healthy donor 
oocytes leads to higher success rates. These statistics do not 
take into account the sperm quality, which also may impact 
pregnancy rates. It also does not take into account the char-
acteristics of the GC; assuming she was selected based on 
the criteria noted earlier, this would presumably have little 
impact on overall success rates.

Beyond pregnancy and delivery rates, there must be con-
sideration of the impact on the intended parents and, ulti-
mately, the children. A recent systematic review on the 
ultimate impact on the children born from surrogacy arrange-
ments reveals that the incidence of low birth weight and birth 
defects is no different than that after fresh IVF or donor 
oocyte use [19].

In addition, this same review showed no psychological 
differences in the children at the age of 10 years.

Parents of children conceived with a GC have marital 
relationships similar to those conceived naturally by the time 
the children are 3 years old [20]. There are no psychological 
differences in the mothers of children born through surro-
gacy compared to natural conception [19]. Gay men who 
have become parents through surrogacy show lower levels of 
stress and depression associated with parenting than hetero-
sexual families [21]. In terms of outcomes for the carrier, 
most studies have shown no detrimental psychological con-
cerns, but there can be relinquishing issues which can per-
sist, emphasizing the need for careful carrier selection and 
psychological evaluation [19].

54.3.2  Ethical and Legal Issues

There are a number of ethical concerns that come up during 
the process of gestational surrogacy. Since compensation for 
carriers is controversial, with some countries not allowing 
paid carriers, the payment for the GC is quite variable. The 
financial compensation may entice women who are of lower 
socioeconomic status to be carriers leading to differences in 
the status of carriers and typically higher socioeconomic sta-
tus intended parents. This compensation may be viewed as 
coercive with the carrier having to participate in procedures 
which she may not otherwise feel comfortable with such as 
amniocentesis and pregnancy termination in the presence of 
an abnormal fetus. Others may view this as “baby selling” 
and recommend limits on compensation to only the carrier’s 
direct expenses.

In the case of a known carrier, it is important to explore 
the motivations of the carrier for participating to ensure there 
is no underlying financial or emotional coercion. This is 
challenging as relatives may feel an obligation to help their 
family members and accept more risk than they otherwise 
would. That is why some feel that a certain level of emo-
tional distance may be required to truly gain informed con-
sent [22].

Pregnancy entails medical risk to the carrier, particularly 
if she has multiple embryos transferred and conceives a mul-
tiple gestation. The pregnancy may impact the carrier’s abil-
ity to care for her own family and specifically her own 
children should complications arise. Spouses or partners 
should be included in any decision-making for the carrier. 
Although in general no significant impact on the emotional 
health of the carrier has been identified, the research is quite 
limited [23]. Pregnancy hormonal changes and unexpected 
issues can lead to emotionally charged and legally compli-
cated situations.

Legality of gestational surrogacy varies by both country 
and state. Any legal counsel involved in gestational surro-
gacy contracts should be familiar with the laws surrounding 
gestational surrogacy in the state or country in both where 
the arrangement is being made and where the carrier may 
deliver. Some states entirely ban surrogacy contracts, 
whereas others allow them with certain regulations [24]. 
With international or “cross-border” surrogacy arrange-
ments, the legal advice is the responsibility of the local prac-
titioner including possible conflicts in the intended parents’ 
home country [25]. Disagreements between a carrier and the 
intended parents are not unusual and may require extensive 
legal counsel to achieve resolution. Ideally, these should be 
anticipated in advance and be spelled out in the legal 
agreements.

Gestational surrogacy is a complicated process, replete 
with ethical and legal issues. In general, the medical man-
agement is fairly straightforward and allows individuals and 
couples the opportunity to have a family when they other-
wise would not be able. Programs that provide these services 
need to focus on the best interests of all of the parties involved 
to insure healthy family relationships in the future.
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Uterus Transplantation: 
An Experimental Approach

Mats Brännström and Jana E. C. Pittman

Absolute uterine factor infertility (AUFI) was considered 
untreatable until recently, when uterus transplantation (UTx) 
proved its potential as an effective treatment [1]. In 2014, 
live births were reported after transplantation, using an altru-
istic living donor [1] and a recipient’s mother [2] as the 
uterus donors.

Women with AUFI have either absence of a uterus (con-
genital/surgical) or abnormalities (anatomic/functional) that 
prevent embryo implantation or further pregnancy. The uter-
ine absence can occur from birth as part of the Mayer- 
Rokitansky- Kuster-Hauser (MRKH) syndrome, affecting 
around 1:4000 girls [3]. This is the predominant group 
where UTx attempts have been performed but represent less 
than 3% of women with AUFI. The MRKH girls have an 
absence of the vagina above the hymen and absence of a 
uterus. The uterus may be replaced by rudimentary tissue 
above the vaginal dimple and bilaterally on the pelvic side-
walls by two small buds of myometrial tissue. A large pro-
portion of women with MRKH have additional 
malformations in the urinary/renal system, with unilateral 
renal agenesis being the most prevalent co-malformation. 
The first recipient to give birth after UTx had a single kid-
ney, and this may have been a major underlying cause of 
preeclampsia [4] that she developed [1].

The most prevalent cause of AUFI is uterine absence after 
a hysterectomy, which is the most frequent major gyneco-
logical surgical procedure that women may undergo. 
Hysterectomy during fertile age could be secondary to 
benign disease (leiomyoma or endometriosis), malignancy 
(cervical or endometrial cancer), or postpartum complica-

tions (massive obstetric bleeding because of uterine atony, 
uterine rupture, or invasive placentation).

Anatomical uterine abnormalities that preclude preg-
nancy are present in every case of hypoplastic uterus as well 
as in women with the unification defects such as unicornuate 
or bicornuate uterus. While there is no difference in concep-
tion rates in bicornuate/unicornuate uteri, in comparison 
with normal uteri, increased rates of first-trimester miscar-
riage occur [5]. Increased rates of preterm labor and fetal 
malpresentation later in pregnancy are also more common in 
these uterine malformations [5].

Other causes of uterine factor infertility relate to the pres-
ence of adenomyosis or radiation injury of the uterus, with 
secondary repeated miscarriage/implantation failure. Uterus 
transplantation may provide a treatment for these women, as 
well as for women with no obvious uterine disease on radiol-
ogy imaging but with repeated miscarriage/implantation fail-
ure despite high-quality oocytes/embryos.

Intrauterine adhesions, most commonly following curet-
tage or endometritis, are usually treatable by hysteroscopic 
resection. However, despite repeated hysteroscopy, almost 
70% of those with severe intrauterine adhesions stage 3 and 
4 remain infertile [6]. Uterus transplantation will then be the 
only infertility treatment for these women.

The overall prevalence of AUFI is estimated to be around 
20,000 women of fertile age in a population of 100 million [7].

Previously, the two options for women with AUFI to 
acquire motherhood were adoption or use of a gestational 
carrier. Adoption is not acceptable in all societies and if 
accepted often excludes lesbian couples or single mothers. 
Gestational surrogacy may be practiced either as an altruistic 
or commercial arrangement. In most countries, this proce-
dure is not allowed due to legal, religious, and/or ethical rea-
sons. Uterus transplantation would be the only solution for 
AUFI that provides full motherhood concerning genetics, 
gestation, and legal aspects. Moreover, the typical risks of 
pregnancy (thromboembolism, hypertension, preeclampsia, 
diabetes, etc.) and those associated with delivery, such as 
pelvic floor dysfunction, are taken by the mother and not by 
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a third person as in gestational surrogacy. However, it should 
be acknowledged that in live donor UTx, the woman donat-
ing her womb to the woman with AUFI is also at risk.

Thirty-six UTx attempts have been performed from 2013 
and until November 2017, with around half of them pub-
lished as scientific reports (Table  55.1). Previous to 2013, 
two failed attempts were performed in settings with no surgi-
cal preparation or research prior to the procedure. The first 
human UTx case in the world was performed (2000) in Saudi 
Arabia using a live donor [8]. Shortly after transplantation a 
necrotic uterus was removed. The second UTx attempt in the 
world occurred in Turkey (2011), which involved a deceased 
donor UTx procedure [9]. Around 2  years after UTx, two 
early miscarriages occurred [10], but at 6 years after a suc-
cessful UTx, delivery of a healthy child has not yet been 
reported.

Modern, animal-based research on UTx was initiated 
around the millennium shift. Initial research included 
rodents, which was followed by domestic species and subse-
quently by nonhuman primate models. The models were 
used to investigate surgery, tolerability to ischemia, detection 
of rejection, immunosuppression, and fertility [12, 13]. This 
research-based approach follows the established Moore cri-
teria [14] and IDEAL recommendations [15] for introduc-
tion of surgical innovations.

In this review article, the UTx animal research with fertil-
ity outcome as end point and all published human cases from 
2013 and onward are covered in detail.

55.1  Animal UTx Research on Fertility

Aspects of fertility post-UTx have been studied in several 
animal species, and the experiments have included models 
with autologous, syngeneic, and allogeneic models. The syn-
geneic and autologous UTx models only test the results of 
UTx surgery, altering supply and outflow of blood to the 
uterus and changing fixations or position of the uterus. 
Additional allogeneic UTx models test the effects of immu-
nosuppression and possible rejection episodes before and 
during pregnancy.

55.1.1  Fertility in Macaque UTx Model

A nonhuman primate model, such as the macaque, is the 
final preclinical stage with most relevance to the human 
setting. The first, and so far only, offspring reported in a 
nonhuman primate species was after autologous UTx in 
the macaque [16]. In that report, two cynomolgus 
macaques underwent autotransplantation with unilateral 
preservation of the oviduct and the ovary. In one case, 
pregnancy and delivery were achieved, and in that animal 

the anastomoses were between the uterine arteries and the 
external iliac arteries bilaterally, and venous outflow was 
only on the side of the preserved ovary-oviduct, by one 
deep uterine vein and the ovarian vein. Anastomoses were 
end-to-side of the small graft vessels, with a diameter of 
1–2.5 mm, to the external iliac vessels with use of 12–0 
sutures. In the animal with subsequent pregnancy, the 
complicated surgery took a total of 13.5 h, with almost 5 h 
of warm ischemia, to accomplish the four vascular con-
nections. Spontaneous menstruation restarted after 
3  months, and natural mating occurred. At gestational 
week 5, a viable intrauterine pregnancy was confirmed. 
The pregnancy was uneventful until day 143, when genital 
bleeding occurred. A caesarean section was preformed, 
due to signs of partial placental abruption, and a live off-
spring was delivered but with fetal respiratory distress. 
No attempts were made to secure further survival of the 
fetus. No studies exist on fertility after allogeneic UTx in 
a nonhuman primate species.

55.1.2  Fertility in Sheep UTx Model

The UTx model in the sheep has been tested by numerous 
UTx teams worldwide and is a good model to conduct pre-
clinical training. Both the autologous and the allogeneic UTx 
models have been tested concerning fertility after UTx.

The autologous UTx model was with uterine-tubal- 
ovarian transplantation and end-to-side vascular anastomo-
ses of the uterine artery, utero-ovarian vein, and the ovarian 
artery, including an aortic patch, to the external iliacs [17]. 
Around 3 months after auto-UTx, five ewes were placed with 
rams for mating which occurred in 4/5 ewes. Three of these 
conceived and delivered normal size offspring via cesarean 
section around 2  weeks before term (145  days). The off-
spring were not followed up after birth.

The allogeneic sheep UTx model involved hysterec-
tomy with short vascular pedicles of the uterine artery and 
vein, divided above the ureteric level [18]. The same sur-
gery was done in parallel in the recipient, and the uteri 
could be shifted between the outbred sheep. Transplantation 
was by bilateral end-to-end anastomosis of the uterine 
arteries and veins, as well as attachment of the vaginal rim 
of the graft to the open vaginal vault of the recipient. 
Twelve transplanted ewes received maintenance immuno-
suppression of cyclosporine with addition of prednisone 
during the first post-UTx week. Around 3  months after 
UTx, embryo transfer (ET) was performed in five ewes 
receiving donor, single fresh cleavage- stage ET in three 
cases, and frozen blastocyst ET in two cases. Three of 
these resulted in pregnancy; one was an ectopic gestation, 
one carried to 105 days, and the third delivered a prema-
ture but fully developed lamb with normal for  gestational 
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Table 55.1 Uterus transplant experience as of September 2017 divided into publish cases and those communicated by personal 
communications

City, country
Publication/personal 
communication Year Donor type Surgery donor Birth/pregnancy

Jeddah, Saudi Arabia Pub [8] 2000 LD (x1) Laparotomy
Antalya, Turkey Pub [9, 10] 2011 DD (x1) Laparotomy
Gothenburg, Sweden Pub [1, 2, 11]/personal 

comm
2013 LD (x9) RAL 8 births

Xian, China Pub 2017 LD (x2) Laparotomy
Prague, Czech 
Republic

Personal comm 2016 DD (x4), LD (x4) Laparotomy

Cleveland, USA Pub 2016 DD (x1) Laparotomy
Sao Paulo, Brazil Pub 2016 DD (x2) Laparotomy 1 pregnant
Dallas, USA Pub 2016–2017 LD (x6), DD (x1) Laparotomy
Tubingen, Germany Personal comm 2016–2017 LD (x2) Laparotomy
Belgrade, Serbia Personal comm 2017 LD (x1) monozygotic twins Laparotomy 1 pregnant
Guangzhou, China Personal comm 2017 LD (x1) Laparotomy
Pune, India Personal comm 2017 LD (x2) Laparotomy

LD Live Donor, DD Deceased Donor

age markers [18]. This demonstrated success of UTx in an 
allotransplanted large animal model for the first time.

55.1.3  Fertility in Rabbit UTx Model

Only one study has examined fertility after UTx in the rabbit 
model. Nine allogeneic UTx procedures were done in New 
Zealand white rabbits with proven fertility of both donors 
and recipients [19]. The uterus with the entire vascular tree 
including uterine vessels, internal iliacs, as well as the lower 
abdominal parts of the caval vein and aorta was surgical iso-
lated. The two anastomoses were aorto-aortic and cavo-caval 
end-to-side. Immunosuppression was with tacrolimus. After 
a post-transplantation recovery period of 2 months, vitrified 
donor morulae-stage embryos were transferred into one rab-
bit after ovulation-induction with hCG. A total of 17 embryos 
were thawed and placed inside the two uterine horns during 
a laparotomy procedure. Nine days after ET, ultrasound 
detected a fetal sac with a pregnancy and heartbeat, which 
continued to grow for 7 more days [19]. However, spontane-
ous abortion with fetal resorption then occurred. The cause 
of the pregnancy arrest could not clearly be identified, but 
did not seem to be related to diminished blood flow, since at 
autopsy, the size of the anastomosis opening of the internal 
iliac artery of the graft was normal.

55.1.4  Fertility in Rat UTx Model

The rat UTx model was extensively used in the early pre-
clinical trials. Fertility was tested both after syngeneic and 
allogeneic UTx. In syngeneic UTx, inbred Lewis rats were 
used as both donors and recipients [20]. The model was with 

orthotopic UTx, after hemi-hysterectomy of the left uterine 
horn, and with anastomoses end-to-end between the right 
common iliacs of the graft and the recipient. A vaginal- 
vaginal end-to-end anastomosis was achieved with the upper 
part of the right uterine anastomosed to the tip of the uterine 
graft to allow for normal fertilization by spontaneous mat-
ing. Controls were with left-sided hemi-hysterectomy. The 
pregnancy rate was similar in UTx animals as in controls, 
and there was no difference in pups per pregnancy. Growth 
trajectory, up to 60 days after birth, was similar in offspring 
from animals of the UTx group and the sham-operated con-
trol group.

The first ever report of fertility after allogeneic UTx 
explored this in the rat model [21]. The uterus donors were of 
the Dark Agouti strain, and the recipients were Lewis rats, 
with discordance of two major histocompatibility sites (RT1, 
RT2). Tacrolimus immunosuppression was given via mini- 
osmotic pumps to prevent rejection. As predetermined in the 
ethics approval, the experiments were terminated by cesar-
ean sections at 2/3 through pregnancy. The pregnancy rates 
(number of pregnant females/total number of females within 
group) were similar and around 60% in the UTx group and in 
the tacrolimus-control group that had been sham-operated 
and also received tacrolimus. Moreover, median ranges of 
fetus per animal were similar in these two groups but lower 
than in the non-tacrolimus control group, with animals that 
had been sham-operated but had not received tacrolimus 
treatment. This demonstration of pregnancy after allogeneic 
UTx for the first time in any species was a fundamental proof 
of the concept of UTx, as a possible future treatment of AUFI 
in humans.

In a follow-up study, the allogeneic combination of Lewis 
rats, as uterus donors, and Piebald-Virol-Glaxo rats, as recipi-
ents, was used and with tacrolimus as maintenance immuno-
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suppression [22]. The pregnancy rate was somewhat lower in 
the UTx group, as compared to the two sham-operated con-
trol groups, with one of them also receiving tacrolimus. Birth 
weights of UTx offspring were the same as controls, and up 
to 16 weeks, the growth trajectory of the pups was also unal-
tered in comparison with controls. This data indicated for the 
first time that allogeneic UTx may be regarded as safe in 
terms of perinatal outcome, at least in a rodent species.

55.1.5  Fertility in Mouse UTx Model

The first ever UTx with successful implantation was in the 
mouse, with a syngeneic donor uterus transplanted into a 
heterotopic position and the cervix of the uterine graft posi-
tioned intra-abdominally [23]. The transplantation model 
was with vascular anastomoses of the caval vein and the 
aorta of the graft coupled end-to-side to the mid-abdominal 
parts of the aorta and vena cava of the recipient, using micro-
surgery to anastomose the vessels with 11–0 sutures. Due to 
this being a syngeneic transplantation between inbred female 
of C57BL76xCBA/ca F-1 hybrids, no immunosuppression 
was required as immunological rejection would not occur. In 
the initial report of pregnancies after ET, accomplished by a 
transmyometrial approach through a small midline abdomi-
nal incision, only occasional early pregnancies were seen 
[23]. The low implantation rate was most likely due to the 
fact that the uterine cavity accumulated fluid, secondary to 
the intra-abdominally positioned cervix developing mucous 
clogging inside the canal.

In subsequent mouse UTx models, the procedure was 
modified to avoid intrauterine fluid accumulation by exteri-
orizing the uterine cervix as a cervical cutaneous stoma, 
allowing for drainage of uterine/cervical mucus [24]. The 
mouse was used as its own control with the native uterus kept 
in the transplanted animals, to compare implantation rate and 
pregnancy rate. Three to six blastocysts were transferred 
 (transmyometrial through a mini-midline incision) into each 
of the grafted and native uteri. Pregnancy rate per uterus was 
similar in the transplanted uteri as compared to the native 
control uteri within the same animals and when compared to 
the uteri of non-transplanted animals with sham operations. 
The offspring were of normal birth weight, and the growth 
trajectory up to adulthood followed the normal curves. Both 
male and female offspring from transplanted uteri showed 
normal fertility.

An additional study in the syngeneic mouse model 
focused on the effect of ischemic time, between organ har-
vesting and transplantation. Live offspring was demonstrated 
after cold ischemic conditions for 24  h but not after 48  h 
[25], indicating that the uterus is greatly tolerable to isch-
emic conditions. There are no studies testing fertility after 
allogeneic UTx in the mouse.

55.2  Clinical Trials

The human UTx attempts performed within the context of 
proper clinical trials and with published data are reported 
below. That will not include the first two cases, from 2000 
[8] to 2011 [9, 10], that are not registered as clinical trials or 
resulted in any live birth.

55.2.1  The Swedish Clinical Trial and Results

Nine LD UTx procedures were performed in Sweden in 
2013, within an observational clinical trial [26]. Eight recipi-
ents had MRKH, and one had undergone hysterectomy for 
cervical cancer. Comprehensive medical and psychological 
investigations were completed on donors, recipients, and 
partners of recipients [27]. All donors had achieved normal 
pregnancies, and none had a history of repeated miscarriages 
or pre-/post-term delivery. The uterus recovery, with dissec-
tion of the uterus with bilaterally vascular pedicles including 
segments of the internal iliacs, had durations of 10.5–13 h 
[26]. The perioperative outcomes of the donors were favor-
able, and no patient needed blood transfusion. One donor 
acquired a ureteric-vaginal fistula, presenting 2 weeks after 
hysterectomy, possibly due to thermic injury from diathermy. 
Repair of the fistula was conducted 3  months post uterus 
donation with reimplantation of the ureter. That patient and 
all other donors were in good psychological and medical 
health, at the 1-year follow-up after surgery [28].

The recipient surgery was initiated prior to final graft 
retrieval and back-table preparation. Surgical preparation, 
including dissection of the external iliacs and vaginal vault 
with separation from the bladder and rectum, was done prior 
to the removal of the uterus from the recipient. This vaginal 
vault preparation was somewhat more cumbersome in 
patients with MRKH as opposed to the patient that had 
undergone hysterectomy, possibly because of the shorter 
vagina in the MRKH patients and variations in the anatomy 
of the uterine rudiment above the vaginal vault. After graft 
procurement in the donor and back-table preparation, the 
chilled and flushed uterus was positioned inside the recipi-
ent’s pelvis. Anastomosis was by bilateral end-to-side anas-
tomoses to the external iliacs of the uterine pedicles that 
included uterine vessels and the anterior iliac arteries as well 
as patches/segments of the internal iliac veins. Surgical dura-
tion was 4–5 h, and the patients stayed in the hospital for up 
to 9 days. The immunosuppression regimen was induction 
with two perioperative doses of thymoglobulin plus methyl-
prednisolone. From the day of surgery, tacrolimus and myco-
phenolate mofetil (MMF) were also given daily, and oral 
glucocorticoids were given for 4 days [26]. After 8 months, 
MMF was discontinued if no or only one rejection episode 
had occurred during this period, but in patients with several 
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rejection episodes, MMF was replaced with azathioprine. 
The 6-month outcome [26] was that seven out of nine uteri 
were still in place. Two uterine grafts were removed within 
the first 4  months. The causes were bilateral thrombotic 
occlusion of the uterine vessels in one case and persistent 
intrauterine infection, developing into an intrauterine 
abscess, in the other case [26].

During the first post-UTx year, uterine artery blood flow 
was within normal ranges in all seven patients [29]. 
Interestingly, protocol cervical biopsies revealed that five out 
of seven women had subclinical, mild rejection episodes dur-
ing the first year, but all episodes of rejection were reversed 
with brief courses of corticosteroids or increments of tacroli-
mus [11, 29]. The psychological outcomes of recipients and 
partners were overall optimism, with only minor anxiety con-
cerning graft survival during the first 3 months post-UTx [30].

According to the study protocol, around 12 months after 
UTx, single ETs were performed. The first live birth after 
UTx took place in Sweden, on September 4, 2014 [1], after 
becoming pregnant on their first ET with a cleavage stage 
embryo. By definition, this was the first successful UTx pro-
cedure, since the final goal of every UTx is a healthy baby. 
However, the patient was the fifth woman to undergo UTx in 
the Swedish trial [26] and the seventh UTx case worldwide 
[8, 9, 26]. In this successful UTx case [1], a rejection episode 
at gestational week 18 was diagnosed, which was effectively 
reversed by an intermittent increase in corticosteroids. The 
pregnancy was uneventful from then on, and she worked full 
time up until 31 full weeks and 5 days when she acquired a 
strong headache and was admitted to the hospital with pre-
eclampsia. During the following morning, a cesarean section 
was performed, and a healthy baby boy with normal weight 
for gestational age (1775 g; −11%) was delivered.

The second UTx baby [2] was delivered in November 
2014 by an elective caesarean section, planned for 35 + 0, but 
it was brought forward 3 days due to cholestasis. This preg-
nancy was also successful on the first ET, which in this case 
was a blastocyst. The baby was of normal (+4%) birth 
weight. The uniqueness of this case is that the donor was the 
mother of the woman that delivered the child. Therefore, the 
same uterus had been used to bridge three generations.

These first [1] and second [2] UTx children, as well as the 
six children [11] that were delivered in 2014–2017, are all 
healthy. The take-home baby rate among the seven UTx 
women that have undergone ET attempts is now 6/7, and the 
clinical pregnancy rate is 7/7, with one recipient having had 
miscarriages as late as gestational week 15. This substantial 
efficiency of UTx, at this initial experimental stage, clearly 
indicates that UTx will have a future clinical role as an estab-
lished treatment for AUFI.

In Sweden, a second UTx trial with the live donor concept 
has been initiated. So far, two cases have been completed 
using robotic-assisted laparoscopy for donor surgery, with 

surgically favorable outcomes in the donor and graft survival 
for several months in the recipient. In 2018, the plan is to 
complete an additional six to eight cases and start ET 
attempts in the first two cases.

55.2.2  The Chinese Clinical Trial and Results

The twelfth UTx attempt in the word occurred in China in 
late 2015 [31]. The case utilized robotic-assisted laparos-
copy for the uterus retrieval in the 42-year-old premeno-
pausal mother who donated the uterus to her 22-year-old 
daughter with MRKH.  The surgery followed the general 
principles used in the Swedish trial [26] but with one major 
difference. The secured uterine outflow was not through the 
uterine veins but through the utero-ovarian veins. The reason 
for this is unclear, but it is stated in the paper [31] that the 
uterine veins were difficult to identify. The use of the utero- 
ovarian veins necessitated oophorectomy in the 42-year-old 
donor, who may have been around a decade away from 
menopause. Naturally, this raises concerns of long-term 
medical consequences for the donor in relation to osteoporo-
sis and cardiovascular disease. However, the surgical dura-
tion in the donor was substantially reduced due to avoidance 
of the complicated dissection of the uterine veins that are 
firmly attached to the ureters, with several communicating 
branches between the deep and superficial uterine veins. The 
retrieval of the graft was through the vagina. The donor sur-
gery was by laparotomy, with bilateral end-to-side anasto-
mosis to the external iliac vessels [31]. It is unclear whether 
there would be sufficient lengths of the utero-ovarian veins 
in a future pregnancy. After this kind UTx procedure, the 
outflow and attachment of the veins would be through the 
external iliac vessels of the pelvis, instead of the upper 
abdominal parts of the caval vein and the left renal veins. 
During pregnancy, the uterine inlets of the utero-ovarian 
veins move toward the upper abdomen with the increase in 
uterine size. This may lead to stretching of these veins and 
compromised blood flow.

The duration of the recipient surgery was two times that 
of the Swedish trial, indicating that the anastomosis of the 
utero-ovarian veins, with minimal thickness of the vascular 
walls, is far more difficult than when using a patch/segment 
of the internal iliac vein [26]. This prolonged warm ischemic 
time did not seem to influence the function of the uterus 
since the patient had spontaneous and regular menstruations 
from around 1.5 months after UTx. In the report [31] that 
presents the results at 1 year after UTx, it was stated that ten 
spontaneous menses had occurred and that ET attempts 
would start during the second post-transplantation year. The 
patient only experienced one rejection episode (after 
2.5 weeks), which was diagnosed by clinical symptoms (low 
backache, fatigue, and fever) and confirmed by increased 
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CD4/CD8 ratio. The rejection resolved by iv corticosteroid 
treatment for 3 days. Reports of results of ET, pregnancy, and 
live birth are expected to come in 2018. The results will be of 
interest in the future development of robotic-assisted uterine 
retrieval with exclusive usage of the ovarian veins as outflow 
blood vessels.

55.2.3  The US Clinical Trials and Results

Two UTx trials have been initiated in the USA. The first study 
involved using a deceased donor UTx procedure and is pres-
ently underway at Cleveland Clinic. The first case that took 
place in February 2016 unfortunately ended in graft removal 
around 2  weeks later and has been presented both in the 
media and mentioned in a scientific report [32]. There was a 
long cold ischemic time of more than 8 h, since the graft had 
to be transported interstate. A fungal vaginal infection was 
present in the donor, and this was not diagnosed at retrieval. 
This fungus contamination later affected also the vascular 
tree of the graft, and the graft was removed due to an infec-
tious aneurysm of the internal iliac artery of the graft.

The second UTx trial in the USA was a live donor trial 
that was initiated in Dallas in September 2016 [33]. The 
results of the first five attempts have been reported. A similar 
laparotomy technique as in the Swedish trial [26] was used, 
with surgical durations of around 8 h for retrieval. The first 
three cases failed, due to vascular complications that were 
related to both inflow and outflow problems [33]. In these 
three initial cases, the grafts were removed during the initial 
2 weeks. In the subsequent two cases, graft survival for 3 and 
6 months has been reported.

55.2.4  The Brazilian Clinical Trial and Results

The third deceased UTx case in the world was completed in 
Sao Paulo, Brazil, in September 2016 [34]. It involved one 
UTx procedure from a deceased donor to a young woman 
with MRKH. The procurement process was purposely pro-
longed to avoid vascular leakage on the back-table and at 
reperfusion after unclamping in the recipient. The postopera-
tive recovery has been fine with regular menstruations. As of 
September 2017, a 20-week long pregnancy was reported. 
This is a promising result and may become the first live birth 
following a deceased donor UTx.

55.3  Conclusion

Uterus transplantation is the first available treatment for 
AUFI. As a consequence of meticulous research preparations 
in a variety of animal models, the initial human clinical trials 

in 2013 have been successful with several births that occurred 
during 2014–2017 period. A number of new trials are under-
way in all continents. Uterus transplantation should stay at 
this experimental stage for several years, as this will allow 
time to optimize the procedure further and ensure that it is 
safe concerning long-term medical and psychological effects 
for donors, recipients, and children.
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Semen Cryopreservation: A Practical 
Guide

Charlene A. Alouf, Gerard F. Celia, and Grace Centola

56.1  Introduction

Although first noted as a rudimentary observation in 1776, 
the initial report of successful sperm cryopreservation by 
Sherman and colleagues was in the 1950s [1, 2], with the first 
birth resulting from artificial insemination with cryopre-
served sperm reported in 1953 [3, 4]. As methods for sperm 
freezing evolved leading to improved recoveries, pregnancy, 
and live birth rates, the use became commonly widespread as 
a successful method to preserve fertility in patients with 
spermatogenic failure, severe oligozoospermia, anatomical 
deviations, or for those at risk of iatrogenic sterilization from 
medical procedures or treatment. Frequently patients also 
exercise the right to bank sperm as an insurance policy prior 
to vasectomy, or even following a successful reversal, as the 
vas deferens can fibrose after the vasovasostomy, leading to 
a reduction in sperm concentration [5]. Sperm cryopreserva-
tion and long-term storage have also been recommended 
prior to military travel, testicular surgery, or hormonal 
replacement therapy [6–8]. More recently, sperm banking 
has been recommended as insurance against the effects of 
aging on male reproduction, which includes increased risks 
of autism and schizophrenia with increased paternal age [9–
12]. Sperm banking may also provide the potential for fertil-

ity chemotherapy or surgical treatments [13, 14]. Freezing 
and storage of testicular tissue has been suggested in those 
with azoospermia, severe oligozospermia, and Kleinfelter’s 
condition, for example.

Regarding ART, it is common to bank sperm for short- 
term storage as a backup for infertility treatment if the part-
ner is absent on the day of retrieval, or there is a history of 
ejaculatory or collection issues [15–18]. Testicular tissue and 
epididymal aspirates may be frozen and stored for future use 
in ART cycles, to avoid repeated biopsies or the difficulties 
of synchronizing surgical removal of sperm with the timing 
of oocyte retrieval [1, 8, 9, 17–22].

The donor sperm industry accounts for most of the annual 
sperm freezing within the US.  Trends in donor sperm use 
have increased in SART reported cycles alone, as shown by 
Gerkowicz and colleagues [23]. This abstract examined 
SART surveillance data reported between 1996 and 2014, 
with 4.4% of fresh and embryo banking cycles using frozen- 
thawed donor sperm (74,892  cycles). An increasing trend 
was observed through 2011 and remained constant through 
2014. Based on these trends, much of the safety and efficacy 
of the sperm cryopreservation process have been established 
through the numerous reports with the use of donor sperm. 
There have been several milestones reported for the length of 
sperm storage prior to use leading to pregnancy with live 
births following both artificial insemination and IVF from 
sperm stored for more than 20 years [24, 25]. The greatest 
length of storage of sperm leading to a live birth was reported 
to date in 2012 with a semen specimen that was donated 
almost 41 years prior, suggesting the success of the process 
even in its earlier years [26].

As expected, the safety with the use of cryopreserved 
sperm has been demonstrated by larger scale donor sperm 
cycle analyses. Gerkowicz and colleagues found similar peri-
natal outcomes between donor (frozen) and non-donor, pre-
dominantly fresh sperm after adjusting for patient and cycle 
variables [23]. In a similar analysis of SART data, between 
2012 and 2013 specifically, in which 2186 donor sperm cycles 
were analyzed, there were no significant differences in mis-
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carriage rate, gestational age at delivery, or birth weight from 
the use of donor sperm [27]. A study in Denmark examined 
the outcomes of 1881 singletons born from donor IUI (IUI-D) 
compared with 4281 singletons born from IUI with husbands’ 
sperm (IUI-H) [28]. Although the main goal of the report was 
to compare outcome data to spontaneous conception and that 
of IUI when results were adjusted for confounding variables, 
natural conception rates were very similar to the IUI group. 
There was no difference in perinatal mortality between the 
singletons born from either IUI-H or IUI-D. Similarly, several 
publications have reported the safe use of frozen surgically 
retrieved sperm [19, 29–31].

For specimens with parameters within normal limits at 
the time of the pre-freeze semen analysis, it is generally 
acceptable to expect approximately a 50% recovery of total 
motile sperm. Loss in these samples has very little impact on 
ICSI or conventional IVF insemination. The effect of sperm 
cryopreservation and thawing can be seen in all parameters 
of the post-thaw analysis including untoward alterations in 
mitochondrial function and DNA [32, 33]. Sperm recovery 
post-thaw depends on the quality of the sperm initially fro-
zen [34, 35]. Recoveries from specimens frozen with low 
starting concentrations (<100,000 total sperm) or from spec-
imens that were obtained through surgical removal can dem-
onstrate complete cellular loss that can present an unexpected 
challenge on the day of ICSI, especially if there is not an 
option for donor sperm backup. Although infrequent and 
with a small sample size, Kathrins et al. reported a complete 
loss of sperm in ~7% of ejaculated samples and in 5.8% from 
surgically removed samples [35]. Although fresh sperm sam-
ples from TESE and from patients with severe male factor 
are preferred for oocyte injections, it is still in the best inter-
est of the couple to freeze ahead of time to avoid cancellation 
of the retrieval or oocyte freezing in the event of azoosper-
mia on the day of oocyte retrieval.

56.2  The Cryopreservation Process

The methods of sperm cryopreservation have evolved over 
the decades to promote improved recovery of motile sperm 
post thaw. Successful sperm cryopreservation, not only 
requires a basic understanding of the principles of cryobiol-
ogy but also a facility with skilled laboratory staff and ade-
quate facilities [16, 36]. Cryopreservatives are used to 
mitigate intracellular ice formation and osmotic shock dur-
ing freeze-thaw process [1, 16]. A standard cryopreservative 
for sperm freezing is glycerol, either alone, or with extenders 
such as an appropriate buffer or a protein such as egg yolk [1, 
6, 16]. Currently, most cryobanks use a combination of glyc-
erol with egg yolk, commercially available as TEST-yolk- 
glycerol (TYB) freezing medium. Following slow addition 
of the cryopreservative with the semen specimen in order to 

avoid osmotic effects on the sperm cells, the specimen is ali-
quoted into labeled cryovials or plastic straws at a volume of 
0.5 ml [6, 16, 17, 36]. Cryovials have been preferred since 
the vials provide a larger surface area to volume ratio for 
uniform sample cooling, are easily handled in the lab, and 
are easily labeled [36].

The freezing process involves slow or rapid cooling using 
a programmable freezer or a manual cooling and freezing 
method. Generally, the thaw rate should match the freeze 
rate [1, 16, 36]. The specimens can be frozen using either a 
programmable freezer or manual freezing. For the manual 
process, the vials are cooled at refrigerated temperature for 
approximately 30–45  min, followed by exposure to liquid 
nitrogen temperature by suspending the vials in liquid nitro-
gen vapor, followed by plunging the vials directly into a liq-
uid nitrogen storage tank [6, 17]. Alternately, a metal cane 
holding the vials can be placed directly into a LN dry shipper 
that is charged with LN vapor for 30 min followed by plung-
ing directly into liquid nitrogen [6]. A test vial is generally 
thawed by 24–48 h to determine cryosurvival.

Semen can be cryopreserved as raw, neat semen, or the 
motile sperm can removed from the seminal fluid utilizing 
gradient or simple wash-centrifugation procedures followed 
by freezing in liquid nitrogen [6]. Following either of these 
processes, the sperm are placed into a nutrient fluid, and the 
cryopreservative added to complete the freezing process [6]. 
The thawed raw semen will be further processed for intra-
uterine insemination or IVF/ICSI when thawed. If the speci-
men is processed prior to freeze, it is ready for an intrauterine 
insemination immediately upon thaw.

Post-thaw test results for each banked semen specimen 
are provided to the ART facility in advance of use of the 
specimen. The sperm bank client must consent for the trans-
fer of specimens to an ART facility for the use in ART. The 
ART laboratory can then determine what method of process-
ing should be used to yield adequate numbers of normal 
motile or viable sperm for use in standard treatments, such as 
intrauterine insemination, standard IVF oocyte insemination 
or ICSI. In each case, specific laboratory processing of the 
thawed semen is used to optimize recovery of the viable 
sperm. The laboratory will determine the number of vials to 
be thawed based on the recipient treatment regimen and esti-
mated number of recoverable oocytes in the upcoming cycle. 
The laboratory must be attentive to the procedure used since 
the thawed sperm are more labile to osmotic stresses and 
centrifugation than fresh sperm. Generally, following thaw 
of the vial(s), the semen is slowly diluted with nutrient 
medium (to avoid osmotic shock), and then centrifuged at 
low speed for a maximum of 10 min. The pellet can then be 
resuspended and used directly for intrauterine insemination. 
Alternately, the washed sperm can be subjected to a swim-up 
or migration procedure to further extract the motile sperm 
for oocyte insemination or ICSI.
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56.3  Surgically Obtained Sperm

Prior to the advent of ICSI (intracytoplasmic sperm injection), 
surgically retrieval of sperm for ART procedures was an 
extreme measure requiring only the highest quality specimens 
for a reasonable chance of success [37]. However, surgical 
retrieval has become a relatively common procedure, with 
many clinics reporting fertilization rates approaching that of 
freshly ejaculated specimens [38–41]. This trend has given 
hope that patients presenting with azoospermia may father 
their own biological offspring without resorting to donor sam-
ples. It has also, however, raised a number of logistical con-
cerns for reproductive clinics and laboratories in terms of when, 
and for multiple cycles, how often, a sample must be obtained.

56.4  Causes of Azoopsermia

Azoospermic patients who may benefit from surgery fall into 
two categories: obstructive and non-obstructive. Obstructive 
azoospermia occurs when a physical blockage, either congeni-
tal or acquired, prevents the ejaculation of otherwise normal 
sperm. Congenital azoospermia can be caused by conditions 
such as cystic fibrosis, congenital absence of the vas deferens, 
or other anatomical defects. Obstructive azoospermia may also 
be acquired later in life through vasectomy (or failure of a 
vasectomy reversal), infection such as Chlamydia trachomatis 
or prostatitis, or acute injury to the reproductive tract [42]. 
Collectively, men with obstructive azoospermia may still show 
normal or reduced spermatogenesis, which allows for sperm to 
be obtained relatively easily by surgical means [42, 43].

In contrast, non-obstructive azoospermia is caused by a dis-
ruption of spermatogenesis. The etiologies of non- obstructive 
azoospermia encompass physical deformations such as varico-
cele; genetic disorders, such as Klinefelter’s syndrome; and 
developmental abnormalities one of which is Sertoli cell-only 
syndrome (SCO), which is characterized by the lack of sperm 
producing cells in the testicle and thus no sperm. Due to the 
wide variation in potential causes, surgical approaches to 
obtaining sperm are often more invasive and have a lower inci-
dence of success, in part due to the heterogeneous spermato-
genesis. Despite this, surgical approaches still offer hope in 
even the most severe of cases [42]. It should also be noted that 
in some instances both obstructive and non-obstructive factors 
result in azoospermia, although these cases typically are treated 
in the same manner as pure non- obstructive azoospermia.

56.5  Surgical Approaches to Obtaining 
Sperm from Azoospermic Patients

There are five common methods of surgically obtaining 
sperm from a patient: percutaneous epididymal sperm aspi-

ration (PESA), micro-surgical epididymal sperm aspiration 
(MESA), testicular sperm aspiration (TESA), testicular 
sperm extraction (TESE), and micro-dissection testicular 
sperm extraction (Micro-TESE). There are many excellent 
references detailing the performance and benefits of each 
procedure, so for this review we will limit the scope to a brief 
description of each and its most common application. PESA 
and MESA are simple puncture techniques used to aspirate 
sperm directly from the epididymis [42]. The specimen 
obtained tends to be predominantly tissue free with minimal 
erythrocytes. This method is used mainly in obstructive azo-
ospermia cases, wherein the patient has adequate 
spermatogenesis.

Similarly, TESA is a simple puncture procedure of the 
testicle whereby suction is used to remove a small sample of 
the seminiferous tubules. As a result, TESA samples typi-
cally contain tissue that, unlike PESA and MESA, may 
require further processing to isolate usable sperm. This pro-
cedure is most often used in obstructive cases or as a diag-
nostic procedure. TESE and Micro-TESE are far more 
invasive procedures and are more appropriate for non- 
obstructive cases or as a backup to failed aspiration-based 
attempts [42–44]. Both of these procedures involve a surgi-
cal biopsy of the either or both testicles, resulting in a signifi-
cant amount of tissue that must be processed to isolate 
spermatozoa. Furthermore, as the cells are obtained directly 
from the seminiferous tubules, they display a range of matu-
rity and often have not undergone spermiation. Motility is 
typically very low and characterized by twitching or slow 
circling rather than forward progression. Despite this, when 
viable sperm are identified for ICSI, they demonstrate appre-
ciable fertilization and pregnancy rates [40, 41, 45].

56.6  Specimen Processing

The goal of processing a specimen once it enters the repro-
ductive laboratory is to achieve reasonable refinement, con-
centration, and an adequate number of aliquots, for 
embryologists to apply the sample to an ART procedure. 
Quantification of these endpoints is difficult, as laboratories 
vary widely in both what is expected, as well as what is toler-
ated. Laboratories with extensive experience using surgically 
obtained specimens usually prefer less refined samples and 
can easily recover sperm from specimens with very few 
sperm as compared to technical staff with less experience. 
For this reason, it is critical that each group defines its own 
standards and conducts quality control measures such that 
these standards may be defended. Once parameters have 
been established, there are numerous approaches to process-
ing samples, each with specific advantages and drawbacks. 
Additionally, the time between sample retrieval and cryo-
preservation may vary widely by both laboratory and speci-
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men quality. Numerous reports have shown extended culture, 
ranging from hours to days prior to processing, may result in 
a higher yield of motile sperm [45–47]. Whether this impacts 
final outcomes has yet to be determined.

The most basic method of processing is simple centrifu-
gation, resulting in a concentrated pellet that is resuspended 
to achieve appropriate sperm-rich aliquots. This method is 
useful for aspirate samples that contain relatively little 
debris, erythrocytes, and tissue. Prior to centrifugation, the 
total motile count in the initial sample should be calculated 
so that the volume of media and/or cryoprotectant used to 
resuspend the pellet may be adjusted to achieve the desired 
final density. Although there is little consensus, studies indi-
cate the best results are achieved with spin times less than 
10 min, at no more than 800 g [48, 49]. Anecdotal reports 
suggest 300–400 g is optimal.

Samples with a large number of sperm and relatively high 
motility may also benefit from gradient centrifugation as 
described for ejaculated samples to remove non-motile sperm 
and debris [50]. Similar to basic centrifugation, this process is 
most effective when the sample is relatively clean, although it 
is further recommended that the specimen be divided onto 
multiple gradient columns with no more than 1 ml of the orig-
inal specimen on each column. Column preparation and use 
should be per individual manufacturer’s protocol. After cen-
trifugation, pellets should be combined, resuspended in 
0.5 ml of media, and counted to determine concentration and 
motility. This is then aliquoted for cryopreservation with con-
sideration toward expected concentration at thaw.

Biopsy samples derived from TESA, TESE, and Micro- 
TESE are typically tissue rich. This requires the spermatozoa to 
be separated from the tissue prior to use and/or cryopreservation. 
A number of methods have been described for isolating sperm in 
these cases, although the most common are mincing, mechanical 
maceration, extrusion, and enzymatic digestion [51].

Mincing is the simplest and most common means of pro-
cessing biopsy samples. The sample is first placed in a 
medium size petri dish (100 mm is common) in a suspension 
of sperm washing medium. Utilizing a scalpel or sterile razor 
blade the tissue is diced under a stereomicroscope into a fine 
suspension that can then be inspected for the presence of 
viable free spermatozoa using an inverted microscope. This 
method is simple and effective for processing sperm-rich tis-
sue, although it may require enzymatic digestion to obtain 
usable sperm from poorer quality tissue samples [51–53].

Maceration is a more aggressive means of mechanically 
separating sperm from tissue. This method utilizes a mortar 
and pestle style tissue grinder in place of a blade to generate a 
much finer suspension of the biopsy sample. It is much faster 
than mincing and more effective at freeing sperm into solu-
tion; however it also poses a greater risk of damaging mature 
sperm. Following maceration, the sample is placed in a petri 
dish and a high power inverted microscope should be used to 
determine the presence and concentration of viable sperm.

Extrusion is a highly effective mechanical means of sepa-
rating mature sperm from a biopsy sample [51]. In order to 
apply this technique the seminiferous tubules should be rela-
tively intact; therefore excessive processing by the surgeon 
should be discouraged. Samples are placed in a dish and the 
tubules are initially teased away from connective tissue using 
small needles—insulin syringes work well. Following sepa-
ration, one end of each tubule is held against the bottom of 
the dish, while the luminal contents are gently extruded 
using gentle pressure along the length of the tubule with a 
blunt tool. Glass Pasteur pipettes bent at a 30°–90° angle, as 
well as sterile microscope slides are commonly utilized for 
this procedure. After each tubule has been carefully pro-
cessed, the dish should be searched for the presence of viable 
sperm. Mincing or maceration of the remaining tissue may 
then be performed in order to optimize recovery.

Regardless of the method used to mechanically isolate 
sperm from a biopsy sample, the goal is to produce a sample 
with as little contamination as possible. In order to optimize 
the separation of viable sperm from tissue, the media and 
final suspension in the dish should be aspirated, with care 
given to avoiding tissue fragments, and placed in a conical 
centrifuge tube. The tissue remaining should be cryopre-
served in a separately labeled vial in the event additional pro-
cessing is needed in the future. The suspension is then 
pelleted by centrifugation and may either be processed for 
cryopreservation as described for fresh ejaculates or exposed 
to 2 to 4 ml of erythrocyte lysing buffer (155 mM NH4Cl, 
10 mM KHCO3, and 2 mM EDTA; pH 7.2) for 10 min at 
room temperature for further refinement [54]. Erythrocyte 
lysing buffer has been shown to greatly improve the ease 
with which the sample maybe used for an ICSI procedure 
upon thawing. Following treatment, the suspension is once 
again pelleted and then processed for cryopreservation as 
previously described.

Enzymatic digestion utilizing collagenase types IA and 
type IV has been shown to effectively recover sperm from 
samples with little or no sperm after mechanical processing 
[52, 53]. This method relies on incubation with the enzyme 
of choice for several hours in a gas controlled, humidified 
incubator, followed by centrifugation and resuspension of 
the resulting pellet, which may be then processed for cryo-
preservation as previously described. A potential 
 disadvantage to this method may be the alteration of sperm 
membrane proteins, although the use of ICSI renders this 
concern largely moot [53].

56.7  Aliquoting

Decisions about the type of cryovessel to be used and the 
number of aliquots possible from a sample are highly depen-
dent on individual lab practices. Factors to be considered are 
the anticipated number of viable sperm in the thawed sam-
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ple, number of oocytes anticipated for ICSI, and the ease of 
recovering viable sperm. The number of viable sperm upon 
thaw can be estimated as approximately 50% of initial and 
should be verified by a test-thaw prior to use. While it is dif-
ficult to predict the number of sperm needed for a given pro-
cedure, common practice dictates that fewer sperm are 
needed for natural cycle IVF, minimal-stimulation IVF, and 
diminished ovarian reserve patients, while younger, male- 
factor only patients are likely to yield large numbers of 
mature ova requiring fertilization. The most critical factor is 
ease of recovery. This will vary depending on the degree of 
pre-freeze processing, percent motile, and of course the total 
number of viable sperm in the biopsy. For extremely low 
yield cases, individual sperm may be isolated prior to cryo-
preservation and novel vitrification techniques employed to 
ensure acceptable recovery [55]. More abundant samples 
should be divided into usable volumes, utilizing 0.25  cc 
straws, 0.5 cc vials, 0.5 cc vials, and 1.0 cc vials as carriers.

56.8  Post-Thaw

Thawing procedures should match freezing protocols as pre-
viously described. Generally, vials or straws are removed 
from the holding tank and placed at room temperature on the 
lab bench for 10–15 min. The vial can then be mixed by gen-
tle flicking, and the vial or straw should be placed into a 
37 °C incubator for an additional 10–15 min. It is important 
to remove viable sperm from the cryopreservative within 
30 min of thaw, as extended exposure to glycerol can be det-
rimental to sperm vitality.

Post-thaw processing depends on the quality and nature 
of the sample. Sperm-rich samples with high motility may be 
pelleted to remove excess cryoprotectant, while more coarse 
samples with low motility should be diluted with pre-warmed 
washing media to avoid further loss of viable sperm. 
Incubation in a humidified, warmed incubator for 2–4 h is 
often beneficial in recovering motility prior to use. In the 
complete absence of motility, various approaches may be 
used to identify viable sperm, including hypo-osmotic swell-
ing, pliability testing, or chemical treatment [51].

56.9  Informed Consent, Disposition, 
and Advanced Directives

State laws may vary regarding informed consent and repro-
ductive tissue banking, including disposition. Therefore the 
process should be compliant with the standards and public 
policy of both local and national accrediting agencies and 
state and federal regulations including particulars regarding 
directed donation. The hospital or practice legal team should 
review and approve consent verbiage prior to use. Consent 

language should be reviewed annually and amended as nec-
essary as a means to proactively reflect current legal 
precedent.

The content of any consent for medical or laboratory ser-
vices can be rather complex and challenging even for the 
most informed patient. The FDA and the Joint Commission 
have published general requirements for informed consent in 
clinical research and healthcare treatments to ensure effec-
tive communication and dissemination of information [56, 
57]. Additionally, in 2003 Shuster et  al. published recom-
mendations and guidance for inclusions in consents and dis-
position agreements [58]. Obtaining consent should not 
merely involve providing a signature but the opportunity to 
introduce a process of communication of the intentions of 
the laboratory and practice, of the cryopreservation proce-
dure itself and the responsibilities of both parties, the clinic/
laboratory and the male patient [56–58]. Consents should be 
written at the eighth grade level, with easy readability, as 
healthcare literacy can be low. The consent should be infor-
mative to the patient/client depositor and outline the options 
or plan with the signature witnessed by a laboratory or prac-
tice member or by that of a notary if signed externally. 
Consent should be available for review by all regulatory 
agencies for every specimen stored in the reproductive tissue 
bank [56–58].

Unlike embryos that can be the “property” of two part-
ners, autologous sperm is the sole property of the male 
patient/client depositor. The contents of the consent for cryo-
preservation should minimally include:

 – The name and address of hospital or practice.
 – The date of consent.
 – The printed name and signature of the client depositor/

patient.
 – The printed name and signature of witness.
 – The name of procedure (i.e., short-term or long-term 

sperm cryopreservation)
 – An explanation and term of short- or long-term storage 

and associated costs.
 – The duration of the disposition agreement (quarterly, 

annually etc.).
 – The potential risks (equipment failure, poor recovery).
 – A general release of facility/practice liability.
 – There is no guarantee for survival or pregnancy resulting 

from the use of the frozen-thawed specimen in ART and 
no method to predict recovery without thawing a test/QC 
vial as all specimens may vary within an individual at 
various time intervals.

 – That the patient/client depositor accepts the responsibility 
of maintaining current contact information with the clinic/
sperm bank for purposes of billing and consent renewal. 
An acceptable alternate contact should be provided in 
case the laboratory cannot contact the client depositor.
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 – The client must specify disposition in the event of aban-
donment, including attempted contact at last known 
address or alternative contact address via certified mail. 
Terms of abandonment and disposition in the event 
including provisions for transfer out of the facility and its 
associated costs should be defined within the consent.

 – That the specimen(s) will be used in ART processes for 
intimate partner, donor oocytes or for directed donation. 
The specimen(s) are not for use for insemination of anon-
ymous recipients.

 – For directed donation, consents should include clear 
directives or stated inclusions/exclusions of use such as 
the number of cycles or the number of children born and 
in the case of a married couple in the event of divorce.

 – The disposition in the event of death, incapacitation, 
divorce which can include:
• Destruction.
• Donation to research. Research should be qualified as 

use for QA, QC or clinical assay development. 
Reproductive tissues or embryos resulting from such 
research will not be transferred into animals or humans.

• Directed donation with the same parameters for use as 
samples initially stored for directed donation.

• Continued maintenance for use in partner ART 
procedures.

• Released to another authorized, accredited facility for 
storage or use.

 – Posthumous use must be clearly stated with intent of sup-
port [59].

 – A provisional statement indicating that consent can be 
altered or withdrawn at any time with written notification 
in the presence of clinic/laboratory personnel or an out-
side notary.

The consent can include an information sheet for clarity 
and to introduce technical terminology and procedures 
including information related to the cryopreservation pro-
cess, recoveries, and storage in liquid nitrogen or its vapors. 
Additionally, either the information sheet or the informed 
consent should outline the required minimal infectious dis-
ease work up required prior to cryopreservation. Minimally, 
for the protection of all specimens stored within the cryo-
genic tank, the patient/client depositor should be tested for:

• HIV-1 and HIV-2
• RPR with reflex
• Hepatitis B surface antigen
• Hepatitis B core antibody
• Hepatitis C
• CMV (IgG and IgM)

The communicable disease testing should be recommended 
even when the specimen is planned for use with an intimate 

partner. If a gestational carrier might need to be employed, or 
if the embryos might be donated in the future, additional test-
ing would be required for FDA compliance. Furthermore, 
same-sex male couples may elect to use the specimens in a 
surrogate who is not a sexually intimate partner, and thus com-
municable disease testing is required by FDA regulations.

56.10  General Reproductive Tissue Bank 
Laboratory Practice

Cryogenic tanks should be maintained according to the labo-
ratory quality control schedule. Liquid nitrogen levels should 
measure within manufacturers range or within acceptable 
range as established by the laboratory. It is good laboratory 
practice to have each tank alarmed with an established back 
up plan in the event of tank failure. Cryogenic tanks should 
not be used for clinical specimens outside of the time period 
of recommended use. Unless it is a “quarantine” tank, speci-
mens should be fully immersed in the liquid phase at all 
times. Quarantine tanks are maintained as vapor tanks with 
the vials on canes located only in the upper portion of the 
tank to prevent liquid transfer between vials. These tanks can 
demonstrate a wide degree of temperature fluctuation within 
the vapor phase as the liquid phase evaporates. To avoid ther-
mal fluctuations, which may impact sample integrity, there 
should be a more stringent minimal acceptable range for the 
liquid phase in vapor storage tanks.

The tank inventory should be maintained in both digital 
and hard copy forms and updated as samples are added and 
removed. Additionally a physical inventory should be per-
formed and documented annually. Any inventory inconsis-
tencies or missing samples should be reported to the 
Laboratory Director immediately.

56.11  Eye to the Future

History has revealed that the normal parameter specimen is 
quite resilient. Even under suboptimal conditions of freezing 
and storage there is minimal impact on the functionality of 
the sample, perhaps a result of the total number of motile 
sperm compensating for any loss. Challenges, however, still 
remain under conditions of severe impairment or near com-
plete azoospermia, wherein individual cells risk being unre-
coverable. As conventional methods are not refined enough 
for reliable use of these specimens in ART procedures, there 
are clear opportunities for advancement in this field.

More recently the methods of freeze-drying and single 
human sperm freezing have been introduced [60, 61]. These 
methods hold promise for lower concentration specimens 
including the minimal post rehydration or thawing process-
ing, which may limit loss.
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Cryopreservation of Human Embryos: 
Basic Principles and Current 
Considerations

Helen Hunter, Natalie Getreu, Maureen Wood, 
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Over the past 40 years, the ability to manipulate reproductive 
cells in vitro to correct problems of infertility has become 
both remarkable and now routine practice. One key facilita-
tion to this whole process has been the successful application 
of cryopreservation to ‘stop biological time’. This has been 
particularly so in embryo cryopreservation, where good 
quality preimplantation embryos, supernumerary to fresh 
transfer, can be selected and stored for up to several years. 
This improves patient management in particular conditions 
and increases the overall cumulative success rate of infertil-
ity treatment [1, 2].

Knowledge about fundamental cryobiology developed in 
parallel with in vitro embryological studies, because embryos 
provided good models whereby the biophysical events 
encountered in cryopreservation could be tested in systems 
which had clearly defined criteria for survival and continued 
development after thawing [3–5]. This chapter will outline 
the recent knowledge of the scientific basis for embryo cryo-
preservation and discuss current trends in application of the 
technologies in infertility treatment.

57.1  Contributions of Fundamental 
Cryobiology to Embryo 
Cryopreservation

57.1.1  Some Historical Aspects of Applied 
Cryobiology

The development of robust cryopreservation protocols in 
infertility services has depended on an understanding of 
cryobiology, which is itself a young science. It was in the 
1960s when ‘cryobiology’ became an accepted term, and in 
1963 the International Society for Cryobiology was founded. 
It is now accepted that cryopreservation means the mainte-
nance of cells, alive but in a suspended state, at the necessary 
cryogenic temperatures of around −170 °C to −196 °C (the 
latter being the temperature of liquid nitrogen).

It has taken decades to understand the importance of this 
low temperature requirement (e.g. why other temperatures 
such as −80 °C are not sufficient). Also, we now know that 
successful cryopreservation can be achieved by application 
of a number of different biophysical protocols (see below). 
For example, two commonly used techniques for embryo 
cryopreservation are fast-rate vitrification and controlled 
slow-rate cooling (CRSC), which both deliver similar modi-
fications on cell and molecular architectures. For the pur-
poses of this chapter, the term ‘cryopreservation’ is used to 
cover all of these variants.

Scientists have been fascinated with the effects of low 
temperatures on biology for centuries. They easily identified 
that the phase change of water to form ice during cooling 
was both a dramatic and inescapable challenge for death or 
survival in biological systems. In the 1890s, the freezing pro-
cess in plant tissues was observed by Molisch using a micro-
scope system modified with a stage to allow freezing [6]. He 
noticed that as ice formation began, the plant cells trapped 
pure water. This caused the liquid volume to shrink, concen-
trating the solutes that had previously existed in the original 
aqueous environment. The resulting exposure of cells to 
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hypertonic surroundings is one of the central problems with 
ice formation.

Some plant cells have evolved an ability to endure freez-
ing temperature by synthesising of high levels of certain sug-
ars and solutes, as first recognised by Maximov [7]. We now 
understand that this mechanism counteracts the damage that 
can be induced by the formation of ice (known as ‘freeze 
dehydration’) and that the solutes that protect against cellular 
damage are called ‘osmolytes’. As such, osmolytes might 
also be protective if they could be applied to other systems to 
yield ‘cryoprotection’—thus allowing the survival of cells 
when exposed to ice.

When it comes to reproductive cryobiology, these col-
lected strands of knowledge undoubtedly influenced Polge 
and colleagues in 1949  in their search for solutes which 
would allow survival of fowl spermatozoa during deep freez-
ing [8]. They witnessed successful cryoprotection by addi-
tion of glycerol as the nontoxic osmolyte, and this kick-started 
the modern era of applied cryopreservation.

57.1.2  The Challenges of the Water-Ice Phase 
Transition for Embryos

To understand how protocols have been developed to allow 
embryos to survive deep cryogenic temperatures, it is worth 
making a few comments about the phase where water transi-
tions into ice. We know that biological reactions require 
water in its liquid state [9] and that if this essential liquid is 
removed during ice formation, then this poses extreme sur-
vival challenges, irrespective of the lowering of temperature 
per se.

Several reviews have discussed this in detail in relation to 
cryopreservation [10, 11]. In brief, water exists in the liquid 
state as a collection of randomly orientated molecules, con-
nected to one another via hydrogen bonds to form a matrix, 
accepting that this timescale for association is extremely 
fleeting. For most biological processes, this enables solvent 
molecules to interact with vital solutes and ions and provides 
stability to the structure of macromolecules. As the tempera-
ture decreases, the rotations of the molecules of water are 
slowed. The resulting water-water self-association leads to 
longer-lived intermolecular connections which, at the appro-
priate low temperature (the freezing point), result in the for-
mation of ice nuclei with hexagonally arranged water 
molecules. These multiply repetitively throughout the aque-
ous milieu to yield hexagonal ice, which is the commonly 
observed form of ice.

As the network begins to stabilise, energy is released. 
This is known as the ‘latent heat of ice formation’ and can be 
measured directly using a thermocouple. This reliable marker 
for the point of ice nucleation has been a critical factor in the 
improvement of protocols for cryopreserving embryos.

The open lattice nature of the network causes a slight dif-
ference in the densities of liquid water compared to ice. This is 
why ice is mostly seen to accumulate at the top of the sample 
during CRSC. The ice lattice excludes solutes, which transfer 
from the original solution into the residual liquid volume. This 
is because freezing is not an instantaneous event: as the tem-
perature decreases, there is a steady growth in the amount of 
ice forming within the aqueous portion of the solution. This 
results in an ever-increasing concentration of solutes trapped 
in the residual solution, providing an accumulating osmotic 
stress on the cells as cooling progresses. If this were a linear 
continuum occurring all the way down to the essential deep 
cryogenic temperatures, it is unlikely that embryos could sur-
vive cryopreservation and long-term storage.

Fortunately, chemistry and physics intervene in a helpful 
way. At a certain deep cryogenic temperature (see below), 
solidification takes place for all of the matrix. The system is 
then ‘locked’ into a configuration which is incapable of fur-
ther change and remains stable over many years. As might be 
imagined, for cells to experience such extremities of dehydra-
tion can be traumatic: cell membranes can destabilise and the 
cytosol can be damaged due to pH changes, damage to pro-
teins and impairment to organelles essential for life. All of 
this can be fatal to the embryo [10, 11].

These events occur as a consequence of osmosis, causing 
water to move from the cells to the surrounding residual liq-
uid fraction, which has a high osmotic potential. During 
CRSC, cell membranes have a partial role in stopping the 
initial growth of ice crystals, with nucleation taking place in 
the surrounding freezing solution instead.

There is, however, another potential source of injury other 
than osmotic damage, which can occur. This can take place if 
the cytoplasm has managed to keep enough molecules of 
residual water, which might then be capable of nucleating 
intracellular ice. This might occur if the biophysical aspects 
of cooling have not maintained osmotic equilibrium through-
out the system. This is most commonly seen if cooling has 
progressed too quickly during CRSC. As a result, unstable 
‘pockets’ of intracellular liquid water remain to inescapably 
nucleate intracellular ice crystals, and this almost invariably 
produces lethal embryo injury.

Many of these events during embryo cryopreservation 
have been described and mechanistically explained with the 
aid of cryomicroscopes, which allow direct visual assess-
ment of the process of freezing [5, 12].

57.1.3  Cryoprotection: How Can Embryos 
Survive Cryogenic Storage?

The preceding comments have made it clear that any cells, 
including the blastomeres in embryos, cannot survive cryo-
genic storage unless the essential cell water compartments 
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can be managed to mitigate or prevent ice transition on an 
osmo-kinetic basis. In both cases, there is an associated 
extreme dehydration of cell macromolecules. This is true 
regardless of the cryopreservation method (CRSC or 
vitrification).

57.1.4  Cryoprotectants

For certain nontoxic osmolytes, if they can be safely incor-
porated prior to the actual cooling process, then they may be 
useful to the processes of cryopreservation. This is the realm 
of cryoprotectants (CPA), solutes which can modify the 
water structure during cryopreservation and thawing (the 
removal of water from the embryos quickly after thawing is 
equally important!).

Following on from Polge’s ground-breaking report about 
how glycerol can be used as a CPA [8], studies showed that 
solutes such as sugars or other polyols could also have useful 
CPA properties, provided there is strong tendency for hydro-
gen bond formation with water. This is because, as the tem-
perature cools, these solutes can affect the way in which ice 
crystal forms. From a kinetic perspective, protection is 
thereby offered in the early stages of cooling, prior to the 
‘lockdown’ phase, when everything becomes solid (as dis-
cussed above). Once cells are solidified, no further damage 
can take place if the temperature continues to decrease.

The need to balance the inescapable osmotic stress during 
cooling also explains why CPAs are required in such rela-
tively high concentrations. These concentrations are much 
higher than if they were acting in ways typical of pharmaco-
logical agents, for example.

Embryos in standard culture media experience isotonic 
conditions (effectively close to 0.15  M sodium chloride). 
Once ice formation proceeds, salt concentrations will rise to 
about 3.51  M in the residual liquid portion by freezing to 
about −5  °C.  However, in the presence of 1  M CPA, e.g. 
glycerol, the molarity increase in salts is mitigated. The CPA 
is so effective that even when the temperature reduces to less 
than −30 °C, the molarity is manageable [11]. This property 
became known in cryobiology as the colligative effect of 
CPA [13].

In the search for other successful CPAs, the compound 
dimethyl sulphoxide [DMSO] was proposed by Lovelock 
and Bishop in the 1960s [13] as a water-modifying solute 
with low toxicity. Nowadays, DMSO is a commonly used 
CPA, with a range of applications. It wasn’t until a decade 
later that the term ‘cryoprotectant’ was formally adopted, 
based on the studies from Karow et al. [14]. Since that time, 
there have been very few other solutes put forward that have 
the required water-modifying property to be effective pri-
mary CPAs. Interestingly, embryo cryopreservation is one 
area where there has been a shift away from accepting 

DMSO as the universal CPA, in favour of a different polyol, 
propylene glycol (1,2-propanediol; PrOH), which has 
become predominant in CRSC.

In order to protect cellular macromolecules, primary 
CPAs have to reach the intracellular sites. Some CPAs (e.g. 
DMSO and glycerol) are able to protect the cytosol, since 
they can traverse membranes. Alternative water-modifying 
agents (e.g. sugars or polymers) cannot cross membranes 
and are less effective, although they can still provide some 
CPA effects. As a result, CPAs were classified according to 
their ability to permeate cells [15–18].

Numerous studies have indicated that in almost every 
case, embryos require intracellular CPA protection during 
cryopreservation. The growth of extracellular ice crystals 
can be modulated by non-permeating CPAs, which can help 
to reduce effects on osmosis. However, primary cryoprotec-
tion cannot be provided by non-permeating CPAs [16, 17]. 
For example, in embryo cryopreservation by CRSC, PrOH is 
often supplemented with sucrose and trehalose, to enhance 
orderly redistribution of liquid water from within intracellu-
lar spaces and lessen the later likelihood that ice might form 
intracellularly [19]. For vitrification, again sugars and poly-
mers such as ficoll may be included in the solute mix [20], to 
modify water by their nonideal physicochemical properties 
(restricting water molecule mobility on a kinetic basis such 
that ice nuclei cannot grow during rapid deep cryogenic 
cooling).

Given the relatively high concentrations of CPA required 
for effective cryoprotection, and the fact that they directly 
impact on cell water relationships (at any temperature), it is 
unsurprising that embryos may encounter CPA toxicity when 
exposed to these solutes unless protocol conditions are opti-
mised. Since CPA toxicity affects a wide range of cell and 
molecular targets [16, 21], CPA exposure prior to cryopreser-
vation and the temperatures used have to be defined as the 
minimum conditions to achieve effective cryoprotection.

Another confounding challenge is the CPA-related 
osmotic stress which results from loading of the solutes into 
the cell, largely by simple transmembrane diffusion pro-
cesses [16, 22]. This requires a finite time, yet transmem-
brane water diffusion takes place at a much faster pace. Thus, 
when embryos are introduced to CPA loading solutions, 
where the concentration may be ≥0.5 M, the blastomeres ini-
tially shrink as a result of water leaving the cells. The CPA 
and associated water molecules then enter intracellular 
space, to re-equilibrate and restore the cell volume [5, 23].

Using lower temperatures for CPA loading can mitigate 
CPA chemical toxicity but can also lead to a more prolonged 
exposure time. For example, a longer exposure time of up to 
twice the duration may be needed to achieve good intracel-
lular permeation, if the CPA exposure temperature is reduced 
(e.g. to ≤10 °C) [24]. There are equally important chemico- 
and osmo-toxicity considerations for the steps to dilute out 
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CPA at the end of cryopreservation. This is why stepwise, 
time-controlled protocols have been routinely applied in 
embryo cryopreservation to minimise all the associated risks.

Predictive modelling can be used, incorporating variables 
such as the cell membrane permeability coefficients of water 
or CPA [25]. However, practical testing is needed to verify 
the optimal CPA protocols to achieve high rates of success 
post-thawing.

By now, the relevance of CPAs as water-modifying agents 
to reduce cellular stress should be clear, accepting that this 
may simultaneously impair cellular function. Almost all nor-
mal biological processes are influenced if a cytosol experi-
ences an unusually high level of a particular solute. This is of 
paramount importance if toxicity results, which can injure 
the cell prior to ice formation.

Problems can also occur for osmosis. For example, if a 
relatively high concentration of a permeating CPA is needed, 
it will take a slower period of time to traverse a cell mem-
brane compared to the movement of water.

Temperature is also critical, as higher temperatures (e.g. 
37  °C) will lead to faster CPA permeation of mammalian 
oocytes than ambient temperature [26], but there is an 
increased risk of toxicity from the accelerated CPA influx. 
Lower temperatures (such as <10 °C) can mitigate chemical 
toxicity but require longer periods of exposure [24].

57.1.5  Relevance of Cooling Protocols 
for Embryo Cryopreservation

For efficacious embryo cryopreservation, the rate of cooling 
must control interconnected biophysical events. Controlled 
changes to temperature are critical for both CRSC and vitri-
fication, accepting that they differ. The two approaches are 
often seen as mutually exclusive, but this is not the case 
when viewed from the biophysical changes which need to be 
achieved within the cells to survive the process.

57.1.6  Embryo Cryopreservation by CRSC 
Methods

Early success in embryo cryopreservation was achieved 
using CRSC [3, 27], where the ‘slow’ rate was about 
−0.3 °C min−1. Based on this success, a ‘two-factor hypoth-
esis’ was proposed by Mazur and his team [27] to illustrate 
two different scenarios whereby injury could occur at differ-
ent cooling rates. Mazur’s hypothesis proposes that to sur-
vive cryopreservation, cells must be optimally dehydrated to 
such a level that there is no chance of any free liquid water 
within the cytosol which can transition into ice.

At temperatures less than or equal to −40 °C, the thermo-
dynamic imperative for water molecules is to nucleate ice 

[28]. On the other hand, cells cannot normally withstand 
such extreme dehydration, which affects not only metabolic 
interactions but also the many molecular structures (such as 
cell membrane bilayers and organelles and down to the level 
of macromolecules such as proteins or DNA). Irreversible 
disruption may result [29, 30] unless ultra-low temperatures 
can be reached: in essence, it is a ‘catch 22’ situation.

The presence of CPAs can go some way to mitigate the 
problems of ice nucleation but cannot completely remove the 
requirement for control of cooling rate. Applications of 
CRSC were facilitated by the manufacture of reliable cryo- 
coolers using the vapour of liquid nitrogen (LN2) as the 
coolant [31, 32]. During CRSC, ice formation itself is the 
essential dehydrative driving force but in the extracellular 
space. Thus, ice formation can be either friend or foe, 
depending on the location.

Mazur’s hypothesis suggests that cells require optimal 
dehydration to remove the risk of ice forming intracellularly, 
as this can cause lethal cell injury in most instances [33] 
(Table 57.1). At an optimal slow cooling rate of −0.3 °C min−1, 
the added CPA protects the ultrastructure of the embryo, to 
allow dehydration during ultra-low cooling until such time 
that cryogenic temperatures are reached. At this point, 
another important phase change (see below) takes place – the 
‘glassy transition’ range (Tg). Beyond Tg, no further molecu-
lar changes are possible, and all components of the blasto-
meres are ‘locked stable’ for prolonged periods of time 
which even now are not fully quantified but are in the realms 
of decades if not centuries.

If intracellular dehydration is crucial to survival, then reli-
able ice nucleation in the external medium is a critical step. 
This is achieved by the various mechanisms of ‘seeding ice’ 
in the embryo straws [22, 35]. For optimised extreme embryo 
dehydration, intracellular water needs to continually be 
removed as the external ice burden progressively increases 
[36] (pragmatically down to temperatures in the region of 

Table 57.1 Mazur’s two-factor injury hypothesis [22, 34]

Mazur’s injury factor 1 was associated with very slow cooling 
(much slower than the optimal rate). With this, embryos would be 
exposed to the extreme ice-related dehydration for intolerably long 
times. Even in the presence of CPAs, before reaching the safety of 
Tg, lethal injury would ensue
Mazur’s injury factor 2 was associated with fast cooling rates (much 
faster than the optimal rate), providing conditions where 
intracellular free water did not have sufficient time to leave the 
embryos in response to the growing extracellular osmotic potential 
provided by the external ice milieu and so could nucleate 
intracellular ice which is invariably lethal

These descriptions oversimplify the complex biophysical processes 
occurring during cryopreservation, many of which remain to be fully 
elucidated. However, Mazur’s two-factor hypothesis does tend to fit the 
observed outcomes for CRSC of embryos over the past three decades 
[22, 34]. The hypothesis also explains the rationale for some of the 
steps in embryo CRSC which are now standard
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−40 °C). Below this, essential dehydration is almost com-
plete – so CRSC can be modified to cool at somewhat faster 
rates taking the embryos down to Tg – again a protocol step 
commonly used in the clinical setting.

Several studies now show that temperatures less than 
−100 °C are essential to maintain cryopreserved embryos in 
the long term [37, 38]. However, a Tg from −120  °C to 
−130 °C is needed to impart true long-term cryogenic stabil-
ity, where there is complete solidification of embryos within 
the cryopreserved matrix of ice, solutes and CPAs. The tem-
perature of LN2 (at −196  °C) or LN2 vapour (at about 
−170° C) for embryo storage is safely below Tg and should 
provide a ‘safety net’ for any minor fluctuations in storage 
temperature (e.g. when filling storage vessels).

The protection provided by the Tg range is quickly lost if 
large temperature fluctuations are permitted, which is why 
protocol checks and records for embryo storage tempera-
tures are of high importance.

57.1.7  Vitrification as a Strategy for Embryo 
Cryopreservation

For vitrification, ultra-low temperatures through Tg and 
extreme dehydration are equally important for embryo sur-
vival. It has been known for more than 60  years that ice 
nucleation can be fully prevented at ultra-low temperatures 
by using different approaches [39, 40]. For common aqueous 
solutions, this suppression was achievable only by cooling at 
extremely high rates (several 1000° C min−1). By doing this, 
water molecules retained the state characteristic of liquid 
water, even after passing through Tg, to effectively yield a 
glass without any crystalline structure.

Cryobiologists struggled to develop this into a practical 
way for storage of cell systems, until the seminal work 
undertaken by Rall and Fahy [41] on mouse embryos. They 
postulated that very high CPA concentrations would allow 
the glassy state to be reached at lower cooling rates (now in 
the ranges of −100° Cs min−1) and also provide the essential 
extreme dehydration required for embryo survival during 
cryogenic storage. However, the required high toxicity levels 
of CPA concentrations >60% w/v were a concern. Therefore, 
attention was placed on identifying the least toxic CPA and 
use of combinations of CPAs, where each individual CPA 
was under the threshold level of toxicity [42].

This method was applied cautiously to human embryo 
cryopreservation, using high CPA concentrations in vitrifica-
tion solutions (VS) without toxicity [43–46]. The high cool-
ing rates required were too fast for use of traditional embryo 
vials or straws, so alternative devices were introduced, e.g. 
pulled straws and cryo-loops, holding only small liquid sam-
ples (<10 μl containing the embryo). This allowed embryos 
to reliably attain the ‘glassy state’ [47, 48], whereby the 

embryo samples effectively ‘outran’ the propensity of water 
molecules to form ice nuclei before reaching Tg. An example 
of commercially available vitrification device is shown in 
Fig. 57.1.

Over the past 5 years, vitrification has become increas-
ingly popular for clinical embryo cryopreservation, and 
many IVF clinics now use this [20, 49, 50]. Furthermore, 
clinics have gradually improved the vitrification protocols 
such that post-warm embryo survival surpasses CRSC out-
comes [51–53]. However, some of these comparisons are 
retrospective, and it is difficult to produce prospective trials 
in this area.

Vitrification obviates the need for use of cryo-cooling 
machines, and the cooling step can be performed rapidly, 
avoiding the time required for slow cooling. However, the 
vitrification process requires an increase in the number of 
essential skilled manipulations to be undertaken, particularly 
if several embryos need to be cryopreserved on a particular 
day. Nevertheless, many centres have invested the efforts 
required to make vitrification a success [50].

57.1.8  Importance of Warming Protocols

Warming protocols are just as important as cooling protocols, 
as suboptimal warming puts a cryopreserved embryo at risk. 
When a cryopreserved embryo is warmed above the Tg range 
(around −120 °C), an accumulation of high solutes can cause 
damage. At above −110 °C water molecules start to mobilise, 

RING Fibreplug

handle ridges grip
inside of straw 0.1-1.0µL Droplet

a

b

Fig. 57.1 (a) Adding embryo to Fibreplus. (b) RING Fibreplug (cour-
tesy of CryoLogic Ply Ltd., Blackburn, Victoria, Australia)
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even in vitrified embryos [54]. As embryos warm, any exist-
ing ice crystals may grow and reorganise themselves, in a 
process known as Ostwald ripening [55]. Numerous tiny 
intracellular ice nucleation centres that may have formed dur-
ing cooling can dissolve and redeposit onto larger ice crystals. 
This is more likely in frozen aqueous solutions if warming 
rates are slow [55] but can also take place after vitrification. 
During cooling, provided Tg has been safely passed, these are 
not a source of immediate injury. However, during warming, 
if mobile water becomes available, ice crystal may grow from 
these nucleation centres. This concept is known as ‘freezing 
during thawing’ [56].

The biophysics related to the speed of warming has yet to 
be fully understood [57]. In theory, slow warming allows 
time for osmotic re-equilibration [3], as the ice matrix first 
melts and liquid water becomes available for the shrunken 
cells. Carefully controlled CPA dilution steps aim to prevent 
reverse osmosis and harmful blastomere swelling [5, 58]. 
Inclusion of osmotic buffers, such as sucrose, during the 
dilution phase has been found to be helpful in mitigating 
injury [59]. However, slow warming has been shown to cause 
injury to blastocysts [60].

For vitrified embryos, fast warming rates are essential 
[61, 62]. Osmotic injury is possible during the CPA dilution 
phase, as high CPA concentrations will initially exist 
intracellularly.

57.1.9  Essential Aspects of Robust Cryogenic 
Storage for Cryopreserved Embryos

Cryo-attrition is highly likely if embryos are stored at tem-
peratures above Tg. It is therefore pragmatic to impose a ‘stor-
age shelf life’ on cryopreserved cells, taking into account 
their ‘product stability’. For example, in the USA, the Food 
and Drugs Administration (FDA) has imposed a shelf life of 
10 years for red blood cells stored at −80 °C [63, 64].

On a physicochemical basis, reports of possible detrimen-
tal effects linked to storage duration [65] are unlikely, pro-
vided storage has been maintained below Tg.

Cryopreserved embryos can be subjected to fluctua-
tions in storage temperature, e.g. if there has been a 
delayed time for filling with LN2 or if neighbouring sam-
ples are removed from storage. For example, ‘deep-fro-
zen’ samples store in racks can be subjected to a 
temperature change from −135 °C to −60 °C within a few 
minutes, when lifted out of storage [66]. Unsurprisingly, 
repeated temperature changes through the range for Tg can 
impact on viability [66].

There has been a trend from LN2 to LN2 vapour phase 
storage for some cell types, following concern that infectious 
agents could be transmitted through liquid LN2 [67]. Safety 
concerns have particular relevance to ‘open’ devices used for 

embryo vitrification, where samples may be exposed directly 
to LN2, and thus use of closed embryo containers has been 
proposed [68].

Whilst LN2 vapour phase storage provides −150° to 
−170 °C storage, the vessels may be prone to rapid changes 
in temperature, e.g. when the vessel is opened. Aluminium 
racking within the storage tank can provide some thermal 
stability as a ‘cold sink’ [69].

However, in the majority of IVF clinics, the preferred 
storage option remains immersed in the liquid phase of LN2, 
because of concerns over temperature fluctuations in the 
vapour phase. Embryos are typically stored as small volume 
samples in sheathed vitrification devices (Fig. 57.2) and not 
in direct contact with cold aluminium racks, so the safety net 
of a large thermal mass provided by the aluminium is not 
available.

The potential for loss of embryo viability following tem-
perature fluctuations during storage or transport, particu-
larly for vitrified embryos, has to be balanced by the risks 
of cross-infection resulting directly from the LN2 [70]. In 
all situations, for optimal storage of cryopreserved embryos, 
there should be protocols to manage and monitor the 
cryostore.

57.2  Embryo Cryopreservation in Clinical 
Practice

This section aims to provide an overview of current practice 
in a large NHS IVF Unit in the UK, with some reflection on 
the rationales of these practices and regulation.

a

b

Fig. 57.2 (a, b) Cryotop vitrification (courtesy of Kitazato Corporation, 
Tokyo, Japan)
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57.2.1  Why Is Embryo Cryopreservation 
Important?

In a clinic with robust protocols and skilled embryologists, 
results suggest that supernumerary potentially viable 
embryos can be stored safely, without significant loss of 
implantation potential after thawing or warming [49]. Being 
able to store embryos successfully for future use increases 
the acceptability to patients of the option to transfer a single 
embryo, which can help to reduce the multiple pregnancy 
rates [71].

Elective embryo cryopreservation (i.e. when a fresh trans-
fer is not planned) has an important role in patient manage-
ment and fertility preservation. Embryo cryopreservation 
allows patients with an ovarian hyperstimulation (OHSS) 
risk to be managed [72] and has also allowed the develop-
ment of services for pre-implantation genetic testing (PGT). 
Blastocysts can be tested and then vitrified; screened embryos 
can be warmed for transfer in a subsequent cycle, allowing 
sufficient time for advanced testing and patient counselling.

Fertility preservation for medical reasons is another 
emerging field. The British Fertility Society has published 
policy and practice guidelines for fertility preservation for 
medical reasons in girls and women [73]. Furthermore, for 
women who have cryopreserved embryos prior to chemo-/
radiotherapy, the live birth rates following FET are similar to 
those for age-matched controls [74].

57.2.2  How, What and When to Cryopreserve 
in Clinical Practice?

There is no absolute consensus or regulation governing the 
choice of laboratory protocols or policies on embryo cryo-
preservation. Whilst various professional bodies have pub-
lished consensuses [75, 76], a broad spectrum of methods 
used for CRSC and vitrification continues. A meta-analysis 
by Rienzi and her team [77] showed that vitrification 
appeared to provide better clinical results when compared to 
CRSC but with the caveat that the quality of evidence was 
mostly low when comparing clinical outcomes.

Guidelines on embryo grading and selection for transfer 
and cryopreservation have been produced [76, 78]. Clinics 
with very strict freezing criteria tend to report better embryo 
survival and FET success rates but may also conduct fewer 
FET cycles per oocyte collection, and hence, their cumula-
tive pregnancy rates per fresh cycle may be lower when com-
pared to clinics with a more lenient approach to 
cryopreservation [2].

In recent years, a debate has arisen about whether pro-
spective elective cryopreservation of all embryos produced 
within a fertility cycle should take place, on the basis that 
clinical outcomes may be improved [79–81]. However, cau-

tion has been expressed about such an approach until further 
evidence is accumulated [82] (Table 57.2) [75–77, 83, 84].

57.2.3  Warming and Thawing Embryos 
in the Clinical Context

Cleavage-stage embryos are deemed to have survived warm-
ing/thawing if half of the blastomeres appear intact [76]. For 
blastocysts, at least 75–90% of cells should be intact in the 
warmed embryo [76].

A consensus report from the UK’s Association of Clinical 
Embryologists [75] emphasised that thawing/warming pro-
tocols must be matched to the cryopreservation protocol, and 
transferring embryos between centres may compromise via-
bility. This is not only due to the risks in moving the 

Table 57.2 Embryo cryopreservation: the experience of St. Mary’s 
IVF clinic, Manchester, UK, where both CRSC (for pronucleate and 
early cleavage-stage embryos) and vitrification (for oocytes and blasto-
cysts) take place

Pronucleate stage (PN) freezing
Elective ‘freeze-all’ cycles are performed at PN stage, using 
CRSC. This policy gives flexibility when thawing embryos (allowing 
patients to take advantage of possible future developments in culture 
techniques); maximises the chance of ET (as all zygotes are 
cryopreserved); and avoids any concern of unknown long-term 
stability of vitrified embryos. Whilst the potential embryo quality is 
unknown at the time of cryopreservation, the clinical pregnancy rate 
per FET cycle is similar to that of our vitrified blastocyst transfers 
(Hunter, unpublished data). Slow freezing continues to be preferred 
due to extensive expertise and good experiences with this method. 
Additionally (and importantly), often large numbers of embryos 
require freezing within a narrow time window (i.e. before the PN 
fade) which makes vitrification logistically difficult in a busy 
laboratory
Early cleavage (EC) stage
Since the advent of extended culture, cryopreservation rarely takes 
place at the EC stage. When it does, slow freezing is performed 
rather than vitrification, although the evidence for superiority of 
either cryostorage technique is relatively poor [77]. Either approach 
can be used for cryopreservation at this stage of embryo 
development, depending on local logistics
Blastocyst stage
Blastocyst cryopreservation is exclusively performed by 
vitrification, without blastocoel collapse, and with survival rates of 
around 92% and implantation rates of 30% (compared to a fresh 
implantation rate of 37%) (H Hunter unpublished data). Some 
laboratories report good results with CRSC, but they are in the 
minority (75,76, M Wood personal communication). Current 
clinical data may not justify collapsing the blastocoel [83], but data 
are still limited, and this should be reviewed by each centre in the 
light of their own practice and results
Storage duration
In the UK, embryos can only remain in storage both up to a legal 
time limit (specified at the time of consent and whilst both gamete 
providers continue to consent. At the time of writing, the standard 
statutory period of up to 10 years from the date of storage for ART 
cycles has been extended to 12 years due to the COVID-19 
pandemic [84]
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cryopreserved material, but it was also considered that the 
best survival rate is most likely if the same clinic that cryo-
preserved the embryos then thawed/warmed the embryos. At 
the very least, the same solutions, carrier systems and proto-
cols should be used for thawing/warming. Patients should be 
made aware of the risk of compromise to the outcome by 
moving embryos between centres [70].

57.3  Conclusion

The technology and understanding of embryo cryopreserva-
tion have developed rapidly in 30 years since the first reports 
of pregnancy and live births following FET [85, 86]. From 
what was initially considered to be a research technology, 
embryo cryopreservation has become a mainstream compo-
nent of infertility treatments on a global scale. In the past 
decade, new approaches, notably vitrification, are making 
significant impact on the practice of embryo cryopreserva-
tion. However, routine application should not deflect from 
the need for high-level staff training and continued profes-
sional development in this area, as is acknowledged to be 
essential good practice in any clinical endeavour.

A fundamental understanding of all the principles 
involved in embryo cryopreservation is essential, as each 
step can potentially impact on whether the embryo survives. 
These concerns have recently been expressed in an editorial 
comment [70] where specific risks associated with embryo 
cryopreservation were identified in situations where non- 
optimised procedures can have negative impact.
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Fertility Preservation  
in Prepubertal Children

Leslie Coker Appiah

Over the last 25  years, the incidence of cancer has risen 
slowly to 1.7 million new cases in 2017. Of those cases, 
10,270 occurred in the pediatric population and 70,000  in 
adolescents and young adults (AYA) ages 15 to 39 [1]. 
Fortunately, due to early detection and advancements in 
treatment, cancer mortality has decreased significantly with 
a 5-year survival of 80–85% in the pediatric population. 
Unfortunately, survival rates for AYA have not seen as dra-
matic an improvement, with 5-year survival rates remaining 
at 70% [2]. Reasons for lower AYA survival rates include 
differences in tumor biology, fewer clinical trials, lack of 
comprehensive insurance coverage, and barriers to access 
such as underemployment and educational pursuits. 
Nonetheless, by 2020, there are estimated to be 500,000 
childhood cancer survivors of reproductive age who will 
experience late effects of survivorship. The scope of care in 
survivors has thus broadened to include quality of life in sur-
vivorship. Parenthood in survivorship is now well- established 
as an important quality-of-life indicator with survivors 
describing this as one of the most important aspects of their 
survivorship [3]. In a study of health outcomes in 1713 sur-
vivors of childhood cancer between the ages of 18–60, the 
prevalence of primary ovarian insufficiency was 12% in 
females receiving fertility-harming therapies. The preva-
lence in males was higher with 66% of at-risk males experi-
encing germ cell dysfunction and 12% experiencing Leydig 
cell function [4]. Given these findings, preserving fertility 
prior to gonadotoxic therapy is a critically important aspect 
of cancer care.

National and international efforts have increased expo-
nentially to bring disciplines together to care for the fertility 

and reproductive health needs of individuals receiving treat-
ments that affect fertility [5, 6]. Disciplines include gynecol-
ogy, urology, oncology, endocrinology, reproductive 
endocrinology and infertility, ethics, and basic science 
research teams within the respective fields. Evidence-based 
practice guidelines and consensus statements for fertility 
preservation in individuals receiving gonadotoxic agents are 
now well-established. Guidelines from the American Society 
of Clinical Oncology (ASCO) and the American Society of 
Reproductive Medicine (ASRM) describe the risks to fertil-
ity from cancer treatments, the current state of fertility pres-
ervation counseling, and circumstances under which standard 
and investigational fertility preservation should be offered 
[7, 8]. These guidelines have been endorsed by the American 
College of Obstetrics and Gynecology (ACOG), the 
American Academy of Pediatrics (AAP), and the Association 
of Pediatric Hematology Oncology Nurses (APHON) [9–
11]. Despite pervasiveness of these guidelines, there has only 
been a slight gain from less than 50% to now 60% in indi-
viduals who recall discussing fertility risks prior to cancer 
[12–15], and the range of individuals counseled who undergo 
fertility preservation therapies remains 2% to 50% [16, 17]. 
The challenge is not in concurring with the guidelines, but in 
overcoming the barriers to fertility preservation. This chal-
lenge proves even more salient in the prepubertal individual 
where options are limited.

Several factors should be taken into account when coun-
seling individuals and families regarding risk to fertility and 
include age, type of treatment, treatment dose, disease loca-
tion, and underlying conditions that compromise baseline 
fertility. Females are born with a finite number of follicles at 
approximately two to four million. Over time, through pre-
dominantly atresia and secondarily ovulation, the follicle 
count is depleted with approximately 400,000 or 10% of fol-
licles remaining at puberty [18]. When the follicle count 
reaches 1000 at age 50, menopause ensues. Fecundity natu-
rally decreases approximately 10  years before the meno-
pause in healthy women [19]. Chemotherapeutic agents 
affect the growing follicles through disruption of cell 
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 division, resulting in apoptosis and amenorrhea. However, 
upon discontinuation of therapy, folliculogenesis resumes 
and in most cases, menses return. Alkylating agents and radi-
ation are non-cell cycle specific and therefore not only affect 
the growing follicles but also damage the resting pool or 
ovarian reserve. The younger the individual, the larger the 
pretreatment resting pool and the higher the posttreatment 
reserve. The decrease in ovarian reserve paradoxically results 
in an accelerated loss of follicles. Consequently, although 
individuals may resume menses, ovarian insufficiency (pre-
viously termed premature ovarian failure) can occur signifi-
cantly earlier than the expected age of natural fertility 
decline. Ovarian insufficiency is referred to as acute ovarian 
failure (AOF) when complete absence of menses occurs 
within 2 years of treatment. The definition is often extended 
to 5 years to include those individuals who resume and then 
cease menses within 5 years posttreatment [20].

Males have an almost infinite ability to produce sperm. 
However, risk of infertility increases after paternal age 45 
due to increased risk of spontaneous abortion, late fetal 
deaths, birth defects, and developmental/behavioral abnor-
malities in offspring [21]. Males receiving alkylating agents 
are at greatest risk of infertility with azoospermia occurring 
in >90% of individuals receiving therapies for Hodgkin lym-
phoma that include nitrogen mustard, procarbazine, and 
cyclophosphamide. Permanent azoospermia is seen in 30% 
of males receiving CHOP. Normospermia can be expected in 
greater than 95% of males receiving combination chemo-
therapies that reduce the cumulative doses of alkylating 
agents. Chemotherapy regimens in bone marrow transplants 
result in azoospermia in greater than 95% of individuals. 
Individuals with testicular cancer receiving cisplatin and 
carboplatin-based therapy can expect normospermia in 50% 
at 2 years and 80% at 5 years [22] (Table 58.1).

Intracranial, total body, and pelvic irradiation have sig-
nificant deleterious effects on fertility. In females, age con-
fers protection, with prepubertal ovaries tolerating higher 
doses of pelvic radiation (≤ 15  Gy) than postpubertal (≤ 
10 Gy) or adult (≤ 6 Gy) ovaries before experiencing AOF 
[23]. Studies have established however that as low as 2 Gy of 
radiation to the ovaries results in a 50% decrease in ovarian 
function. Pelvic and total body irradiation to the uterus 
≥30 Gy result in irreversible damage from cortical fibrosis, 
whereas injury from smaller radiation doses may be cor-
rected with high-dose estrogen therapy [24]. Uterine injury 
results in miscarriage, preterm delivery, and low-birth- 
weight infants. In males, prepubertal status is not protective 
of gonadal injury. Male germ cells are highly sensitive to the 
effects of radiation with infertility reported at >1.2  Gy of 
radiation. Leydig cells are more resistant to the effects of 
radiation with androgen deficiency occurring at upwards of 
20  Gy [25]. Intracranial radiation results in infertility in 
males and females through direct injury to the hypothalamus 

and pituitary gland with subsequent hypogonadotropic hypo-
gonadism. Although the ovary and testis may function nor-
mally, lack of stimulation by gonadotropins requires assisted 
reproductive technologies with gonadotropins for 
conception.

To adequately counsel individuals on fertility preserva-
tion options, accurate risk stratification is required. 
Estimating risk, however, is exceedingly challenging due to 
a lack of robust long-term follow-up data of survivors. Only 
recently has this information become more available, 
although not comprehensive of all treatment regimens. The 
current risk stratification models categorize low risk <20%, 
intermediate risk 30–70%, and high risk >80% likelihood of 
complete ovarian failure after gonadotoxic treatment [26] 

Table 58.1 Effects of chemotherapy on spermatogenesis

Diagnosis and treatment Fertility posttreatment
Hodgkin disease
  MVPP Azoospermia in >90%
  MOPP Azoospermia in >90%
  ChlVPP/EVA hybrid Azoospermia in >90%
  COPP Azoospermia in >90%
  ABVD Temporary azoospermia with normal 

sperm count in all at 18 months
Non-Hodgkin lymphoma
  CHOP Permanent azoospermia in 30%
  VAPEC-B Normospermia in >95%
  VACOP-B Normospermia in >95%
  MACOP-B Normospermia in >95%
  VEEP Normospermia in >95%
Bone marrow transplant for a variety of malignancies
  Cyclophosphamide 

alone
FSH raised in 40%

  Busulfan and 
cyclophosphamide

FSH raised in 80%

  CBV FSH raised in >95%
  High-dose melphalan FSH raised in >95%
  BEAM FSH raised in >95%
Testicular cancer
  Cisplatin/carboplatin Normospermia in 50% at 2 years- 

based therapy and 80% at 5 years

MVPP mustine, vinblastine, procarbazine, and prednisolone, MOPP 
mustine, vincristine, procarbazine, and prednisolone, ChlVPP/EVA 
chlorambucil, vinblastine, prednisolone, procarbazine, doxorubicin, 
vincristine, and etoposide, COPP cyclophosphamide, vincristine, pro-
carbazine, and prednisolone, ABVD doxorubicin hydrochloride, bleo-
mycin, vinblastine, and dacarbazine, CHOP cyclophosphamide, 
doxorubicin, vincristine, and prednisolone, VAPEC-B vincristine, 
doxorubicin, prednisolone, etoposide, cyclophosphamide, and bleomy-
cin, VACOP-B vinblastine, doxorubicin, prednisolone, vincristine, 
cyclophosphamide, and bleomycin, MACOP-B mustine in place of vin-
blastine, VEEP vincristine, etoposide, epirubicin, and prednisolone, 
CBV cyclophosphamide, carmustine, and etoposide, BEAM carmustine, 
etoposide, Ara-C, and melphalan, and FSH follicle-stimulating 
hormone
From Howell SJ, Shalet SM. Spermatogenesis after cancer treatment: 
damage and recovery. J Natl Cancer Inst Monogr 2005;34:12–17, with 
permission
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(Table 58.2). Agents that fall in the low-risk category include 
methotrexate, vincristine, radioactive iodine, anthracy-
clines, and multi-agent therapies with an overall decreased 
cumulative dose of alkylating agents. As alkylating agents 
are most toxic to the gonads, risk stratification models have 
been developed based on these agents. The cyclophospha-
mide equivalent dose (CED) and alkylating agent dose 
(AAD) scoring systems are both now well-established 
means of quantifying individuals at high risk of reduced 
fecundity after treatment. The AAD describes the cumula-
tive dose effects of alkylating agents on fertility and was 
developed for two case-control studies conducted by the 
Late Effects Study Group [27, 28]. Gonadal toxicity was 
determined by comparing drug dose distribution of the 
study population in first, second, and third, tertiles, with the 
highest doses distributed in the third tertile. The CED was 
subsequently developed as the AAD is specific only to the 
study population and cannot be used for comparisons across 
populations [29]. In males, a CED ≥ 4000 - < 8000 mg/m2 
is associated with a hazard ratio (HR) of pregnancy among 
partners of 0.72 (CI 0.55–0.95, p 0.019). A CED ≥ 8000–
<12,000 correlates with a HR 0.49 (CI 0.36–0.68, p < 0.001). 
In correlation, a summed AAD in the third tertile denotes an 
almost 50% (HR 0.48, CI 0.36–0.65) reduced likelihood of 
siring a pregnancy. In females, a CED ≥ 4000–< 8000 mg/
m2 denotes a relative risk (RR) of nonsurgical premature 
menopause of 2.74 (CI 1.13–6.61, p 0.025). A CED ≥ 8000 
confers a 4.19 (CI 2.18–8.08, p < 0.001) RR of nonsurgical 
premature menopause. An AAD in the third tertile corre-
sponds to a RR 4.99 (2.53–9.84, p < 0.001) of nonsurgical 
premature menopause. In clinical practice, individuals 
should be counseled to consider standard fertility preserva-
tion options of sperm, oocyte, and embryo cryopreservation 
when receiving chemotherapeutic agents with a CED of 
≥4000  mg/m2 or an AAD in the third tertile. Individuals 
receiving chemotherapeutic agents with a CED of 
≥8000 mg/m2 should also consider investigational therapies 
such as ovarian tissue freezing with concomitant in  vitro 

maturation of aspirated oocytes and testicular tissue freez-
ing when standard therapies are not available due to time or 
cost constraints.

Limitations of the AAD and CED are that the models are 
restricted to the effects of well-established alkylating agents 
on fertility and do not encompass the wide range of newer 
agents of unknown gonadal toxicity. These newer agents 
include nonclassical alkylators such as temozolomide, tax-
anes including paclitaxel and docetaxel, tyrosine kinase 
inhibitors such as imatinib, topoisomerase inhibitors such as 
irinotecan, immunotherapies including the monoclonal anti-
bodies bevacizumab and trastuzumab and the newest of these 
agents to be approved in children, and immune checkpoint 
inhibitors such as pembrolizumab. Agents that historically 
have resulted in low (< 20%) and moderate (30–70%) risk to 
fertility also need to be better characterized to allow person-
alized risk stratification. Ultimately, models based on age, 
baseline fertility status, genetic differences in ovarian and 
testicular biology, and chemotherapeutic and radiation 
agents received would provide the best estimate of risk 
across treatments and ages.

58.1  Female Fertility Preservation Options

It is imperative that counseling about fertility options occur 
prior to initiating cancer therapies. Once chemotherapy has 
been initiated, no standard options are available, and investi-
gational options are limited. Standard options for fertility 
preservation in adult females include mature oocyte cryo-
preservation, embryo cryopreservation, and ovarian shield-
ing and transposition. Sperm cryopreservation via 
ejaculation, testicular aspiration and extraction, and testicu-
lar shielding are standard therapies in males. Investigational 
options for adults include immature oocyte cryopreservation, 
in vitro maturation, and ovarian and testicular tissue cryo-
preservation. Investigational options for prepubertal females 
include immature oocyte cryopreservation, in vitro matura-
tion, and in vivo activation, the newest technology. In prepu-
bertal males testicular cryopreservation is the only option 
and is investigational [30].

58.1.1  Standard Options

Mature egg freezing is now a standard option for infertility 
with success rates of 35–60% depending on age and underly-
ing concomitant causes of infertility [31]. The benefit of 
mature oocyte cryopreservation is that no partner is required, 
making it a viable option for children and young adults. 
Historically, oocyte stimulation for retrieval required 
14 days, and individuals were required to be within the early 
follicular phase, days 2–4 of menses. Advancements in 

Table 58.2 Fertility risk stratification

Subfertility/infertility risk
High risk >80% Medium risk 30–70% Low risk <20%
Conditioning for 
BMT
Hodgkin’s: w/
alkylators
Soft-tissue 
sarcoma: 
metastatic
Ewing’s sarcoma: 
metastatic
Localized pelvic 
or testicular 
radiation

AML
Hepatoblastoma
Osteosarcoma
Ewing’s sarcoma: 
nonmetastatic
Soft-tissue sarcoma: 
stage II/III
Neuroblastoma
Non-Hodgkin lymphoma
Hodgkin’s: alternating 
alkylator tx
Craniospinal radiation 
>24Gy

ALL
Wilms’ tumor
Soft-tissue 
sarcoma: stage I
Retinoblastoma
Germ-cell tumors
(Fertility sparing)
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 technology have now allowed for random start cycles that 
may occur in either the follicular or luteal phase, with an 
average of 10–11 days for stimulation [32–34].

Stimulation in the prepubertal individual is not feasible 
due to negative inhibition of the hypothalamic-pituitary axis, 
which is not released until puberty by mechanisms that are 
not fully understood. However several centers around the 
country have begun to successfully stimulate early postpu-
bertal individuals at risk of acute ovarian failure [35–37]. 
Stimulation in adolescents requires finesse and sensitivity as 
these individuals are typically unable to tolerate transvaginal 
ultrasound and may require higher doses of gonadotropins. 
Transabdominal ultrasound is typically performed for folli-
cle surveillance with sedation and transvaginal ultrasound 
for retrieval. Higher gonadotropin doses may increase the 
risk of ovarian hyperstimulation syndrome (OHSS), poten-
tially placing individuals at risk of fluid extravasation, hyper-
coagulation, and PE with a consequent delay in cancer 
treatment [38]. Studies have also suggested that oocyte yield 
may be lower in postpubertal individuals. Given the 28% 
probability of live birth with two oocytes thawed after vitri-
fication in young women less than age 25 and 31% with six 
oocytes, a greater number of eggs are required to improve 
fertility rates [39]. Subjecting adolescents to ovarian stimu-
lation (OS) must therefore be justified by retrieval of an ade-
quate number of oocytes for successful pregnancy.

Embryo cryopreservation is reserved for individuals age 
18 and older due to legal considerations in embryo creation. 
The upper age limit for most IVF programs is 42 due to sig-
nificantly decreased success rates thereafter with success 
rates averaging 40% for women less than age 35 [40]. The 
requisite 10–12 days is required for stimulation and retrieval. 
The limitations of embryo cryopreservation are that a partner 
or sperm donor is required and ovarian function is not pre-
served. Embryo ownership concerns exist, and legal counsel-
ing and documentation are necessary prior to assisted 
reproduction.

Ovarian transposition (OT) is becoming increasingly 
more utilized with the development of formal fertility preser-
vation programs. Success rates of preservation of ovarian 
function are high at 65–95%, depending on the mode of radi-
ation used. Specifically, meta-analyses suggest that OT in 
pelvic brachytherapy and external beam radiotherapy have 
ovarian preservation rates of 94% and 65%, respectively 
[41]. Concerns with OT include loss of blood flow and diffi-
culty conceiving due to the transposed location of the ovary. 
It is thus recommended to maintain the relationship between 
the ovary and the fallopian tube to minimize risk of infertility 
and the need for IVF. It is not necessary for the ovary to be 
transposed back into the pelvis, and pregnancies may be 
achieved through spontaneous conception and more com-
monly IVF. Ovarian shielding involves blocking the ovaries 
during pelvic radiation. Success rates with the technique are 

underreported, and scatter effect remains a concern. This 
may be due in part to the fact that concomitant chemotherapy 
is administered making it challenging to separate the effect 
of the two treatments on fertility.

58.1.2  Investigational Options

Investigational options include ovarian tissue cryopreserva-
tion, immature oocyte freezing, ovarian suppression with 
gonadotropin-releasing hormone agonists (GnRHa), and 
in vivo activation. Ovarian tissue cryopreservation (OTC) is 
currently the most successful investigational therapy for fer-
tility preservation across age groups with a clinical preg-
nancy rate of 57.5% and live birth rate of 37% after tissue 
transplantation [42, 43]. There remains some debate regard-
ing which individuals should pursue OTC due to the risk, 
albeit low, of surgical harvesting. The Edinburgh criteria for 
OTC in the setting of malignant disorders have been utilized 
in Europe since 1996 [44, 45]. Using the criteria, OTC is 
recommended when individuals have a  ≥  50% risk of 
gonadal failure after cancer treatment, absence of previous 
high gonadotoxic chemotherapy, and absence of surgical 
contraindication and negative infectious serology. Ovarian 
tissue cryopreservation is also offered to individuals with 
nonmalignant disorders, differences in gender and sex diver-
sity, and those with a genetic predisposition to accelerated 
follicular loss. In the USA, infectious serology is not a con-
traindication to OTC, with storage protocols designed to iso-
late infectious samples. Currently there are 130 live births 
from OTC worldwide [46, 47]. Ages at retrieval range from 
adolescent to mid-30s with two reports of live births in indi-
viduals who underwent OTC prior to menarche. One indi-
vidual was prepubertal and the other peri-pubertal [48, 49]. 
Pregnancies have occurred through both spontaneous con-
ception and assisted reproductive technologies. Given the 
proven success of this technology, several investigators have 
suggested that OTC no longer be considered experimental. 
Transplanted tissue has been shown to be viable for up to 
10 years [43].

Immature oocyte retrieval via in  vitro maturation and 
cryopreservation is an investigational therapy that is attrac-
tive in that no stimulation is required and no partner is 
needed. Similar to egg and embryo freezing, it is a surgical 
procedure involving sedation, and there is no preservation of 
ovarian function. Follicles may be aspirated in both the fol-
licular and luteal phases of the menstrual cycle. The major 
limitation of immature oocyte cryopreservation is that very 
few follicles may be aspirated due to the lack of stimulation. 
IVM has proven to be successful in individuals with polycys-
tic ovaries with live birth rates approximating 20–35% [50–
52]. With the advent of OTC, retrieval of immature oocytes 
with subsequent in vitro maturation and freezing at the time 
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of ovarian tissue harvesting is now widely practiced. There 
remains concern that IVM from follicles retrieved from the 
prepubertal ovary are suboptimal for fertilization due to the 
presence of abnormal nongrowing follicles with slow in vitro 
growth and maturation. Reassuringly, these follicles show 
the ability to grow and acquire maturation complexes with 
ovarian tissue transplantation [52].

GnRHa therapy for ovarian protection has been the most 
controversial investigational option. Reasons include the use 
of different agonists in studies and a preponderance of retro-
spective and prospective studies with short follow-up periods 
and inaccurate markers of fecundity such as return of men-
strual function and FSH and estradiol levels. Recent studies 
acknowledge that although menses, FSH, and estradiol may 
reflect current ovarian function, these markers do not predict 
future function or likelihood of fertility and live birth. 
Endpoints in current literature more accurately reflect ovarian 
function and include pregnancy and longer follow-up periods 
up to 3 years [53, 54]. In a meta-analysis of 29 randomized 
controlled trials, 10 met inclusion criteria with final analysis 
showing preservation of ovarian function after GnRHa ther-
apy OR 1.83 (1.34, 2.49) [55]. The majority of studies have 
been performed in the breast cancer population; therefore the 
use of GnRHa therapy for ovarian protection in other cancer 
populations should occur only after clear and transparent dis-
cussion with the individual about the benefits. GnRHa ther-
apy is often used for menstrual suppression during cancer 
treatment and has a low side-effect profile of hot flushes, irri-
tability, and decreased bone mineral density, all of which can 
be ameliorated by add-back therapy with norethindrone ace-
tate or estradiol [56, 57]. Consequently, individuals may be 
counseled that as they are receiving GnRHa therapy for men-
strual suppression, there may be a secondary benefit of ovar-
ian protection. Furthermore, the updated ASCO guidelines 
reflect the current knowledge stating “when proven fertility 
preservation methods such as oocyte, embryo, or ovarian tis-
sue cryopreservation are not feasible, and in the setting of 
young women with breast cancer, GnRHa may be offered to 
individuals in the hope of reducing the likelihood of chemo-
therapy-induced ovarian insufficiency” [58].

In vitro activation is the newest emerging investigational 
option for individuals with POI due to any cause [59]. To 
date, the studies have been performed in women diagnosed 
with idiopathic POI and have not been extended to cancer 
survivors. After harvesting ovarian tissue, the tissue under-
goes fragmentation of ovarian strips into cubes. The ovarian 
cubes are then stimulated with phosphatidylinositol 3  K 
(PI3k). The PI3k-stimulated cubes are then autotransplanted 
followed by ovarian stimulation with gonadotropins, 
retrieval, and IVF.  The proposed mechanism of action is 
stimulation of primordial follicle growth by PI3k stimulation 
and growth of secondary follicles by ovarian cubing. To date, 
embryo transfer has led to four live births.

58.2  Male Fertility Preservation Options

58.2.1  Standard Options

Sperm banking is the only standard fertility preservation 
option in males. Sperm production is viable in male individ-
uals as young as age 11 (Tanner stage II-III). For males who 
are unable to produce a specimen, sperm may be produced 
through ejaculation or with the assistance of vibratory stimu-
lation and electro-ejaculation or testicular sperm aspiration, 
extraction, or biopsy [60, 61]. Electro-ejaculation is per-
formed under anesthesia by placing a probe in the rectum 
and transmitting an electrical current that simulates the pros-
tate gland and seminal vesicles to produce an ejaculate [62, 
63]. Side effects include burning of the rectum and pain. 
Success rates for testicular sperm aspiration (TESA), extrac-
tion (TESE), and microdissection testicular sperm extraction 
(micro-TESE) are 15–50%, 20–60%, and 40–67%, 
respectively.

58.2.2  Investigational Options

Investigational options prior to treatment exist through 
cryopreservation of testicular tissue or testicular cell sus-
pensions and include autologous SSC transplantation, tes-
ticular tissue grafting (autotransplantation), and in  vitro 
spermatogenesis. Sperm extracted through aspiration from 
the testis or harvested testicular tissue can be processed by 
enzymatic digestion and cryopreserved. In prepubertal 
boys, there are no mature sperm to harvest; however, sper-
matogonial stem cells are present and may be used for 
investigational therapies. Prepubertal testicular tissue cryo-
preservation may be offered to males from birth through 
age 13 (under Tanner stage III) under an IRB-approved pro-
tocol. Testicular cryopreservation in prepubertal boys is an 
unproven technology, but research indicates the potential to 
produce viable sperm in the future [64]. Testicular biopsy 
for harvesting involves excision of up to 25% of testicular 
parenchyma. Testicular biopsy should not be considered 
with acute leukemia not in remission due to the theoretical 
risk of introducing leukemic cells into the testes at the time 
of the biopsy. It is important to note that the duration of 
sperm integrity after an initial course of chemotherapy is 
currently unknown [65–67]. Therefore, the standard of care 
is to collect sperm or tissue prior to starting therapy to opti-
mize sample quantity and minimize the risk of sperm dam-
age, which may lead to pregnancy loss and/or birth defects. 
Experimental options during treatment include testicular 
shielding during radiation  therapy and temporary gonadal 
relocation. Locations for relocation of testes include the 
anterior abdominal wall before radiation therapy of the pel-
vis or perineum [68]. Hormonal suppression with gonado-
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tropin agonists for fertility preservation in men has not 
been shown to be beneficial for recovery of spermatogene-
sis and is not recommended.

58.3  Decision-Making and Ethics

The physician-patient dyad becomes a triad when caring for 
children as the child’s contribution to shared decision- 
making is valued. It is necessary to have an understanding of 
decision-making and ethical considerations in this popula-
tion, particularly as relates to enrollment in investigational 
studies [69]. Shared decision-making requires the use of ter-
minology that the child and family can understand as well as 
an appreciation that there may be a difference in values. 
Time is necessary to allow full understanding of treatment 
options and short- and long-term implications. Involvement 
of ethicists prior to implementation of investigational proto-
cols in children allows thoughtful consideration of potential 
challenges to study approval and recruitment that may be 
addressed preemptively. The lower age of competence for 
assent is 9–10  years with most authorities acknowledging 
that children under age 9 are unable to participate in informed 
assent. Children ages 10–12 may provide verbal assent, 
whereas children ages 12–17 typically are required to pro-
vide written assent for investigational studies. Recent authors 
challenge the notion of informed assent in adolescents, sug-
gesting that children 12 and older may instead provide writ-
ten consent [70]. Involvement of child-life services during 
the assent process can ameliorate anxiety and improve the 
experienced of child-parent-physician.

58.4  Survivorship

The National Cancer Institute (NCI) defines a cancer sur-
vivor as an individual from the time of cancer diagnosis 
through the balance of his or her life and encompasses 
cancer- free survival, chronic or intermittent disease, and 
palliative care [71]. Survivorship care should thus be 
incorporated into the individual’s care continuum at diag-
nosis. Fertility and reproductive aspects of survivorship 
include posttreatment fertility assessment, hormone insuf-
ficiency, sequelae from pelvic radiation, and timing of 
conception.

58.4.1  Assessment of Ovarian Reserve

Assessment of ovarian reserve after cancer treatment in 
female survivors of childhood remains an area of debate. 
Antral follicle count (AFC) is the most reliable and direct 
measure of ovarian reserve and is obtained by averaging the 

follicles measuring 2–10 mm in both ovaries via transvaginal 
ultrasound. Consequently, AFC is challenging to obtain in 
adolescents who cannot tolerate transvaginal ultrasound. An 
AFC < 5 is considered diminished ovarian reserve [72]. Anti- 
Mullerian hormone (AMH) serum testing is an indirect mea-
sure of ovarian reserve and thus is more widely used than 
AFC.  AMH has a bimodal expression with levels falling 
after birth, rising at age 4, and falling again at age 8. Levels 
then rise a second time to plateau at age 25 when levels begin 
to slowly fall to the menopause [73]. An AMH less than 
0.5 ng/ml is consistent with impending onset of premature 
menopause and predicts low ovarian response to ovarian 
stimulation. Values between 0.5 and 1.0 ng/ml suggest a lim-
ited egg supply and diminished reserve as well as a shortened 
reproductive window. Normal testing ranges between >1.0 
and < 3.5, and elevated AMH >3.5 ng/ml is typically consis-
tent with polycystic ovaries and risk of OHSS [74] 
(Table 58.3). Despite well-established cutoffs for diminished 
ovarian reserve, the predictive accuracy of AMH for live 
birth after IVF remains poor [75].

Elchuri et  al. are the first to attempt to characterize the 
utility of AMH after cancer treatment in the pediatric popu-
lation [76]. They stratify AMH levels into 5th, 50th, and 95th 
percentiles based on age to provide a nomogram to define 
diminished ovarian reserve. In this stratification model, 
diminished ovarian reserve is defined as AMH less than the 
5th percentile. Conversely, assessment of pretreatment AMH 
levels as predictors of posttreatment ovarian function has 
been widely studied. A recent study has shown that individu-
als with pretreatment AMH levels greater than 2  ng/ml 
recovered their AMH levels at a rate of 11.9% per month 
after chemotherapy. Individuals with AMH <2 ng/ml recov-
ered at a rate of 2.6% per month [77]. Importantly, AMH has 
been shown to decrease before the onset of irregular cycles 
and before the rise of FSH levels [78].

Studies show that childhood cancer survivors with spon-
taneous menses more than 5  years after diagnosis have a 
13-fold higher risk of premature menopause. Further studies 
show that these survivors had a significantly decreased preg-
nancy rate with 38% (30% for males and 46% of females) 
reporting having a pregnancy compared to 62% of control. 
Approximately 13% of survivors required more than 

Table 58.3 Anti-Mullerian hormone (AMH) and ovarian reserve
1AMH ng/ml Clinical situation Implications
Very low 
(0.5)

Impending onset of 
premature menopause

Predicts low ovarian 
response to stimulation

Low (<1.0) Limited egg supply Shortened reproductive 
window

Mid-range 
(1–3.5)

Normal testing Consider preservation of 
high-risk chemotherapy

Elevated 
(>3.5)

PCO or PCO-like 
ovaries

Risk of OHSS

L. C. Appiah



521

12  months of attempts to achieve pregnancy compared to 
8.3% of sibling controls [20, 79].

There are currently no guidelines to recommend fertility 
preservation based on pretreatment FSH, AMH or AFC, or 
posttreatment monitoring in the absence of clinical signs of 
ovarian insufficiency. The Children’s Oncology Group rec-
ommends posttreatment referral of all postpubertal individu-
als treated with a potentially gonadotoxic regimen without 
any signs or symptoms of POI who desire assessment for 
future fertility and those with POI who require HRT for 
pubertal induction [80]. Recommendations include baseline 
FSH, LH, and estradiol at age 13 as well as baseline FSH, 
LH, and estradiol with abnormal menses and in the setting of 
signs of estrogen deficiency [81]. AMH testing is not yet 
considered standard of care in individuals < age 25 years; 
however, several authors describe an algorithm to utilize 
posttreatment AMH. Dillon et al. illustrate that individuals 
with pretreatment AMH levels greater than 2 ng/ml recov-
ered their AMH levels at a rate of 11.9% per month after 
chemotherapy. Individuals with AMH <2 ng/ml recovered at 
a rate of 2.6% per month [77]. Guzy and Demeestere suggest 
baseline AMH testing to assess ovarian reserve prior to can-
cer treatment with serial AMH yearly to follow rate of 
decline. Referral should be made to REI for fertility pretreat-
ment when levels fall below norms for age or if individual 
desires preservation [82]. Given findings that AMH has been 
shown to decrease before the onset of irregular cycles and 
before the rise of FSH levels, yearly monitoring of AMH and 
FSH is a reasonable approach with referral to REI if AMH 
less than reference range for age or FSH >10 [78].

58.4.2  Assessment of Testicular Reserve

Assessment of testicular function includes evaluation of both 
spermatogenesis from germ cells lining the seminiferous 
tubules and testosterone production from the Leydig cells. 
As previously described, germ cell function is impaired at 
lower chemotherapeutic doses compared to Leydig cell func-
tion. Evaluation of spermatogenesis is not typically per-
formed in childhood; however, semen analysis may be 
performed at any age postpuberty. Studies consistently show 
time to recovery after pelvic radiation and chemotherapy to 
be 12–72 months [25, 83]. Consequently, in practice, semen 
analysis is typically reserved until an individual is interested 
in conception and is at least 12–24  months posttreatment. 
The COG long-term follow-up (LTFU) guidelines recom-
mend yearly evaluation of pubertal onset and tempo and 
sexual function by erections, nocturnal emissions, and libido 
[80, 84]. Physical examination should include Tanner stag-
ing and testicular volume by Prader orchiometer. It is recom-
mended to assess baseline testosterone at age 14 and as 
clinically indicated in patients with delayed or arrested 

puberty and/or clinical signs and symptoms of testosterone 
deficiency. Recently, evidence has supported the usefulness 
of AMH, inhibin B, and testicular volume for the early diag-
nosis of puberty disorders and primary testicular damage 
[85]. Symptoms of low testosterone include sexual, constitu-
tional, and cognitive disturbances (Table  58.4). Long-term 
consequences of low testosterone include an estimated dou-
bling in mortality risk comparted with men with normal tes-
tosterone levels [86]. Hormone replacement therapy is 
typically provided by a pediatric or adult endocrinologist or 
reproductive urologist. The recommendation is that individu-
als be treated with replacement when total testosterone is 
below 230–300  ng/dl and/or free testosterone is approxi-
mately 5–9 ng/dl [87]. Close monitoring is required to assess 
response to testosterone replacement for pubertal induction 
or as replacement in adolescents and young adults.

58.4.3  Reproductive Health Concerns

Reproductive health concerns for survivors of pediatric can-
cers include gonadal insufficiency, infertility, diminished 
bone density and early onset dementia, genitourinary symp-
toms, sexual dysfunction, and graft-versus-host disease 
(GVHD) in females [88]. Radiation therapy to the female 
pelvis increases risk of miscarriage, preterm labor, and low 
birth weight. Vaginal fibrosis, stenosis, and fistula formation 
occur at ≥90–100 [89]. In individuals without hormone- 
sensitive tumors, vasomotor and genitourinary symptoms 
may be managed with hormonal and nonhormonal therapies. 
HRT is indicated for pubertal induction in children or as 
replacement doses in adolescents and young adults experi-
encing ovarian insufficiency or AOF [90]. Transdermal HRT 
is the preferred method of add-back therapy and provides 
continuous physiologic doses of HRT which avert the first- 
pass effect through the liver [91, 92]. Administration of pro-
gestin for uterine protection and completion of breast 
development are often challenging. Options include oral 
 progestin therapy daily for 12 days each month, continuous 
therapy with one pill daily, or use of the levonorgestrel intra-

Table 58.4 Symptoms of low testosterone

Sexual Constitutional Cognitive
Diminished sexual 
drive

Anemia Depression

Delayed orgasm Decreased 
muscle

Decreased motivation

Decreased 
nocturnal erection

Decreased bone 
density

Decreased sense of 
overall Well-being

Erectile dysfunction Hot flashes Insomnia
Irritability
Lethargy
Short-term memory loss
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uterine system. There are no well-controlled studies compar-
ing the options for uterine protection. However, levonorgestrel 
IUD is used for the treatment of endometrial hyperplasia and 
uterine protection against the recurrence of endometrial can-
cer [93]. As most survivors of pediatric cancers do not often 
develop hormone-sensitive tumors, nonhormonal and inves-
tigational therapies to manage genitourinary syndrome such 
as DHEA, ospemifene, a selective estrogen receptor modula-
tor, and C02 laser are typically not indicated in the pediatric 
population.

Genital GVHD after stem cell transplantation (SCT) in 
females is of significant concern. Genital GVHD usually 
occurs in combination with systemic disease with an inci-
dence of 25–49%. Distribution is typically 68% vulvar and 
28% vulvovaginal with onset typically 7–10  months after 
SCT. Late disease can occur 1–2 years later, and recurrence 
rate is unknown. The presentation of GVHD includes redness 
of the vulva, erosions, sores and fissures as well as tenderness 
of vulvar glands, and ultimately scarring, if left untreated [94, 
95]. This is in comparison with genital atrophy which pres-
ents as pale pink vaginal tissue, easy bleeding on contact, and 
thin labia which may fuse. The recommendation is early eval-
uation of all allogeneic HSCT individuals for GVHD for 
early diagnosis and prevention of vaginal stenosis and nar-
rowing. Vaginal stenosis may be managed by dilator therapy 
or surgical repair. Management should include primarily topi-
cal immunosuppressive agents such as corticosteroids, tacro-
limus, or cyclosporine. Topical estrogen may be used as 
supportive care for concomitant hypoestrogenism but should 
not be considered the first-line therapy [96, 97].

Sexual dysfunction should be assessed in adolescent sur-
vivors after cancer treatment similarly to adults. There are 
well-established screening tools for males but no gold- 
standard screening tools for females; thus a combination of 
tools may be indicated [98]. Individuals should be referred to 
a therapist specializing in this area upon positive screening. 
Studies show that adolescent cancer survivors are as inter-
ested in sexual activity as their peers and engage in risky 
sexual behavior at rates equivalent to sibling controls [99]. It 
is important to recognize that due to the nature of FP coun-
seling, individuals often equate “increased risk of infertility” 
with “infertility” and do not consider contraception. 
Assessment of sexual activity and contraceptive needs dur-
ing treatment and in survivorship is therefore critical.

58.5  Conclusion

Advancements in cancer treatment have significantly 
improved the future outlook for individuals diagnosed with 
cancer and other life-threatening conditions now treated with 
chemotherapeutic agents. Survivors require and expect a 

quality-of-life commensurate with these breakthroughs. As 
attention is given to improve cardiac, renal, pulmonary, and 
neurologic function in survivorship, so must there also be 
continued focus on fertility and parenthood after treatment. 
The approach to the prepubertal child with cancer must be 
comprehensive and include fertility risk assessment with 
implementation of fertility preservation options as available, 
assessment of gonadal function pre- and posttreatment with 
HRT as indicated, and attention to the reproductive concerns 
in survivorship that are often underappreciated. Interventions 
to remove barriers include parental awareness, provider 
knowledge, increased number of referral sites, legislative 
efforts to cover fertility preservation therapies, and reduced 
overall cost. In doing this, we provide an opportunity for life 
after cancer that is reflective of the great achievements in 
cancer treatment.
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Fertility Preservation for Prepubertal 
Boys at Risk of Infertility

Rod T. Mitchell and Federica Lopes

For prepubertal boys at risk of infertility, there are currently 
no established options for fertility preservation. The possi-
bility for future fertility in these individuals is dependent on 
survival of the spermatogonial stem cell population during 
prepuberty testis. These stem cells will ultimately give rise to 
mature gametes following the onset of spermatogenesis at 
puberty. In this chapter we will describe the important 
changes that occur in the testis during prepuberty and the 
clinical situations in which fertility may be compromised 
during this period, with a particular focus on the effects of 
cancer treatment during childhood. We will discuss the pres-
ent options for cryopreserving testicular tissue from prepu-
bertal boys at risk of infertility and the experimental 
approaches that are under investigation as future clinical 
strategies for fertility restoration.

59.1  The Seminiferous Epithelium 
of the Testis in Prepubertal 
and Adolescent Males

The timing of the onset of puberty is variable across mam-
malian species, with a pronounced interval between birth 
and initiation of puberty in primates. In humans, puberty 
usually starts between the ages of 9–13 years and lasts for 
about 2–4  years before the accomplishment of full sexual 
competency. During this long prepubertal period, testicular 
volume remains fairly constant (0.57  mls from birth to 
1.5 mls at 10 years of age) [1], leading to the widely held 
hypothesis that this period represents a quiescent stage. 
Nevertheless, several studies have shown that testicular tis-
sue in children is far from being dormant [2, 3], although the 

precise details of the cellular and molecular modifications 
that occur during this period require further investigation.

The first important period of postnatal testicular develop-
ment occurs in the first 6 months of life during the so called 
minipuberty, when a sixfold increase in Sertoli cell number 
and a threefold increase in germ cell number are observed 
[4]. This results in a doubling of testis volume, although such 
an increment does not appear to be detectable by clinical 
evaluation [5]. More recently, it has been reported that the 
majority of this initial testicular growth occurs within the 
first 4 weeks of life [3], as a possible consequence of hor-
monal adaptation to extrauterine life. At birth, the majority 
of the germ cells are spermatogonia, having differentiated 
from gonocytes during foetal life. During the infantile period, 
the remainder of the gonocytes differentiate to spermatogo-
nia which represent the only germ cell population present for 
the majority of the prepubertal period [6].

Morphological studies show that seminiferous tubules in 
the childhood testis are represented by solid cords (60–
65 μm in diameter), with a lumen forming only around the 
age of 8–9 years [7]. These tubules are populated predomi-
nantly by immature Sertoli cells (>90%; more than 20 cells 
per cross- section) and spermatogonia in early stages of 
development [8].

Sertoli cells, in addition to being the most abundant, are 
also the most actively proliferating cells during childhood: 
such exponential increment in Sertoli cell number is respon-
sible for the increase in length of the seminiferous tubules, 
coupled with an increase in number and volume of peritubu-
lar myoid cells. This proliferation of Sertoli cells is faster 
during the first few months of life and slower during child-
hood [9]. As the seminiferous cords are elongating, the num-
ber of Sertoli cells per cross-section reduces; however, the 
total number per testis increments.

Sertoli cells are epithelial cells, which need to be anchored 
to the basal lamina, therefore, as a consequence of their pro-
liferation, seminiferous tubules elongate. During childhood, 
due to their abundant number coupled with the scarcity of 
germ cells, Sertoli cells appear to form a pseudostratified 
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epithelium. Since a mature Sertoli cell will have the ability 
of nurturing only a certain number of germ cells in adulthood 
[10–20] during spermatogenesis, this prepubertal phase of 
somatic cell proliferation is of major importance for future 
fertility [21].

Germ cells also proliferate during childhood, however, at 
a much lower rate compared with Sertoli cells, therefore, 
even if germ cell number per testis increases, quantitative 
studies showed that the number of germ cells expressed per 
Sertoli cell or per tubule cross-section reduces [1, 22]. An 
important subset of germ cells is represented by the sper-
matogonial stem cell (SCC) pool. SSCs possess the ability to 
self-renew or differentiate to undergo spermatogenesis. 
SSCs are located on the basal membrane of the seminiferous 
tubules surrounded by Sertoli cells in the SSC niche, the 
characteristics of which remain poorly understood in humans 
[23]. It is likely that intrinsic and extrinsic factors will be 
involved in the maintenance of this unique cell population 
within its microenvironment. SSCs represent the key sper-
matogonial population that must be preserved during prepu-
berty in order for future fertility to be possible.

At the onset of puberty, Sertoli cells enter mitotic arrest 
and start to undergo further maturation, forming the blood- 
testis barrier and developing cytoplasmic processes [8], 
while, concurrently, germ cells start to proliferate. 
Spermatogonial proliferation is responsible for the increase 
in seminiferous tubule diameter, which in turn produces a 
significant and clinically appreciable increase in testis vol-
ume. As a consequence, Sertoli cells are spread out in a 
columnar layer (about ten cells per cross-section) along the 
seminiferous tubules, which are now mainly populated by 
germ cells at different stages of development.

Although the appearance of early spermatocytes is associ-
ated with the start of puberty, occasional primary spermato-
cytes can be found in the prepubertal testis, and in rare cases, 
spermatids may also be identified from as early as 4 years of 
age, although spermatozoa are not produced during this 
stage [7]. The presence of these cell types is believed to rep-
resent initial trials of completing spermatogenesis, ending 
with cell death. Similarly, during the first few years from the 
onset of puberty, initial waves of spermatocytes inevitably 
degenerate, and only when cell death is reduced, coupled 
with increased proliferation rate, germ cells will progres-
sively become capable of completing spermatogenesis [3]. 
Similarly, the first appearance of spermatozoa does not mean 
the accomplishment of full sexual maturity: the full process 
will only be achieved 2–4 years after it begins [8].

During prepubertal life, scarce immature Leydig cells can 
be found in the interstitial space [2]. However, during early 
puberty, prior to the development of secondary sex charac-
teristics or any clinically appreciable increase in testis vol-
ume, Leydig cell precursors will become able to respond to 
luteinising hormone (LH) and synthetise testosterone. This 

increase in testicular testosterone coincides with the kick- 
start of spermatogonial proliferation and reduction in apop-
tosis, incremental increase in seminiferous tubules diameter, 
Sertoli cell maturation and ultimately puberty.

From ~9 years of age onward, LH and follicle-stimulating 
hormone (FSH) start to rise concomitantly with the increase 
in testicular volume. After the age of 13, hormones levels 
increase dramatically, with testes reaching a size close to the 
final adult volume of ≥12mls. During prepuberty and 
puberty, high levels of FSH and testosterone induce Sertoli 
cell proliferation and maturation (cytoplasmic organelle 
changes, tight junction formation and reduction in anti- 
Mullerian hormone secretion), while Leydig cell prolifera-
tion and maturation are under the control of LH.  During 
puberty and early post-puberty, spermatogenesis progresses 
efficiently, although spermatozoa abnormalities are not 
infrequent.

59.2  Young Males at Risk of Infertility

Infertility affects up to 15% of males of reproductive age, 
and approximately 50% of these cases are considered idio-
pathic [24]. For those cases for which a cause can be identi-
fied, this may be the result of events that occur during foetal, 
prepubertal or adult life. The aetiologies for male factor 
infertility are numerous and include genetic, non-genetic and 
environmental causes [25].

Whilst the majority of males with infertility are identified 
as adults, there are many conditions associated with infertility 
that may be identified at birth or during childhood. Genetic 
causes such as Klinefelter syndrome and many disorders of 
sex development (DSD) are associated with impairment of 
germ cell development [25]. A testicular dysgenesis syndrome 
(TDS) has also been described which is believed to arise as a 
result of genetic and/or environmental impacts during foetal 
life [26]. In addition to effects on fertility, TDS includes a 
number of associated abnormalities including cryptorchidism, 
hypospadias and testicular cancer. For such individuals with 
impairment of germ cell development prior to adulthood who 
fail to establish normal spermatogenesis, there are no estab-
lished options to preserve or restore fertility, and any attempt 
to develop such strategies would need to overcome the under-
lying impairment of germ cell development.

In addition to those individuals in which infertility results 
from a disorder of testis development, there is an important 
group of individuals in whom infertility is a consequence of 
receiving gonadotoxic therapies during childhood. This primar-
ily includes childhood cancer patients in whom the use of regi-
mens involving chemotherapy and/or radiotherapy are standard. 
In the majority of these individuals, testicular function is con-
sidered normal prior to treatment, and the risk of subsequent 
infertility relates primarily to the treatment that the patient 
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receives, although in some cases there may be some contribu-
tion by the underlying disease [27]. The risk of infertility will 
depend largely on the type of treatment that they will receive.

59.2.1  Chemotherapy

Whilst all chemotherapeutic drugs can affect fertility, the 
effect can vary depending on the individual agents used 
(Table 59.1). In addition, the dose, frequency and duration 
are also important factors [28]. The chemotherapeutics con-
sidered to be associated with the highest degree of gonado-
toxicity include procarbazine and alkylating agents such as 
cyclophosphamide, in addition to platinum agents, e.g. cis-
platin [28, 29]. For cyclophosphamide treatment during 
childhood, whilst it is clear that there is a dose response for 
the risk of subsequent infertility, an upper threshold cumula-
tive dose that will result in azoospermia, or a lower cumula-
tive dose below which azoospermia will not occur, has not 
been established [30].

59.2.2  Radiotherapy

Irradiation involving the gonadal region can also result in 
damage to the seminiferous epithelium and is dependent 
on dose, field and fractionation schedule (reviewed in 
Mitchell [18]). Whilst low-dose single fraction radiother-
apy (2–4 Gy [Gy is the acronym for grey, the SI unit of 
ionising radiation. 1 Gy is the absorption of one joule of 
radiation energy per kilogram]) in men may be associated 
with recovery of spermatogenesis, doses in excess of 6 Gy 
have been shown to result in azoospermia lasting at least 
2 years, and doses as high as 20–24 Gy lead to the total 

eradication of germ cells and permanent azoospermia. For 
men treated with fractionated total body irradiation (TBI), 
gonadal recovery has been reported to occur in less than 
20% of patients [31].

Most childhood cancer treatments involve the use of mul-
tiple chemotherapeutics and/or radiotherapy, and therefore 
the risk of infertility is dependent on the overall regimen 
rather than an individual agent. Standard treatment for acute 
lymphoblastic leukaemia, the most common paediatric malig-
nancy, can be considered relatively low risk (<20% infertil-
ity), whilst treatment for Hodgkin’s lymphoma with alkylating 
agents is considered high-risk (>80% infertility) treatment 
[28]. Whilst in some cases patients may initially receive low-
risk treatment, they may subsequently be reclassified into 
high risk in the case of relapse requiring treatment with highly 
gonadotoxic agents [32]. This would include stem cell trans-
plantation, which is frequently used for relapsed cancers in 
childhood, in addition to several other non-oncological 
chronic conditions. Conditioning for stem cell transplantation 
is associated with a high risk of germ cell failure (>85% azo-
ospermia) which relates to the specific regimen (e.g. busul-
phan or cyclophosphamide versus TBI) used [32].

For individuals in whom testicular development and func-
tion is considered normal but who are at high risk of subse-
quent infertility, e.g. prior to highly gonadotoxic therapy, 
there is the option of performing a testicular biopsy and cryo-
preserving tissue for potential future clinical use. However, it 
must be emphasised that this should be regarded as experi-
mental due to the lack of an established clinical option to 
restore fertility using cryopreserved testicular tissue.

59.3 Fertility Preservation

59.3.1  Preservation of Fertility by Protection 
of the Prepubertal Testis

One approach to preserving fertility involves leaving the gonads 
in situ and modifying treatment regimens to involve less 
gonadotoxic agents. Such an approach has been demonstrated 
in adult men with Hodgkin’s lymphoma in whom the use of a 
regimen containing procarbazine was compared to another 
regimen containing dacarbazine. Azoospermia was demon-
strated in 86% of men receiving the former, whereas all of the 
men receiving the latter had recovery of spermatogenesis [33].

Where gonadotoxic therapies are required, an option may 
be co-administering treatments to protect the testis. Hormonal 
therapies to suppress the hypothalamic-pituitary-gonadal 
axis have been proposed. These have been supported by a 
number of experimental studies in rodents demonstrating 
that hormonal treatments (e.g. GnRH antagonists, sex ste-
roids) can protect the testis from chemotherapy-induced 
damage and even restore fertility when administered several 

Table 59.1 Gonadotoxicity of chemotherapeutic agents

Class Agent
High/moderate risk Alkylating agents Cyclophosphamide

Busulphan
Melphalan
Ifosfamide
Procarbazine

Platinum Cisplatinum
Carboplatin

Low risk Antimetabolites Methotrexate
Cytarabine
Mercaptopurine

Antitumour antibiotics Bleomycin
Dactinomycin
Doxorubicin

Vinca alkaloids Vincristine
Vinblastine

Others Etoposide
Asparaginase
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weeks after the chemotherapy is given [34]. However, this 
has not been successfully translated into primate models, and 
the limited evidence in humans does not support this 
approach for clinical application [29].

Recent studies involving administration of granulocyte 
colony-stimulating factor (G-CSF) have demonstrated a 
degree of protection of fertility in animal models, including 
rhesus monkeys. However, this approach has also not yet 
been translated into humans [35].

59.3.2  Preserving Fertility Through Testicular 
Tissue Cryopreservation

Adolescent boys at risk of infertility can opt for the well- 
established technique of sperm cryostorage in order to fulfil 
their future desire for parenthood. However, for those 
unable to provide a semen sample and for prepubertal 
patients where this is not yet possible, there are only exper-
imental strategies in place to preserve their fertility. 
Nevertheless, animal studies have demonstrated that sper-
matogenesis can be restored when cryopreserved testicular 
cells are transplanted into seminiferous tubules of sterilised 
recipient animals [35]. Moreover, the compelling evidence 
of success in restoring fertility in women and girls affected 
by iatrogenic sterility using re-implantation of cryopre-
served ovarian cortex [36] provides support for the devel-
opment of techniques to cryopreserve testicular biopsies 
and cells, for potential future restoration of fertility in 
young male patients.

59.3.3  Testicular Tissue Cryopreservation 
in Prepubertal Males

Testicular tissue cryopreservation remains experimental, 
and as such should be conducted as part of an ethically 
approved research study. Currently, a limited number of 
centres have in place strategies to cryopreserve testicular 
tissue of young male patients, when compared with those 
offering fertility preservation options to adult men, women 
and girls [37]. For instance, until 2013  in Switzerland, 19 
out of 19 oncological centres performing ovarian cortex 
cryopreservation in prepubertal girls had never performed 
testicular cryopreservation [37].

Nevertheless, an increasing number of centres worldwide 
are cryopreserving sperm specimens from adolescents and 
men at risk of infertility, and others are implementing their 
research plans including cryopreservation of testicular biop-
sies. Cryopreservation of sperm is common practice in many 
centres worldwide, and the number of young men opting for 
sperm freezing is steadily rising.

A French survey, performed over four decades, showed an 
increase in the percentage of patients under 18 referred to 

sperm banks, as well as a progressive reduction in age, with 
the youngest patient in which it was possible to collect sperm 
sample aged 12  years old [38]. Before 2012, half of the 
European and Israeli hospitals (7 out of 14) that responded to 
a questionnaire from the European Society for Human 
Reproduction and Embryology (ESHRE) reported that they 
offer testicular cryopreservation to young patients at risk of 
infertility, with the rest planning to establish it in the future 
[39]. A degree of variability in the fertility preservation 
options offered to young patients has been highlighted in 
several countries [38, 40, 41].

A particular effort is now devoted by various parties to 
harmonise and coordinate clinical practice and increase 
knowledge exchange between centres and countries with 
regard to fertility preservation in cancer patients. The 
Oncofertility Consortium, established in the USA 
(Northwestern University in Chicago), includes centres from 
19 different countries across the world and provides a net-
working platform for an interdisciplinary approach to fertil-
ity issues in oncological patients [42].

59.3.4  Methods for Testicular Tissue 
Cryopreservation

The efficacy of storing mature testicular cells (spermatozoa) 
using extremely low temperatures (at liquid nitrogen [LN2] 
temperature of −196  °C) is well established. In pubertal 
boys, a sperm sample is usually obtained by masturbation. 
Sperm can also be obtained by electroejaculation, penile 
vibratory stimulation or, more invasively, by surgical sperm 
retrieval from the epididymis or testicles which can be per-
formed at the same time as another planned procedure [43, 
44]. In all those conditions where a semen sample can be 
obtained or mature cells are found during the analysis of a 
testicular biopsy of a young patient, established protocols for 
sperm freezing are used, primarily using glycerol as cryopro-
tectant at concentrations of 6–15% (Fig. 59.1).

However, for biopsies obtained from younger boys, where 
tissue collected contains only immature spermatogonia, 
alternative protocols have been developed for cryopreserva-
tion. Importantly, these new approaches aim to preserve the 
viability of the SSCs, the cells potentially capable of restor-
ing spermatogenesis by repopulating seminiferous tubules.

Two main methods for cryopreservation have been investi-
gated, slow-freezing and vitrification. Taking advantage of 
knowledge gained from ovarian cortex cryopreservation for 
fertility preservation in women, initial freezing methods for 
prepubertal testicular tissue involved controlled slow- freezing, 
and this remains the most widely used method [45]. Freezing 
is performed in computerised freezers, with temperatures 
reduced at a designated rate. The time-temperature regimen is 
often represented by several steps of cooling by ~1–2 °C/min 
until it reaches a certain temperature (often −8-9 °C), holding 
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at the designated temperature for 5 min and cooling again until 
tissues are moved into LN2 (reviewed in Onofre et al. [46]).

Alternative slow-freezing methods have been used in an 
uncontrolled fashion. Tissue fragments are placed into cryo-
vials, which are in turn allocated into a small container, filled 
with isopropyl alcohol. Afterwards, the cryovials are placed 
in −80 °C freezer. It is predicted that this system decreases 
the temperature of the tissues at 1  °C/min speed, which 
enables an estimation of the time needed for the tissues to 
reach −80 °C. Eventually, cryovials with tissues are trans-
ferred to LN2 for long-term storage [47]. This method is less 
time-consuming, avoids the economic burden of buying 
expensive equipment, and yields similar results to controlled 
slow-freezing, which makes it useful when the collection 
point is distant from tissue bank or in developing countries.

Vitrification is an ultrarapid method which provides an 
alternative option to slow-freezing. The fast cooling speed 
avoids intracellular ice crystal formation preventing mem-

brane insults. Vitrification can be used either as an open or 
closed solid-surface system.

Since the water-ice passage is the most difficult step that 
cells and tissues undergo during cryopreservation, cryopro-
tectant agents (CPAs) are often used in order to lower the 
temperature at which intracellular ice crystals form and to 
stabilise cellular membranes during dehydration/rehydration 
to preserve cellular integrity and cell-to-cell interaction.

In general, slow-freezing methods require lower concen-
trations of CPAs in comparison with vitrification, therefore 
reducing their potential cytotoxic effects. The main cryopro-
tectant agent utilised for testicular tissues containing imma-
ture cells is the permeating agent dimethyl sulphoxide 
(DMSO; Fig. 59.1). Concentrations of 0.7–3 M of DMSO 
have been satisfactorily used so far to freeze adult testis and 
proved to be efficient also in preserving prepubertal human 
testicular tissue [46]. However, ethylene glycol has also been 
used with success by some [45]. Furthermore, the addition of 
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Fig. 59.1 Semen sample protocols for sperm freezing
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0.1 M sucrose, a non-permeating CPA, seemed to improve 
spermatogonial proliferation after thawing [48].

By contrast, vitrification requires higher concentrations of 
CPAs, and, in some instances, a cocktail of agents can be 
used in order to reduce the cytotoxicity of each individual 
agent. Whilst the presence of spermatogonia has been dem-
onstrated in prepubertal tissue following cryopreservation, 
the viability and functional capacity of these cells for sper-
matogenesis and fertilization have not been established.

59.3.5  Patient Selection and Consent 
for Testicular Tissue Cryopreservation

The majority of individuals for whom testicular tissue cryo-
preservation is considered are those receiving gonadotoxic 
therapies for malignant or non-malignant disease [39]. 
Testicular tissue cryopreservation remains experimental, and 
therefore this practice should be conducted as part of an ethi-
cally approved study [27].

Criteria for selection of patients should be clearly defined 
and depends on a variety of factors (Table 59.2). Factors spe-
cific to the patient include general health and psychological 
well-being. Health status may be affected by the underlying 
disease or by its treatment. Specifically, chemotherapy often 
increases the risk of infection and bleeding, both of which 
would be risk factors for complications following a surgical 
testicular biopsy. Extrinsic factors may also influence patient 
selection. This includes the risk of gonadotoxicity for the 
proposed treatment.

Whilst most centres consider a testicular biopsy only for 
those considered ‘high-risk’ for gonadotoxicity, this is not 
universally the case. Availability of expertise is also an 
important aspect as currently testicular tissue cryopreserva-
tion is only offered in a limited number of centres [39]. A 
key-limiting factor is the time available to conduct the 
biopsy, as cancer treatment often commences within days of 
a diagnosis which means that there is a narrow time to coun-
sel, consent and conduct a biopsy in these patients.

Selection criteria have been established following ethical 
review and approval and should be regarded as a starting 
point for future discussion, research and refinement. 
According to the Edinburgh selection criteria (Table  59.2) 
for gonadal tissue cryopreservation, patients are selected 
based on several factors which include a ‘high-risk’ (>80%) 
of infertility as a result of their treatment. Individuals with 
significant pre-existing testicular damage are also considered 
not suitable for this procedure [27].

Importantly, testicular tissue cryopreservation should not 
be offered to individuals who are able to produce a semen 
sample as semen cryopreservation followed by insemination, 
IVF or ICSI are well-established methods for fertility preser-
vation. Assessment of pubertal status is therefore important. 
For post-pubertal patients with adult testicular volumes 
(≥12 mls), production of a semen sample by masturbation 
should be considered, whilst for prepubertal individuals with 
a testicular volume (≤3 mls), testicular cryopreservation is 
the only option. For those individuals in mid-puberty, it is 
unlikely that they will be able to produce a semen sample. 
However, due to the fact that there may be sperm in the testis, 
testicular biopsy may be performed and the tissue stored 
using two different methods designed to preserve spermato-
gonia and sperm respectively [39] (Fig. 59.1).

A key aspect of the process involves ensuring adequate 
counselling and consent. All individuals undergoing treat-
ments that may affect fertility should receive fertility counsel-
ling by an individual with the experience to discuss the 
relative risks and present the options for fertility preservation, 
where applicable. It is recognised that the provision of ade-
quate fertility counselling can vary across centres and that 
even for established methods of fertility preservation, such as 
semen cryopreservation, the provision for patients can be 
very low [49]. For patients in whom testicular cryopreserva-
tion is being considered, this should include discussion of the 
risks and benefits of the procedure in addition to informing on 
the experimental nature of this form of fertility preservation 
with no current options to restore fertility using the tissue.

Fully informed consent must be obtained from the patient 
according to the legal requirements surrounding competence 
to give consent and in cases where the patient is not deemed 
competent to consent, this should be sought from the individ-
ual’s legal guardian(s) with patient assent, with the underlying 
principle of safeguarding the best interests of the child [39].

59.4 Restoring Fertility

59.4.1  Restoring Fertility 
from Cryopreserved Testicular Tissue

To date there have been no reports of clinical applications that 
can be used to restore fertility in males using cryopreserved 
prepubertal testis tissue. However, over recent years there 

Table 59.2 Factors that determine suitability for testicular cryopreser-
vation in prepubertal males including ‘Edinburgh criteria’ for patient 
selection

Extrinsic factors
Expertise and facilities (e.g. clinical tissue storage facility)
Ethical/regulatory approval for testicular cryopreservation
Time available before treatment begins
Patient selection criteria
Age 0–16 years
A high risk of infertility (>80%)
Unable to produce a semen sample by masturbation
No clinically significant pre-existing testicular disease (e.g. 
cryptorchidism)
Fit for surgery (general health, low risk of infection and bleeding)
Informed consent (parent and, when possible, patient)
Negative HIV, syphilis and hepatitis serology
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have been successful cases of restoration of fertility in females 
using cryopreserved ovarian cortex which has resulted in >60 
live births worldwide [36]. This includes a case in which 
ovarian tissue was removed and cryopreserved from a prepu-
bertal girl and transplanted back to the patient in adulthood 
resulting in a spontaneous pregnancy and live birth.

Although this approach cannot be directly translated into 
the male, primarily because of important differences in the 
stage of maturation of the germ cells in prepubertal ovary 
and testis, it does support the general concept that fertility 
preservation may be possible for prepubertal males. Indeed, 
a number of experimental approaches in animal models have 
demonstrated proof of principle for several approaches that 
may be applicable for fertility preservation in prepubertal 
males.

59.4.2  Testicular Tissue Transplantation

Testicular transplantation has been shown in animal studies to 
be successful in permitting the differentiation of germ cells 
from spermatogonia to elongated spermatids capable of fertil-
izing oocytes and generating progeny [50]. This was first 
demonstrated using testis tissue from neonatal mice grafted 
subcutaneously under the dorsal skin of immunocompro-
mised mice [10]. Since then, there have been successful trans-
plantations using xenografts of tissue from several other 
species including primates, with generation of spermatozoa 
capable of generating blastocysts using ICSI [10].

Despite this, there are some species for which xenograft-
ing has not been successful, the most notable being humans. 
Experimental attempts to xenograft testis tissue from foetal, 
neonatal, and prepubertal human testis result in differentia-
tion from spermatogonia to early meiotic germ cells (pachy-
tene spermatocytes), but no further development towards 
haploid gametes [11].

The importance of the host species for the success of tes-
tis tissue grafting has been demonstrated in marmoset mon-
keys. Immature marmoset testis, xenografted into an 
immunocompromised mouse host, did not result in sper-
matogenesis; however, when grafted autologously into a 
marmoset testis, full spermatogenesis was achieved [12]. 
This suggests that autologous transplantation of human tis-
sue may be successful despite the lack of success with 
xenografting. Indeed, autologous grafting is more likely to 
be an acceptable method for future clinical application 
given potential concerns with xenografting, such as virus 
transmission, DNA damage, and epigenetic modification 
[29].

Should such an approach prove to be successful, there 
are some important factors that should be taken into con-
sideration before it could be used in clinical practice. 
Firstly, although the tissue may produce sperm, it is 
unlikely that this would allow for restoration of natural fer-

tility due to the fact that the transplanted tissue would not 
connect to the seminiferous tubules of the remaining testis. 
Therefore, sperm would need to be extracted from the tis-
sue that had been matured by transplantation and used for 
ART.  Secondly, and more importantly, the use of such a 
technique must avoid the possibility of reintroduction of 
malignancy. This is more likely to be a potential risk for 
individuals with haematological malignancy. Research is 
ongoing to develop strategies to ensure that malignant 
infiltration can be excluded or eradicated from testis tissue 
biopsies [32].

59.4.3  Spermatogonial Stem Cell (SSC) 
Isolation and Transplantation

Whilst testicular tissue transplantation is unlikely to result in 
restoration of spermatogenesis in the remaining testis, trans-
plantation of SSCs from cryopreserved tissue may offer such 
an option. This has been successful in experiments involving 
several animal models.

SSCs isolated from neonatal mouse testes and injected 
directly into the seminiferous tubules of a germ cell ablated 
mouse have been successful in generating functional gam-
etes that can produce progeny [13]. SSC transplantation has 
also been successfully performed in rhesus monkeys for gen-
erating sperm that are capable of fertilization using ICSI 
[35].

However, to date, no successful use of this method has 
been described for humans. Only one study has reported 
using this approach in patients [14]. This study involved 
men (n = 11) with Hodgkin’s lymphoma for whom testicu-
lar tissue was taken prior to treatment and cryopreserved. 
A cell suspension was then transplanted back into the rete 
testis for five of these men, but no restoration of spermato-
genesis has been reported. Although disappointing, this 
could relate to several factors that may be overcome. 
Firstly, the cryopreservation method may have been sub-
optimal for retaining the viability of the SSCs. Secondly, 
the cells that were injected were in a crude cell suspen-
sion, and it is not clear how many SSCs were in the sam-
ples. Thirdly, the efficiency of seminiferous tubule 
colonisation was not determined. Given that SSCs are 
thought to represent ~1:3000 of total spermatogonia, this 
method may require in vitro propagation of SSCs prior to 
transplantation, in addition to refinement of the injection 
technique [29].

59.4.4  In Vitro Spermatogenesis

In vitro generation of sperm from immature male germ 
cells has been explored by scientists since the early 1900s 
(Martinovitch, 1937; Steinberger and Steinberger 1970, 
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reviewed in Song and Wilkinson 2012 [15, 16]); however, it 
is only in recent years that this has been shown to work in a 
murine model [11]. This study demonstrated full spermato-
genesis in vitro using testicular tissue from neonatal (post-
natal day 6) mice. Testicular fragments were cultured on 
agarose pillars at the liquid-gas interphase in humidified 
atmosphere with 5%CO2 at 34 °C. Haploid elongated sper-
matids were generated which were capable of fertilizing 
oocytes via microinjection and producing viable offspring 
[11]. Although successful, the efficiency and consistency of 
Sato’s culture system are relatively low, indicating that 
refinement of the technique would be required in order for 
it to be utilised to study mammalian spermatogenesis or for 
translation into human applications for fertility preserva-
tion [17]. Therefore, several studies have been devoted to 
improving the culture systems [17, 18]. Several factors 
have been identified that enhance the efficiency of in vitro 
spermatogenesis. These include melatonin, FSH, LH and 
retinol [17, 19].

Although organ culture represents a promising approach, 
several groups have been trying to mature sperm using 
immortalised germ cells in co-culture with somatic Sertoli 
cells [20]. These studies produced some evidence suggesting 
germ cell maturation to the spermatid stage; however, there 
was no demonstration of their competence [51]. Whilst prog-
ress has been made in developing these techniques, they have 
not yet been translated into human for clinical applications. 
Only one group has reported live births after intracytoplas-
mic injection of elongated spermatids differentiated in vitro 
from meiotic germ cells [52]; however, these results have not 
been reproduced by other groups [16], and, as a result, they 
must be interpreted with caution.

59.5  Conclusion

Unlike the situation for post-pubertal and adult men at risk of 
infertility, who can benefit from the well-established options 
of sperm cryostorage and assisted reproductive technologies, 
methods aiming to protect fertility of prepubertal boys are in 
an early experimental stage. Cryopreservation of testicular 
tissue/cells is increasingly offered to selected children, albeit 
that currently no evidence has been provided for their future 
usefulness in restoring fertility. Current research is aimed at 
ensuring that testis tissue cryopreservation methods are opti-
mal to ensure the viability and safety of the tissue for future 
clinical use. Strategies for reimplantation of tissue or in vitro 
spermatogenesis are also being developed as part of ongoing 
experimental research. The attainment of full spermatogen-
esis and offspring using such approaches in several animal 
species, coupled with the success in restoring female fertility 
after transplantation of cryopreserved ovarian cortex from 

adult and prepubertal females, offer the promise for future 
clinical options for fertility preservation in prepubertal boys 
at risk of infertility.
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Recent Advances in Fertility 
Preservation

Shrenik Shah and Wendy Vitek

Fertility is a concern for the majority of young men and 
women diagnosed with cancer, as many will face infertility 
as a consequence of surgery, chemotherapy, radiation ther-
apy, and delayed childbearing. Fertility concerns can impact 
quality of life as well as treatment decisions, adherence to 
therapy, and possibly survival [1]. Therefore, fertility preser-
vation counseling is an important aspect of comprehensive 
cancer care for young men and women. Recent advances in 
fertility preservation techniques, such as oocyte, embryo, 
and ovarian tissue cryopreservation, have expanded the 
options available to prepubescent girls and young women, 
though long-term outcome data is limited. While semen 
cryopreservation is an established option for men, advances 
in testicular tissue cryopreservation may lead to an option for 
prepubescent boys. Future advances will expand our under-
standing of the risk of infertility with newer cancer therapies 
and the long-term safety and efficacy of current fertility 
options. In addition, the possibility of in vitro maturation of 
gametes and the development of artificial gametes may cre-
ate options for individuals with cancer who are unable to 
bank gametes prior to treatment [2].

60.1  Advances in Fertility Preservation 
Counseling

Individualized risk assessment is an advance in fertility pres-
ervation counseling. The risk of infertility is dependent on 
factors related to the cancer, treatment, and the individual 
[3]. For example, cancers arising from the reproductive 
organs may necessitate surgery that would limit fertility 
though fertility sparing surgical techniques may be offered to 

select patients depending on their prognosis and desire for 
future fertility [4]. Treatment factors, such as the chemother-
apeutic agent, dose, and combination of therapies, are fac-
tored into the risk assessment. Alkylating agents and pelvic 
radiation pose the greatest risk for gonadotoxicity. Finally, 
individual characteristics such as age, gender, and genetic 
factors further modify the risk of gonadotoxicity. As ovarian 
reserve declines with age, lower doses of alkylating agents 
and radiation can precipitate premature ovarian insufficiency. 
In addition to age, gender further modifies the risk. For 
example, prepubescent boys are more susceptible to gonado-
toxicity from chemotherapy and radiation than are girls at 
the same age [5]. Genetic factors, such as BRCA mutations, 
may also contribute to the risk of infertility given the asso-
ciation of BRCA mutations with reduced ovarian reserve [6]. 
Online risk assessment tools that factor in cancer diagnosis, 
treatment, age, and gender can be used to quantify an indi-
vidualized risk of infertility [7]. Future advances in fertility 
preservation counseling will be understanding the fertility 
risk posed by immunotherapies used to treat cancer patients.

60.2  Advances in Fertility Preservation 
for Women

Fertility preservation options through oocyte, embryo, and 
ovarian tissue cryopreservation can be offered to women 
who are at risk for infertility or women facing an uncertain 
risk of infertility (Fig.  60.1). Oocyte and embryo banking 
require controlled ovarian hyperstimulation and oocyte 
retrieval, while ovarian tissue cryopreservation requires a 
laparoscopic partial or complete oophorectomy. Timing, 
safety, and success rates factor into the decision to pursue 
these options.

Advances in ovarian hyperstimulation protocols allow for 
oocyte and embryo banking to occur quickly after the fertil-
ity preservation consultation. Conventional ovarian hyper-
stimulation protocols start in the early follicular phase of the 
menstrual cycle. Depending on the phase of the menstrual 
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cycle that the patient presents in, completion of an oocyte or 
embryo banking cycle could take 2–6 weeks, which intro-
duce an unacceptable delay in starting cancer therapy. 
Random-start ovarian hyperstimulation protocols can be ini-
tiated in the late follicular phase and luteal phase of the men-
strual cycle and appear to have comparable outcomes to the 
conventional protocols that start in the early follicular phase 
[8]. Random-start ovarian hyperstimulation protocols reduce 
the time to complete oocyte or embryo banking to 2 weeks 
and avoid delaying the initiation of neoadjuvant or adjuvant 
chemotherapy [9]. Ovarian tissue cryopreservation is an 
alternative option for women who cannot delay the start of 
cancer therapy by 2 weeks. Laparoscopic partial or complete 
oophorectomy for ovarian tissue cryopreservation can be 
performed at the time of port placement to minimize cost and 
anesthetic risks [2]. Ovarian tissue cryopreservation is the 
only option for prepubescent girls who cannot undergo 
oocyte banking.

Safety of oocyte, embryo, and ovarian tissue banking is a 
top concern of patients and providers. Supra-physiologic 
estradiol and progesterone levels encountered during and 
after controlled ovarian hyperstimulation for oocyte or 
embryo banking can be a concern for women with hormone- 
sensitive cancers. Several adjustments can be made to con-
ventional and random-start ovarian hyperstimulation 

protocols to minimize estradiol and progesterone levels. 
Letrozole, an aromatase inhibitor, can be taken during con-
trolled ovarian hyperstimulation and immediately after 
oocyte retrieval to lower estradiol levels. This approach 
results in a similar number of oocytes and embryos banked 
when compared to controlled ovarian hyperstimulation with-
out letrozole and significantly lower peak serum estradiol 
levels among women treated with letrozole [10]. The safety 
of letrozole ovarian hyperstimulation protocols has been 
examined in a study comparing 79 breast cancer patients, 
81% of whom had an estrogen receptor-positive cancer, with 
136 control patients who did not undergo ovarian stimula-
tion. The median follow-up time of the study was 2 years, 
ranging from 23 months in the letrozole group to 33 months 
in the control group. During this time period, there were 3 
(4%) recurrences in the letrozole group and 11 (8%) in the 
control group. There was no significant difference in relapse- 
free survival between the groups. This study was not ran-
domized so selection bias is possible, but the experimental 
and control groups were similar with respect to age and 
prognostic markers for cancer recurrence. Long-term follow-
 up data is not yet available although recurrence risk is gener-
ally thought to be highest during the first 2  years after 
treatment [11]. Another adjustment to minimize peak estra-
diol and progesterone levels is to utilize a GnRH agonist to 
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induce final oocyte maturation in preparation for oocyte 
retrieval instead of a standard HCG trigger [12]. A GnRH 
agonist triggers an LH surge, but does not support sustained 
release of LH in the luteal phase. The lack of LH support 
induces lysis of the multiple corpora lutea that are a conse-
quence of controlled ovarian hyperstimulation. Luteolysis 
leads to a rapid decline in estradiol and progesterone levels 
post retrieval, which minimizes supra-physiologic hormone 
exposure in women with hormone-sensitive cancers without 
compromising the number or quality of oocyte or embryo 
banked. This approach also nearly eliminates the risk of 
ovarian hyperstimulation syndrome, which is a rare but seri-
ous complication of oocyte and embryo banking. Ovarian 
tissue cryopreservation is considered experimental given 
concerns regarding safety and efficacy. Laparoscopic partial 
or complete oophorectomy allows for isolation of the ovarian 
cortical tissue, which is comprised of primordial follicles. 
The cortical strips are dissected into small fragments and 
cryopreserved. Autotransplantation of the thawed ovarian 
cortical tissue to the residual ovary or the pelvic side wall has 
resulted in spontaneous and in vitro fertilization pregnancies 
among women with various malignancies [3]. Although 
there have been no reported cases of recurrent cancer after 
ovarian tissue autotransplantation, there is concern that 
transplanted ovarian tissue could be contaminated with can-
cer cells, particularly in cancers such as breast cancer which 
can metastasize to the ovary [13]. In vitro maturation of pri-
mordial follicles would avoid the need for, and risks of, ovar-
ian tissue cryopreservation. This approach has been 
successful in animal models but has not yet produced a live 
birth in humans [14]. Mature oocyte and immature oocytes 
have been retrieved from ovarian tissue at the time of partial 
or complete oophorectomy in unstimulated patients [15]. 
Mature oocytes have been fertilized and embryo cryopreser-
vation has been performed. Immature oocytes can be in vitro 
matured using culture media treated with gonadotropins, and 
mature oocytes have been cryopreserved from this technique. 
These strategies have resulted in live births among women 
with ovarian cancers which are a contraindication to con-
trolled ovarian hyperstimulation and autotransplantation of 
thawed cryopreserved ovarian tissue. While these cases dem-
onstrate evidence that this approach can result in live birth, 
this option is not widely offered, given that the efficiency of 
oocyte recovery is not known.

Success rates, defined as a live birth, after oocyte, embryo, 
and ovarian tissue cryopreservation preformed prior to che-
motherapy of women with cancer are based on limited data. 
Women with cancer are typically counseled on their chance 
of a live birth based on their age at the time of oocyte or 
embryo banking and the chance of live birth is extrapolated 
from women of a similar age who underwent IVF for 
infertility- related diagnoses [16]. Success rates for ovarian 
tissue cryopreservation and subsequent autotransplantation 

have been reported as 57.5% live birth rate in a meta-analysis 
comprised 309 cases, of which 78% had been diagnosed 
with a malignancy with a mean age of 29.3 years at the time 
of ovarian tissue cryopreservation and mean age of 33.0 years 
at the time of autotransplantation [17]. There have been case 
reports of successful pregnancy with prepubescent ovarian 
tissue cryopreservation and subsequent autotransplantation 
[18]. Future advances in fertility preservation options will be 
in vitro maturation of primordial follicles, the development 
of artificial gametes from primordial germ cells, or pluripo-
tent stem cells and long-term safety and outcome data for 
oocyte, embryo, and ovarian tissue cryopreservation in 
women with cancer [2].

60.3  Advances in Ovarian Protection 
During Cancer Therapy

Maintaining endocrine function of the ovaries, as well as fer-
tility, is important for quality of life and overall wellbeing in 
reproductive age women with cancer. GnRH agonist co- 
treatment during chemotherapy has been proposed for ovar-
ian protection. Chemotherapies such as cyclophosphamide 
induce apoptosis of growing follicles, resulting in less nega-
tive feedback by estradiol and inhibin B and an increase in 
follicle-stimulating hormone (FSH)-driven follicular recruit-
ment and accelerated folliculogenesis. GnRH agonists have 
been hypothesized to preserve ovarian reserve through sev-
eral mechanisms. Depot GnRH agonist induces downregula-
tion of FSH production 7–10 days post administration, which 
leads to suppression of the hypothalamic-pituitary-ovarian 
axis. The lower circulating levels of FSH diminish the accel-
erated loss of ovarian reserve mediated by FSH-driven fol-
licular recruitment. Another possible protective mechanism 
is that GnRH agonists decrease ovarian perfusion, reducing 
delivery of the chemotherapeutic agent to the ovaries. Side 
effects of GnRH agonists related to the induced hypoestro-
genic state include hot flashes, vaginal dryness, and bone 
loss. Norethindrone acetate is a progestin with estrogenic 
properties and has been shown to preserve bone mass and 
significantly reduce vasomotor symptoms without increasing 
the rate of vaginal bleeding, but may not be appropriate in 
women with hormone-sensitive cancers. Given the challenge 
of conducting research that is powered to compare and track 
long-term outcomes such as fertility, there are limited ran-
domized data on fertility-related outcomes such as fecundity, 
miscarriage rate, and maternal and neonatal outcomes after 
co-treatment with a GnRH agonist during chemotherapy. As 
a result, most GnRH agonist co-treatment studies are 
designed to show a difference in the rate of resumption of 
menses or premature ovarian insufficiency at 1–2 years after 
chemotherapy. More recent studies have examined the end-
point of diminished ovarian reserve as measured by changes 
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in ovarian reserve markers such as anti-Müllerian hormone 
(AMH) and antral follicle count (AFC). To date, 12 random-
ized controlled trials have been published on co-treatment 
with a GnRH agonist or chemotherapy alone in women with 
breast cancer. A recent meta-analysis found a significant 
reduction in the odds of developing premature ovarian insuf-
ficiency in women with breast cancer who were co-treated 
with a GnRH agonist during chemotherapy compared to 
women who received chemotherapy alone with an odds ratio 
that favors GnRH agonist co-treatment of 0.34 and a 95% 
confidence interval of 0.025–0.46 and a P value of 0.026 
[19]. Despite a possible 34% reduction in premature ovarian 
insufficiency in women with breast cancer who are co-treated 
with an GnRH agonist during chemotherapy, neither the 
American Society for Reproductive Medicine (ASRM) nor 
the American Society of Clinical Oncology (ASCO) recom-
mends GnRH agonist co-treatment as a primary means of 
fertility preservation, possibly due to the limited efficacy and 
limitations in the data [20, 21]. Both societies recommended 
that GnRH agonist co-treatment be offered as a means of 
fertility preservation in addition to, but not instead of, oocyte, 
embryo, or ovarian tissue cryopreservation. Future advances 
in ovarian protection will include understanding if GnRH 
agonist can preserve ovarian function in women treated for 
cancers other than breast cancer and the development of 
fertility- protective agents that prevent follicle loss without 
interacting with cancer therapies [2].

60.4  Advances in Fertility Preservation 
for Men

Sperm cryopreservation is a fertility preservation option for 
postpubescent men at risk for infertility or when the risk is 
uncertain (Fig. 60.1). Sperm banking may also be indicated 
if a couple is interested in conceiving in the short term as 
most experts recommend waiting at least 9–12 months after 
chemotherapy or radiation treatment before attempting preg-
nancy [22]. Ideally, sperm banking is performed prior or 
shortly after the initiation of cancer therapy. Men capable of 
masturbation and ejaculation can provide fresh semen for 
cryopreservation. In the event that a man is unable to collect, 
assisted ejaculation methods such as penile vibratory stimu-
lation or electroejaculation may be attempted. An alternative 
option is epididymal aspiration or testicular sperm extraction 
(TESE) to retrieve sperm for cryopreservation. TESE can be 
performed at the time of orchiectomy in men with testicular 
cancer (who are azoospermic based on ejaculated samples) 
with high rates of recovery of sperm for cryopreservation 
reported [23]. Success rates with cryopreserved sperm vary 
depending on a number of factors including motile count 
post-thaw and use of the specimen for insemination or 
in vitro fertilization/intracytoplasmic sperm injection (IVF/

ICSI). Couples undergoing IVF/ICSI for the indication of 
male cancer appear to have a higher live birth rate than cou-
ples undergoing IVF/ICSI for other indications [24].

Testicular tissue cryopreservation is an experimental 
option for prepubescent boys who are unable to sperm bank 
[2]. Testicular tissue can be harvested by testis biopsy, and 
the tissue and spermatogonial stem cells can be cryopre-
served. In the future, it is hoped that the testicular tissue may 
be autotransplanted in order to restore fertility or possibly 
undergo in  vitro maturation in order to produce sperm in 
quantities sufficient for IVF/ICSI. Neither approach has been 
attempted for human reproduction at this time. Future 
advances in male fertility preservation will include develop-
ing a viable option for prepubescent boys through safe auto-
transplantation, in  vitro maturation, or artificial gametes 
from spermatogonial stem cells or pluripotent stem cells.

60.5  Conclusion

Women with cancer have safe and effective options for fertil-
ity preservation through random-start and modified con-
trolled ovarian hyperstimulation protocols for oocyte and 
embryo cryopreservation, ovarian tissue cryopreservation 
with autotransplantation, and GnRH agonist co-treatment 
during chemotherapy. Ovarian tissue cryopreservation with 
autotransplantation at a later date is in an option for prepu-
bescent girls with cancer. Men with cancer can undergo 
sperm cryopreservation through masturbation, assisted ejac-
ulation methods, or surgical sperm extraction for future 
insemination or IVF/ICSI.  Prepubescent boys with cancer 
can be offered testicular tissue cryopreservation as an experi-
mental fertility preservation option. Knowledge of cancer 
therapy-related infertility risks and long-term safety and out-
come data will advance fertility preservation counseling, 
while the development of in vitro maturation, artificial gam-
etes, and fertility- protective agents will advance fertility 
preservation options.
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Prevention of Gonadotoxicity

Zeev Blumenfeld

61.1  Scope of the Problem

The incidence of malignant diseases has increased in chil-
dren, adolescents, and young adults by 0.6% every year in 
the last four decades [1–5]. Indeed, malignancy is a cardinal 
public health issue worldwide and is one of the two leading 
causes of mortality in the USA [1]. On the other hand, mor-
tality has continuously deteriorated, from 6.5/100,000 per-
sons, in 1970, to 2.4/100,000  in 2012, a decrease of 63% 
(65% in children and 60% in adolescents) [1–5]. This reduc-
tion is attributed to an improvement in the 5-year survival for 
all cancers from 58% for children during the years 1975 to 
1977 to 83% for those diagnosed during 2005–2011 [1–9]. 
These changes have brought about an almost three times 
increment in the rate of cancer survivors, in the last five 
decades [10]. The percentage of the US population that has 
survived a diagnosis of malignancy has increased from 1.5% 
in 1971, to 3.5% in 2001, and to 3.9% in 2007 [10]. 
Extrapolation of this trend to the present would come to over 
4% cancer survivors, about 1:25 in the general population! 
Indeed, several estimations based on cancer statistics have 
speculated that between 1 in 49 to 1 in 250 women younger 
than 40, in the USA, have or would suffer cancer [11, 12]. 
Others speculated that 1 in 250 to 1000 people at 20–30 years 
are cancer survivors, whereas some publications have 
reported an incidence of 7% malignancy in reproductive-age 
women with an increasing 5-year survival in the last decade 
[13–15]. About 790,000 to 1,665,540 new cancers are diag-
nosed every year in females in the USA, and in the last years, 
almost 1 in 7 diagnosed patients are reproductive-age women 
[1–3, 16]. Whereas more than a million of cancer survivors 
are patients of reproductive age in the USA and many mil-
lions worldwide, it is a global ubiquitous interest to attempt 
fertility preservation to these patients [16–26].

Whereas 5% or more of the patients diagnosed with 
malignancy are in the reproductive age [1–3], the late 
sequelae of chemo- and radiotherapy, affecting so many sur-
vivors, have become a major medical problem. Long-term 
survivors may suffer several remote sequelae, such as prema-
ture ovarian insufficiency (POI), previously called premature 
ovarian failure (POF),, subfertility, adverse pregnancy out-
comes, and health morbidity in offspring [13–15]. The POF/
POI and associated infertility are unfortunate sequelae of 
gonadotoxic chemotherapy for the patients who, having sur-
vived the malignancy, look forward to a normal reproductive 
life. Indeed, the last three decades have witnessed an expo-
nential increase in the publications on preservation of fertil-
ity in spite of the gonadotoxic chemo- and radiotherapy in 
young adults and prepubertal children. Therefore, the 
increasing incidence in malignancy in the young age and the 
significant improvement in the long-term survival have been 
associated with worldwide interest in fertility preservation in 
young patients facing gonadotoxic radio- and/or chemother-
apy among gynecologists, hematologists, oncologists, repro-
ductive endocrinologists, pediatricians, rheumatologists, 
endocrinologists, general practitioners, family physicians, 
and almost all subspecialty physicians. The interest in pres-
ervation of fertility has ubiquitously increased, presently 
representing standard of care for children and reproductive 
age patients exposed to gonadotoxic radio- and/or chemo-
therapy. Combating the remote effects of gonadotoxic treat-
ment is a universal priority in medicine aiming at improving 
and preserving the survivors’ life quality including their 
future fertility and gonadal function. The new coined 
“oncofertility” specialty and fertility preservation have 
affected reproductive endocrinology and many other medical 
specialties, such as oncology, assisted reproduction, and sub-
fertility treatment [20–30].
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The main current methods for preservation of fertility in 
the postpubertal female exposed to gonadotoxic treatments 
are [20–30]:

• Controlled ovarian stimulation and egg retrieval for 
in vitro fertilization (IVF) for married patients and those 
with a male spouse/partner and embryo cryopreservation, 
or cryopreservation of unfertilized metaphase-II ova, for 
single women, without a male partner

• Biopsy and cryopreservation of ovarian tissue
• Ovariopexy-surgical displacement of one ovary (or both), 

from the irradiation field
• Temporary, endocrine suppression during the gonado-

toxic chemotherapy, by a long-acting gonadotropin- 
releasing hormone agonist (GnRHa)

61.2  Suppression of Ovarian Function 
Before Gonadotoxic Chemotherapy

61.2.1  The Logic Behind Suppression Using 
GnRH Analogues

As previously stated, the chances of gonadal function preser-
vation following gonadotoxic chemotherapy are much better 
for prepubertal girls than for prepubertal boys [29–31]. Since 
ovarian function was preserved in most long-term female 
survivors treated prepubertally for lymphoma [31], com-
pared to only half of the similarly treated adult women [20], 
it is clinically rational and therefore tempting to induce a 
reversible and temporary hypogonadotropic, prepubertal 
milieu in adult females before and during the gonadotoxic 
insult [25–31]. In line with this rationale, many centers have 
used GnRHa cotreatment for amelioration and minimizing 
the effects of gonadotoxic chemotherapy [25–31], by simu-
lating a prepubertal hormonal milieu, with the philosophy 
that POI prevention in survivors is preferred to treating it 
after its occurrence, following the rule of “an ounce of pre-
vention is worth a pound of cure.”

61.2.2  Previous and Current Experience Using 
GnRH Agonists for Preservation 
of Fertility

The administration of a noninvasive adjuvant cotreatment 
that may decrease chemotherapy-induced gonadotoxicity is 
tempting [20, 25–30]. Glode et al. [32] have examined this 
hypothesis, almost 40 years ago, in a murine model suggest-
ing that GnRHa protected male mice from the 
cyclophosphamide- induced gonadotoxicity. However, later 
studies found that the GnRHa cotreatment was ineffective in 
the male, as opposed to females [20, 25–31]. It has been 

hypothesized [20, 25–32] that metabolically inactive primor-
dial follicles fare better than dividing, actively growing fol-
licles [30]. Prepubertal girls fare much better than prepubertal 
boys in their chances of preserving gonadal function follow-
ing gonadotoxic chemotherapy [20, 25–33]. Since ovarian 
function was preserved in over 90% of long-term female sur-
vivors who were prepubertally treated for lymphoma, but 
only in a minority of similarly treated adult women [31], 
preclinical and clinical studies have induced a temporary and 
reversible prepubertal hypogonadotropic milieu in 
reproductive- age women and female adolescents before and 
during gonadotoxic chemotherapy [20, 25–31].

The only published study assessing the ovarian histology 
before and after GnRHa cotreatment in parallel to gonado-
toxic chemotherapy, which obviously cannot be conducted 
clinically in women, has been performed in female primates, 
over 30 years ago [34]. This randomized prospective study 
demonstrated that GnRHa can protect the ovary against 
cyclophosphamide-induced gonadotoxicity [34]. 
Cotreatment with GnRHa from before and along cyclophos-
phamide has significantly decreased the daily rate of follicu-
lar decline, from 0.12  ±  0.012% to 0.057  ±  0.019% 
(P < 0.05), and the number of primordial follicles lost during 
the gonadotoxic chemotherapeutic, from 64.6  ±  2.8% to 
28.9 ± 9.1% (P < 0.05), versus the control group of cyclo-
phosphamide without GnRHa cotreatment [34].

In the clinical setting, many groups of clinicians have 
used GnRHa cotreatment along chemotherapy for fertility 
preservation and minimizing the gonadotoxic effects of che-
motherapy [6–10], with the philosophy that preventing POF 
in survivors is more advantageous to treating it, following 
the rationale: “an ounce of prevention is better than a pound 
of cure” [20, 25–30, 35–60]. Therefore, this noninvasive and 
inexpensive cotreatment has gained worldwide popularity 
and investigation, and many groups of physicians have been 
using it in the last decade [20, 25–30, 35–60]. Up to date 24 
studies (16 retrospective and 8 RCT) have reported on over 
3000 patients treated with GnRHa prior to and in parallel to 
chemotherapy, demonstrating a significant decrease in POI 
rate in survivor’s vs. eight publications including 350 
patients, where the GnRHa cotreatment did not bring about a 
significant decrease in POI rate [20, 25–30, 35–70]. The 
GnRHa adjuvant co-treated patients along the gonadotoxic 
chemotherapy resumed regular menses and normal ovarian 
function in almost 90% of cases as compared to about 50% 
in the chemotherapy only group [20, 25–30, 35–64]. 
However, resuming cyclic ovarian function (COF), normal 
gonadotropins, and other sex hormonal levels, such as estra-
diol, progesterone, and AMH, and even antral follicle count 
(AFC), are only surrogate markers of fertility. It is, therefore, 
most correct to compare the spontaneous PR in the survivors, 
in the GnRHa-treated patients compared to the controls, 
untreated with GnRHa adjuvant [20, 25–30, 35–64]. Indeed, 
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spontaneous conceptions in the GnRHa adjuvant co-treated 
survivors ranged from 23% to 88%, compared to 11–35% 
(P < 0.05) in the control groups who received chemotherapy 
without the GnRHa cotreatment [20, 25–30, 35–64].

Fourteen meta-analyses of RCT’s and 4 recent interna-
tional expert consensus meetings [44, 45], along numerous 
smaller studies, have critically summarized the efficiency of 
GnRHa cotreatment, concluding that this cotreatment along 
chemotherapy can significantly decrease the POI risk and 
increases conceptions in survivors [20, 25–30, 35–64]. Three 
convincing, recent, large, prospective RCT’s were published 
in the last years [50, 51, 72]. The POEMS-SWOG S0230 
study enrolled HR-negative breast cancer patients [50], 
whereas most patients in the PROMISE-GIM6 [51] study 
were HR positive. All these three RCTs have demonstrated a 
statistically significant decrease in POI rate in the GnRHa 
arms (OR: 0.28–0.30; P = 0.04). Moreover, the conception 
rate was significantly increased by the GnRHa cotreatment 
(OR: 2.45; P = 0.03) [50, 51]. Furthermore, long-term evalu-
ation of the survivors, with a median follow-up of 7.3 years 
(range, 5–8.2  years) [51], has shown a 5-year cumulative 
COF resumption of 72.6% (95% CI, 65.7%–80.3%) in the 
GnRHa group compared to 64% (95% CI, 56.2%–72.8%) 
among the controls (age-adjusted HR, 1.48 (95% CI, 1.12–
1.95); P = 0 0.006), with no difference in the 5-year disease- 
free survival (DFS) [51].

The POEMS-SWOG S0230 study was a NIH-sponsored, 
prospective RCT, where 257 premenopausal breast cancer 
patients were treated with either chemotherapy alone or che-
motherapy with GnRHa [50]. The GnRHa-treated arm has 
shown an improved COF rate across multiple endpoints and 
higher pregnancy rate compared to the control group [50]. 
Unexpectedly, the GnRHa cotreatment arm had better over-
all survival (OS) and disease-free survival (DFS) rates com-
pared to the only chemotherapy arm [50]. Two years after 
chemotherapy, the POI rate was 22% in the chemotherapy 
alone arm compared to only 8% in the GnRHa co-treated 
patients (OR = 0.30, 95% CI (0.09, 0.97); P < 0.04) [50]. 
Successful pregnancy was achieved by 12 of the 18 survivors 
who were interested in conceiving in the chemotherapy alone 
group compared with 22 patients who successfully con-
ceived of the 25 survivors who attempted conception in the 
GnRHa arm (adjusted OR 2.45; P < 0.03) [50]. Moreover, 
the GnRHa co-treated survivors gave birth to 18 healthy neo-
nates compared to only 12 in the chemotherapy only group 
[50]. Furthermore, the authors found that the 4-year mortal-
ity rate in the GnRHa group was significantly lower than in 
the chemotherapy without GnRHa group (P = 0.05), a find-
ing defined as surprising and unexpected [50].

Very relevant to this controversial issue is a publication 
[53] from one of the past opponents to the GnRHa use for 
fertility preservation, which concluded that the GnRHa 
adjuvant cotreatment has significantly increased the preg-

nancy rate in survivors of Hodgkin lymphoma (HL) 
(OR = 12.8; P (0=.001. Moreover, these previous opponents 
to the GnRHa cotreatment [53] have “adjusted the analysis 
to a high degree and nevertheless…found surprisingly 
strong (OR (12<indirect evidence supporting the prophy-
lactic use of GnRHa in women receiving therapy for early 
unfavorable HL.” Thus, these investigators [53], have there-
fore, concluded “…the multivariate analysis in the present 
study reveals that the use of GnRH analogues during ther-
apy is a strong, independent, and a highly significant predic-
tor of pregnancies.” This study supports the use of GnRHa 
adjuvant cotreatment in HL female patients for preservation 
of ovarian function and fertility [53].

We have demonstrated that the GnRHa cotreatment, in 
parallel to chemotherapy, has significantly increased the rate 
of spontaneous pregnancies in survivors (P < 0.006), in addi-
tion to preserving COF (OR = 6.87) in a large group of young 
women followed up for over 20  years [37]. Ninety one 
patients (62.7%) conceived 179 times in the GnRHa group 
vs. only 32 patients experiencing 56 pregnancies (41.6%) in 
the controls (P < 0.003), generating 132 and 42 newborns 
(P  <  0.01), respectively [37]. Spontaneous pregnancies 
occurred in 58% of the survivors in the GnRHa group, com-
pared to only 35% in the control arm (P = 0.006) [37]. These 
favorable results are in keeping with the results of the three 
large recent RCT’s publications [50, 51, 72], which similarly 
found significant reduction in POI in the GnRHa-treated 
patients vs. controls (OR: 0.28–0.3; P < 0.001–0.04).

Whereas the definitive gold standard of fertility preserva-
tion is conceptions, it is important to put forward the high 
pregnancy rates after GnRHa adjuvant cotreatment demon-
strated in three different publications from three continents:

• In Wong et al. study [55], in the UK, 71% survivors con-
ceived after GnRHa and chemotherapy.

• In the POEMS-SWOG study, [50], in the USA, 88% sur-
vivors conceived after GnRHa+ chemotherapy.

• In our study, [37], in Israel 62% of the survivors spontane-
ously conceived.

Moreover, GnRHa adjuvant cotreatment was also effec-
tive in decreasing POI and protecting COF rate, not only in 
patients treated with conventional chemotherapy but also in 
survivors after bone marrow transplantation, who were 
treated with aggressive conditioning gonadotoxic chemo-
therapy [59, 60].

Three recent international consensus meetings support 
the use of GnRHa for fertility preservation including the 
2015 St. Gallen International Expert Consensus panel [44] 
and the National Comprehensive Cancer Network guide-
lines (www.nccn.org), [45, 71]. The 14th St. Gallen inter-
national conference and expert consensus [44] supports the 
use of GnRHa in breast cancer patients concluding that 

61 Prevention of Gonadotoxicity

http://www.nccn.org


544

GnRHa therapy during chemotherapy “proved effective to 
protect against POF and preserve fertility” in young patients 
with ER-negative breast cancer undergoing chemotherapy 
[44]. This consensus states that the GnRHa cotreatment 
also increased the rate of subsequent successful concep-
tions without compromising the disease outcomes [44]. 
The second expert consensus meeting, the National 
Comprehensive Cancer Network guidelines (www.nccn.
org), summarized ten concluding recommendations [45]. 
The recommendations were graded according to the evi-
dence levels and grades of recommendation (according to 
the ESMO Clinical Practice Guidelines) for fertility preser-
vation in cancer patients [45]. The only conclusion (out of 
the ten) that received the highest grading, IA, according to 
the ESMO classification was the conclusion regarding 
GnRHa [45]. This conclusion states: “Ovarian suppression 
with the use of LHRHa during chemotherapy should be 
considered a reliable strategy to preserve ovarian function 
and fertility, at least in breast cancer patients, given the 
availability of new data suggesting both the safety and the 
efficacy of the procedure have become available (IA)” [45]. 
The third international consensus meeting, the second 
international consensus guidelines for breast cancer in 
young women [71], also concluded that the use of GnRHa 
in young patients with both hormone receptor (HR) posi-
tive and negative breast cancer is beneficial and bears a pro-
tective role against POI.  The conclusions of the three 
international expert meetings [44, 45, 71] are incompatible 
with most meta- analyses of RCTs and recent summaries 
and, including the Cochrane collaboration analysis [47], 
supporting the use of GnRHa cotreatment and concluding 
that it was associated with a decreased risk of POI and sig-
nificantly increased conception rate. Also, of important 
clinical impact, the use of GnRHa along chemotherapy can 
significantly abolish the thrombocytopenia-associated 
menometrorrhagia in the thrombocytopenic patients [20, 
25–30, 35–64].

The largest and recent meta-analysis [42] concluded:

• Overall, 12 RCTs including 1231 breast cancer patients 
were eligible for evaluation.

• The GnRHa cotreatment along chemotherapy was associ-
ated with a significant reduced risk of POI (OR 0.36, 95% 
CI 0.23–0.57; P < 0.001) but with significant heterogene-
ity (P = 0.026 for heterogeneity).

• In eight studies evaluating amenorrhea 1 year after che-
motherapy, the GnRHa use diminished the POI risk (OR 
0.55, 95% CI 0.41–0.73, P < 0.001) with no heterogeneity 
(P = 0.936 for heterogeneity).

• In five studies assessing PR, more patients treated with 
GnRHa successfully conceived (33 versus 19 survivors; 
OR 1.83, 95% CI 1.02–3.28, P  =  0.041; P  =  0.629 for 
heterogeneity).

• In three studies no difference was observed in disease- 
free survival (DFS), (HR 1.00, 95% CI 0.49–2.04, 
P = 0.939; P = 0.044 for heterogeneity).

More recently, Leonard et  al. [72] summarized the out-
come of the prospective Anglo Celtic group OPTION trial, a 
prospective, RCT on 227 patients randomized to GnRHa in 
parallel to chemotherapy vs. chemotherapy alone in stage I–
III B breast cancer patients. GnRHa reduced amenorrhea 
between 1 and 2 years to 22% compared to 38% in the con-
trol group (P = 0.015) and POI to 18.5% versus 34.8% in the 
controls (P = 0.048). FSH levels were lower in GnRHa arm 
at both 1 and 2 years (P = 0.027, P = 0.001, respectively). 
This RCT concluded that GnRHa could reduce the POI risk 
in early breast cancer, with particular efficiency in patients 
below the age of 40 years.

61.2.3  The Possible Mechanisms of GnRHa 
Fertility Preservation

Five possible mechanisms were suggested to possibly eluci-
date the effect of GnRHa in ameliorating the detrimental 
effect of gonadotoxic chemotherapy [28–30].

61.2.3.1  Simulating a Prepubertal, 
Hypogonadotropic Milieu

The hypogonadotropic state, induced by the GnRHa admin-
istration, creates a prepubertal hormonal milieu. The gonado-
toxic chemotherapy destroys many follicles resulting in 
diminished concentration of sex hormones and inhibins [26–
30]. The decreased serum levels of steroid sex hormones and 
inhibin negatively feedback on the hypothalamus and pitu-
itary to increase the secretion of gonadotropins, mainly 
follicle- stimulating hormone (FSH). The high FSH concen-
trations may increase the recruitment and maturation rate of 
resting preantral follicle enhancing the unidirectional pro-
cess of folliculogenesis. Thus, since these growing follicles 
and their dividing granulosa cells have an active metabolism 
during folliculogenesis, they may be highly subjected to the 
gonadotoxic effects of chemotherapy, resulting in an 
enhanced rate of follicular demise [26–30]. Similarly, 
Meirow’s group [73, 74] coined the “burnout” hypothesis, to 
describe the accelerated follicular demise due to enhanced 
folliculogenesis in the gonad subjected to gonadotoxic che-
motherapy. They hypothesized that alkylating agents may 
enhance protein phosphorylation, through the phosphati-
dylinositol 3-kinase (PI3K) signaling route, which upregu-
lates the activation of primordial follicles (PMF), resulting in 
the “burnout effect” and follicle demise [73, 74].

Morgan et  al. [75] explained the mechanisms of 
chemotherapy- associated gonadotoxicity, suggesting that 
POI results from PMF demise through both a direct effect and 
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also due to an accelerated rate of folliculogenesis to replace 
the damaged growing follicles [75]. The gonadotoxic effect is 
not only direct damage to oocytes but also indirectly through 
a gonadotoxic effect on the granulosa cells [75]. The rate of 
PMF recruitment to exit the non-active, resting pool is 
affected by the absence or presence of the larger, gonadotropin- 
dependent, growing follicles [75]. Thus, GnRHa administra-
tion may possibly interrupt the destructive vicious cycle by 
desensitizing of GnRH receptors in the hypophysis, interfer-
ing with the negative feedback- generated increase in FSH 
secretion in spite of low inhibins and estrogen plasma con-
centrations [26–30, 75].

Others [76, 77] have put forward a possible detrimental 
effect of high gonadotropin levels on the resting pool of 
PMF. Mice, transgenic for β-LH, where LH levels are signifi-
cantly increased, possess at birth a comparable number of 
follicles as the wild-type controls [77]. However, several 
weeks later, chronic exposure to the significantly higher LH 
concentrations bring about a significant loss in the primor-
dial and primary follicle pool, supporting the notion that 
high gonadotropins may be detrimental to the follicle pool 
compatible with the suggested pathophysiologic vicious 
cycle [26–30].

Although, canonically, the nondividing follicular pool, 
mainly primordial follicles, is believed to be gonadotropin 
independent, several publications have suggested that pri-
mary and PMF may express messenger RNA (mRNA) for 
FSH and LH receptors [78, 79]. These publications are in 
keeping with the concept that even primordial and primary, 
immature follicles may not be gonadotropin independent 
[80–82].

Patel et  al. [83] have reported that FSH can modulate 
ovarian germinative stem cells (OGSCs), such as pluripo-
tent, very small embryonic-like stem cells (VSELs), and 
their “progenitors,” located in the adult mammalian gonadal 
surface epithelium. Four FSH receptors (FSHR) isoforms 
have been reported, but only FSH-R1 and FSH-R3 isoforms 
are biologically active. Patel et al. [83] examined the effect 
of FSH on FSH-R1 and FSH-R3 isoforms and on Oct-4A and 
Sox-2, stem cell-specific markers for VSELs, and OGSCs 
(Oct-4) in ovine ovaries. They have found an increase in 
FSH-R3 mRNA transcripts, but FSH-R1 did not increase 
after FSH incubation [83]. FSH-R1, a member of the GPR 
superfamily of receptors, is a 75 kDa protein, expressed on 
granulosa cells of growing follicles, and its activation by 
ligand stimulation brings about steroidogenesis through 
cAMP signal transduction [81, 83]. FSH-R3, expressed by 
OSE and granulosa cells, is a 39 kDa protein and a growth 
factor receptor which can promote DNA synthesis leading 
to proliferation via MAPK pathway, specifically the 
extracellular- regulated kinase (ERK) [81, 83]. These two 
isoforms, FSH-R1 and FSH-R3 transcripts, are different in 
exons 9–11, whereas FSH-R1 lacks exon 11 and possesses 

exons 9 and 10 and FSH-R3 possesses exon 11 but lacks 
exons 9 and 10 [81, 83].

According to the above, assuming that FSH-R3 (lacking 
exon 10) is the key player modulating FSH effect on the 
ovarian germinative stem cells to induce neo-oogenesis dur-
ing postnatal life, it is possible to explain why the previous 
experiments in search of mutations in exon 10 of the FSH 
receptor failed to yield any results and concluded, therefore, 
that PF do not possess FSH receptors [81–83]. The studies 
that failed to detect FSH receptors on PF’s used rtPCR prim-
ers selected from exon 10 of the FSH-R1 receptor, whereas 
the study that did find active FSH receptors on the ovarian 
germinative cells demonstrated FSH-R3 that lacks exon 10 
on PF and GSC [81–83]. Thus, it was concluded that FSH 
modulates ovarian stem cells through the FSH-R3 to undergo 
self-renewal, clonal expansion, and differentiation into 
oocytes and follicles [81–83]. For those who still remain 
unconvinced and persistently hold the canonical dogma that 
PMF are gonadotropin independent, an alternative theoretic 
explanatory mechanism may be suggested [26–30]. Even if 
they may be gonadotropin independent, the primordial and 
primary follicles are unequivocally dependent on growth fac-
tors (GFs) such as bone morphogenetic proteins (BMP’s)–4, 
−7, and − 9 activins and many others [80]. These and pos-
sibly other GFs which are secreted by the more advanced and 
gonadotropin-dependent follicles may induce the exit of 
PMF from the nondividing, dormant, inactive pool [80]. 
Thus, FSH stimulates the secretion of these GFs by the more 
advanced stages of ovarian follicles [80]. The GnRHa 
cotreatment causes initially a flare-up and within 7–10 days 
induces pituitary downregulation through receptors desensi-
tization leading to decreased FSH secretion. The decreased 
FS levels prevent the secretion of GFs by the FSH-dependent 
follicles and therefore prevent PMF activation by GF’s 
resulting in more PMF remaining in the uncommitted, “dor-
mant” stage and minimizing their ultimate destruction by 
alkylating agents [26–30, 80]. Thus, even for those who 
believe that the activation of PMF the early stages of follicu-
logenesis, and their exit from the dormant state may be 
gonadotropin independent, FSH may affect early folliculo-
genesis through GF’s secreted by the more advanced, 
GN-dependent follicles [84, 85]. Indeed, the canonical 
dogma that PM, primary follicles, and early folliculogenesis 
are totally gonadotropin independent may need reevaluation 
and reconsideration [30].

61.2.3.2  Possible Direct Effect on GnRH 
Receptors

The human ovary also contains GnRH receptors, similar to 
rodents’ gonads although at a lower concentration [30, 86–
88]. Activation of the receptor by the GnRH ligand may pos-
sibly decrease apoptosis [86]. Imai et  al. [89] have shown 
that GnRHa may decrease the in vitro gonadotoxic effect of 
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doxorubicin, regardless of gonadotropins concentrations. 
They have demonstrated a direct in  vitro protective effect 
from chemotherapy-induced GC damage by GnRHa [89]. 
Most recently, the group of Del Mastro and Lambertini have 
shown a direct, anti-apoptotic effect of GnRHa on cumulus 
cells [106, 107].

61.2.3.3  Decreased Perfusion of the Ovary
Estrogens increase the utero-ovarian perfusion [89]. An 
additional put forward mechanism to possibly explain the 
GnRHa cotreatment beneficial effect in minimizing the 
chemotherapy- associated gonadotoxicity is the decrease in 
utero-ovarian perfusion resulting from the hypoestrogenic 
milieu generated by pituitary-gonadal desensitization down-
regulation [30, 89, 90]. High estrogen levels were shown to 
increase the ovarian perfusion in a rat model of ovarian stim-
ulation, and GnRHa administration has significantly allevi-
ated this increase in a dose-dependent manner [89]. This 
decrease in the utero-ovarian perfusion generated by the 
hypoestrogenic milieu due to GnRHa-induced hypophysiary 
desensitization may possibly decrease the cumulative expo-
sure of the ovaries to the chemotherapeutic agents, second-
arily resulting in a decreased gonadotoxic effect. Such a 
possibility immediately raises the question whether this 
decreased exposure of the internal genital organs may be 
associated with an increased risk of metastases to the internal 
genitalia, in patients treated with GnRHa in addition to che-
motherapy. Up to date, the overall survival and DFS of the 
GnRHa co-treated women were not different from those of 
controls [30, 40–48], and in one RCT, the DFS was even 
significantly improved [50].

61.2.3.4  Sphingosine-1-Phosphate (S-1-P)
It has been put forward that sphingosine-1-phosphate (S-1- 
P) and its agonistic analogues, such as Fingolimod 
(FTY720), may be possibly associated with chemotherapy-
induced oocyte apoptosis [30, 91–93]. The S-1-P molecule 
has many different activities and is a pleiotropic lipid medi-
ator involved in cell growth and cancer progression in addi-
tion to cell viability, angiogenesis and vascular maturation, 
invasion, survival, inflammation, allergy, and asthma [30, 
91–93]. The balance between sphingosine kinases that syn-
thesize the molecule and S-1-P lyases and phosphatases, 
which degrade it [30, 91–93], determines its intracellular 
concentration. It has been suggested that GnRHa may pos-
sibly upregulate the ovarian S-1-P and thus decrease the 
chemotherapy-induced follicular demise [30]. Disruption of 
the Bax gene, Bcl-2, in rodents, or targeted expression of the 
Bax antagonist, to the female mouse germ line can prevent 
the gonadotoxic effect of doxorubicin and protect the 
oocytes from destruction, either in vivo or in vitro [30, 91–
93]. Oocytes deficient of acid sphingomyelinase, which 
degrades S-1-P and generates ceramide, are resistant to the 

apoptosis induced in  vitro by doxorubicin [30, 91–93]. 
Administration of S-1-P into the murine periovarian bursa 
prevented the irradiation-induced ovarian follicles destruc-
tion [30, 91–93]. Zelinsky et al. [94] have shown that admin-
istration of FTY720 or S-1-P to female macaque monkeys 
by direct intraovarian cannulation for a week before ovarian 
irradiation maintained the ovarian follicles and resumed 
menstrual cycles [94]. FTY720 had a more potent effect 
than S-1-P on fertility preservation [94]. Even more con-
vincing, not only ovarian follicles were preserved but also 
fertility and spontaneous conception. The offsprings con-
ceived and delivered by the radio-protected females devel-
oped normally and showed no evidence of genomic 
instability [94]. Adult human ovarian cortical slices pre-
treated with S-1-P before being xenografted into nude mice 
lost significantly less PMF than the untreated controls [94]. 
Moreover, S-1-P protected the female germ cells from irra-
diation without a discernible propagation of genomic dam-
age [95]. Obviously, the long-term ovarian cannulation for 
S-1-P or FTY720 infusion during the long chemo- or radio-
therapy period is impractical, in women with malignant dis-
eases. Future endeavors should challenge the methodology 
of gonadal administration of S-1-P, without systemic 
absorption, in order to minimize follicular loss and not jeop-
ardize the ability of chemo- and radiotherapy to fight sys-
temically the neoplastic cells. Nevertheless, the hypothesis 
that the GnRHa adjuvant cotreatment beneficial effect may 
be possibly associated with an intraovarian increase in S-1-P 
or similar anti-apoptotic molecule(s) is tempting [30]. This 
hypothesis of GnRHa possibly upregulating intraovarian 
S-1-P effect is speculative and awaits validation.

61.2.3.5  Protection of the Germinative  
Stem Cells

Over a decade ago, Tilly’s group [96, 97] revolutionized the 
canonical concept by publishing data whereby rodent gonads 
may possess mitotically active germ cells that undergo con-
tinuous mitosis and replication. They [96, 97] suggested that 
these germinative stem cells (GSC) can rejuvenate the ovar-
ian PMF reserve. Their publications challenged the canoni-
cal dogma of reproductive endocrinology, whereby 
mammalian females are delivered with a fixed and nonin-
creasing of follicular reserve and lose the capacity for germ- 
cell renewal during intrauterine life [96–99]. The dogma that 
de novo oogenesis does not exist after birth in mammals was 
established and upheld for over 60 years. The suggested rev-
olutionary concept ignited an ongoing dispute whether the 
mammalian ovary is capable, or not, of generating ovarian 
follicles de novo postnatally [96–102]. More recent publica-
tions suggested that oocyte-producing GSC may indeed exist 
and can be isolated from ovaries of adult rodents and even 
humans [100–102]. Following these revolutionary publica-
tions, one may speculate that GnRHa administration may 
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possibly protect the undifferentiated GSCs, which ultimately 
generate de novo PMF [29, 30]. In keeping with such a pos-
sibility, we have measured increased, menopausal FSH and 
undetectable AMH levels, in about a third of our patients 
treated with GnRHa from before and in parallel to chemo-
therapy, for up to 1 year [20, 25–30]. However, about a year 
after the gonadotoxic chemotherapy and GnRHa cotreat-
ment, the FSH levels decreased to normal, AMH increased in 
90% of those patients, and more than 60% of those who were 
interested, spontaneously conceived [20, 25–30, 35–41]. We 
speculate that most, if not all the growing follicles, were 
destroyed by the gonadotoxic chemotherapy, and the GSC, 
preceding the primordial follicles, were possibly protected 
by the GnRHa cotreatment [20, 25–30, 35–41]. Whereas fol-
liculogenesis, from the stage of GSC to mature Graafian fol-
licle, may last somewhere between 6 and 12 months, it is 
understandable why it lasted almost a year to rejuvenate the 
ovaries in these patients. The protected GSC started follicu-
logenesis, maturation, secretion of AMH, and estrogens, and 
the latter fed back to decrease FSH levels to normal [20, 
25–30, 35–41]. Again, this hypothesis needs further data, 
and it remains to be validated whether this mechanism can be 
attributed to the GnRHa administration.

61.2.4  The Debate Pros and Cons

Up to date, 38 publications (12 RCTs, 25 non-RCTs, and 14 
meta-analyses) have reported on over 3000 patients treated 
with GnRHa along chemotherapy, demonstrating a signifi-
cant decrease in POI rate in survivors of malignant diseases 
or those receiving cyclophosphamide pulses for autoimmune 
diseases such as systemic lupus erythematosus (SLE) nephri-
tis [20, 25–30, 35–41, 108]. However, there are also ten pub-
lications not supporting the GnRHa as an effective modality 
of fertility preservation [20, 25–30, 35–41, 108]. For several 
years the pendulum switched from a negative to a positive 
conclusion regarding the ability of GnRHa to minimize 
gonadotoxicity and preserve fertility. It seems that in the last 
few years, the pendulum tends toward a positive conclusion, 
ending the debate and suggesting the GnRHa adjuvant 
cotreatment may indeed preserve ovarian function and fertil-
ity (higher PR) without an adverse effect on OS or DFS [20, 
25–30, 35–41, 108].

61.3  Alternative Noninvasive Methods 
for Fertility Preservation and New 
Endeavors

Only GnRHa has been clinically shown to preserve fertility 
and reduce chemotherapy-induced gonadotoxicity in human. 
However, many other agents have been suggested as possible 

beneficial agents to prevent gonadotoxicity in preclinical, 
animal, or in vitro studies [103–105, 109]:

• GnRH antagonists
• Oral contraceptive (OC) pills
• Sphingosine-1-phosphate/FTY720 (S1P analogue, 

Fingolimod)
• AS101  – ammonium trichloro(dioxoethylene-O,O′) 

tellurate
• AMH
• G-CSF
• Imatinib
• Dexrazoxane (ICRF-187)
• Luteinizing hormone (LH)
• In vitro generation of oocytes from induced pluripotent 

stem cells (ipSCs)

61.4  Conclusions

It is recommended to offer all the young women facing 
gonadotoxic chemotherapy all the options for fertility pres-
ervation: GnRHa cotreatment along chemotherapy and cryo-
preservation of oocytes, embryos, or ovarian tissue [20, 
25–30], even in high-risk patients with leukemia. This opti-
mistic policy hopes that in a few years, the “artificial ovary”– 
IV technology of growing PMS to Graafian follicles 
containing M-II fertilizable oocytes, may turn clinically pos-
sible, bypassing the need of ovarian autotransplantation, in 
those patients suffering POI following the gonadotoxic 
insult. Although this technology is not ripe and unavailable 
yet in human, the preliminary success in rodents, and the 
three-dimensional follicle culture in alginate gel, may hope-
fully become clinically available in a few years. Therefore, 
all the avenues for fertility preservation should be put for-
ward and offered to young women facing gonadotoxic che-
motherapy [108, 109].
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Ovarian Tissue Cryopreservation

Pankaj Talwar and Pooja Awasthi

The improvements in the early diagnosis and significant 
advancements in the surgical procedures, radiotherapy, and 
chemotherapy have drastically improved the survival rate of 
not only cancer patients but also of numerous other diseases 
(autoimmune disease, ovarian diseases, bone marrow trans-
plantation, adjunctive oophorectomy). Advancement also 
has immensely enhanced the rate of cure in case of both chil-
dren and young adults. According to a study published in 
united states (January 2016), the number of cancer survives 
are on increasing side, and the rate of increase is estimated 
by 31% (15.5 million in 2016 to 20.3 million in 2026). 
Common cancer sites of our generation include breast cancer 
(female, 3.6 million), approximately 3.3 million prostate 
cancer, 1.3 million gynaecological, 1.5 million colorectal, 
and melanoma 1.2 million [1–3]. Von Wolff M et al. (2015) 
documented more than 1000 patients in Europe, who had 
undergone OTC [4]. As per ESHRE working group on 
oocytes in 2017, 12 of 17 EU countries had performed OTC, 
during 2010–2015, and 7 countries were reported for carry-
ing out OTT. On 5529 patients, OTC was performed, and 237 
were undergone for OTT. Among all the countries, Germany 
scored the highest number of OTC/ OTT patients (1895/85), 
France scored second place with 1373 OTC patients, and 
Belgium with 727 OTC patients [5] was at third place.

The increased survival rate post-cancer treatment espe-
cially in young women impacts the ovarian reserve leading 
to POF and POI [6]. However, to deal with iatrogenic infer-
tility, various fertility preservation techniques like oophoro-
pexy, ART, oocyte freezing, follicle culture, and in  vitro 
maturation are available to the reproductive biologists. 
Cryopreservation of the ovarian cortex is a technique which 
facilitates the preservation of gonadal function in cancer 
patients of reproductive ages. Associated risks of cancer 

therapy including radiotherapy and chemotherapy have det-
rimental effects on the reproductive health. The first live 
birth was reported by Donnez [7] after ovarian tissue cryo-
preservation and transplantation. According to the resent 
data, the rate of live birth rate has been achieved around 30% 
by transplantation of frozen-thawed ovarian tissue, and 
nearly 100 live birth have been reported worldwide [8].

62.1  Ovarian Reserve

Ovarian reserve which at foetal mid-gestational period is 
around 6–8 million, reduces to 1–2 million at birth, and fur-
ther falls to 300,000 by the onset of puberty and further drops 
to 25,000 by the age of 37–38 years and are left with only 
1000 or less by the stage of menopause. Figure 62.1 repre-
sents the number of follicles at different stages of life.

62.2  Historical Background

Hovatta et  al. did the initial work in ovarian tissue cryo-
preservation on humans. He validated that human ovary is 
cryo-resistant to frozen-thaw protocol because the primor-
dial follicles present in the cortex are immature, dormant, 
less differentiated, and without zona. Lack of zona and corti-
cal granule makes these immature oocytes tolerant to cryo-
protectant [9–11]. Figure 62.2 shows a timeline that contains 
the name of the scientists with their scientific studies.

62.3  Indication for Ovarian Tissue 
Cryopreservation

Ovarian tissue cryopreservation is an option for patients who 
require immediate gonadotoxic treatment for aggressive 
malignancies when there is insufficient time to allow the 
woman to undergo ovulation induction, oocyte retrieval, and 
cryopreservation of oocytes or embryos. The only option 
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available for fertility preservation in prepubertal girls [12–
17] or in women who have hormone-sensitive malignancies 
[18] is ovarian tissue cryopreservation. The decrease in both 
antral follicle count (AFC) and ovarian volume with chemo-
therapy have been documented by Andersen et al. Rapid fall 
in AMH and inhibin B were also reported by them during 
chemotherapy although E2 levels remain same [19]. 
Figure  62.3 summarizes the indications for ovarian tissue 
cryopreservation.

62.4  Recommended Guidelines 
for Ovarian Tissue Banking [20, 21]

 1. Patient’s age (<37)
 2.  Status of the ovarian reserve and function (AMH level, AFC, 

premenopausal by FSH)
 3.  A detailed discussion between oncologist and patient about 

cancer treatment plan and prognosis
 4. Informed consent from the adult patients should be taken
 5.  Ovarian transposition: Ovarian transposition (oophoropexy) can 

be offered when pelvic radiation is performed as the cancer 
treatment

 6.  Oocyte cryopreservation should be performed when embryo 
cryopreservation is not possible

 7.  The experimental nature and potential risks of cancer cell 
transmission should be explained to the patient

 8. Through patient counselling
 9. The desire to have children in future (before 50)
10. High risk of POF
11. Prepubertal girls, who do not have any other option
12.  When embryo and oocyte freezing is not indicated. (Sensitive to 

hormonal stimulation and ATR is not allowed)

62.5  Ovarian Damage Due to Cancer 
Treatment

At any age, ovarian follicles are vulnerable to agents that 
lead to DNA damage, including ionizing radiation and che-
motherapy. Such anticancer treatments affect the ovarian fol-
licle reserve in a dose-dependent manner and can eventually 
cause amenorrhea and premature ovarian failure [22].

62.5.1  Radiotherapy and Ovarian Damage

Cancer patients, who are scheduled to undergo abdominal, 
pelvic, and total body irradiation, are at risk for infertility, 
reduced gonadal age, and premature ovarian failure due to 
the loss of primordial follicles. Elderly women are at higher 
risk of ovarian failure as the degree of ovarian damage is 
determined by the total irradiation dose, location, fraction-
ation schedule, and age at the time of treatment. 
Radiosensitivity of the human ovary that leads to the loss of 
50% of primordial follicles (LD50) is estimated to be 2 Gy 
[23] (Table 62.1).

62.5.2  Chemotherapy and Ovarian Damage

Most of the drugs used in chemotherapy work in a more or 
less similar fashion, that is, creating DNA cross-links, which 
in turn cause DNA breaks, eventually triggering apoptosis. 
Only the taxanes are microtubule-stabilizing agents and dif-
ferent from DNA-damaging drugs [25–27].
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Fig. 62.1 The number of 
follicles at different stages of 
life

P. Talwar and P. Awasthi



553

Table 62.2 summarizes the drugs, their mode of action, 
and how they affect the oocyte quality. Figure 62.4 summa-
rizes the level of toxicity of different chemotherapy drugs.

62.6  Various Fertility Methods in Females 
with Cancer

Various fertility methods are in practice for patients with 
cancer, depending upon the type and severity of malignancy. 
Table  62.3 summarizes the various fertility preservation 
methods in females with cancer.

62.7  Techniques of Ovarian Tissue 
Cryopreservation

Follicular viability and integrity of tissue compartments and 
cell-to-cell contacts must be indemnified by the cryopreser-
vation techniques [9, 30]. Thus, studies investigating the 
most favourable cooling rates and dehydration times have 
been conducted. It is now well established that for obtaining 
satisfactory results, adequate penetration of cryoprotectant 
through the stroma and granulosa cells to the oocytes is 
required [9]. Choosing optimal freezing must minimize ice 
crystal formation.

Performed heterotrophic re-
implementation of left ovary
subcutaneously into the arm
before the radiotherapy initiation
in a Hodgkin’s patient.

Carried out studies showing
primordial follicles and
ovarian cortex could sustain
the cryofreeze procedure.

Laparoscopic resection of
endometrioma in an infertile
female resulted in the restoration
of ovarian function.
Reportedly the result was due to
accidental subcutaneous
autograft of ovarian tissue.
This study not only was the first
to describe the Possibility of
autograft of ovarian tissue but
also suggested that ovary can
also maintain ovulatory function
without its pedicle.

Performed the first
orthotopic
transplantation.

1987

Ovarian cortical strips were
grafted orthotopically in a 36-year
-old patient who underwent right
oophorectomy with
cryopreservation of ovarian tissue
prior to experience high-dose
chemotherapy for a Hodgkin’s
lymphoma.

Oktay performed heterotopic
transplantation of fresh tissue to
the forearn in two patients.
Followed by percutaneous oocyte
aspiration with in vitro maturation
and ICSI.

Donnez published the first live
birth in a patient with Hodgkin’s
lymphoma (autologous orthotopic
transplantation from the frozen-
thawed ovarian cortex,
cryopreserved before the
gonadotoxic treatment).

Validated that the
human ovary is cryo
resistant to the
freeze-thaw
protocol.

Reported spontaneous
pregnancy with live birth
from transplantation of
ovarian cortical graft in
monozygotic twins.

1996 1997 2000

2001

Leporrier et al.     [12]

Radford  et  al.

Newton    [13]

Oktay et al.    [17]

Donnez   [7]

Marconi et al.    [14]

Hovatta   [9] Sibler    [18]

Oktay and Karilkaya    [15]

2004 2005 2007

Fig. 62.2 Timeline of ovarian tissue freezing scientists with their scientific studies
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Oncological
Indications

Non- Gynecological

Gynecological Gynecological

• Ewing’s sarcoma
• Hodgkin’s disease & Non-
 Hodgkin’s disease
• Leukaemia
• Neuroblastoma
• Bowel malignancy
• Wilm’s tumor
• Breast cancer

•  Vulvar carcinoma
•  Vaginal carcinoma
•  Cervical carcinoma
•  Ovarian cancer
•  Uterine sarcoma
•  Endometrial cancer

• Uni/bilateral oophorectomy
• Risk of Premature menopause
• Benign ovarian tumor
• Severe endometriosis
• Mosaic Turner sysndrome
• BRCA-1, BRCA-2 mutations

• Hematological diseases (Leukemia,
 Aplastic anemia, sickle cell, anaemia
 thalassamia major, aplastic anaemia)
• Behcet’s disease
• Autoimmune disease
• Systemic lupus erythematosus (SLE)
 Behcet’s disease Granulomatosis with
 polyangiitis
• (formerly Wegener’s granulomatosis)
• Churg-Strauss sysndrome (eosinophilic
 granulomatosis)
• Steroid-resistant glomerulonephritis
• Inflammatory bowel diseases
• Rheumatoid arthritis Pemphigus
 Vulgaris.
• Galactosaemia
• Wegener’s disease
• Bone marrow transplantation

Non- Gynecological

Indication[19-26] Non-
Oncological
Indications

Fig. 62.3 Indications for 
ovarian tissue 
cryopreservation

Table 62.2 Summarizes the level of toxicity of different chemotherapy drugs

Name of drug Mode of action How it affects oocyte quality
Cyclophosphamide Damages the DNA (cross- linking of 

DNA, acts on the adjacent N-7 position 
of guanine)

Causes DNA strand breaks, leading to abnormal base pairing. Inhibits the 
cell division and consequently leads to apoptosis. Cyclophosphamide 
exposure in paediatric systemic lupus erythematous is associated with 
reduced serum AMH [28]

Busulphane Damages the DNA Increases the number of mature atrophied follicles and causes cell shrinkage, 
chromosomal and cytoplasm fragmentation fallowed by apoptosis [29]

Anthracycline Damages the DNA Blocks DNA replication and leads to double- stranded (ds) DNA breaks; it 
also induces apoptosis in the stroma and the granulosa cells of growing 
follicles subsequently

Taxanes Acts on beta-tubulin, anti-mitotic agent Disruption of microtubule functions, thereby inhibiting the process of cell 
division

Cytarabine Chromosomal damage Damages the DNA and consequently leads to apoptosis
Platinum 
complexes

Damages the DNA (crosslinking of 
DNA, acts on the adjacent N-7 position 
of guanine)

Causes DNA strand breaks, leading to abnormal base pairing. Inhibits the 
cell division and consequently leads to apoptosis

Age Effective sterilizing dose
At birth 20.3 Gy
At 10 years 18.4 Gy
At 20 years 16.5 Gy
At 30 years 14.3 Gy

Table 62.1 Age-related effective sterilizing dose 
(ESD) [23, 24]
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DRUGS USED IN
CHEMOTHERAPY

LOW OVA-TOXIC
DRUGS

MOST OVA-TOXIC
DRUGS

Moderate ova toxic
drugs

Mild ova toxic drugs
Alkylating agents

Cytarabine

Taxanes

Platinum complexes

5-flurouracil
Methotrexate
Vincristine
Vinlastine
Bleomycin
Idarubicin

Daunorubicin
Gentamicine
Dactinomycin
Fludarabine

Paclitaxel
Busulphan

Cyclophosphamide
Decarbazine
Doxorubicin
(Anthracyclin)

Cisplatin
Carboplatine

Fig. 62.4 Summary of the 
levels of toxicity of different 
chemotherapy drugs

Table 62.3 Fertility preservation techniques in females with cancer

Fertility preservation 
techniques

Requirement of 
ovarian stimulation

Does the procedure delay the 
definitive cancer therapy

Requirement of 
the male partner Success rates

Special 
considerations

Use of long activity 
of GnRH agonist

Does not require Does not delay Not required Not documented Controversial

Oocyte 
cryopreservation

Required Yes, it delays Not required Pregnancy rate per cycle 
of 50.2% or per embryo 
transfer 55.4%

Nil

Embryo freezing Required Yes, it delays (advent) Yes Cumulative pregnancy 
rate of 66% among 
women with cancer

Nil

In vitro maturation Does not require Does not delay Not required Not documented Nil
Ovarian cortex 
cryopreservation

Does not require Does not delay Not required Pregnancy rate of 25% 
among women with 
cancer

No indication 
when high risk of 
ovarian metastases

Adapted from Muñoz M, Santaballa A, Seguí M A, et al. SEOM Clinical Guideline of fertility preservation and reproduction in cancer patients. 
Clin Transl Oncol. 2016; 18(12): 1229–1236, with permission
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62.7.1  Collection of Ovarian Tissue [31]

1. Early follicular phase is the best time for the tissue collection to 
avoid large ovarian follicles/cyst or corpus luteum. Being hyper 
vascular and space occupying, these causes anatomic distortion.

2. The tissues should be transported to the laboratory on ice, in a 
4-(2-hydroxyethyl)-1- piperazineethane-sulfonic acid 
(HEPES)-buffered medium.

3. Ovarian tissue is collected by laparoscopy under general 
anaesthesia since it has better and early recovery.

4. Electrocoagulation of the ovary should be avoided as it can 
lead to thermal damage to primordial follicles in the ovarian 
cortex.

62.7.2  Cryoprotectant Preparation

Dimethylsulphoxide (DMSO), propanediol, and ethylene 
glycol-based solutions are all equally effective for human 
ovarian tissue freezing.

We do not add protein supplement due to its antigenicity.

62.7.3  Preparation of Required 
Cryoprotectants [31]

• Step 1. To DMSO 1.06 ml, sucrose 0. 1 M solution 1 ml 
and patients serum 1 ml add 6.94 ml of bicarbonate media 
to a final volume of 10 ml.

• Step 2. This is then filter-sterilized through a 0.22 um fil-
ter and cocktail is refrigerated.

• Step 3. Pour 4 ml of cryoprotective solution in 60 mm 
dish, and place it on the ice at least 30 min so that the 
solution is ice-cooled before the specimen is put in it for 
equilibration.

• Step 4. Put 1 ml of the solution in cryovial and ice cool it.

62.7.4  Thickness of Cortical Slices

Thin slices of 1  mm, thick with the surface area from 
2 × 2 mm to 5 × 5 mm, the tissue is preferred to facilitate 
equilibration of the cryoprotectant [32–35].

62.7.5  Histological Analysis

Randomly chosen one representative sample of the ovarian 
cortex, for every patient, should be sent for histopathological 
examination. The specimens should be fixed in formalde-
hyde and embedded in paraffin.

Five μm sections are cut perpendicularly to the ovarian 
surface and stained with haematoxylin-eosin. All follicles 
are systematically counted. Serial sections are useful for fol-
licle classification.

62.8  Freezing Protocols

Freezing of ovarian tissue can be carried out either by slow 
freezing or by vitrification (Fig. 62.5).

62.8.1  Slow Freezing vs Vitrification

Documented studies of slow-programmed freezing show 
comparatively poor survival of the ovarian stroma. The study 
has been validated by transmission-electron microscopy 
[35], a technique that precisely evaluates cryoinjury of mem-
branes, mitochondria, and other organelles.

Vitrification is a reliable cryopreservation method in which 
the tissue is first exposed to high concentrations of permeating 
cryoprotectants for a short interval and then plunged directly 
into liquid nitrogen. This induces a glass- like state in the cells 
and evades the formation of destructive ice crystals [36]. OTC 
through vitrification has been demonstrated to improve the 
viability of all tissue compartments. However, survival rate of 
follicles remains similar to that after slow freezing, the integ-
rity of ovarian stroma, and blood vessels were largely 
improved. All the factors are summarized in Table 62.4.

62.8.2  Slow Freezing

Slow freezing involves the addition of cryoprotectants and 
programmed cooling (vapour phase to -196 °C) (Figs. 62.6, 
62.7, 62.8, 62.9, 62.10, and 62.11).

FREEZING PROTOOL

CRYOPRESERVATION VITRIFICATION

WARMINGCOOLING
RAPID

THAWAING
SLOW
FREEZING

Fig. 62.5 Freezing protocols
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Table 62.4 Vitrification vs slow freezing

Factors Vitrification Slow freezing
Equipment Inexpensive Expensive
CPA concentration High Low
Ice crystallization No Yes
Cooling rate High Low
Chemical damage More Less
Mechanical damage Less or none More
Time consumed Less More
Survival Better Poor

Fig. 62.6 Preparation for the slow freezing (all the instruments 
required, ovaries and freezing cocktail). Ovary has been kept on ice and 
freezing media consisting of DMSO, and sucrose has been kept at room 
temperature

Fig. 62.7 The antral follicles on the ovaries are aspirated, and if any 
immature oocytes are recovered, they are cultured for in vitro matura-
tion. This is a common step in both the techniques

a b

Fig. 62.8 (a and b) Ovary specimen has been shifted to the 60 mm Falcon IVF plate containing HEPES buffered media at 4*C. Ovary has been 
bisected in two halves for easy handling
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Fig. 62.9 Ovarian tissue is held carefully using a coarse dissecting for-
ceps, and medulla is gradually shaved off from the cortex. Ensure that the 
medulla is completely removed leaving behind white tunica albuginea

Fig. 62.10 The carved ovarian cortex bits are moved through different 
plates having washing media to clean all the debris and blood

Fig. 62.11 After washing them thoroughly, these are loaded in a cryo-
vials containing the freezing media and kept at 4*C for 30–40 min for 
soakage. Use a shaker if available. Always send a small specimen of 
cortex and medulla each, for PCR and histopathological studies

62.8.3  Slow Freezing (Equilibration  
Procedure) [37, 38]

Tissue slices of 1 mm thickness should be placed in the ice- 
cold cryoprotectant solution.

Place the slices in 60  mm falcon dish filled with cold 
cryoprotectant solution.

62.8.4  Rapid Thawing

 1. The cryovials are removed from the liquid nitrogen. Thaw 
the vials at room temperature for 30 s.

 2. The cryovials are removed from the liquid nitrogen. Thaw 
the vials at room temperature for 30 s.

 3. Wash tissue in progressively lower concentrations of 
sucrose.

 4. Perform the last wash in 10% autologous serum.
 5. Cortex is ready for transplantation.

62.8.5  Vitrification

Vitrification enables the instant freezing of the cells by using 
the cryoprotectants and turns them into amorphous solid or 
glass-like structure without ice crystal formation (Figs. 62.12, 
62.13, 62.14, and 62.15).

Fig. 62.12 The ovary is bisected in two halves for easy handling
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62.9  Cooling

 1. Ultra-thin slices of the tissue are required for the cryo-
preservation, as well as rapid revascularization after 
grafting.

 2. Bring ES and VS to room temperature (25 ~ 27 °C). Pour 
the full contents of ES vial (15 ml) into a 60 mm dish.

 3. Place the extracted tissue on the dish and wait for 25 min.
 4. Pour the full contents of VS vial (15 ml) into a 60 mm 

dish. Transfer the tissue in ES to the surface of VS using 
tweezers.

 5. Wait for 15 min.
 6. After the equilibration to VS, place the tissue on the Cryo 

M device. Plunge the Cryo M device into fresh liquid 
nitrogen quickly.

 7. Check whether the tissue is translucent. Insert the Cryo M 
device into the cap and twist it. Make sure if it is com-
pletely sealed.

 8. The cortical bits equilibrate in the media for 5 min each 
and then loaded on the Cryo M device and then immersed 
in liquid nitrogen and store.

This procedure is adapted from Kitazato ovarian cortex 
vitrification manual [39].

62.9.1  Warming (Vitrification)

 1. Take out the tissue from liquid nitrogen;quickly immerse 
it into Thawing Solution warmed to 37 °C) within 1 s.

a b

Fig. 62.13 (a and b) Using fine instruments, remove the complete medulla and at the end properly carved cortex should be thin and transparent. 
Preparation for vitrification is more challenging

Fig. 62.14 Move the cortical bits through the Kitazato ovarian cortex 
Vitrification media. Equilibrate the cortex in the media for 5 min each 
at room temperature

Fig. 62.15 Prepare the Cryo M devices for loading the cortex bits. Do 
proper labelling of the vials as these are to be cryopreserved for long 
duration of time
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 2. Leave the tissue in Thawing Solutions for 1  min after 
immersing.

 3. Pour the Dilution solution (DS) (15  ml) into a 60  mm 
dish. Pour the Thawing Solution (TS) with the tissue into 
a 90 mm dish.

 4. Transfer the tissue in TS to DS using tweezers. Wait for 
3 min.

 5. Pour the washing solution (WS1) (15 ml) and WS2 (15 ml) 
into 60 mm dishes. Do this preparation while waiting for 
dilution is done.

 6. Transfer the tissue from DS to WS1. Wait for 5 min.
 7. Transfer the tissue in WS1 to WS2. Wait for 5 min.
 8. After 5 min in WS2, immediately transplant or culture the 

tissues.

This procedure is adapted from Kitazato ovarian cortex 
vitrification manual. Refer to Related Picture for Vitrification 
in Appendix 1 of Kitazato website [39].

62.10  Transplantation

The objective of ovarian tissue cryopreservation is to re- 
implant a couple of thawed cortical strips into the patient 
(i.e., auto-transplantation) once the patient is disease-free 
and desires pregnancy (Fig. 62.16). [40] Re-implantation of 
cryopreserved ovarian tissue in the pelvic cavity is routinely 
done by laparoscopy. Fortuitous, if at least one ovary is pres-
ent [10].

Each site has distinct advantages and disadvantages. 
However both heterotopic and orthotopic sites were studied 
for the transplantation of cryopreserved ovarian tissue 
despite the remaining menopausal ovary having been cited as 
the most popular site (in orthotopic studies) [10, 34].

Primarily two techniques are performed in case of ortho-
topic re-implantation of cortical stripes: (1) either slices of 
frozen-thawed ovarian tissue are fixed on the decorticated 

medulla(in the presence of remaining ovary) [41] (2) or 
pushed by a small incision under the cortical capsule. In the 
absence of ovary, the cortical slices could be placed in a peri-
toneal window [7, 42–44]. The advantages of ovarian tissue 
re-implantation at orthotopic sites are (a) natural conception 
and (b) the favourable condition for follicular development 
(O2, pressure, and the presence of peritoneal fluid).

Ovarian function and spontaneous pregnancy in a female, 
earlier treated for bone marrow transplantation, were 
reported in 2006 by Demeestere I et al., after the transplanta-
tion of ovarian tissue at combined heterotopic and orthotopic 
sites [34].

A female, menopausal for 2.5 years, resulted in spontane-
ous pregnancy followed by birth of a healthy baby post- 
ovarian tissue transplantation 3 months of autologous 
heterotopic transplantation of ovarian tissue to a supra pubic 
site [45]. Demonstrated studies showed that the OTC is a 
feasible and safe option for paediatric patients too.

In adults, 4–5 ovarian cortical biopsies (1*0.5 *1.5 mm 
thick) are usually taken. However, left oophorectomy should 
be performed because of the small size of the ovaries.

A paper published very recently by Gellert SE et al. docu-
mented 360 ovarian tissue transplantations (OTT) in 318 
women. 95% women resumed the normal ovarian endocrine 
function. 50% of the newborn were from natural conception 
and healthy (except one with chromosomal anomaly derived 
from family disposition). In nine women, recurrence of 
malignancy was seen post-OTT, but not because of trans-
plantation [46].

62.11  Outcomes of Ovarian Tissue Grafting

Donnez in 2015 presented a study on the rate of live births of 
OTC re-implantation of 111 women. According to the sur-
vey, 29% LBH (n  =  32) women conceived. Two women 
delivered 3 babies each and listed 33 (+4) live birth and 

Site of ovarian cortex transplantation

Xerographic transplantation

Heterotopic
(Subcutaneou)

Orthotropic
(Pelvis)

Auto transplantation
(in humans)

Fig. 62.16 The objective of 
ovarian tissue 
cryopreservation is to 
re-implant a couple of thawed 
cortical strips into the patient

P. Talwar and P. Awasthi



561

ongoing pregnancies, proving the efficacy of technique and 
restoration of gonadal functions to reproduce naturally in 
future [40]. Table 62.5 summarizes the outcomes of tissue 
grafting in both humans and animals.

62.12  Future of Ovarian Cortex Preservation

The successful live births after transplant from both ortho-
topic and heterotopic sites along with newer techniques of 
culturing the primordial follicles, in vitro maturation, and the 
chances of in  vitro activation (IVA) suggest more fertility 
alternatives for the number of girls and women. Several 
pregnancies and few live births have also documented 
through vitrification of ovarian tissue as it is an efficient and 
more economical technique with minimal tissue damage. 
Additionally, various methods of transplantation have dem-
onstrated important advancements in fertility preservation 
like transplantation through the artificial ovary with an extra-
cellular tissue matrix (ECTM) scaffolding, besides the con-
sequences of sphingosine-1-phosphate (SIP) and a vascular 

endothelial growth factor (VEGF) and fibrin modified with 
heparin-binding peptide (HBP), heparin [58].

Primordial follicles are noticeably less vulnerable to the 
injury caused by cryoprotectants compared to oocytes due 
to (a) size, (b) slow metabolic rates, and c) lack of the 
zona.

Recent practices for cryopreservation of ovarian tissues 
are:

 1. Ovarian cortical strips cryopreservation
 2. Whole ovary cryopreservation
 3. IVM
 4. Follicle culture

62.12.1  Whole Ovary Cryopreservation

Recently, whole ovary cryopreservation using multi-gradient 
freezing device has been reported [59–63].

Although the outcomes are inspiring, confirmed refur-
bishment of fertility by whole ovary transplantation in human 

Table 62.5 Outcomes of ovarian tissue grafting

Scientist name Year Study
Restoration of ovarian activity
Oktay and Karlikaya [47] 2000 Documented orthotopic transplantation of ovarian tissue resulted in follicular development in response to 

menopausal gonadotropin stimulation
Oktay et al. [45] 2004 Reported heterotopic transplantation of the ovarian cortex to the forearm, after stimulation with 

gonadotropins, yields three oocytes
Dunlop CE et al. [48] 2016 Reported the successful natural conception and birth of a healthy male infant after orthotropic 

re-implantation of ovarian cortex, which was cryopreserved 10 years before, the treatment of a high dose 
chemotherapy. Patient was a 32-year-old woman and underwent for haematopoietic stem cell 
transplantation for Wilm’s tumour. She ovulated 15 and 29 weeks post-laparoscopic orthotopic 
transplantation with AMH detectable

Live birth
Roux C et al. [49] 2010 Reported the live birth in a sickle cell anaemia patient after autografting of ovarian tissue. The reported 

study opens up the new perspective in case of non-malignant diseases
Muller A [50] 2012 Reported first live birth from re-transplantation of frozen-thawed ovarian tissue in Germany
Revelli et al. [51] 2013 Reported the spontaneous conception and live birth in Italy, post-orthotopic grafting of the frozen-

thawed autologous ovarian issue
Stern C.J and Gook D [52] 2013 Reported first pregnancy through heterotopic grafting of frozen-thawed cortical strips in a female 

post-bilateral oophorectomy.
Prasath et al. [53] 2014 Reported first pregnancy and live birth from cryopreserved embryos through IVM after oophorectomy in 

an ovarian cancer patient
Suzuki N et al. [54] 2015 Reported two live births in Japan after vitrification of cortical stripes followed by in vitro activation. The 

vitrified-warmed cortical strips transplanted beneath the serosa of fallopian tube in a patient with the 
history of POI for more than 1 year

Jensen et al. [55] 2017 Reported approximately 86 live birth and nine ongoing pregnancies worldwide in women transplanted 
with frozen-thawed ovarian tissue

Animal studies
Godsen et al. [55] 1994 Reported the live birth of lambs post autographic frozen-thawed ovarian tissue in sheep
Salle B et al [56] 2002 Documented (two twin and two singleton) pregnancies after transplantation (autografting) of frozen-

thawed hemi-ovary into the hilum of previously removed ovary before grafting. (Only three out of six 
lambs survived)

L Lillu et al. [57] 2008 Reported the possibility of fertility restoration after orthotopic grafting of frozen-thawed ovarian tissue 
in mice
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is yet to be reported. However, the risk of reintroduction of 
malignancy is also associated with this technique.

62.12.2  In Vitro Maturation (IVM)

In vitro maturation is the method which allows the matura-
tion of ovarian follicles “in-vitro.” The combination of OTC 
and IVM, along with vitrification of oocytes, can be a 
 promising technique to preserve the fertility in females with 
cancer. Abir R, Grynberg M, et al., and Prasath reported suc-
cessful live births through IVM [53, 64–66].

62.12.3  Follicular Culture

Apart from ovarian tissue cryopreservation, follicle culture 
can also be considered as the promising method in preserv-
ing fertility [67].

• Especially for young patients without partners
• Patients with the risk of ovarian hyper stimulation for 

embryo/oocyte cryopreservation
• Patients, with an associated risk of reintroduction of can-

cerous cells, preclude transplantation

62.13  Conclusion

In case of malignancy, ovarian tissue freezing can be the 
most appropriate fertility preservation method as cryopre-
serving the cortex containing primordial follicles offers a 
more beneficial option than oocyte and embryo freezing. 
Thus, delay in cancer treatment can be avoided. Although 
for young women, cryopreservation of oocyte and embryo 
are the promising FP methods, they have their limitations. 
Cryopreservation of ovarian tissue (OTC) is a COS (con-
trolled ovarian stimulation) independent method and has a 
larger application providing an extended fertility window, 
and patients can immediately undergo for cancer treatment. 
Currently, for paediatric patients and patients with hormone- 
dependent diseases, it is the only fertility preservation 
option [68].
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Chapter Objectives
At the end of this chapter, the reader should be familiar with:

 1. Current knowledge on the effects of ethnicity on ovarian 
stimulation

 2. Healthcare disparities in the utilization and outcomes of 
assisted reproduction

 3. Effect of race and ethnicity on fertility preservation in 
cancer patients

63.1  Introduction

Approximately 12.1% of women aged 15–44 years old suffer 
from infertility or decreased fecundity according to the 
National Health Statistics Report 2013 [1]. Only about half 
of the women diagnosed with infertility, 6.9% of women 
ages 15–44, reported ever using any assisted reproductive 
services. Many have criticized assisted reproductive technol-
ogy (ART) as a medical option for only a privileged minority 
of women. The biggest barrier to ART is cost [2]. In addition 
to financial obstacles, there may be geographical barriers. A 
recent cross-sectional study found that geographic access is 
limited or absent for more than 25 million women of repro-
ductive age in the USA [3].

Racial and ethnic variation in the timing of puberty and 
symptoms of perimenopause has been documented [4]. 
Similar to other fields of medicine, there are ethnic dispari-
ties with regard to access and utilization of ART.  The 
National Health Statistics Report showed that non-Hispanic 
black women were more likely to experience infertility 
than non-Hispanic Caucasian women [1]. However, despite 

having higher infertility rates, African Americans were less 
likely to seek fertility treatments than their Caucasian 
counterparts and were less likely to utilize Advanced 
Reproductive Technologies (ART), Fig. 63.1 [5]. The ineq-
uity in the utilization of assisted reproduction services is 
often attributed to differences in socioeconomic status 
among ethnicities. A retrospective cohort study by the 
Department of Defense of 1457 women undergoing their 
first cycle of ART found that in equal access to care setting, 
African-American women were four times more likely to 
utilize assisted reproductive services [6].

Despite the cost and healthcare disparities, the overall 
number ART treatment cycles have increased over the past 
decade by 26% [7]. As access to healthcare increases and 
infertility awareness rises, new populations of women are 
seeking treatment in an effort to fulfill their desire for moth-
erhood. This evolving patient population has led to new 
questions about treatment protocols and ovarian response. 
One of the most controversial questions is whether or not 
ethnicity is a major contributor to ovarian response to fertil-
ity treatments.

63.2  Ovarian Response Assessment

63.2.1  Ovarian Response

Controlled ovarian stimulation to ensure proper ovarian 
response for a reasonable likelihood of pregnancy while 
avoiding the dangers of ovarian hyperstimulation syndrome 
is a critical part of infertility therapy. While there have been 
several proposed criteria for inadequate ovarian response, 
there is no widely accepted standard. The need for the devel-
opment of a standardized definition has come to the forefront 
of current literature; this definition will help practitioners 
identify and anticipate “poor responders” in a consistent 
fashion and will allow for research studies to be compared 
and results applied appropriately.
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Ovarian response has been measured using anti-Mullerian 
hormone (AMH), antral follicle count (AFC), basal follicle 
stimulating hormone (FSH), and estradiol, inhibin B, ovarian 
volume, and multivariate prediction models. Of these current 
methods, AFC and AMH have the highest specificity and 
sensitivity but still have a 10–20% false-positive rate [8]. The 
major limitations to AFC are timing (due to intra-cycle vari-
ability), inter-center variation, cost, and inadequate estima-
tions due to increasing body habitus, inclusion of atretic 
follicles, and the skill level of the ultrasonographer. The 
major limitation to AMH is the lack of standardization across 
assays [9]. A large, retrospective analysis of two random-
ized, controlled, multicenter trials found AMH to be superior 
to AFC, noting that AMH had a higher correlation with 
oocyte yield than AFC, regardless of whether women 
achieved a pregnancy [10].

In general, poor response can be defined as failure to 
respond to standard ovarian stimulation protocols and to 
recruit an adequate number of follicles [11]. Some studies 
have defined poor ovarian response as <3–5 follicles after 
stimulation, peak estradiol <300–500  pg/ml, day 3 
FSH > 7–15 mIU/mL, or previous cancelled cycle(s) [8]. In 
2010, The ESHRE Consensus meeting developed the 
Bologna criteria (Table 63.1). These criteria require at least 
one previous stimulation cycle in addition to two of the fol-
lowing: advanced maternal age, a previous poor ovarian 
response, or an abnormal ovarian reserve test [8]. Despite 
the establishment of these consensus criteria, there is still 
debate over their reliability. The main criticisms are a lack 
of homogeneity of the population, suggested cut-offs for 
age, AFC, and AMH values, focus on oocyte quantity rather 
than quality, evidence to support included risk factors, pos-
sibility of overdiagnosis, and lack of large scale validation 
of the criteria [12].

63.2.2  Ethnicity and Ovarian Response 
Measurements

Recent studies have shown conflicting results with regard to 
ethnicity and ovarian response. Multiple studies have shown 
that there are significant ethnic differences about ovarian 
reserve, aging, and response (Table 63.2). One prospective 
cohort study of 229 Spanish and 236 Indian women, under 
age 42, undergoing their first or second round of IVF, found 
that the ovaries of Indian women aged 6 years faster than 
those of Spanish women. In addition, this study found that 
younger age, higher BMI, lower AMH, higher FSH, and 
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Fig. 63.1 Fertility rates per 
1000 women aged 15–44 in 
2013 were relatively high 
among Hispanic and Black 
women compared to White 
and Asian women; while 
utilization of one or three 
cycles of ART was highest in 
Asian and White women 
compared to Hispanic and 
Black women. (From Shapiro 
AJ, Darmon SK, Barad DH, 
Albertini DF, Gleicher N, 
Kushnir VA. Effect of race 
and ethnicity on utilization 
and outcomes of assisted 
reproductive technology in 
the USA. Reprod Biol 
Endocrinol 2017; 15:44, with 
permission)

Table 63.1 Bologna criteria for ovarian reserve

Bologna criteria for poor ovarian response
Must have a one stimulated 
cycle in order to have a 
diagnosis of poor ovarian 
responsea in addition to at least 
two of the following:
 1.  Advanced maternal age 

(>40 years old) or any other 
risk factor for poor ovarian 
response

Risk factors include genetic 
conditions (e.g., Turners, FMR1 
premutation), pelvic infection, 
endometriosis, history of 
chemotherapy, etc.

2.  A previous poor ovarian 
response (< or = 3 oocytes 
with conventional 
stimulation protocol

3.  An abnormal ovarian reserve 
test

AFC <5–7 follicles OR
AMH < 0.5–1.1 ng/ml

From Ferraretti AP, La Marca A, Fauser BC, Tarlatzis B, Nargund G, 
Gianaroli L, Definition EwgoPOR. ESHRE consensus on the definition 
of “poor response” to ovarian stimulation for in vitro fertilization: the 
Bologna criteria. Hum Reprod 2011; 26:1616–1624, with permission
aPatient >40 with abnormal ovarian reserve test may be considered poor 
ovarian responders and this may substituted for a stimulation cycle
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longer duration of infertility were all associated with Indian 
ethnicity, which may reflect differences in early diagnostic 
capacity of diminished ovarian reserve [21]. Another pro-
spective longitudinal study of 809 women found that even 
after controlling for age, BMI, HIV status, and smoking, 
black women had an average decrease of AMH value that 
was significantly more steep, − 25.2% (95% CI −43.0 to 
−1.9, p  =  0.037) than that of Caucasian women [22]. 
However, a large retrospective cohort study of 2308 infertile 
women using 32 ancestry informative markers to classify 
women as European, African, Central/South Asian, or East 
Asian concluded that there was no difference in ovarian 
reserve or response markers including FSH, AMH, AFC, and 
oocyte yield (P values 0.16, 0.12, 0.22, and 0.26, respec-
tively) [23]. This study suggests that reliance on self-reported 
ethnicity may explain, or at least contribute to, conflicting 
studies regarding ethnic and ovarian performance. However, 
it is important to note that patients in the study accurately 
self-reported ethnicity 88.9% of the time [23].

63.3  Art Outcomes in Minorities

For those patients who are able to produce an adequate ovar-
ian response and proceed with IVF, it is important to note 
that there continue to be differences in outcomes between 
ethnic groups. The Society of Assisted Reproductive 
Technology (SART) holds a national database for ART out-
comes in the USA.  Ninety-five percent of IVF cycles are 
reported through the SART registry. SART has published 
multiple studies looking into racial trends over the years via 
retrospective cohort studies. Shapiro et al. analyzed data on 
1,132,844 women undergoing IVF between 2004 and 2013. 
They reported a recent decline in fertility rates in all ethnic 
groups that was most pronounced in Hispanic and Non- 
Hispanic Black women and an increase in the utilization of 
autologous ART in all ethnic groups, but the increase was 
least pronounced among Hispanic and Non-Hispanic Black 
women (Fig. 63.2) [5]. A recent report of racial trends of IVF 

outcomes is a comparison between 1999–2000 and 2004–
2006 [15]. This study examined 158,693 IVF cycles using 
non-donor embryos. SART also found that the rate of live 
births per cycle increased across all ethnic groups. This is to 
be expected as ART continues to evolve with more advanced 
techniques such as recombinant gonadotropins, intracyto-
plasmic sperm injection, and preimplantation genetic screen-
ing. Consistent with what has been described earlier in this 
chapter, SART data found increase in the diagnosis of dimin-
ished ovarian reserve among all women, but the increase was 
higher in African-American women (from 7.5% to 14.4%; 
P ≤ 0.001). In addition, there was an overall greater increase 
in live births for Caucasian women, further implicating the 
widening disparities within in ART live birth outcome 
between black and Caucasian women (22.2% vs. 32.3%; 
P ≤ 0.001) [15]. On the other hand, the outcome of frozen 
blastocyst transfer appears to be similar between African- 
American and white women despite a higher peak level of 
estradiol during the IVF stimulation [20].

Studies have shown that this outcome variation is not 
strictly black versus Caucasian. McQueen found similar 
results in a retrospective analysis of women undergoing their 
first autologous IVF cycle in Illinois [24]. The study was per-
formed between January of 2010 and December of 2012. Of 
the 4045 total female subjects, there were 3003 Caucasian, 
213 black, 541 Asian, and 288 Hispanic women. McQueen’s 
study showed that both African-American and Asian women 
had significantly lower odds of clinical pregnancy rate, Black 
0.63 (95% CI 0.44–0.88) and Asian 0.73 (95% CI 0.60–
0.90); lower odds for live birth rate, Black 0.50 (95% CI 
0.33–0.72) and Asian 0.64 (95% CI 0.51–0.80); as well as 
higher odds of spontaneous miscarriage compared to white 
women. Decreased live birth rates with higher rates of mis-
carriage have also been found among women of Middle 
Eastern/North African (MENA) descent in the USA when 
compared to Caucasian women. In a retrospective cohort 
study of 190 MENA and 200 Caucasian women undergoing 
their first autologous IVF cycle between May 2006 and May 
2014, MENA women experienced significantly fewer live 
births, OR 0.55 (95% CI 0.35–0.85, P = 0.007) and experi-
enced miscarriage at a significantly higher rate, OR 2.55, 
(95% CI 1.04–6.27; P = 0.036) than Caucasian women, after 
controlling for age and BMI [13]. Disparities in IVF out-
comes have also revealed an increase infant morbidity. 
Moderate and severe growth restriction and preterm birth 
were increased among singletons for infants in all three 
minority groups when compared to Caucasian [16].

There have been numerous studies outside of the USA 
that are consistent with these findings. Dhillon, et al.’s retro-
spective cohort study, conducted in the UK, compared IVF 
outcomes of 13,473 first cycles to meta-analyzed data from 
16 countries [14]. Black women were found to have signifi-
cantly lower clinical pregnancy rates, OR 0.41 (95% CI 0.25 

Table 63.2 Live birth rates in black women compared to Caucasian 
women

Ratio 95% CI P value References
RR 0.63 0.44–0.90 [6]
OR 0.55 0.35–0.85 P = 0.007 [13]
OR 0.62 0.55–0.71 p < 0.001 [14]
ARR 1.31 1.26–1.37 p < 0.001 [15]
AOR 0.62 0.56–0.68 p < 0.0001 [16]
AOR 0.73 0.57–0.92 p = 0.008 [17]
AOR 0.60 0.51–0.72 p < 0.05 [18]
RR 0.74 0.63–0.91 [19]
OR 0.30 0.10–0.89 p = 0.035 [20]

RR relative risk, OR odd ratio, ARR adjusted relative risk, AOR adjusted 
odds ratio
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to 0.67; P < 0.001), and lower live birth rates, OR 0.42 (95% 
CI 0.25 to 0.70; P = 0.001), when compared with Caucasian 
women, which is consistent with prior studies. Additionally, 
their research showed that South Asian women also had sig-
nificantly reduced odds of live birth, OR 0.80 (95% CI 0.65 
to 0.99; P = 0.04), when compared with Caucasian women. 
Controlled factors within this study included age, BMI, 
infertility etiology, infertility duration, previous live birth, 
previous spontaneous abortion, and number of embryos 
transferred [14]. In an observational study using the UK’s 
National ART database, 38,709 women undergoing their first 
fresh IVF/ICSI cycle from 2000–2010 were compared [25]. 
Jayaprakason et  al. found significantly lower odds of live 
birth for the ethnic minority group (Caucasian Irish, Indian, 
Bangladeshi, Pakistani, Black African, and Asian women) in 
comparison to Caucasian British women, OR 0.59 (95% CI 
0.42–0.82; P ≤ 0.01). Interestingly, there was a trend, but no 
significant difference in live birth outcome in the South East 
Asian, African-Caribbean, and Middle Eastern populations 
in comparison to Caucasian British women, OR 0.86 (95% 

CI 0.71–1.05; P = 0.15), 0.53 (95% CI 0.28–1.02; P = 0.06), 
and 0.49 (95% CI 0.18–1.34; P = 0.16), respectively [25].

With the multitude of studies concluding that race/eth-
nicity may be a significant factor for ovarian reserve and 
ART outcome, the next question is “why” (Table  63.3). 
Some believe the origin of these racial/ethnic differences 
could be due to environmental/developmental factors. A ret-
rospective study comparing immigrants from Bangladesh 
currently living in the UK examined 179 healthy women 
between ages 35 and 59  years old [31]. They examined 
markers of ovarian reserve between those who migrated as 
an adult versus as a child. Main outcome measures included 
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Fig. 63.2 (a) Fertility rates 
declined in all groups after 
2007; this decrease was most 
pronounced among Hispanic 
women. (b) Utilization of one 
or three ART cycles increased 
among all groups; this 
increase was most 
pronounced among Asian 
women. (From Shapiro AJ, 
Darmon SK, Barad DH, 
Albertini DF, Gleicher N, 
Kushnir VA. Effect of race 
and ethnicity on utilization 
and outcomes of assisted 
reproductive technology in 
the USA. Reprod Biol 
Endocrinol 2017; 15:44, with 
permission)

Table 63.3 Causes for decreased ART success in ethnic minorities

Causes References
Uterine factor [5, 6, 15, 16, 18, 20, 26]
Tubal factor [5, 13, 15, 16, 18–20, 27]
Obesity [26, 28, 29]
Spontaneous abortion [5, 13, 15, 28, 30]
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serum AMH, inhibin B, FSH, and E2, anthropometrics 
derived from biomarkers. They also used reproductive, 
demographic, and health variables from structured ques-
tionnaires. Results revealed that those who spent a substan-
tial amount of time in Bangladesh before immigrating (i.e., 
immigrating as an adult) had lower ovarian reserve markers 
than those who came to the UK early, as children [31]. This 
study strongly suggests that environmental factors may have 
a strong influence on ovarian response and thereby on ART 
outcome as well. Premature progesterone elevation may 
contribute to racial disparity in IVF outcomes. Elevated pro-
gesterone level is associated with decreased live birth rate in 
IVF cycles. A study found that premature progesterone 
>2 ng/ml occurred in only 2.3% of cycles in white women 
compared with 6.3% in Hispanic, 5.9% in Asian, and 4.4% 
in African-American women, thus adding to the inferior 
outcome of IVF in ethnic minorities.

Another possible cause for the differing ART outcomes 
between races may be the racial differences in infertility 
etiology. A systematic review found that infertility diagno-
sis, spontaneous abortion, and obesity could explain some 
of the lower clinical pregnancy rates and live birth rates 
after IVF in ethnic minorities when compared with white 
women [32]. Studies showed that black women have higher 
prevalence of tubal factor and uterine factor infertility 
including fibroids compared to Caucasian women [5, 6, 
15]. Based on the previously cited SART cohort study of 
racial trends, from 2004 to 2006, African-American women 
who had no prior ART experience were 2.5 times more 
likely to have tubal factor than Caucasian women (45% vs. 
17.9%;P < 0.001) [15]. There was a significant decrease of 
tubal factor infertility in all women who underwent their 
first ART between 1999–2000 and 2004–2006, but the 
decrease was less discernible in African-American women. 
Tubal factor infertility decreased from 63% to 45% 
(P  <  0.001) among African- American women and from 
28.2% to 17.9% (P  <  0.001) among Caucasian women. 
Although both groups had a significant decrease in tubal 
factor, the difference in the rate of tubal factor between the 
groups significantly widened (P = 0.015). Between 1999–
2000 and 2004–2006, African women also continued to be 
three times more likely than Caucasian women to have 
uterine factor diagnosed as a cause of their infertility, 
(12.4% vs. 3.9%, P  <  0.001), respectively [15]. Fibroids 
were three times more prevalent in black women leading to 
reduced ART success in an equal-access- to-care environ-
ment [6]. With the vast array of factors that can impact 
one’s fertility, it is quite likely that the cause of differing 
ovarian response and ART outcomes is multifactorial as a 
culmination of race, environmental and developmental fac-
tors, medical and gynecologic history, and anatomical 
factors.

63.3.1  Fertility Preservation in Minorities

Despite the 2006 ASCO report recommending that all female 
cancer patients receive oncofertility counseling before initi-
ating therapy, there is still an enormous gender gap in coun-
seling rates. While 60% of both men and women are advised 
that cancer treatment may adversely affect their fertility, a 
recent report by Armuand et  al. reveals that only 14% of 
women receive counseling for oncofertility treatment 
options, compared to 68% of men [33]. Preserving fertility in 
men is accomplished through the relatively simple and non-
invasive process of sperm banking. The procedures for 
women are much more expensive and invasive, and they can 
significantly delay cancer treatment by up to 2 to 3 weeks 
due to the hormonal treatments required; all these factors 
contribute to the small percentage of women who are offered 
fertility preservation. Among women who are offered treat-
ment, there are further disparities based on education level, 
economic status, and race [28, 34–36]. The expensive and 
invasive methodologies are complicated, can delay cancer 
treatment, require adequate information and referral to a 
reproductive endocrinologist, and are often not covered by 
insurance [37, 38]. While oncologists appear to mention the 
risk of infertility to all patients, Blacks, Hispanics, and Asian 
women are less likely to seek a follow-up consultation with 
an endocrinologist compared to white patients. Counseling 
and preservation services were less likely in women who 
didn’t attend college, had lower household income, and 
weren’t white [38]. One study showed Latino women were 
80% less likely than white women to have taken steps to pre-
serve fertility before cancer treatment, while none of the 
African-American women who answered the survey had 
received fertility preservation services before cancer treat-
ment [28]. Education level and economic status also contrib-
ute significantly to the disparities in who gets treated.

63.4  Controversy and Conclusions

Given that African-American women are a small fraction of 
the population seeking infertility treatment and also have the 
worse treatment outcomes, it is reasonable to believe that the 
current database of literature may not be generalizable to this 
sub-group of patients. African Americans are also more 
likely to have medical conditions such as fibroids and history 
of tubal factor, which may exclude them from research stud-
ies [39]. The lack of inclusion in the current research may 
lead to sub-adequate treatment protocols, which thus resulted 
in decreased live birth rates seen after treatment. In addition, 
difficulty in identifying ethnicity by both patient and pro-
vider may cause misrepresentation in the current studies that 
seek to evaluate ethnicity.

63 Effects of Ethnicity on Ovarian Stimulation and Fertility Preservation
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Under the assumption that the reproductive liberty is a 
negative human right, the United Nations has recommended 
that countries “ensure that family planning, medical, and 
related social services aim not only at the prevention of 
unwanted pregnancies but also at the elimination of involun-
tary sterility and subfecundity in order that all couples may 
be permitted to achieve their desired number of children, and 
that child adoption may be facilitated” [40]. Understanding 
potential differences among ethnicities with regard to repro-
ductive health is one way to implement this goal of eliminat-
ing barriers to fertility. Determining whether ethnic 
differences in ovarian response truly exist may assist in fur-
ther development of treatment protocols, improve the live 
birth rates of minority populations, and aid in developing 
new ways to predict poor responders.
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Managing a Sperm Cryobank

Karla Turner and Paul Wilson

64.1 Introduction

Sperm banking is offered to men in need of fertility preserva-
tion, primarily prior to undertaking medical or surgical pro-
cedures that could render them infertile. However, requests 
for sperm banking are also becoming increasingly common 
for other reasons, including areas of medicine involving the 
use of cytotoxic medicines, immunological conditions such 
as rheumatoid arthritis, those involved in high risk occupa-
tions (e.g. members of the armed forces) as well as those 
about to electively undertake sterilizing procedures or gen-
der reassignment. Cryobanking also takes place for men who 
agree to donate their sperm.

This chapter aims to give a brief overview of the main 
areas to be considered by any storage facility wishing to 
offer a sperm cryobanking service.

64.2  The Person Who Wants to Store 
Sperm

Sperm cryobanking is a relationship between the clinic and 
the person who wishes to store sperm. Identifying that the 
storing individual is the most important party within this 
relationship is the first step to providing a successful cryo-
banking service. Although the individual’s wishes must be 
permissible within the legislative framework set out by the 
country of storage and be feasible within the constraints of 
the storing clinic, the clinic’s primary purpose is to provide 
an efficient, lawful service meeting the needs of the storing 
individual, often at a time of great personal difficulty.

As a service user, the responsibilities of the storing indi-
vidual are essentially limited to:

• Complying with any pre-storage blood-borne virology 
screening that is required

• Attending at agreed appointment times (either on- or 
off-site)

• Producing at least one sample for storage
• Completing the necessary consent forms
• Providing contact details and agreeing to remain con-

tactable for the duration of storage
• Honouring any other specific terms and conditions held 

within any contract which may exist between the individ-
ual and the storing clinic, such as the agreement to pay 
ongoing storage fees (if this is required)

It is the responsibility of the clinic, its staff and associated 
professionals involved in the care pathway to ensure proce-
dures are in place to facilitate the above, ensuring the provi-
sion of a quality service to achieve the patient-specific wishes 
as far as is possible and a ‘good patient experience’.

Understanding the reason for sperm storage helps the 
cryobank to provide a bespoke service regarding the provi-
sion of relevant information and the accurate completion of 
any appropriate consent forms required by regulation. It may 
also aid decision-making about future sample utilization and 
help in maintaining contact with the individual.

All processes and procedures leading to the provision of a 
storage service for referred individuals should be dealt with 
sensitively and empathetically. Individuals referred to the 
clinic may have recently received potentially life-changing 
news, e.g. a terminal diagnosis if they have been referred 
from an oncology clinic. Attending adolescents may feel 
embarrassed at the thought of discussing very personal issues 
such as masturbation with complete strangers, perhaps with 
their parents present in the consultation.

Consideration should also be given as to how gender reas-
signment individuals might wish to be addressed when 
attending appointments. Staff members may have to deal 
with transwomen who are anxious or angry about having to 
complete consent forms which focus on their ‘maleness’, as 
this can be emotionally difficult. In the UK, the Human 
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Fertilization and Embryology Authority (HFEA) has 
addressed this issue by including a gender ‘neutral’ designa-
tion on consent forms.

The initial consultation should include information giving 
prior to the taking of appropriate consent. This should entail 
efforts by the staff to understand the specific circumstances 
of that particular individual. Assumptions should not be 
made based on the individual’s marital status or perceived 
sexual orientation. All options should be explored in order to 
ensure the consent recorded is an accurate reflection of the 
individual’s wishes. Such discussions should prompt staff to 
consider not only the practicalities of sample production but 
also how the sperm may be used for future treatment ser-
vices, should this be requested.

Depending upon the circumstances, additional consent 
forms may be required, e.g. those required to permit future 
surrogacy arrangements and/or any additional associated 
screening tests. Additional consents may be also be needed 
for people who are about to undertake gender reassignment 
treatments or for homosexual men.

There may be a need for swift access to the cryobank, e.g. 
in the event of an urgent need to proceed to storage. In such 
instances, care must be taken to ensure the quality of the ser-
vice, and the information provided is not compromised, as 
this may increase the risk of future difficulties for both the 
cryobank and the individual or their partner. Where complex 
situations arise, or are envisaged, the cryobank should not 
hesitate to seek specific clarification from its regulating body 
and/or independent legal advice as appropriate, as this may 
mitigate future risk for the cryobank in the event of legal 
challenge.

The information provided to the individual prior to filling 
out a consent form ensures that the consent obtained is 
‘informed consent’. Informed consent is based on the prem-
ise of patient autonomy, namely, that the individual has the 
right to make decisions about their own health. To achieve 
this, the information provided must allow the individual to 
make informed decisions and understand the purpose, bene-
fits and risks and any other implications of the proposed 
treatment. This may be difficult to achieve, since the implica-
tions of the treatment to be undertaken may not be known at 
the time of cryobanking.

Individuals who are uncertain about which decisions to 
take should be advised to provide consent which does not 
restrict their future choices, e.g. posthumous use. As each 
person is unique, blanket policies or approaches within the 
cryobank may lead to future difficulties and should be 
avoided.

If the individual is a minor, this person should be 
assessed to check if they are able to give valid consent. This 
can be performed via a Gillick competence check [1]. If the 
child is not Gillick competent, parental permission may be 
required.

As has been demonstrated by publicized legal cases in the 
UK [2–6], a failure to provide adequate information/counsel-
ling to the individual at the time of consent taking may have 
the same consequences as failing to complete the consent 
form at all. In such instances, this may mean that the consent 
given is legally invalid. It is therefore recommended that a 
written record is kept of all information provided to the indi-
vidual (with document version numbers, if appropriate) to 
evidence that appropriate information was given before con-
sent was taken and samples stored.

Regardless of the reason for storage, it is the cryobank’s 
duty to ensure that the samples are stored safely and lawfully, 
and any consent taken accurately reflects the wishes of the 
individual concerned. It is entirely reasonable for the storing 
individual to expect that such a service will be provided.

64.3 The Cryobank Facility

Managing a cryobank may, on the surface, appear relatively 
straightforward. The individual is referred to the cryobank, 
an appointment is organized, consent forms are completed, 
and a sample is produced, processed and stored for possible 
use at a later date.

In practice, the delivery of a comprehensive service is 
rarely so simple. Problems may exist because:

• Urgent requests for storage may be needed, but the virol-
ogy status has not yet been determined.

• Individuals may be unable to produce samples on request 
due to anxiety or illness.

• An off-site consultation is requested, as the individual is 
unable to attend the facility.

• Translation services may be needed to understand the 
complex issues before being able to give informed 
consent.

• Maintaining contact with the individual may become dif-
ficult if the patient’s address/contact details change and 
the cryobank isn’t informed.

• The cryobank may receive requests to export samples to a 
different cryobank, either nationally and internationally.

• As the cryobank is likely to store samples for extended 
time periods (potentially decades), regulations or proto-
cols may change, such that they could significantly differ 
from the information and consent at the time of storage.

Gillick Competence
Gillick competence is a term used in medical law in 
England and Wales to determine whether a child under 
the age of 16 years has the intelligence and maturity 
needed to make decisions regarding their own medical 
treatment without the need for parental permission.
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These scenarios illustrate that cryobank management 
requires careful planning and a real understanding of the task 
and potential issues and outcomes. The service must there-
fore be adequately resourced and staffed by well-trained, 
competent and empathetic individuals who are adaptable 
enough to provide a professional and easily accessible ser-
vice for all users. It is imperative the all staff have a sound 
knowledge of the legal framework set out by any regulator to 
ensure that samples are stored lawfully (Fig. 64.1).

64.3.1 Staff

Responsibility for the processing and storage of the sample 
should fall to an appropriately trained scientist or technician. 
A decision must be taken as to who should assist in the com-
pletion of the necessary consent forms and provide the 
required counselling. These roles require an in-depth knowl-
edge and understanding of any regulatory framework and the 
complexities of any consent forms to be completed. 
Counselling should be available to the patient not only at the 
time of sperm banking but also during the storage period, 
and the counsellor should have experience in both therapeu-
tic and implications counselling.

Proper training, with regular update training, should be 
provided to the staff members involved. They must also be 
aware that patient decisions in relation to the cryobanking 
and future use may also affect the patient’s partner, family 

and any children that may subsequently be conceived. Staff 
dealing with adolescents should allow them the opportunity 
to discuss the process away from the parent/guardian if they 
feel this is appropriate.

64.3.2 Cryobank Facilities

The cryobank will be required to comply with the prevailing 
regulatory environment, as well as ensuring professional 
guidelines are followed for processing and storage. Best 
practice guidelines by professional societies and regulators 
can help to ensure a quality service is provided, e.g. those 
published by the Association of Biomedical Andrologists [7] 
and the Association of Clinical Embryologists [8] in the UK; 
the American Society for Reproductive Medicine [9] and the 
American Society of Clinical Oncology [10] in the USA; the 
European Society of Human Reproduction and Embryology 
[11] in Europe; and the National Institute for Health and 
Care Excellence [12] and the HFEA [13].

In the UK, to obtain a storage licence, the cryobank is 
required to adhere to the guidelines set out in the HFEA 
Code of Practice [13] and is inspected on a regular basis to 
ensure compliance. The timing of HFEA inspections can be 
pre-agreed or unannounced. Adherence to published guide-
lines should ensure that samples are processed safely and 
stored in a manner where risks are minimized, although indi-
vidual clinics should review and risk assess their own proce-
dures on a regular basis.

For sample security, cryobank access should be restricted 
to authorized personnel only. Continuous monitoring with 
alarms should be in place for all samples, and these should 
be linked to an on-call facility/autodialler to provide 24-hour 
cover (Fig. 64.2).

64.3.3 Storage Consent and Contracts

Following referral, information relating to the patients should 
be taken prior to storage and should be as comprehensive as 
possible. The information collected is essential for maintain-
ing future patient contact and should include:

• The patients full name (and any former names by which 
the patient has been known)

• Formal evidence of identity, ideally including a photo-
graphic image of the patient, e.g. passport or driving 
licence where possible

• Information relating to the patient’s partner and/or other 
next of kin information

• Information relating to the patient’s referring clinician 
and details of their general practitioner

• Telephone contact information

Fig. 64.1 Liquid nitrogen dewars in a cryobank. All dewars are indi-
vidually padlocked and fitted with low level liquid nitrogen alarms to 
ensure samples are always maintained in a safe environment. Image 
courtesy of the Bristol Centre for Reproductive Medicine, Bristol, UK

64 Managing a Sperm Cryobank
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• Email addresses, with a corresponding agreement relating 
to the possible risks of communication by this method

Statutory consent forms should be completed as required, 
prior to sample production. Local contracts should also be in 
place to reinforce any local terms and conditions associated 
with the storage of samples at that cryobank, including terms 
relating to storage charges. A local contract ensures the 

responsibilities of each party are clear from the beginning of 
the storage period. This not only helps to protect the clinic in 
the event of unforeseen circumstances but also helps to 
ensure that patients have been properly informed of their 
own responsibilities relating to storage periods. It is up to 
individual clinics to decide what the contract should entail, 
but it is suggested that any contract should include the 
following:

• The responsibilities and limitations of the clinic about the 
care of the samples, e.g. it may be useful to have a state-
ment about the possibility of unforeseen circumstances 
which may lead to sample loss or unforeseen changes to 
any legislation.

• The responsibilities of the patient about remaining con-
tactable, complying with the terms and conditions per-
taining to storage and the possible consequences of not 
doing so, including the potential removal from the cryo-
bank. This may or may not include the implications of 
non-payment of any storage charges due.

It is important to state that it is the cryobank’s responsibil-
ity to ensure that the terms of the contract are lawful and 
compliant with any national legislation and legally binding 
or enforceable should the need arise. Independent legal 
advice should be sought regarding the drafting of any local 
clinic contract (Fig. 64.3).

Fig. 64.2 Low oxygen alarms are essential in the cryobank to ensure 
staff safety. All alarms should be regularly maintained to ensure good 
working order, and there should be clear signage to alert staff regarding 
action to take if the alarm is triggered. Image courtesy of the Bristol 
Centre for Reproductive Medicine, Bristol, UK

Fig. 64.3 Statutory consent forms should be completed prior to sam-
ple production. In the UK, the Human Fertilization and Embryology 
Authority (HFEA) provides a “Gamete Storage (GS) form” for this pur-
pose. Image courtesy of the Bristol Centre for Reproductive Medicine, 
Bristol, UK
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64.3.4  Sample Production, Processing 
and Storage

The provision of an appropriate sample production room is 
considered essential. Expecting a patient to use a facility not 
intended for sample production is unacceptable and does not 
represent a quality service. The production room should be 
in a quiet area, away from excessive noise and public areas, 
and should be equipped with a sink for washing, comfortable 
chair or bed and a lockable door. Decontamination of the 
room in-between patients is required and must be considered 
when selecting furnishings. Room size and access is also 
important, as some service users may be bedbound or wheel-
chair users.

Provision of pornography to facilitate sample production 
is permissible but remains a controversial topic, both from a 
financial and moral perspective [14]. Some consider that 
spending healthcare funds on pornography is wasteful. 
Conversely however, if a patient is unable to produce a sam-
ple without some form of stimulation, the appointment could 
be abandoned which is also a waste of resources, not to men-
tion deeply distressing for the patient (Fig. 64.4).

The practicalities of providing adult material are some-
what complex. Providing material to satisfy all patient 
groups is difficult without causing offence. The format must 
satisfy infection control requirements, which precludes mag-
azines. DVDs may be expensive and require the provision of 
a monitor, as well as soundproofing or headphones (which 
must be cleanable) to provide discretion. The provision of 
Internet access to allow patients to select their own material 
may present difficulties for the Internet provider if the patient 
is found to have accessed inappropriate or illegal Internet 
content. Thought also needs to be given to patients who may 

be minors and any laws surrounding child protection or the 
supply of adult material to minors. Each cryobank must 
therefore decide how to manage the provision of adult mate-
rial by carefully considering the advantages and disadvan-
tages of each option or scenario and national laws (Fig. 64.5).

Following production, samples should be processed and 
packaged in a manner which maximizes their future treat-
ment potential. The number of viable sperm present in the 
ejaculate will inform the strategy to be used. This also needs 
to take into account whether the patient is able to produce 
further samples for storage, particularly if this is prior to the 
initiation of potentially fertility-reducing therapy.

Decisions regarding the sample container, cryoprotectant 
and cryopreservation method must also be made. Options 
include ampoules and straws (sealed or open), and the carrier 
must be labelled appropriately in accordance with local regu-
lations, which usually include the use of several separate 
identifiers and in a manner which will remain functional for 
many years (Fig. 64.6).

Individual samples, where considered irreplaceable, 
should be divided and stored in separate tanks alongside 
samples which have been screened to an equivalent level. 

Fig. 64.4 The men’s sample production room. This room should con-
tain suitable furnishings, which are easily cleaned, a sink for washing, 
and a lockable door. Image courtesy of the Bristol Centre for 
Reproductive Medicine, Bristol, UK

Fig. 64.5 Hatch for handing over semen samples. The hatch should be 
close to the production room to ensure the sample is passed to the 
andrologist immediately after production. Image courtesy of the Bristol 
Centre for Reproductive Medicine, Bristol, UK
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This offers protection against the risks associated with tank 
failure.

The choice of whether to store in vapour or liquid phase 
nitrogen lies with the cryobank. Liquid phase storage is sim-
ple and utilizes well-tested technology requiring little, if any, 
ongoing maintenance. Monitoring of levels of liquid nitro-
gen (LN2) is key and may allow advanced warning of tank 
performance deterioration. However, LN2 may be consid-
ered to have a higher risk of cross-contamination compared 
to vapour phase [15]. There is also an increased risk to the 
samples if physical audits are required, since access to LN2 
tanks is usually via a narrow neck.

Vapour phase storage reduces the risk of cross-contami-
nation, but the equipment is of higher complexity and ongo-
ing running costs may be higher due to maintenance costs 
and increased LN2 use when compared to liquid phase stor-
age. An advantage of some vapour phase storage systems is 
that samples may also be audited without removal from the 
tank, reducing handling risks.

Whichever system is chosen, a suitable reserve of LN2 
should also be held locally, to protect the clinic against any 
supply issues which may arise.

64.3.5 Record Keeping and Management

Choosing an appropriate inventory system is imperative to 
allow easy access and minimize disruption and risk to other 
samples during audit or sample removal. The use of colour-
coding helps to provide a quick visual aid, thus limiting the 
amount of time samples are exposed to suboptimal tempera-

ture conditions. Technology, including the use of radio fre-
quency identification (RFID) tags on sample containers, may 
further enhance sample identification and audit procedures.

Creation of a computerized database from the outset is 
essential to ensure the smooth cryobank running. 
Recommended fields include:

• Patient identifiers
• Number of receptacles in storage
• Storage date
• Consent period expiry date
• Funded storage period expiry date (if applicable)
• Free text fields to allow information relevant to the ongoing 

management of the samples to be recorded (e.g. ‘patient only 
contactable by email’, ‘patient lost to contact’, ‘patient now 
wishes to be known as…’, ‘patient seeking further funding’

Using this format should allow the easy generation of lists 
in date order to facilitate patient contact in order of priority 
and alert staff when a sample is approaching the consented or 
funding expiry date.

To assist with patient contact, it may also be useful to 
include fields documenting the last time communication was 
made or attempted. Although this information should be 
recorded in the patient records, it is useful to be able to view 
such information at a glance.

Databases should be backed up and secure, to ensure 
patient confidentiality is maintained. Regular housekeeping 
should also be carried out to ensure any data entry errors are 
identified and rectified. Such errors can lead to complica-
tions during audit and list generation. Historical computer-
ised records should be reviewed regularly to ensure they are 
held in an easily accessible format.

64.3.6  Maintaining Contact with the Individual 
and Audit of Samples

Cryobanks should regularly audit stored material and associ-
ated records to confirm the purpose and duration of storage, 
reconcile paper and electronic records with the stored mate-
rial and identify any action needed. An effective ‘bring for-
ward’ system is also recommended in order to ensure regular 
contact takes place between the facility and the individual for 
whom samples are in storage.

A ‘Bring Forward’ System for Cryobank Management
A ‘bring forward’ system ensures that all samples are 
held within their consent period. Such a system is usu-
ally digital and allows the generation of chronological 
lists ensuring the cryobank is aware of impending 
expiry dates.

Fig. 64.6 Storing semen samples. Semen is cryopreserved in heat-
sealed high security straws. Each straw is uniquely labelled and the 
same color straw is used for an individual patient. This helps ease of 
recognition when removing straws or performing audits of stored mate-
rial. Image courtesy of the Bristol Centre for Reproductive Medicine, 
Bristol, UK
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The aim of this contact is to ensure the patient’s wishes 
remain accurately recorded and that should the end of the 
legal consent period be approaching, the individual has 
the time to make informed decisions about cryopreserved 
samples. For some patients, being reminded that they have 
sperm in storage may be a painful reminder of a time in 
their lives they would rather not revisit. However, failing 
to contact a patient for prolonged periods of time undoubt-
edly increases the chance that contact will not be 
possible.

Cryobanks in the UK are required to take ‘reasonable’ 
steps to maintain contact with patients. However, this is 
poorly defined and sperm banks may lose contact with 
patients for many reasons, including changes of address, a 
conscious decision by the patient to not respond or possibly 
because the patient has died.

Establishing a regular pattern of contact may depend on 
how long the patient has consented to store his samples. If 
the consent is for just 1 year, it may be prudent to make con-
tact at 6 months to set out the options available. If the con-
sent is for 10 years, annual or biennial contact may be 
deemed more appropriate.

Given that samples can remain in storage for many years, 
this part of the process generally affords an ever-increasing 
workload and should be staffed appropriately. Even a rela-
tively small storage facility with one storage case a week 
could find themselves with up to 52 letters to write at the end 
of year one, but up to 520 letters by the end of a storage 
period of 10 years.

The management of the samples of patients lost to contact 
is problematical for the storing clinic and may prove to be a 
drain on resources and so must be carefully considered. The 
clinic should ensure that any decision to remove samples 
from storage has been carefully risk assessed and, where 
necessary, independent legal advice sought to clarify any 
potential liability on a case-by-case basis.

64.3.7 Methods of Contact

Clinics should not rely on just one method to maintain con-
tact with individuals but should be mindful of confidentiality 
issues and any regulatory restrictions which may apply. 
Additionally, the cryobank should allow the individual suf-
ficient time to consider options and respond.

Telephone contact is often quicker than a letter. However, 
the patient may not be in an appropriate location to answer 
the call, either due to confidentiality issues or the emotional 
response the call may create. Details of any attempts at 
telephone contact should be recorded in the patient records 
to ensure continuity of care and inform decision-making. 
This is particularly important if contact is considered to be 
‘lost’.

Contacting a patient by letter removes the concerns about 
the ability to speak without being overheard and also pro-
vides a written record from the clinic. A copy of the letter 
should also be included in the patient records for continuity. 
A drawback with written contact is its cost and reliability, as 
the intended recipient may not receive the letter, even where 
registered or signed postal services are employed.

Contact by email has also become more common in recent 
years. Email is fast, reliable and usually free. However, con-
cerns arise surrounding confidentiality. Before embarking on 
this method of communication, both the patient and storing 
clinic must be aware of the potential threat to confidentiality 
and take the necessary steps to minimize the risks involved. 
Clinics should also ensure they are aware of the relevant leg-
islation surrounding forms of contact, e.g. in Europe the EU 
General Data Protection Regulation was implemented in 
2018 [16].

Staff should be mindful of the risk of revealing sensitive 
information to the wrong person, by whichever method of 
contact is used. Confidentiality breaches may be more likely 
with emails due to auto-completion functions within such 
services. Although a paper envelope sent through the regular 
post may seem less secure, there are, in some countries, laws 
surrounding the opening of mail by anyone other than the 
addressee [17]. Unfortunately, the nature of emails makes it 
difficult to prevent messages from being read by anyone 
other than the intended recipient.

Clinics must also decide where limits should be drawn 
regarding attempts at contact. The increasing use of social 
media poses an interesting dilemma in this situation. Whilst 
social media may offer further avenues to explore ways to 
achieve contact, it should be remembered that the loss of 
contact may have been a conscious deliberate decision by the 
individual.

64.3.8  Information to Provide When Making 
Contact

Making regular patient contact ensures that the samples con-
tinue to be stored legally and reflect the patient’s latest cir-
cumstances or wishes. The following information may be 
included in any correspondence:

• A record of what the patient has cryobanked, including 
the number of storage receptacles (e.g. straw or vials)

• The original date of cryobanking
• The expiration date of the current consent period
• The expiration date of storage payment (if applicable)
• Any partner named for posthumous use
• Information detailing the options available with regard to:

 – Extending the current consent period
 – Obtaining further funding for storage or how to self-fund

64 Managing a Sperm Cryobank
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 – Amending or removing a named partner
 – Updating contact information
 – Removing the samples from storage (e.g. to allow to 

perish)
 – Making any other changes to the current consent

It is important to ensure the information is given clearly 
and concisely to aid understanding and compliance. It may 
be practical to provide a short questionnaire with a return 
envelope allowing patients to indicate their wishes quickly 
and easily.

64.3.9 Dealing with Non-compliance

Despite all attempts to have the correct systems in place, unfor-
tunately cryobank-patient communication may, on occasion, 
break down. For the cryobank, storage of samples outside of 
the consented period may constitute a criminal offence and 
lead to prosecution or revocation of the facilities licence. 
However, disposal of a potentially irreplaceable, precious sam-
ple should never be carried out nonchalantly. Rather, each dis-
posal should be risk assessed on a case-by-case basis. The 
cryobank must be confident that, should contact be lost and a 
decision taken to remove samples from storage, it could confi-
dently state that it had been reasonable in its endeavours to 
make contact and in allowing the individual sufficient time to 
respond. Evidence of all attempts at communication, and the 
risk assessment, should be kept in the patient’s notes.

64.3.10  Removal from Storage and Disposal 
Protocols

Robust, locally approved procedures for the ethical disposal 
of samples identified for removal from the cryobank should 
be in place, including the double witnessing of all paperwork 
and permissions associated with the case to ensure the 
removal from storage is appropriate.

64.4 Legal and Ethical Considerations

International regulations pertaining to cryobanking vary con-
siderably, ranging from an absence of any national laws to 
detailed legislation. Legal and ethical issues relating to cryo-
banking include adequate documentation of consent and own-
ership issues. Furthermore, given that sperm can essentially be 
cryobanked indefinitely, this theoretically allows genetic off-
spring to be conceived long after the sperm provider’s death, 
and issues surrounding the posthumous use of stored samples 
need to be considered. The latter may be considered to be the 
area which gives rise to the most complex issues.

It is beyond the scope of this chapter to examine in detail 
the legal, ethical and moral issues which arise because of 
sperm banking. Therefore, it is recommended that readers 
seek more specific guidance concerning the legal framework 
applicable to their specific circumstances.

64.4.1 Consent

In many countries, consent must be provided in writing. This 
should give clear detail of the sperm provider’s wishes in the 
event of death or mental incapacitation. Individuals consent-
ing to cryobanking should be offered counselling about the 
nature of the consent given, as it may have serious conse-
quences for both their own and their partner’s reproductive 
future. Regarding consent relating to posthumous use, this 
cannot be changed after the sperm provider’s death. Should 
the patient find it difficult, or be unwilling, to provide con-
sent relating to anything beyond the initial storage of the 
samples, it must be clearly explained to the patient that this 
may restrict the ability for the sperm to be used for future 
treatment should circumstances change.

64.4.2  Posthumous Collection 
and Posthumous Use of Stored Sperm

It is now accepted that viable sperm, capable of resulting in 
pregnancy and live birth, may be retrieved and stored for 
later use following a man’s death, provided the sperm are 
retrieved within a limited period after death. However, legis-
lation regarding posthumous collection varies greatly 
between countries: in some places it remains illegal, whilst 
other countries have no specific legislation. Currently, 
requests for posthumous sperm collection remain rare, and it 
is far more common for sperm banked prior to the gamete 
provider’s death to lead to requests for posthumous use. 
Complex issues arise from the ability to use sperm collected 
posthumously and include considerations of ownership, 
legal parentage and inheritance.

64.4.3 Notable Legal Cases

Problems with sperm banking have resulted in legal cases, 
related to the collection and storage of sperm, or the use 
(including posthumous) of stored sperm [18–22]. These gen-
erally centre on the following issues:

• The failure to obtain or accurately record consent prior to 
surgical retrieval or storage

• Lack of competence of the practitioner and clinic when 
taking and recording consent

K. Turner and P. Wilson
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• Failure of the storage facility
• Ambiguous ownership of samples following the death of 

the provider

It is clear from the judgements in these cases, that it is of 
paramount importance to document the consent of the gam-
ete provider in detail. Furthermore, evidence must be avail-
able to demonstrate that the person who sperm was 
cryobanked was given the correct information to allow 
informed consent. Covering both of these issues reduces the 
likelihood of any legal challenge regarding their samples in 
the event of death or mental incapacity.

64.5 Conclusion

The successful delivery of any cryobanking service, and the 
subsequent management of samples held in storage, requires 
a harmonious relationship between the patient, the cryobank 
and the legal framework in place under which the facility 
operates.

At best, the consequences of a poorly run system could, 
for the cryobank, result in financial penalty and/or reputa-
tional damage. At worst, it could result in licence revocation 
and potentially lead to its suspension or closure. For the 
patient, a poor sperm banking service could lead to an inad-
vertent reduction in sample viability, an inability to use the 
samples in the manner intended or possibly the loss of irre-
placeable samples. Such incidents could lead to lifelong psy-
chological damage, for which there is no comparable 
compensation.

Such risks can be significantly reduced by ensuring con-
sideration is given to all aspects of a sperm storage service. 
Attention to detail can help to ensure the provision of a high-
quality service and the best possible patient experience.
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Managing an Embryo Cryobank

Eleanor Taylor

With increasing acceptance of elective single embryo trans-
fer (eSET), it is now commonplace for supernumerary 
in vitro embryos to be created during a single-assisted con-
ception treatment cycle with superovulation and IVF treat-
ment [1]. It has therefore become important for fertility 
clinics to invest in a successful embryo cryopreservation pro-
gramme. Indeed, the ability to successfully cryopreserve 
embryos allows clinics to tailor each treatment cycles to 
meet the unique needs of patients. For example, a fresh 
embryo transfer may not be the most appropriate course of 
action for every patient, and cryopreservation offers the 
opportunity to have a single embryo replaced at a more con-
ducive time [2].

A well-organised, optimal-functioning cryobank is there-
fore essential. Consideration should be paid to the design 
and the layout of the cryobank. Good design can minimise 
the health and safety risks associated with using liquid nitro-
gen (LN2) and can also support the safe handling of cryopre-
served embryos within the facility.

The importance of providing high-quality staff training 
cannot be understated. Poor-quality staff training will lead to 
poor quality clinical activity, which will ultimately be to the 
detriment of the patient. Risk assessments should be per-
formed for all cryobank activities, and appropriate SOPs 
should be developed for staff members to follow. Inadequate 
staff training will not only have a negative impact on service 
provision but will also increase the risk of a work-place inci-
dent occurring. Clinical incidents involving cryopreserved 
samples generally have devastating consequences, and every 
effort should be made to minimise the risk of such an inci-
dent occurring [3].

Ultimately, it is the duty of the clinic to ensure that every 
sample within the cryobank is stored safely with full trace-
ability. When an adverse clinical event does occur, the con-

tributing factors should be identified, and measures put in 
place to reduce the risk of a similar incident occurring in the 
future. Clinics should continuously strive to improve their 
services by performing procedural audits to assess whether 
appropriate standards are being met and whether improve-
ments can be made. This chapter explores all aspects of the 
embryo cryobank, from the initial design through to the daily 
management.

65.1  Cryobank Design

The cryobank should be designed to support the safe and 
efficient handling of the clinic’s cryopreserved material and 
consideration should be given to the regulatory legislation 
that the clinic must adhere to. The cryobank should be of a 
sufficient size to accommodate:

• Storage tanks (LN2-based vessels or vapour phase vessels 
in which to store cryopreserved gametes and embryos)

• Bulk LN2 vessels (used as a source of LN2 for cryo-
preservation activities and for maintaining LN2 levels 
within the storage tanks)

• Controlled-rate freezers (if required)
• Personal protective equipment (PPE)
• Equipment used for the handling of LN2 and/or the han-

dling of cryopreserved samples
• Work space for handling cryopreserved samples and pro-

cessing laboratory paperwork

65.1.1  Number of Storage Tanks

The following factors will influence the required storage 
capacity of the cryobank:

• The number of treatment cycles performed
• The clinic’s embryo cryopreservation policy
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• The storage capacity of each tank
• Whether the clinic treats patients with a known viral 

infection as these will require separate ‘viral-positive’ 
storage tanks

It is recommended that clinics should also have a ‘reserve’ 
storage tank for use in emergency situations. This tank 
should be kept filled with LN2  in a ‘ready-to-use’ state in 
case there is a suspected storage tank failure.

65.1.2  Bulk LN2 Vessels

Some clinics may have the opportunity to store their bulk 
LN2 vessels externally to the cryobank and install pipework 
to connect the LN2 supply to a dispensing device in the clini-
cal area. The length of the connecting pipes is often a limit-
ing factor as to whether this is a viable option for the clinic. 
As pipe length increases, so does the time and volume of 
LN2 required to prime the temperature of the pipework prior 
to LN2 dispensation in the cryobank, which may not be cost- 
effective (Fig. 65.1).

Some clinics may opt to install a generator to produce 
LN2 on-site to reduce their reliance on LN2 deliveries. LN2 
generators can also be used to generate N2 gas for use in low 
oxygen incubators. However, the initial cost of installing the 
generator can be prohibitively expensive.

For deliveries of LN2, bulk vessels should be easily 
accessed by the LN2 supply company. If the vessels need 
to be moved in order to be filled, a manual handling risk 
assessment and appropriate training should be performed 
(Fig.  65.2). Where vessel movement requires use of an 
elevator, it is important that safety measures are put in 
place to ensure that the elevator is never accessed by any-

body else, including the general public, when LN2 tanks 
are being transported.

It is recommended that a working third party agreement is 
established between the clinic and the LN2 supply company 
to specify the frequency of the deliveries. Specific plans 
should be made regarding delivery schedules over public 
holidays to ensure that the clinic never runs out of LN2. The 
clinic should also have a contingency plan in place for unex-
pected events such as a missed delivery due to unforeseen 
circumstances, e.g. adverse weather. Laboratory staff should 
have a checking system in place to confirm that each expected 
delivery has arrived.

65.1.3  Flooring

The cryobank floor should be made from a LN2-resistant 
material. Flooring which has not been specifically designed 
to withstand the low temperatures (e.g. lino or PVC cover-
ing) may crack over time, creating trip hazards or compro-
mising the structural integrity of the floor.

65.1.4  Oxygen Monitoring

LN2 is converted into nitrogen gas at temperatures above 
−196 °C. Since nitrogen displaces oxygen from the atmo-
sphere, the use of LN2 within the restricted space of a cryo-
bank could potentially create an oxygen-deficient 
environment. Due to the asphyxiation risk, appropriate safety 
measures should be incorporated.

All areas within the cryobank should be well-ventilated 
and fitted with low oxygen sensors (Fig. 65.3), at a height of 
around 1 m from the floor. The sensors activate an audio- 

Fig. 65.1 Cryobank 
pipework. The arrows indicate 
the pipework required to 
connect an external LN2 
source to multiple vapour 
phase storage tanks within the 
cryobank. (Image courtesy of 
the Knutsford Hewitt Fertility 
Centre, Liverpool Women’s 
NHS Foundation Trust, 
Liverpool, UK)
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visual alarm system at two different oxygen concentrations: 
an initial alarm activates at an oxygen level of 19.5% and a 
further alarm activates at an oxygen concentration of 18% 
(this varies according to the device).

The alarm system should be linked to an extraction sys-
tem to help restore the oxygen concentration within the cryo-
bank. Any staff must exit the cryobank if an oxygen alarm 
activates and not re-enter the room until the alarm ceases. 
Portable oxygen sensors can be used, but caution is advised 
as staff may fail to realise that they are entering an oxygen- 
deficient environment and collapse before their personal 
alarm is activated.

65.1.5  Servicing of Equipment

All equipment within the cryobank needs to be serviced 
regularly to reduce the risk of unexpected equipment fail-
ure. Servicing should only be performed by qualified indi-
viduals, and all service reports should be retained by the 
clinic.

65.1.6  Cryobank Security

Sample security is of the upmost importance and access to 
the cryopreserved samples should be strictly limited to labo-
ratory personnel. This can be achieved by employing a fob/
key card or locked entry system to prevent unauthorised indi-
viduals from entering the cryobank. Each storage tank within 
the cryobank should also be secured with a separate padlock 
to prevent inappropriate access to the stored material 
(Fig. 65.4).

65.1.7  Storage Tank Management

LN2-based storage tanks are typically favoured for the stor-
age of cryopreserved oocytes and embryos (Fig. 65.5a). The 
use of LN2 creates an internal core temperature of −196 °C 
which is uniformly maintained throughout the tank.

Nevertheless, some clinics may opt to store their cryopre-
served samples within a vapour phase vessel (Fig. 65.5b) at a 
temperature between −180 °C and −190 °C. However, the 

a b

Fig. 65.2 (a) Clinic staff moving a bulk LN2 tank between the cryobank and a secure outdoor storage area (b) which can be accessed by the LN2 
supply company. (Courtesy of the Knutsford Hewitt Fertility Centre, Liverpool Women’s NHS Foundation Trust, Liverpool, UK)
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potential for vertical temperature gradients to form within 
the vessel should be considered. Vapour phase vessels also 
require a power source to run their auto-fill function. As 
such, a back-up generator should be available to support the 
functioning in the event of a power outage. Vitrified embryos 
are particularly susceptible to temperature fluctuations, and 
sample viability may be compromised if the storage vessel 
temperature fluctuates above −150 °C.

Monitoring the temperature of the storage tanks is criti-
cal, as warming (e.g. via an accident, physical damage or 
poor practice) could have devastating consequences, with 
perhaps loss of irreplaceable samples for hundreds of 
patients.

It is recommended that all storage tanks are fitted with 
devices that continuously record the internal tank tempera-
tures, either directly with a temperature probe or indirectly 
with a device that monitors the tank weight. Monitoring 
devices are activated if the temperature of the storage tank 
deviates outside of the acceptable working range. This trig-
gers an alarm system to alert staff so that any deviation in 
vessel temperature can be quickly resolved. A robust out-of- 
hours on-call system should be in place so that staff can 
cover emergency call-out procedures, e.g. if all samples need 
to be moved from a faulty tank to the reserve tank as quickly 
as possible.

If alarms are triggered, it is important to establish the root 
cause. Some alarms may be ‘false’ and may result from the 
improper functioning of the probe. By contrast, a ‘true’ 
alarm may result from an insufficient LN2 reserve within the 
tank and could be quickly remedied by adding more LN2 to 
the vessel. However, if the tank temperature cannot be stabi-
lised by manually increasing the LN2 level, cryopreserved 
samples should be transferred to another tank as soon as pos-
sible, as the vacuum of the storage vessel could be 
compromised.

It is important that safety measures are observed when 
dealing with a tank with a suspected vacuum failure. The 
cryobank should not be entered if the low oxygen alarm is 
active and one working in the cryobank is not acceptable out 
of hours.

Clinics are recommended to follow rigid schedules for 
maintaining LN2 levels to reduce the risk of the cryopre-
served samples becoming damaged through the unexpected 
warming. Rather than allowing LN2 levels to fall danger-
ously low prior to filling, there should be a comfortable mar-
gin built into the tank filling schedule to accommodate 
unexpected delays, such as a missed LN2 delivery.

Care should be taken when moving the tanks within the 
cryobank. Impact-based damage to the storage vessel could 
compromise the vacuum surrounding the core, which in turn 
could result in vessel warming. The presence of ‘cold spots’ 
or ice on the outer shell of a storage tank is indicative of a 
failing vacuum. The simplest and safest way to move tanks is 

Fig. 65.3 An example of an oxygen monitoring device that can be 
used within the cryobank to detect low atmospheric oxygen. (Courtesy 
of the Knutsford Hewitt Fertility Centre, Liverpool Women’s NHS 
Foundation Trust, Liverpool, UK)

Fig. 65.4 Liquid nitrogen tanks should be securely locked to prevent 
inappropriate access to the stored material (Image courtesy of the 
Assisted Conception Service, Glasgow Royal Infirmary, Glasgow, UK)
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by mounting them on movable bases with lockable wheels. 
However, all movement should be carefully undertaken.

65.1.8  Staff Training

Since working with LN2 poses a serious safety risk, training 
should be provided for all staff that could be at risk of direct 
or indirect exposure to LN2. Staff should understand about 
the hazardous properties of cryogenic liquids, the measures 
to take to protect themselves from LN2-associated injuries, 
and the action to take in the event of an injury or in an 
emergency.

Direct contact with LN2, or non-insulated equipment that 
has been exposed to LN2, can result in cryogenic burns. 
Personal protective equipment (PPE) should therefore be 
available for use within the cryobank and staff should be 
trained in how to use this equipment appropriately (Fig. 65.6). 
A face visors or goggles should be used for eye protection 
from LN2 splashes. Non-absorbent, insulated gloves should 
be used to protect the hands and protective aprons to protect 

the torso. LN2 will rapidly penetrate porous material due to 
its low viscosity, and as such, non-specialised clothing will 
not provide sufficient protection against cryogenic burns. 
Footwear should not contain holes, and trousers should not 
be tucked into boots to protect the feet from LN2 exposure. 
All personnel should understand the first aid procedures that 
should be followed if a cryogenic burn is sustained.

65.2  Managing the Storage 
of Cryopreserved Embryos

65.2.1  Obtaining Patient Consent

Prior to any cryopreservation, it is important to confirm if the 
patient has consented for cryopreservation to take place. Some 
patients may not want embryo cryopreservation if they do not 
wish to embark on any further treatment or object on ethical 
grounds. Patients that do consent to embryo cryopreservation 
may have specific requests. For example, some patients may 
only consent to cryopreservation of  pronuclear- stage embryos, 

a b

Fig. 65.5 (a) Example of a liquid-nitrogen based storage tank. (b) Example of vapour phase storage tank. (Courtesy of the Assisted Conception 
Service, Glasgow Royal Infirmary, Glasgow, UK)
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and/or some patients may wish to place a limit on the length of 
time that their embryos are kept in storage.

All patients should be informed of the risks associated 
with embryo cryopreservation, the responsibilities of both 
the clinic and the patient during embryo storage and any 
regulatory limitations. It should be made clear if there are 
fees associated with embryo storage and what action will be 
taken by the clinic if this fee is not paid or if the clinic is 
unable to contact the patient.

Obtaining patient consent in a written format is consid-
ered best practice. Verbal information may be misinterpreted 
or inaccurately recorded. Retaining a copy of the patient’s 
written treatment consent may also help to resolve any com-
plaints or legal disputes that occur following treatment.

All patients should have the opportunity to update their 
storage consent should their wishes change. It is important 
that measures are put in places to ensure that any consent 
changes are rapidly communicated to the laboratory staff so 
that appropriate action can be implemented immediately.

65.2.2  Selecting an Embryo Storage Device

There are many different types of embryo storage device that 
are commercially available for clinical use. A number of fac-
tors relating to cryobank management should be considered 
when first choosing a storage device:

• The dimensions of the storage device and the number of 
embryos that can be stored per storage tank.

• The number of storage tanks that the cryobank can 
accommodate.

• Whether the storage device is available in different 
colours to facilitate the patient identification.

• The ease with which patient identification information 
present on the storage device can be visualised.

• The ease with which the storage device can be removed 
from the storage tank.

• The robustness of the storage device.

65.2.3  Labelling the Embryo Storage Device

Embryo traceability is of paramount importance within the 
cryobank. Use of a comprehensive system for labelling stor-
age devices will facilitate embryo traceability and minimise 
the risk of mistakes occurring when cryopreserved samples 
are removed from storage.

Best practice dictates that storage devices should be 
labelled with three patient identifiers, one of which should be 
a unique identifier. This is usually achieved by including the 
patient’s name, date of birth and unique clinic number on the 
device label. The process of locating the correct embryo 
within the cryobank can be performed with accuracy if the 
device label also includes the date of the cryopreservation 
procedure, a unique storage device number and the number 
and developmental stage of the embryo(s) stored.

The numbering of storage devices is essential for embryos 
that are undergoing pre-implantation genetic testing (PGT). 
Embryos that are diagnosed as genetically suitable for trans-
fer need to be located with absolute accuracy.

Device labelling can be performed manually using marker 
pens with indelible ink or with an automated label maker. 
Where handwritten labels are to be used, it is important that 

a b

Fig. 65.6 Examples of Personal Protective Equipment (PPE) for use with LN2 and cryopreserved material. (a) Protective Glasses. (b) Insulated 
gloves. (Courtesy of the Assisted Conception Service, Glasgow Royal Infirmary, Glasgow, UK)

E. Taylor



589

the transcribed information is legible and that an appropriate 
ink source is utilised so that the labels can withstand a pro-
longed period of exposure to LN2 or LN2 vapour. For auto-
mated labels, it is important to use an appropriate font size to 
ensure that the label information can be read quickly and 
easily. All labels need to be firmly fixed to the storage device 
to prevent the patient identifying information from being lost 
during storage.

The labelling of the storage device is a key step in estab-
lishing embryo traceability, and all labels should be checked 
by two members of staff before use to identify any inaccura-
cies. Where an automated labelling device has been used, it 
is recommended that an additional ‘reference’ label is printed 
and attached to the patient record.

65.2.4  Adding Embryos to the Cryobank

Storage tanks can be segregated into specific locations within 
the cryobank according to the tank type and contents. Typical 
storage arrangements involve the use of numbered canisters 
or racks which are subdivided into goblets, canes and/or 
visotubes (Fig. 65.7). All storage locations within the tank 
should be identifiable without any ambiguity.

Two staff members should be present when placing sam-
ples into storage. One staff member should physically move 

the cryopreserved embryo(s) from the holding location into 
the tank, with the second member of staff acting as a witness 
for the procedure. The second staff member can then verify 
that the embryo has been moved into the desired location and 
confirm that the correct storage location has been recorded 
on the patient record. This is important since errors that 
occur when recording the final storage location can create 
difficulties in the future. For example, entire storage tanks 
may need to be searched to locate an embryo, which can be 
time-consuming and place the samples stored within the tank 
at unnecessary risk.

Oocytes or embryos that have been stored for fertility 
preservation reasons should be split evenly between two 
storage tanks; this mitigates the risk that such patients could 
lose all cryopreserved material in the event of a catastrophic 
storage tank failure. Whilst the method of ‘splitting samples’ 
can be used for all cryopreserved embryos, clinics may pre-
fer to store all of the embryos for ‘low-risk’ patients in a 
single location.

All patients should undergo viral screening prior to 
assisted conception treatment. Clinics that offer treatment 
to patients that test positive for HIV, hepatitis B (HBV) 
and/or hepatitis C (HCV) should ensure that any cryopre-
served embryos derived from ‘viral positive’ gametes are 
stored separately from embryos created for patients with 
‘viral negative’ screening results. Cross-contamination is 

a bFig. 65.7 Examples of 
storage device holders for use 
within a storage tank. (a) 
A storage goblet containing 
12 storage locations 
(11 triangular surrounding 
1 circular) of differing colour. 
(b) A single visotube attached 
to a cane. (Courtesy of the 
Assisted Conception Service, 
Glasgow Royal Infirmary, 
Glasgow, UK)
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theoretically possible, even though no incidents of disease 
transmission between cryopreserved embryos have been 
reported to date, and the probability is extremely low. At 
least three separate storage tanks should therefore be avail-
able for viral positive samples: one for HIV-positive sam-
ples, one for HBV-positive samples and one for 
HCV-positive samples. Smaller storage tanks may also be 
required to house samples from patients that test positive 
for more than one virus.

65.2.5  Removal of Embryos from Storage

Whilst many patients opt to use their cryopreserved embryos, 
some patients may request that their embryos are removed 
from storage and allowed to perish, donated to another indi-
vidual/couple requiring fertility treatment or donated to 
licenced research.

At the time of removal, two members of the laboratory 
team should perform an identity check. The identifying 
details on the patient record should be crossed-checked 
against the storage inventory and the patient identifying 
information on the storage device. The embryo(s) should 
only be removed after these checks have taken place.

The storage inventory system should be updated after 
embryo removal. It is recommended that one team member 
is responsible for this task. Periodic storage audits will also 
help to identify any problems linked to embryo removal. Due 
to the devastating consequences that misidentification errors 
can produce, it is recommended that such audits take place at 
least annually.

Whilst many patients maintain good communication with 
the clinic, some patients need to be prompted to specify what 
their intentions are for their stored embryos, and unfortu-
nately some patients will lose contact with the clinic alto-
gether. The latter situation may occur more frequently if the 
cost of storing the embryos is covered by a third party, such 
as a national healthcare system or an insurance company. 
The risk of losing contact with a patient also increases with 
the length of the time that the embryos have been kept in 
storage [4]. Annually sending out letters to patients reduces 
the ris of loss of patient contact; this letter should inform the 
patient of their treatment options and remind the patient to 
update the clinic should they change their address. It is rec-
ommended that copies of all letters are filed in the patient’s 
clinical notes as a record of the clinic’s attempt to contact 
them.

National regulatory bodies may stipulate the maximum 
length of time that a clinic can keep an embryo in storage, 
e.g. the HFEA has a limit of 10 years in the UK, unless the 
patient is storing embryos for fertility preservation purposes. 
Patients can also request a reduced length of storage.

65.2.5.1  A Bring-Forward System for Embryos 
in Storage

Each clinic should have a process in place to identify 
embryos that are due to reach the end of their storage period: 
this is known as a ‘bring-forward’ system.

This can be achieved via an electronic database which 
sorts the cryobank contents by storage expiry date. Patients 
should be informed of the upcoming storage expiry date and 
provided with options for the fate of their stored embryos, 
e.g. use in personal treatment, removal or donation. Due to 
the varying length in time it takes to prepare a patient for 
treatment, it can be beneficial to contact the patient 12 months 
prior to the expiry date to ensure that any requested treatment 
can be performed before the embryos need to be remove 
from storage in line with regulatory legislation.

Failure of the clinic to identify embryos that are due to 
‘expire’ may result in embryos being kept in storage after 
their legal expiry date. This could result in patients being 
unable to use their stored embryos in treatment and poten-
tially the suspension/revocation of the clinic’s treatment 
licence! It is therefore important that a robust system for 
monitoring embryo storage expiry dates is developed and 
maintained.

65.2.5.2  Managing the Cryobank in the Future
As ART success rates improve, clinics should invest in devel-
oping an efficient cryobank management system from the 
outset. The size of the team responsible for managing the 
contents of the cryobank should be large enough to ensure 
that:

• All embryos due to reach their storage expiry are identi-
fied approximately 12 months in advance

• Patients are contacted about the upcoming storage expiry 
date of their embryos in a timely manner

• Patients have sufficient time to decide how they wish their 
stored embryos to be used and to have the opportunity to 
undergo treatment if desired

• Appropriate measures are taken to contact ‘lost’ patients
• Embryos are removed from storage promptly at the point 

of storage expiry

Clinics also need to have specific protocols in place to 
define how cryopreserved embryos should be managed if (a) 
a couple separate, (b) a couple differ in their wishes for the 
fate of their frozen embryo(s) and (c) the clinic is notified 
that a patient has died.

Typically, an embryo should only be used in treatment if 
both members of a couple agree to the treatment; however, 
this situation can become more complicated if donor  gametes 
were used to create the embryo. Distressing situations can 
also occur if embryos were created for fertility preservation 
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reasons and the couple subsequently separate. In the UK, the 
HFEA recommends a 1-year ‘cooling off’ period for couples 
who disagree on the fate of their cryopreserved embryos in 
the hope that over time a resolution will be achieved. If a 
decision has not been agreed by the end of the ‘cooling off’ 
period, the embryos should be removed from storage and 
allowed to perish. The cryopreserved embryos of a deceased 
patient should only remain in storage if the patient had 
explicitly consented to their posthumous use.

Where embryos are to be removed from storage and 
allowed to perish, a formal procedure should be in place to 
ensure this act is performed in a respectful manner. Some 
patients may request that their embryos receive some form of 
funeral, and clinics should work with these patients to for-
mulate a procedure that meets both the legal requirements 
and patient wishes. Clinic staff should keep in mind that 
couples can equate removal of embryos from a cryobank as 
a form of child abandonment [5].

65.3  Storage Audit

The cryopreserved embryos stored within the cryobank 
should be audited periodically to confirm that the electronic 
and/or paper storage records accurately reflect the physical 
contents of the storage tanks. This allows the clinic to deter-
mine whether their SOPs for adding to and removal from the 
cryobank are appropriate and being followed. Any discrep-
ancies that are identified should be corrected wherever pos-
sible and investigated to determine the root cause.

Different national regulations often specify how often an 
audit should be performed. For example, the HFEA states 
that all licenced fertility clinics in the UK should perform a 
storage audit at least once every 2 years. However, the per-
formance of a full storage audit can be extremely time- 
consuming. Some large-scale clinics may decide to audit a 
proportion of their cryopreserved samples in the first 
instance and only expand to performing a full audit if there 
are discrepancies that indicate that it would be of benefit to 
do so.

Two staff members should perform the physical audit, 
with the first leading the audit and the second acting as a wit-
ness. Training is important for handling cryopreserved sam-
ples during the physical audit. Cryopreserved embryos are 
extremely sensitive to fluctuations in temperature. Staff 
members must therefore endeavour to protect the cryopre-
served material from undergoing uncontrolled thawing/
warming during the physical audit, which might compromise 
future embryo viability. Extra care should be taken when 
handling vitrified embryos, since the small volume of media 
that embryos are vitrified in renders them more susceptible 
to temperature fluctuations than slow-frozen embryos.

65.3.1  Performing a Physical Audit

An example of a successful audit procedure is described 
below:

 1. Collect the clinical case notes for all patients that have 
cryopreserved embryos stored within the same location of 
a storage tank, i.e. the same canister.

 2. Cross-check the freeze paperwork stored in the patient’s 
clinical case notes against the electronic storage database 
and/or the inventory paperwork for the storage tank. 
Check the following details for any discrepancies:
 (a) Patient name
 (b) Patient date of birth
 (c) Clinic registration number
 (d) The number of embryos cryopreserved
 (e) The stage at which the embryos were cryopreserved
 (f) The date of cryopreservation
 (g) The location of the embryo(s) within the storage 

tank
 3. The patient’s consent forms should be checked to confirm 

that appropriate written consent for embryo storage has 
been obtained. The length of time that the patients have 
consented to embryo storage should also be cross-checked 
against the electronic database and/or paper inventory to 
confirm that the recorded storage expiry date is correct 
and has not been exceeded.

 4. Where possible, the physical contents of each sub- 
location should be examined during the same audit ses-
sion to prevent excessive movement of the stored contents. 
The embryos stored for each patient should be cross- 
checked against the inventory paperwork for the:
 (a) Number of devices in storage
 (b) Number of embryos in storage
 (c) Colour and style of the storage device(s)
 (d) Identifying information on the label of the storage 

device
 5. Any discrepancies should be discussed with the labora-

tory team leader and amended where possible. Any 
changes made to the paperwork should be clearly marked 
as an outcome of the storage audit and initialled by the 
person who has made the amendment.

Discrepancies identified during a storage audit can be 
wide ranging. Possible discrepancies include:

• Absence of storage consent or invalid storage consent.
• Embryos that have exceeded their storage expiry date.
• Errors on the storage device label.
• Transcription errors on the freeze documentation/inven-

tory paperwork/electronic database such as incorrect stor-
age device colour.
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• Fewer storage devices present in the storage location than 
expected; this may result from poor record keeping, such 
as the absence of embryo thaw details on the paperwork. 
However, this discrepancy may also result from the break-
age of a storage device or the loss of a storage device 
within the tank.

The nature of the identified discrepancies will indicate 
whether a change in SOP is required or whether the labora-
tory staff would benefit from a period of retraining.

65.4  Transporting Embryos Between 
Clinics

Cryopreserved embryos and oocytes can be transferred 
between fertility clinics using a specialist transport vessel 
known as a dry shipper (Fig. 65.8). The central cavity of the 
dry shipper, which houses the cryopreserved samples during 
transit, is surrounded by an absorbent material that can be 
‘charged’ with LN2. If the dry shipper has been primed 
appropriately, the samples to be transferred will be main-
tained in their cryopreserved state by the resultant LN2 
vapour.

The time period over which a dry shipper can maintain a 
stable temperature (static hold time) varies depending on the 
style and size of the vessel. It can be beneficial to use a data 
logger to record the temperature during transportation; how-
ever, clinics should be mindful that data logger use can 
reduce the static hold time. The dry shipper should be housed 
in a sturdy protective case to prevent damage to the vessel 
during transportation and should remain in an upright posi-
tion throughout transit. All dry shippers used for interna-
tional transfers must meet the requirements set by the 
International Air Transport Association (IATA).

The arrangement of the transfer process requires the two 
participating clinics to liaise closely with one another. Good 
communication needs to also be established with the patients, 
the courier service and regulatory or government agencies. 
Some countries and regions have specific regulations in 
place to govern the movement of samples between clinics, 
and it is essential that all regulatory requirements are met and 
approved to ensure that the transfer is performed in a lawful 
manner.

A generic import/export protocol is described below:

 1. Patients register their intent to transfer their cryopre-
served embryos to/from the clinic.

 2. Patients are informed of the risks, costs and the process 
involved in embryo import/export. The patients com-
plete transport consent forms acknowledging and 
accepting the risks associated with transferring embryos 
in a dry shipper.

 3. Documents relating to the creation and cryopreservation 
of the patient’s embryos, including the consent to 
embryo storage, are sent to the receiving clinic.

 4. Where required, licencing and accreditation documents 
are shared between the sending and the receiving clinics, 
and approval for the transfer is sought from the regula-
tory/licencing body.

 5. A date for embryo shipment is agreed upon by the two 
clinics and the courier company.

 6. Priming of the dry shipper commences 1–2 days prior to 
the transfer date.

 7. On the day of the transfer, the embryos are removed 
from their storage tank and transferred to the dry ship-
per; this process should be performed by two staff mem-
bers to ensure that the correct samples are exported. 

Fig. 65.8 A dry shipper. This specialist transport vessel is used to 
transport cryopreserved material between fertility clinics within the 
same country or internationally. (Courtesy of the Assisted Conception 
Service, Glasgow Royal Infirmary, Glasgow, UK)
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Documentation describing to the contents of the dry 
shipper should be included in the shipment.

 8. The courier company collects the dry shipper, and the 
receiving clinic should be notified that the shipment is in 
progress.

 9. Upon the receipt of the dry shipper, two members of 
staff at the receiving clinic should transfer the embryos 
into their new storage tank and verify that the identify-
ing information present on the storage devices is consis-
tent with the laboratory paperwork.

 10. The receiving clinic should inform both the patients and 
the sending clinic that the embryos have been safely 
received and the cryobank inventory of both ART clinics 
should be updated to reflect the occurrence of the import/
export event.

65.5  Conclusion

This chapter has explored all aspects of the clinical embryo 
cryobank. The design has been described, including how to 
decide on the type and number of vessels, the equipment 
needed and how safety and security should be managed. The 
processes of adding and removing embryos from the cryo-
bank have been covered, including tips on how to manage a 

cryobank containing many embryos via a ‘bring-forward’ 
system. Embryo cryopreservation is commonplace in ART, 
and this trend will likely continue for the foreseeable future. 
Thus, the cryobank has a pivotal role in delivering successful 
outcomes for our patients.
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Psychological Aspects of Infertility

Julianne E. Zweifel and Angela K. Lawson

It is common wisdom that “pregnancy begins psychologi-
cally long before it occurs physiologically” [1]. In short, the 
quest for pregnancy is a complex intertwining of physiology 
and psychology. This means that high-quality care of fertil-
ity patients necessitates awareness of the psychosocial 
aspects of infertility. In contrast to other fields of medical 
care where patients seek alleviation of maladies, patients 
presenting for fertility care are seeking the opportunity to be 
a parent. More specifically, they are seeking a loving rela-
tionship with a child, the experiences and fulfillment inher-
ent in parenting, carrying out the natural instinct of 
reproduction, the continuance of family relationships and 
lineage, and the opportunity to enrich parental relationships 
[2]. Couples seeking fertility treatment may also be moti-
vated to alleviate potential negative experiences including 
the stigma of childlessness, marital insecurity, and exclu-
sion from child-related social activities and relationships 
[2]. Thus, there are multiple psychosocial factors at stake 
for those seeking fertility care.

Infertility is generally an unexpected crisis that threatens 
the dream of parenthood and one’s anticipated life agenda. 
An individual’s sense of self-determination and physiologi-
cal competence may be threatened, and for many, this will be 
the first experience at not being able to attain a life goal 
through hard work. As a result, patients are highly motivated 
to identify and rectify factors (real or otherwise) that may be 
contributing to their infertility.

The experience of infertility treatment also carries with it 
many burdens including the discomfort of discussing sexual 
and reproductive health issues, complex treatment regimens, 

uncertain outcomes, financial strain, frequent clinic visits, 
physical discomfort, and potential moral/ethical dilemmas 
[3]. Given the totality of the infertility experience, it is not 
surprising that clinically significant depression and anxiety 
is an associated struggle for many infertility patients. The 
prevalence of depression, anxiety, and general distress 
among infertility patients has led some to argue that, rather 
than a consequence of infertility, distress is a cause of 
infertility.

The goal of this chapter is to prepare clinicians to sup-
port the psychological needs of their patients through sensi-
tive care that recognizes the emotional/psychological 
concerns of the patient. The chapter will first provide a 
foundation for patient education on the relationship of 
stress and infertility and will then present a practical model 
for providing routine proactive psychological support 
within a fertility clinic.

66.1  Psychological Stress and Infertility

For generations, scientists have worked to discover and 
effectively treat the causes of infertility. There are many 
identified medical causes of infertility; however, a large 
number of patients have no identified medical cause for 
their infertility. For patients without a medical answer for 
their infertility (and even for those with a medical diagno-
sis), many may turn to alternative explanations and non-
medical treatments for their infertility. This is likely related 
to historical and inaccurate beliefs about the relative ease of 
achieving pregnancy and resulting belief that if pregnancy 
is not easily attained, the intended parents have done some-
thing wrong and can make behavioral changes to correct 
the problem. Historic examples exist of beliefs that a wom-
an’s behavior, in particular her level of stress, affects 
whether or not she gets pregnant and whether or not she 
carries a pregnancy to term. Anecdotes about women relax-
ing and getting pregnant abound, whereas anecdotes about 
women relaxing and not getting pregnant are notably 
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absent. As a result, women commonly lament being told by 
well-meaning family and friends to “relax” in order to 
improve pregnancy chances. Such  comments reinforce the 
woman’s belief that it is her fault that she is not conceiving 
and often result in women’s increased focus on reducing 
their level of stress.

66.1.1  What Is Stress and How Could  
It Affect Fertility?

Stress is the result of automatic physiological responses to 
an internal or external noxious stimulus. Individual reac-
tions to stress vary but can lead to either positive (eustress) 
or negative (distress) outcomes [4]. These reactions have 
been described as the “the fight or flight response” and in 
times of acute or chronic stress results in the activation of 
the sympathetic nervous system via the sympathetic adre-
nal medullary axis (SAM) as well as the hypothalamic 
pituitary adrenal axis (HPA) in times of chronic stress. The 
activation of the HPA and SAM axes results in the release 
of neurotransmitters (e.g., epinephrine and norepineph-
rine) and stress hormones (e.g., cortisol and α-amylase). 
This cascade effect serves to help defend the body against 
harm and return it to a state of homeostasis [5, 6].

Stress-related stimulation of the HPA axis may be viewed 
as particularly relevant to the biological plausibility of a rela-
tionship between stress and infertility. This is because activa-
tion of the HPA axis is hypothesized to inhibit the 
hypothalamic-pituitary-gonadal (HPG) axis which is respon-
sible for the production of hormones vital to reproduction 
(e.g., luteinizing hormone; LH and follicle-stimulating hor-
mone; FSH) [7]. However, the activation of the sympathetic 
nervous system has been found to result in reduced activity, 
but not complete obstruction, in the parasympathetic nervous 
system which is responsible for reproduction among other 
biological processes [8].

66.1.2  Support for Stress as a Cause 
of Infertility

Some research suggests that psychological stressors play a 
role in reproductive processes such as delayed pubertal onset 
and functional hypothalamic amenorrhea [7]. However, this 
research is limited by use of animal models, inconclusive 
research with humans, as well as limited control for the role 
of environmental factors such as food insecurity and exces-
sive exercise on these processes. More recent research on the 
relationship between psychological stressors and infertility 
focuses on elevated stress hormones (e.g., α-amylase and 
cortisol) and infertility.

66.1.3  Stress Hormones

Studies of salivary-α amylase (s-αA) and cortisol in women 
attempting to conceive have found that, among fertile and 
infertile women, higher stress hormone levels were generally 
not associated with overall probability of becoming pregnant 
despite an association with lower daily conception chances 
in first month of attempting pregnancy or increases in overall 
time to pregnancy. One study of IVF patients did find a rela-
tionship between cortisol levels on day of oocyte retrieval 
and day of pregnancy test (prior to delivery of test results) 
and chance of pregnancy success [9]. The findings of this 
study are unclear particularly in light of research findings 
which show a positive relationship between cortisol and peri-
menopausal changes (e.g., increasing FSH and decreased 
estradiol) but no relationship between cortisol and distress 
levels [10, 11]. It is therefore unclear if this relationship 
between cortisol and pregnancy results was related to 
patient’s differential exposure to exogenous FSH during IVF, 
baseline FSH levels, low peak E2 reflecting a poor stimula-
tion response, and/or temporal proximity to perimenopause.

Overall, the outcomes of these studies are limited by the 
fact that no attempt was made to assess for the cause(s) of 
increased hormone levels and no formal fertility evaluation 
took place [5, 12, 13]. Thus, research on the relationship 
between stress and s-αA or cortisol are difficult to interpret 
as these hormone levels may be influenced by many vari-
ables other than stress (e.g., diet, substance use, medication, 
coping strategies, exercise, circadian rhythm, variability in 
sample collection and storage techniques, etc.) [14–16].

It should also be noted that some have postulated, without 
sufficient empirical support, that stress is the cause of at least 
some medically unexplained miscarriages. The proposed 
biological mechanism is similar to that of stress and infertil-
ity in that it is hypothesized that increases in stress hormones 
can cause immunological changes and/or inflammation in 
the uterus which may lead to miscarriage [17]. Limitations to 
the length of this chapter prevent a full exploration of rele-
vant research. However, the research on stress and miscar-
riage are inconsistent at best and more rigorous research with 
appropriate control variables is needed. [18]

66.2  Survey-Based Assessment 
of Psychological Stress and Infertility

A great deal of research has also focused on participant’s 
perceptions of stress and any associated negative fertility- 
related outcomes. Although some researchers have identified 
a relationship between psychological stress or negative life 
events and fertility treatment outcomes [19, 20], others have 
not. [21, 22] Unfortunately, many survey-based studies of 
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stress and infertility are limited by lack of relevant control 
variables, use of empirically valid measures of distress, small 
sample sizes, and inappropriate statistical analyses. Further, 
limited research exists which explores men’s perceptions of 
stress and fertility outcomes, but this research has also 
resulted in inconsistent findings [23]. Finally, survey research 
on the relationship between perceived stress and fertility, 
while providing insight into participant’s experiences of dis-
tress, is inherently limited and ultimately unable to provide 
data regarding causation.

66.2.1  Distress Reduction and Fertility

Given the ethical and other difficulties in designing a rigor-
ously designed randomized controlled trial to assess stress 
exposure and fertility outcomes, another research approach 
has been to assess changes in pregnancy following relaxation 
inducing or otherwise stress reducing activities.

66.2.1.1  Complementary and Alternative 
Medicine

Acupuncture is hypothesized to serve as both a treatment for 
infertility and as a stress-reduction activity [24]. As with 
much of the research on stress and infertility, the research on 
acupuncture and fertility is inconsistent. However, acupunc-
ture has generally not been found to be harmful to patients 
and indeed may result in emotional benefits; therefore use of 
acupuncture during fertility treatment is not prohibited [25].

Mindfulness meditation and other mind/body interven-
tions including yoga have also been examined as ways to 
improve patient’s emotional well-being and pregnancy 
chances [26–28]. Nonetheless, research is inconclusive and 
often marked by design flaws but finds that such interven-
tions may improve emotional well-being and thus may con-
tinue to be utilized by patients who are attempting to 
conceive.

66.2.1.2  Psychotherapy
A large body of research has examined the relationship 
between psychological counseling and distress reduction 
among infertility patients. Many studies have found that 
counseling is associated with improvements in emotional 
well-being [29]. Results of research on psychological coun-
seling and improved pregnancy rates are less consistent. 
[30–32] As with most research on stress reduction interven-
tions, psychotherapy does not appear to harm patients and is 
often well-received by patients and thus continued appropri-
ate referrals for psychological support appears warranted.

66.2.1.3  Adoption
Although on the surface adoption would not appear to be a 
stress reduction strategy, anecdotally, many patients report 

hearing stories of friends or family members who adopted 
and subsequently conceived. Anecdotal stories which contra-
dict any relationship between adoption and conception are 
less frequently shared. Overall, research on adoption and 
spontaneous conception finds that although some women 
can conceive after adoption, most do not [33, 34].

66.2.1.4  Stopping or Starting Fertility 
Treatment

It has been hypothesized that the cessation of fertility treat-
ment and/or the intention to begin such treatment is associ-
ated with a reduction in stress that may increase rates of 
spontaneous conception. Although some women can sponta-
neously conceive after the end or before the start of fertility 
treatment, it appears that the likely cause of such conceptions 
are related to those women’s younger age, shorter duration of 
infertility, and less severe fertility diagnoses. Further, women 
who pursue fertility treatment often do not have a 0% chance 
of spontaneous conception, and some women may have been 
misdiagnosed as infertile; thus spontaneous conception 
among fertility patients would not be unexpected [35]. 
Regardless of the reason for spontaneous conception, there is 
no strong link between stress and spontaneous conception 
among patients starting or stopping fertility treatment.

66.2.2  Support for Infertility as a Cause 
of Distress

It is accepted that the experience of infertility and infertility 
treatment serve as psychological stressors for women and 
men that may lead to mild to severe levels of emotional dis-
tress. Infertile patients have frequently been found to report 
symptoms of depression and anxiety, marital discord, and 
other personal and social symptoms of distress. Research 
also supports that these symptoms of distress may worsen 
throughout the course of failed fertility treatments, may 
result in premature treatment termination, and may rise to 
the severity of distress seen among cancer patients [36–38].

In summary, given the inconsistent and at best weak rela-
tionship between stress and infertility, as well as the distress 
caused by infertility and infertility treatment, it seems best to 
offer high-quality care with appropriate emotional support to 
patients while avoiding telling patients to “relax.”

66.3  A Model for Routine Psychological 
Care in Fertility Treatment

High-quality care refers to a treatment approach that is effec-
tive, safe, patient-centered, timely, efficient. and accessible 
[39]. Adoption of the term “high-quality ART” into the ver-
nacular of reproductive endocrinology and infertility care 
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reflects the evolution of fertility care beyond live birth rates 
to include consideration of overall patient well-being while 
in treatment. Studies of patient-centered care indicate that 
clinics’ and providers’ ability to educate, communicate, and 
convey respect to patients translates into lowered concerns 
about treatment and lowered overall anxiety [40]. Patients 
value psychosocial support being offered through fertility 
clinics before, during, and after ART and providing this ele-
ment of care may address the fact that the burden of psycho-
social factors is a primary reason for discontinuing fertility 
treatments [40]. Further, consideration of well-being in treat-
ment also factors into patients’ selection of treatment pro-
grams and providers [41]. While it is important for each 
member of a clinic team to be sensitive to the psychosocial 
experience of patients and to provide effective patient educa-
tion, communication, and respect, the mental health provider 
(MHP) on the team has a unique opportunity to impact these 
aspects of patient care.

66.3.1  Wisconsin/Northwestern University 
Model of Care

The fertility programs at the University of Wisconsin School 
of Medicine and Public Health and Northwestern University 
Feinberg School of Medicine share a unique model of infer-
tility care that routinely incorporates psychological services. 
While patients are offered supportive psychotherapy as a 
venue to process mood, relationship issues, and treatment 
decisions, all patients pursing IVF, third-party reproduction, 
and fertility preservation are required to participate in a pre-
treatment psychological consultation with an MHP who is 
embedded in the clinic. Resistance to the consult is mitigated 
by presenting the consult as a routine component of care, and 
studies suggest that pre-IVF counseling is acceptable to most 
participants [3].

66.4  Pretreatment Psychological 
Consultation

The broad goals of the psychological consultation associated 
with fertility care include (a) screening to identify patients 
who have mental health or psychosocial concerns that may 
necessitate additional pretreatment considerations; (b) pre-
paring patients for treatment including discussion of psycho-
logical and ethical factors in care; (c) introducing coping and 
communication strategies; (d) providing a venue for support-
ive discussion regarding patients’ infertility experience; and 
(e) discussion of situation/treatment-specific concerns [1, 3]. 
Structured examples of psychological consults in fertility 
care are available for review [42] but are beyond the scope of 
this chapter; however, primary points will be discussed 

below. Though the psychological consult is conducted by the 
team MHP, familiarity with the content and purpose of the 
consult allows all team members to better support the psy-
chosocial experience of patients.

66.4.1  Psychosocial Screen

Although patients presenting for fertility care often experi-
ence stress, depressed mood, and anxiety, their underlying 
psychological health is typically sound. Most will report good 
relationship stability and few if any conflicts related to their 
fertility treatment plans. However, at times the psychological 
consult reveals problems that necessitate their physician post-
poning or denying treatment. Postponement of care for psy-
chological reasons is appropriate when the concern can be 
remedied or effectively managed by additional services such 
as psychological/psychiatric interventions. Physicians may 
also choose to deny fertility care for psychological reasons, 
based on MHP recommendations regarding identified psy-
chosocial contraindications to treatment (Table 66.1) [3].

66.5  Preparation for Treatment 
and Discussion of Psychological/
Ethical Factors in Care

Effective patient preparation in fertility care has been shown 
to decrease infertility specific anxiety and stress [40]. Patient 
preparation is a team effort, and although medical providers 
routinely discuss treatment regimens, clinic policies, poten-
tial complications, and success rates, patients often require 
multiple discussions to absorb all of the information provided 
to them [3]. Within the psychological consult, the MHP has 
an opportunity to not only re-present information but also to 
identify when patients are failing to comprehend information 
or holding on to unrealistic treatment expectations. 
Furthermore, the topics of unsuccessful treatment, number of 
embryos to transfer, patient preference for twins or sex selec-
tion, high-order pregnancy, multi-fetal pregnancy reduction, 

Table 66.1 Psychosocial contraindications to infertility treatment

 •  Treatment or pregnancy may significantly worsen an active 
psychiatric illness

• Active substance dependence with concomitant chaotic lifestyle
• One partner is coercing the other to proceed with treatment
•  One or both partners are unable or unwilling to provide consent 

for the treatment
•  Decisions about privacy and disclosure in third-party reproduction 

cannot be resolved
 •  Use of a family member gamete donor would cause significant 

familial discord
•  Custody arrangements for the potential child of a known gamete 

donor have not been agreed to by all parties
 • Serious marital discord
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age limits in care/older parenting, posthumous reproduction, 
futility of care, and disposition of excess embryos involve 
psychological, relationship, social, ethical, religious, and 
moral complexities that benefit from discussion in a therapeu-
tic setting. Many of these topics are distressing and patients 
are often taken aback by the profound nature of the risks and 
decisions associated with treatment. Forecasting these issues 
prior to initiating care is an element of an effective informed 
consent process and also may enable patients to cope more 
effectively when faced with these challenges.

66.5.1  Introduce Coping and Communication 
Strategies

The psychological consult is also an opportunity to introduce 
effective coping and communication strategies. Studies have 
demonstrated that cognitive behavioral therapy, relaxation 
training, and psychoeducational interventions are typically 
effective in reducing psychological distress with fertility 
patients [43, 44]. While it is not possible to provide in-depth 
coping skills training within the consult, some simple strate-
gies such as breathing techniques and restructuring cata-
strophic thoughts can be implemented during the consult. 
Furthermore, helping patients to recognize that stress levels 
increase during an IVF cycle, with peaks during oocyte 
retrieval, embryo transfer, and the waiting period before 
pregnancy testing, allows for advance planning and use of 
coping strategies [40]. In addition, introduction of effective 
communication of feelings during times of high stress may 
reduce marital discord and improve emotional well-being.

66.5.2  Providing a Venue for Support

Finally, the psychological consult provides an initial thera-
peutic encounter where patients have an opportunity to dis-
cuss feelings associated with their fertility experience. For 
many this will be their first experience with an MHP. Meeting 
the MHP and demystifying the therapeutic experience may 
facilitate patients seeking supportive psychotherapy. Further, 
research shows that embedding an MHP into medical prac-
tices increases the probability of patients obtaining psycho-
logical support [45]. This is particularly important following 
unsuccessful treatment or reproductive loss when the depres-
sion experience can intensify [40].

66.5.3  Third-Party, Single, LGBT Patients

Psychological consults with single patients, LGBT patients, 
and patients in third-party reproduction necessitates address-
ing additional, situation specific, issues. A full detailing of 

these issues is beyond the scope of this chapter but a brief 
summary can be helpful. Those interested in a broader under-
standing of the psychological issues specific to these popula-
tions as well as treatment recommendations are encouraged 
to review relevant published texts as well as relevant ASRM 
ethics and practice documents [46–50].

66.5.3.1  Third-Party
Generally, individuals approach family building with the 
expectation of using their own gametes to conceive. Although 
patients may recognize the logic associated with using donated 
oocytes/sperm, many will struggle with feelings of loss, sad-
ness, anger, worry, fear, and shame. Patients often harbor fears 
that their relationship with a non-genetic child will be less than 
it would have been with a genetic child. Similarly, many 
express concern that the child’s parenting/family experience 
may somehow be lesser due to a lack of a genetic link [51]. 
The psychological consult provides an opportunity to normal-
ize these concerns and to share research which has suggested 
that children conceived through third- party reproduction have 
positive relationships with their parents and are as well-
adjusted as their naturally conceived peers [52]. Importantly, 
the consult is also an opportunity to discuss patients’ views 
and concerns related to disclosure/secrecy, identity-release 
donors, closed-identity donors, and the prospect of future con-
tact with the donor or donor siblings.

66.5.3.2  Single Parents
Increasingly single women, and to a lesser extent, single 
men, are pursuing parenting. Generally research has focused 
on single mother families. These studies suggest no differ-
ences in parent-child relationships or child adjustment for 
single-mother families compared to two-parent families 
[53]; however, regardless of the type of family structure, 
child-adjustment is impacted by the family’s economic and 
social resources. Typically single mothers presenting for 
care are well-educated, economically stable professionals in 
their late 1930s or early 1940s. The majority indicate that 
they are saddened that they do not have a partner; however, 
due to age-related time pressure and the lack of a suitable 
partner, they elect to go forward on their own [53].

In addition to issues discussed above, the psychological 
consult with prospective single parents will review decision- 
making regarding single parenthood and anticipated social 
support. Occasionally prospective single parents choose not 
to tell family/friends about their reproductive plans or report 
poor family/friend support. This may indicate practical or 
psychosocial difficulties and merits further discussion. 
Finally, as with all third-party reproductive plans, the psy-
chological consult is a venue for discussing choice of, and 
comfort with use of, a gamete donors, disclosure to the child, 
and the child’s potential interest in the donor and donor 
siblings.
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66.5.3.3  LGBT Patients
In many respects, fertility care with lesbian, gay, bisexual, 
and transgender (LGBT) women and men is very similar to 
that of heterosexual non-transgender patients. Further, LGBT 
patients are equally at risk of infertility, failed treatment 
cycles, and reproductive loss as non-LGBT patients. 
However LGBT patients face additional challenges includ-
ing legal uncertainties, social biases, and hetero-normative 
terminology/policy within the clinic. Further, they may face 
additional decisions regarding whose egg/sperm to use and 
who will carry the pregnancy. All psychological consults 
should convey respect for patients, reassure that the consult 
is not an assessment of fitness for parenting, and convey sen-
sitivity to the psychosocial experience of the patient; how-
ever, given the biases and discrimination commonly 
experienced by LGBT patients, this approach is essential. It 
is also important that all members of the clinic team be aware 
that parental sexual orientation and gender identity have not 
been found to negatively impact the development and psy-
chological adjustment of children [46].

In addition to the more general topics addressed above, in 
the psychological consult with LGBT patients, the mental 
health provider encourages discussion of the implications of 
patients’ choices, helps them feel supported in their care, and 
highlights the importance of legal counsel for parentage.

66.6  Conclusions

Overall research findings on the relationship between stress 
and infertility are inconsistent, marked by design flaws, and 
ultimately may only result in a minor delay in time to preg-
nancy but not in overall pregnancy chances. Although anec-
dotal data is widely shared, it appears that only anecdotes 
which support the relationship between stress and fertility 
are shared, thus creating a confirmation bias which likely 
supports what patients and others may want to believe: that 
we as human beings have a great deal of control over our 
fertility. It is likely the fear that we do not have control over 
our fertility and that fertility is inherently unfair, and not as 
easy as we would hope, results in the symptoms of anxiety 
and depression found among fertility patients. Further, for 
generations, women in particular have suffered in silence 
following infertility and miscarriage out of fear that they 
would be blamed by others for causing these outcomes by 
being too stressed. Given the psychological sequelae of 
infertility and fertility treatments, high-quality fertility care 
should include embedded mental health professionals trained 
in reproductive health to improve patient mood and coping, 
to improve the informed consent process, and to reduce pre-
mature treatment termination.
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Counselling Prior to Medically Assisted 
Reproduction

Jody Lyneé Madeira

Patient counselling is an integral process that continues for 
the duration of an assisted reproductive technology (ART) or 
medically assisted reproduction (MAR) treatment cycle. It 
might be thought of as the “informed” component within 
informed consent to medical treatment, a legal and ethical 
imperative that requires that providers educate patients and 
obtain their consent prior to medical treatment. Informed 
consent is connected to the four moral principles of medical 
ethics: autonomy (respect for persons), beneficence (do 
good), nonmaleficence (doing no harm), and justice (being 
fair) [1].

This chapter will provide an overview of patient counsel-
ling in MAR. It will first discuss how patient counselling and 
its broader corollary, informed consent, are ethical and legal 
mandates within medical treatment. It will then explain the 
unique dimensions of patient counselling with MAR. Finally, 
it will explore possibilities for improving patient counselling 
in MAR in the future.

67.1  Patient Counselling and Informed 
Consent as an Ethical Imperative 
and Legal Doctrine

In general, patient counselling prior to MAR is designed to 
convey material information that competent patients might 
use to evaluate treatment options and make medical deci-
sions. This includes information about a procedure’s purpose 
and elements as well as its risks, benefits, side effects, odds 
of success, alternatives, and costs and a provider’s treatment 
recommendation [1, 2]. The American Society for 
Reproductive Medicine (ASRM) has outlined specific rec-
ommendations for what information should be conveyed to 
ART patients and best practices for doing so [3]. These 

include advising that all consents be in writing, signed by all 
parties, and witnessed, recommending that couples be fully 
informed about all alternative procedures and nonmedical 
options for managing infertility [3]. Patients should also 
have an opportunity to ask questions as well as time to evalu-
ate the information and come to a decision. Predictably, it 
can be difficult to determine exactly how much information 
patients need, since informational needs can vary from indi-
vidual to individual. While too much information may over-
whelm some patients, too little may leave them unprepared 
to make informed treatment decisions and expose providers 
to legal liability.

Informed consent is a comparatively recent historical 
addition to medical treatment relationships. Rooted in the 
need to safeguard human dignity, it grew in importance fol-
lowing the human experimentation atrocities of the Nazi 
regime [4, 5] and others like the Tuskegee Syphilis Study [6]. 
These events culminated in two influential resources: the 
Nuremberg Code of 1947 [4] and the 1978 Belmont Report 
[7]. The Nuremberg Code set up basic international stan-
dards for medical research that have since been incorporated 
into ethical guidelines within the social sciences. The 
Belmont Report explicated ethical principles for human sub-
jects research, including informed consent, risk-benefit 
assessment, and subject selection.

Patient counselling and informed consent typically 
occur in a predictable sequence of acts. First, a patient is 
provided with information (usually in the form of docu-
ments) that describe the treatment procedure, risks, and 
benefits, either with or without an explanatory conversation 
with the provider. The patient then reviews and signs a doc-
ument to affirm that she gives consent to treatment  — a 
procedure typically known as “legal” informed consent. 
This paperwork is frequently lengthy and saturated with 
medical and legal jargon, and various experts have ques-
tioned whether patients read or understand their consent 
forms prior to signing [8]. Ideally, patients are given a 
chance to ask questions or request changes to the existing 
treatment procedure. Patients might review informed con-
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sent documents in a number of environments, from their 
homes to providers’ offices, and at a variety of times, from 
weeks before to the day of treatment. Of course, in some 
circumstances, like emergencies, it is not possible to give 
patients adequate time to read forms and formulate and ask 
questions [8].

Though informed consent is an ethical imperative, it is 
also a legal mandate, and it is these concerns that have been 
increasingly prioritized in recent decades by medical admin-
istrators and, by implication, practitioners in recent decades.

67.1.1  Legal Perspectives on Informed 
Consent

Though it is undisputable rooted in ethics, over the course of 
the twentieth century, informed consent became increasingly 
defined by courts of law, where patients who alleged their 
physicians had violated informed consent principles could 
seek redress.

In the United States, state courts have identified various 
legal informed consent standards. The most popular of these 
are the “reasonable patient” and the “reasonable physician” 
standards, which require a provider to disclose all informa-
tion that either a “reasonable patient” [9] or a “reasonable 
physician” [10] would deem important to a treatment deci-
sion. Currently, the majority of states adhere to the “reason-
able physician” standard [11]. There are a few exceptions to 
the informed consent obligation, including emergency cir-
cumstances that preclude a patient from consenting and the 
therapeutic privilege, which allows a provider to withhold 
information out of concern that full disclosure would psy-
chologically harm the patient or cause the patient to forego 
an essential treatment [12]. Once a patient consents, a physi-
cian can perform only those procedures within the “scope of 
consent,” barring an emergency that occurs during the con-
sented- to procedure.

These legal standards have profoundly influenced patient 
counselling and informed consent routines in American 
medical practice. Failure to disclose material information 
exposes a provider to a civil claim of negligence sounding in 
tort law; a plaintiff patient must prove that her physician 
failed to disclose information as required by the relevant 
legal standard, as proven by expert testimony, and that this 
failure caused the plaintiff a legal injury. A plaintiff patient 
might need to prove that, if properly informed, she would not 
have consented to that procedure or that the harm that she 
suffered was not disclosed even though most doctors would 
have disclosed that risk. A patient could also sue a provider 
for battery for carrying out a procedure to which she did not 
consent; in one famous early informed consent case, a plain-
tiff successfully sued her doctor for operating on her left ear 
after she had consented to an operation on her right ear [13].

In 2008, the American Bar Association’s Family Law 
Section, Committee on Reproductive and Genetic 
Technology, created a “Model Act Governing Assisted 
Reproductive Technology” out of concern that new repro-
ductive technologies have “created a host of novel legal 
issues” that previously could not be satisfactorily resolved 
due to “confusion and contradictions in the application of a 
body of existing statutory and common law” [14]. The Model 
Act establishes “legal standards for the use, storage, and 
other disposition of gametes and embryos by addressing 
societal concerns about ART,” like a lack of health insurance 
coverage for infertility, and “legal standards for informed 
consent, reporting, and quality assurance” [14]. This Model 
Act is intended to provide a “flexible framework” by which 
to resolve current and future controversies [14]. It requires 
that informed consent be given orally and in writing; its other 
requirements will be discussed subsequently.

67.1.2  Counteracting Informed Consent’s 
Increasing Legalization

While informed consent is both an ethical and legal impera-
tive, some experts have noted that legal concerns have gradu-
ally taken priority over the past several decades. Beauchamp 
and Childress have criticized informed consent’s increasing 
legalization  — what they term “informed consent-as- 
disclosure” — for being “unduly influenced by medical con-
vention and malpractice law” and for incorporating “dubious 
assumptions about medical authority, physician responsibil-
ity, and legal theories of liability” that focus informed con-
sent away from human understanding [1]. Instead, they 
claim, informed consent should center around and support 
patients’ autonomous choice [1]. When it does not, informed 
consent is in tension with providers’ interests, with adverse 
consequences for both patients and providers. In a moral 
sense, informed consent concerns are supposed to facilitate 
patients’ autonomous choices, not professionals’ liability for 
nondisclosure.

To counteract this overemphasis on informed consent’s 
legal dimensions, Beauchamp and Childress have proposed a 
more comprehensive definition of informed consent, under 
which it is comprised of threshold elements like patients’ 
ability to understand and competency to make a voluntary 
decision, information elements such as disclosing material 
information and treatment recommendation, and consent 
elements like deciding upon a treatment plan and giving 
authorization [1]. When executed correctly, informed con-
sent can satisfy both providers’ and patients’ informational 
and security needs, as well as encourage innovation and 
deliver patient-centered medical care [8].

Thus, patient counselling cannot be reduced to a signed 
document, and patient understanding, not legal liability, 
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should be its primary goal. In this light, informed consent is 
a dialogic process that ideally begins, while a patient is 
 actually considering various treatment options and continues 
until treatment is complete. At the heart of this process is an 
open, trusting, and communicative treatment relationship 
between patient and provider. The patient counselling pro-
cess may involve documents, but it should begin and end 
with conversation. This approach to patient counselling and 
informed consent is supported by a growing body of research 
on effective treatment relationships and interactions, espe-
cially those focusing on patient-centered care and shared 
decision-making [15, 16].

Perhaps because of its importance to both ensuring patient 
understanding and in limiting providers’ professional liabil-
ity, experts are concerned that traditional routines of patient 
counselling and informed consent might diminish providers’ 
liability without increasing patient comprehension or pro-
mote informed decision making. Patients might have trouble 
understanding medical documents and consent forms that 
include legal and medical jargon, [17] particularly if their 
literacy level is low or English is not their native language 
(consent forms are often supposed to be written at an eighth- 
grade level) [18]. Medical consent forms are lengthy, being 
on average 12 pages long [18]; consent forms for ART pro-
cedures often fill whole binders. Moreover, there are more 
incentives for physicians to include as much information as 
possible than there are incentives to make the forms shorter 
and less comprehensive but perhaps more comprehensible. 
But more information is not always better for patients, who 
might feel this information is overwhelming or irrelevant to 
her circumstances [19]. Furthermore, patients may disregard 
documents if they feel that consent processes and aids, like 
consent forms, are designed to protect providers rather than 
educate patients or if they regard them as bureaucratic rituals 
and not meaningful opportunities for learning and asking 
questions [20]. Informed consent today may be analogized to 
a race that begins with a signature and ends in an operating 
room, more an experience of “getting it done and quickly” or 
“an activity performed out of necessity” [21] than an ongo-
ing relational and communicative process between patient 
and provider.

As a corollary to its role in bioethics and patient-centered 
care, patient counselling and informed consent are perhaps 
best defined as both processes and as relationships [21]. How 
patients regard consent forms need not define how they 
regard the patient counselling project as a whole. The rela-
tionship component of patient counselling is particularly 
important when patients find information to be emotionally 
threatening due to its content or ambiguity [8]. Perhaps the 
first stage in helping advance these qualities of patient coun-
selling is to acknowledge that “‘getting through’ and ‘being 
moved along’ are the lived experiences of consent,” particu-
larly when “the discretion of debating, changing, supple-

menting, or discarding the form is not available to them” 
[21]. Prioritizing patient counselling as a relationship over 
patient counselling as a legal mandate is the first step toward 
emphasizing an interactive, trusting medical relationship 
over one that is suspicious, adversarial, and litigious [8].

67.2  Unique Aspects of Patient 
Counselling and Informed Consent 
in Art

There has been surprisingly little empirical scholarship on 
generalized informed consent within ART, despite the many 
technological advances that have been implemented since 
the turn of the century [8]. Instead, researchers have 
addressed consent issues in third party reproduction, particu-
larly for egg donors. Within legal scholarship, experts rou-
tinely speculate that patients’ strong desire for a child may 
jeopardize informed consent but cite no studies in support of 
that claim [22–24]. For instance, Reame has cautioned that, 
because “competition for patients is intense and the pressure 
to keep published pregnancy rates high, critics have warned 
that the process of obtaining informed consent to assisted 
reproduction is seriously deficient, particularly with respect 
to the risks associated with multiple births” [25]. Zeiselman 
also observed that, according to the infertility advocacy 
group RESOLVE, “given the physical, financial, and emo-
tional stress infertile individuals are experiencing, they may 
be deceived easily by misleading advertising, so heightened 
sensitivity and caution on the part of the in vitro fertilization 
(IVF) practitioner is required” [26].

Empirical research has only recently begun to address 
these questions. Patient counselling needs may well be dif-
ferent in ART; ART patients are generally more well- 
educated and wealthy compared to other patient populations 
and might have different orientations to the importance of 
consent information as well as diverse informational needs 
and informed consent preferences. Recent research, for 
instance, suggests that the vast majority of IVF patients do 
read and understand information in consent forms but still 
repose more trust and confidence in provider informed con-
sent consultations [20]. Because ART is a non-emergent 
field, patients have more time to read and fully consider con-
sent information. And it suggests that informed consent and 
patient counselling processes are more robust than in other 
medical fields, providing more information and deeper dis-
cussion, despite the overall lower health risks of ART proce-
dures [20].

Moreover, research confirms that ART patients are highly 
motivated and eager to begin treatment and prioritize being 
informed. In a 2009 study, Frazier et al. found that 71.8% of 
women patients and 67.7% of male partners wanted to know 
about rare side effects [27]. Moreover, 69.1% of women and 
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42.7% of men desired information about possible but 
unproven side effects. These informational desires were 
 correlated with older age in women, a preference for twins/
triplets, transferring more than two embryos, and receiving 
care in a larger city (Chicago, IL) rather than a smaller city 
(Witchita, KS). Patients also preferred to make their treat-
ment decisions jointly with the IVF team in shared 
decision-making.

Within ART, the landscapes of patient counselling and 
informed consent are constantly unfolding as treatment out-
comes yield ever more health information and diagnoses, 
enabling patients to access more involved reproductive tech-
nologies. ART patients routinely consent to several repro-
ductive procedures as part of one treatment cycle, including 
in  vitro fertilization (IVF) surgical procedures, embryo 
transfer, embryo cryopreservation, and embryo disposition, 
as well as more specialized techniques like preimplantation 
genetic diagnosis (PGD) and intracytoplasmic sperm injec-
tion (ICSI) and assisted hatching (AH). Even more counsel-
ling and documentation are needed in third-party reproduction 
scenarios involving donor gametes and surrogacy. Many pro-
viders also believe that informed consent in ART is different 
because of different risks and ethical questions [20]. 
Furthermore, reproductive medicine professionals enjoy a 
wide range of discretion in consenting patients and might 
disagree on whether certain practices are acceptable, like 
transferring certain numbers of embryos or whether to use 
gamete donors with certain characteristics or a family history 
of serious mental illness. This discretion can lead to incon-
sistency in patient counselling efforts. Finally, consent to an 
ART procedure like IVF is an agreement to embark on an 
uncertain journey, where patients proceed on the basis of 
educated guesses since it is unclear how medications will 
affect patients’ ovaries, how embryos will fertilize, and how 
many embryos will be transferred.

In ART, then, patient counselling is especially critical 
because the treatment decisions involved in procedures like 
IVF often extend far beyond medical concerns and can 
implicate moral, ethical, and religious values and lifestyle 
concerns. Decisions made at the time of treatment affect not 
just patients and their partners but future offspring and poten-
tially third-party reproductive collaborators like gamete 
donors and surrogates. Moreover, although informed consent 
decisions must be made prior to treatment to protect all par-
ticipants’ legal interests, this timing means that patients 
might perceive these decisions as premature. When they 
make these choices, patients are not directly confronting 
troubling circumstances and might not seriously believe they 
could or will occur. In IVF, for example, couples must make 
decisions about cryopreserved embryos that do not yet exist; 
they might initially regard these embryos as conceptive 
resources but later view them as potential siblings of children 
already born.

Thus, the most difficult and complicated parts of patient 
counselling in ART — and its weaknesses — are most likely 
to be those subjects that extend beyond surgical and invasive 
procedures. Patients are likely more able to comprehend 
what egg retrieval involves than what happens to the risks of 
a multiple pregnancy. ART patients might disregard those 
risks that seem more contingent and potential outcomes that, 
while serious, seem unlikely to occur.

To respond to the unique concerns in ART, ASRM and the 
ABA have created professional models of informed consent 
and patient counselling guidelines: the ASRM Model 
Consent Forms and the American Bar Association’s Model 
Act Governing Assisted Reproductive Technology [14]. In 
2006, the ASRM outlined in detail what aspects of ART pro-
cedures had to be included in consent forms, and in 2008, the 
ASRM promulgated a Model Informed Consent Form for 
IVF, ICSI, AH, and embryo cryopreservation.

Under the 2008 American Bar Association Model Act, 
patients should be told that they can withdraw consent at any 
time prior to gamete or embryo transfer, as well as an ART 
procedure’s various risks, consequences, and benefits includ-
ing the inherent risks of embryo loss, hormones and other 
drugs, egg retrieval, multiple pregnancies, and selective 
reduction. Section 201 of the Act recommends that patients 
be advised to seek legal counsel concerning these matters and 
informed about confidentiality protections, access to medical 
records, possession and control of stored embryos, embryo 
disposition, and provider policies on numbers of embryos 
transferred and other ASRM or Society for Assisted 
Reproductive Technology (SART) guidelines [14]. Informed 
consent must be documented in a “record” that uses plain lan-
guage, is dated and signed by providers and participants, 
clarifies parental rights in collaborative reproduction circum-
stances, states that disclosures have been made and will 
remain in effect for a stated time period, and informs patients 
that they can receive a copy. Under Section 203 of the Model 
Act, certain disclosures must be made, including the health 
risks of ovarian stimulation and retrieval and information 
about drugs used, possible embryo dispositions, the right to 
transport embryos to other providers, and an embryo transfer 
disclosure including embryo quality [14]. Other sections of 
the Model Act have to do with donor limitations (Section 
204) and Posthumous Reproduction (Section 205) [14]. 
Finally, the Model Act requires that “all participants known to 
the ART provider must undergo a mental health consultation” 
as outlined in ASRM and SART standards, which cannot be 
used to arbitrarily deny any patients the right to procreate 
[14]. During this consultation, Section 301 of the Model Act 
requires that providers offer additional counselling, but 
patients’ acceptance of this offer is voluntary [14]. Under 
Section 302, however, patients using donor gametes or 
embryos or gestational surrogacy must have a mental health 
evaluation, as does the surrogate, prior to transfer [14].
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Although these models are helpful, they must be continu-
ally updated as new reproductive technologies are developed 
and implemented, spurring modifications in patient counsel-
ling. If important details of newer technologies are left out, 
patients are inadequately informed, and providers are 
exposed to legal liability. For example, in recent litigation 
concerning PGD, patients have argued that they were not 
informed of facilities’ inexperience in performing PGD, its 
associated errors, or the option of obtaining PGD [11, 28–
30]. However, such cases rarely result in litigation; Amagwula 
et  al. report that, of 15,125 PGD cycles in over 10  years, 
“only 24 cases of misdiagnosis and adverse outcomes were 
reported to the ESHRE [European Society of Human 
Reproduction and Embryology] PGD Consortium” [11]. 
Though practices may have little choice whether to offer 
technologies such as PGD, liability may be minimized by 
“properly informing patients of the inherent inaccuracies of 
PGD as part of a thorough informed consent process are cru-
cial in helping deter liability” [11].

Innovations in accessing reproductive technologies, like 
certain financing arrangements, may also warrant additional 
counselling. In 2016, the ASRM Ethics Committee pub-
lished guidelines concerning “risk-sharing” or “refund” pro-
grams, which “offer patients a payment structure under 
which they pay a higher initial fee but provide reduced fees 
for subsequent cycles and may receive a refund if they do not 
become pregnant or deliver a baby” [31]. Often, these pro-
grams have certain criteria for including patients, and 
patients’ participation in these programs can be terminated. 
These programs present possible conflicts of interests 
between patients who want to become pregnant while retain-
ing funds for other alternative family-building options like 
adoption and providers’ financial interests [31]. The ASRM 
Ethics Committee thus advised that patients must be “fully 
informed of the financial costs, advantages, or disadvantages 
of the programs” as well as alternatives, “clearly informed” 
about their chances of success, and advised that the program 
does not guarantee pregnancy or delivery [31]. One study 
alleged that practitioners often did not disclose inclusion or 
termination criteria and participation risks and benefits [32].

67.3  The Future of Patient Counselling 
and Informed Consent in Art

Currently, patients undergoing ART procedures like IVF 
receive and are asked to review lengthy informed consent 
forms — sometimes, whole binders of information — prior 
to consenting to medical treatment. Short of reviewing these 
documents with patients in detail, providers have no way of 
ascertaining whether or not patients read or understand their 
contents, or maintaining quality in patient counselling, 
ensuring that consent disclosures are consistent from patient 

to patient. Though research suggests that most IVF patients 
report reading and understanding these documents, [20] 
technology is providing better and more comprehensive 
alternatives to traditional paper consent forms [8].

As a supplement to face-to-face patient counselling, some 
reproductive medicine practices have begun to use a multi-
media e-learning application, EngagedMD, the first within 
reproductive medicine. EngagedMD consists of approxi-
mately 13 videos on topics from genetic prescreening to 
reproductive science and ART procedures to pregnancy risks 
and the health of an IVF-conceived baby, each of which is 
under 10 min and is followed by a brief quiz. Incorrect quiz 
answers generate a “pop-up” response with brief explana-
tions as to why another answer was correct. Videos respond 
to a variety of patient learning styles, permit patients to view 
processes like egg retrieval procedures and embryology 
techniques they would not otherwise see, allow patients to 
review consent information at a time and place of their 
choosing, and enable them to review information multiple 
times. Providers can use the program to monitor each 
patient’s progression through the video series and use their 
quiz scores to identify areas to focus on during informed 
consent conversations. According to EngagedMD’s creators, 
this product is more efficient than traditional consent forms, 
more effective at educating patients, and improves treatment 
relationships and patient satisfaction. Because EngagedMD 
has only been recently implemented in clinic environments, 
it will take time before empirical research methods like ran-
domized controlled trials can ascertain how EngagedMD 
impacts patient counselling and informed consent [33].

Regardless of how technological developments enhance 
patient counselling, face-to-face consent conversations will 
likely remain most the most useful patient counselling 
medium, simultaneously enhancing patient knowledge, per-
sonalizing treatment, and building relational trust. On the 
one hand, one danger of multimedia consent technologies is 
that providers will use them as replacements for, not supple-
ments to, interpersonal conversations, weakening treatment 
relationships and positioning patients like mere products on 
an assembly line [33]. On the other, however, alternative 
methods of ensuring informed consent compliance, such as 
reviewing consent documents with patients line by line, 
might be equally ineffective. Any patient questions left unre-
solved remain unasked or are answered later by nurses or 
other staff members tasked with responding to patients’ 
phone calls. Given the brevity of physician appointments, the 
time that patients and physicians have together is precious. 
While there is no substitution for genuine engagement 
between physicians and their patients, innovative media plat-
form products may help to increase and provide evidence of 
compliance and utilize appointment time more effectively. 
Such technologies can answer patients’ basic questions, gen-
erate new ones, and allow them to prioritize which needs and 
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concerns to resolve when they are face-to-face with their 
physicians. If used inappropriately, however, these technolo-
gies can distance patients from their providers — a critical 
error given reproductive medicine’s range of complex 
impacts and outcomes, the manifest importance of patient 
compliance, and the invaluable benefits of a trusting treat-
ment relationship.

In conclusion, patient counselling and informed consent 
have both legal and ethical dimensions, which can be in ten-
sion with one another when an emphasis on completing con-
sent forms supplants a focus on effective treatment 
conversations. Patient counselling is best understood as both 
a process and a relationship that lasts for the duration of the 
patient’s treatment experience. Patient counselling is espe-
cially critical within ART, where treatment decision-making 
entails many unique choices that go beyond medical deci-
sions, such as determining prior to treatment what should 
happen to surplus embryos, should patients die or become 
divorced. Although consent forms have traditionally been the 
most frequently counselling aid, patients might find them too 
bureaucratic or overwhelming due to length or jargon; other 
alternatives to consent forms, such as multimedia e-learning 
applications, may help to improve patient education and 
counselling.
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Noninvasive Prenatal Testing (NIPT): 
Current Status

K. Aparna Sharma and Neerja Bhatla

68.1  History

The concept of circulating fetal cells in the mother was first 
discussed by a German pathologist, Georg Schmorl, who 
identified fetal trophoblasts in lungs of eclamptic women on 
autopsy in 1893 [1]. After this suggestion there was a hiatus 
of nearly 100 years before any development could be made 
in the field. Gradually, with the development of cell sorting 
techniques, separation of single cells was possible, and the 
further development of PCR and FISH techniques allowed 
the analysis of single cells. In the 1990s, there was a lot of 
interest in various methods for noninvasive prenatal diagno-
sis (NIPT) [2]. It was then that the paper on cell-free fetal 
DNA by Lo et al. generated great enthusiasm among the pro-
ponents of NIPT [3]. In this landmark study, circulating male 
fetal DNA was detecting in 80% of women carrying male 
fetuses using a sensitive Y-PCR assay. This paved the way 
for a revolution leading to its present day status having an 
undisputed stand among the tests for prenatal diagnosis.

68.2  Technical Aspects and Types of NIPT

68.2.1  Cell-Free DNA (cfDNA)

Cell-free DNA is normally found in all individuals. This 
originates from dead cells and is found in a concentration of 
10–100  ng/mL.  The length of these fragments could be 
between 100–300 base pairs (bp) with a concentration of 
1011 fragments per mL. The turnover time is rather rapid with 
a half-life of only 15 min.

68.2.2  Cell-Free Fetal (cff) DNA

In a pregnant woman, 5–40% of free DNA fragments have a 
fetal origin from the placenta resulting from the apoptosis of 
the syncytiotrophoblasts, which leads to the release of DNA 
fragments [4]. Being placental in origin, cfDNA increases in 
conditions of abnormal placentation like abruption and is 
not detectable within hours after delivery [5]. It can be reli-
ably detected after 7 weeks of gestation [6]. Using specific 
enzymes (CG nuclease), it is possible to degrade only the 
maternal DNA at the sites where its methylation differs 
from the fetus’ and hence differentiate maternal from fetal 
DNA [7].

68.2.3  The Noninvasive Prenatal Test (NIPT)

NIPT is the detection of fetal DNA circulating in the moth-
er’s blood to diagnose various fetal conditions. High- 
throughput DNA sequencing technology (massive parallel 
genomic sequencing (MPS) or NGS) is used to sequence 
millions of DNA molecules in parallel [8]. There are three 
commonly used methods for performing the tests.

68.2.3.1  Whole Genome Sequencing
In this test, the entire fetal DNA is sequenced in short reads 
and referenced in comparison to a standard human genomic 
database such that every sequence can be matched to a spe-
cific chromosome. An important aspect that needs mention 
here is that it is not the change in sequencing that is detected 
but the amount of DNA of a particular sequence which is 
more or less than expected of a particular fetus. Hence, fetal 
DNA from all chromosomes are sequenced to determine if 
more sequence from seen from one chromosome than the 
others. This technique of massive parallel sequencing does 
not differentiate maternal DNA from the fetal DNA, and the 
total amount of DNA in the plasma is sequenced and sorted 
to determine if there is more or less than the expected amount K. A. Sharma (*) · N. Bhatla 
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of certain fragments. Essentially, this is a quantitative test 
rather than a qualitative method.

Also, for this test DNA fragments (12–15 × 106 mapped 
sequences) are required in sufficient amounts to detect the 
difference between aneuploid and euploid fetuses.

68.2.3.2  Targeted Sequencing
In this method, only the region/chromosome of interest is 
sequenced, making it more efficient in terms of time and the 
cost as compared to the whole genome sequencing. The regions 
from chromosome 21, 13, and 18 are selectively amplified fol-
lowed by NGS. The amount of sequencing required is signifi-
cantly less than the whole genome sequencing.

68.2.3.3  Single Nucleotide Pleomorphism 
(SNP)-Based Tests

SNPs are specific parts of DNA that are unique to each per-
son. They occur in 1/300 base pairs and are useful markers in 
clinical medicine. In this technique, the maternal blood is 
divided into the plasma, which contains both maternal and 
fetal cfDNA, and the buffy coat preparation, which is pre-
dominantly the maternal DNA. Using SNP sequencing, the 
maternal genotype is determined. The fetal genotype can be 
deduced by comparing with the combination of maternal and 
fetal cfDNA sequences [9].

There are drawbacks of each method. The SNP-based 
method is not feasible in egg donation, surrogacy, consan-
guinity, maternal transplant, and multiple gestation samples. 
The assay failure rates are also higher. However, they can be 
useful in cases of monosomy X and vanishing twins. The 
MPS-based tests are limited by inconsistent amplification 
and also have lower efficacy for 13, X, and Y abnormalities.

68.2.4  Steps in cfDNA Testing by Massive 
Parallel Sequencing

 1. DNA from the maternal plasma is first extracted using the 
DNA extraction kit.

 2. A PCR is then run to amplify the DNA fragments.
 3. The DNA fragments are then sequenced and aligned to a 

reference human genome. Each fragment of DNA has a 
specific sequence of nucleotides that is specific to a chro-
mosome, and based on these read sequences, the frag-
ments are allotted to a chromosome during the counting.

 4. Counting: A computer-generated algorithm then sorts 
each of these fragments into a chromosome, and the total 
amount of DNA distribution of the sample is generally 
representative of the reference human genome distribu-
tion. Any variation from this distribution, e.g., more or 
less of a sequence pertaining to a particular chromosome, 
is indicative of a trisomy or a monosomy.

68.3  Evidence for Performance of NIPT

Studies have consistently reported a very high detection rates 
for aneuploidies using NIPT [10–23]. A detection rate (DR) 
and false-positive rate (FPR) of 99% and 0.07% for Trisomy 
21, 96.8% and 0.15 for Trisomy 18, and 92.1% and 0.19% 
for Trisomy 13, respectively, were seen in a meta-analysis by 
Gil et al. [24]. Thus the DR for trisomies 13 and 18 is lower 
than for Trisomy 21, which may be due to a lower prevalence 
of these aneuploidies and guanine-cytosine (GC) content of 
these chromosomes.

68.4  Factors Affecting Performance 
of NIPT

68.4.1  Rationale for Cell-Free DNA Test 
Failures

The test is a failure when it is reported as no result. The com-
bined test failure rates have been reported as 1–5% for auto-
somal trisomies based on the technique being used. These 
rates are higher for X and Y chromosome abnormalities 
(4–7%) [25–27]. The common reasons for test failure are as 
follows.

68.4.1.1  Low Fetal Fraction
The absolute amount of fetal DNA with respect to the amount 
of maternal DNA is an important determinant of the test 
result. A fetal fraction of at least 4% is required for a defini-
tive result. Up to 50% of the failures may be attributable to 
low fetal fraction. There could be a number of reasons for a 
low fetal fraction like:

• Early gestation age: Fetal fraction is less before 10 weeks 
of gestation and gradually increases with increasing ges-
tational age till term [28].

• Obesity: Obese women have a lower fetal fraction due to 
an increase in the relative proportion of maternal as com-
pared to fetal DNA [29].

• Fetal aneuploidies: Fetal aneuploidies may result in a 
lower fetal fraction leading to an increased rate of test 
report failures [30].

68.4.1.2  Prioritizing Performance
The failure rates of a test also vary accordingly to the accept-
able false-positive and false-negative rates with an inverse 
correlation between the two. If the test has been reported as 
no result, the options are either to repeat the test, which 
would again be a screening test or go for a diagnostic inva-
sive option.
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68.4.2  Reasons for Test Result Inaccuracies

False positives occur when the test has falsely labelled a 
fetus with normal karyotype as abnormal, and false negatives 
occur when the test has failed to detect a fetus with abnormal 
karyotype.

68.4.2.1  Reasons for False-Positive Results [31]
Confined Placental Mosaicism
• The cfDNA being analyzed in maternal blood is pri-

marily of placental origin. In conditions of placental 
mosaicism, the aneuploidy detected is discordant to the 
fetal karyotype, which can be confirmed on invasive 
testing.

Vanishing Twin
• Sometimes early twin demise may not be recognized if it 

occurs very early in gestation, and the pregnancy is con-
sidered as a singleton pregnancy. However, if the demised 
twin had aneuploidy, it can give a false- positive result on 
cfDNA testing [32].

Maternal Mosaicism
• With increasing maternal age, occasionally there is a loss 

of one X chromosome which can be falsely diagnosed on 
cfDNA testing as fetal monosomy X [33]. Sometimes, 
Turner’s mosaic mothers can become pregnant, and in 
these mothers cfDNA tests can be falsely positive.

Maternal Cancer
• Tumor DNA can be aneuploid and may manifest more 

than one type of aneuploidy. The presence of multiple 
aneuploidies is an indicator of occult malignancy 
[34].

68.4.2.2  Reasons for False-Negative Results
Placental Mosaicism
• As with false positivity, placental mosaicism may lead to 

a false-negative result, as the placental karyotype may be 
normal in an aneuploid fetus.

Borderline Low Fetal Fraction
• A low fetal fraction precludes sequencing of adequate 

number of fragments and falsely leads to a screen nega-
tive result.

Technical Issues
• The guanine cytosine content of chromosome 13 is low, 

consequent to which the PCR becomes less reliable and 
decreases the detection rate for aneuploidies.

68.5  Interpretation of Test Results

The optimal utilization of any laboratory investigation 
depends on its clinical relevance and the ability to change 
practice. cfDNA indeed is a revolutionary concept which has 
become a fall back.

68.5.1  Reporting

The test result is reported as low-risk or high-risk for aneu-
ploidy; positive or negative; and aneuploidy detected or not 
detected.

68.5.2  Implications of a Negative Test

If the NIPT report is negative, the probability of an aneuploid 
fetus is very remote and counselling has to be done accord-
ingly. The routine fetal morphology scan should however be 
offered at 18–20 weeks, despite a negative report. cfDNA is 
a test to rule out only aneuploidy in the fetus. Any other 
genetic testing, if indicated (e.g., for raised NT or congenital 
malformations, etc.), must proceed as planned.

68.5.3  Implications of a Positive Test

In case of a positive test, a prompt posttest counselling should 
be done to convey that firstly, NIPT is only a screening test. 
Secondly, the possibility of a certain amount of false positiv-
ity due to the reasons mentioned above should be explained. 
Given these reasons, abnormal test results on NIPT should 
not mandate definitive management decisions. Before consid-
ering termination of pregnancy, confirmatory tests like amnio-
centesis or chorion villus sampling should be done.

68.5.4  No Yield

If the test reports a no yield, the options that can be given to 
the couple include repeat testing or definitive testing. While 
both options are viable, the decision should be taken keeping 
in mind the gestational age, as the repeat test would take 
7–10 days, and a positive result would eventually require fur-
ther confirmatory tests. Another point of contention would 
be that aneuploidies could have a low fetal fraction resulting 
in test failure. So the further plan should be decided after a 
detailed discussion.

68.6  Overall Positioning of NIPT 
in Aneuploidy Screening

NIPT offers additional alternatives in aneuploidy screening. 
The overall positioning of NIPT in the screening algorithm 
however is not clear. NIPT can be placed:

 1. As a secondary screen
 2. As a contingent screen
 3. As a primary screen

68 Noninvasive Prenatal Testing (NIPT): Current Status
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68.6.1  As a Secondary Screen

This model works on offering NIPT to women who are at a 
high risk of aneuploidy based on their personal or family his-
tory [35], e.g.,

• Maternal age at delivery 35 years or more
• Fetal ultrasonographic findings indicating an increased 

risk of aneuploidy
• Personal or family history of prior pregnancy with a 

trisomy
• Positive first or second trimester screening test result for 

aneuploidy
• Parental balanced Robertsonian translocation with 

increased risk of T21 or T13

Positioning of NIPT here makes it an alternative to an oth-
erwise direct invasive testing.

68.6.2  As a Contingent Screening

In this model, the population screening is done by conven-
tional methods, which include first trimester biochemistry 
(beta HCG and PAPP-A) and nuchal translucency screening. 
Following this a risk stratification is done in which the results 
are divided into high, intermediate, or low risk. The risk cut-
off may vary depending on the threshold for invasive testing. 
Generally a cutoff of 1:50–1:150 is taken as high risk and 
offered invasive testing directly or NIPT as a secondary 
screen as mentioned above. This would constitute about 
3–5% of the entire population screened.

Women with risk of more than 1:1000 are generally cate-
gorized as low risk and advised routine antenatal care. This 
is seen in around 85% of the population.

It is the intermediate risk group, with a risk between 1:250 
to 1:1000, which needs further evaluation. This group consti-
tutes about 8–10% of the population. Traditionally, a battery 
of tests has been suggested to further stratify this group before 
offering invasive testing. After an intermediate risk in first tri-
mester screening, a quadruple test or genetic sonogram has 
been used as contingent screening. NIPT can be offered in this 
position as a contingent screening. This makes use of the high 
sensitivity and specificity to screen the population further.

68.6.3  As a Primary Screen

The use of NIPT as a primary population screening test has 
been considered in place of serum screening. Although the 
detection rate is very high as compared to serum screening 
[36], there are certain issues that need to be considered:

 1. The cost of NIPT is a constraint especially if proper pre- 
and posttest counselling is not built into the testing pro-
cess. It leads to testing without proper interpretation and 
follow-up action.

 2. NIPT is now considered as the most sensitive screening 
test for traditionally screened aneuploidies. However, 
even within these aneuploidies, it is more sensitive for 
trisomy 21 as compared to 18, 13, and sex 
chromosomes.

 3. Using NIPT as a primary screen does not preclude the 
need to perform the 11–13+6 week scan as this scan 
encompasses more than just looking for aneuploidy, i.e., 
dating and structural malformations.

Therefore, at present NIPT is not recommended as a pri-
mary screening test.

68.7  Role of NIPT in Twins

Preliminary data suggest that NIPT is a feasible test option 
for twin gestations [37, 38]. Due to the paucity of reported 
studies in multiple gestations, more studies are required 
before establishing it in practice.

68.8  NIPT for Other Indications

68.8.1  Determination of Fetal Sex

cfDNA was used for the first time clinically for determining 
the fetal sex in women at risk of carrying fetuses with severe 
X-linked genetic disorders conditions like Duchenne muscu-
lar dystrophy. The presence of Y chromosome-specific 
sequences SRY or DYS14 confirms a male fetus. This 
removes the need for invasive testing for these conditions 
[39].

68.8.2  Management of RhD-Negative 
Pregnancies

NIPT has been used to detect the fetal RhD status in an 
Rh-negative mother [40–42]. Its role in the management of 
RhD negative mothers could be twofold.

68.8.2.1  To Guide Requirement for Monitoring
In an Rh-isoimmunized mother (indirect Coombs’ test posi-
tive), determination of RhD status of the fetus can guide the 
monitoring as an Rh-negative fetus need not be monitored 
for fetal anemia by fetal Doppler, while an Rh-positive fetus 
needs it.
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68.8.2.2  To Guide Administration of Anti-D 
Administration

Rh-negative mothers with partners who are heterozygous for 
RhD can carry either RhD-negative or positive fetus. Anti-D 
is administered to all women who are not isoimmunized irre-
spective of the fetal RhD status. With the availability of 
NIPT, it is possible to know the RhD status of the fetus so 
that anti-D administration will be administered more selec-
tively only in those women with an Rh-positive fetus. 
However, at the present time, the economic feasibility of 
testing versus administration is not very clear.

68.8.3  Fetal or Neonatal Alloimmune 
Thrombocytopenia (FNAIT)

Detection of the HPA-1a gene in the maternal blood can 
diagnose a fetal affection of this disorder which occurs due 
to maternal alloantibodies against paternally inherited anti-
gens [43, 44].

68.8.4  Monogenic Disorders

The use of cfDNA in monogenic disorders is more challeng-
ing as compared to detection of fetal sex or RhD status. If the 
mother is a carrier, then the detection becomes very difficult, 
as it requires a qualitative differentiation between the fetal 
and maternal mutant allele [7].

Currently NIPT can be used for detection of mutant 
alleles that are inherited from the father [45] or have arisen 
de novo [46]. One of the disorders for which clinical use of 
NIPT has been approved is achondroplasia [46] and its dif-
ferentiation from thanatophoric dysplasia [47] and other 
autosomal recessive skeletal dysplasias.

68.8.5  Microdeletion Syndromes

NIPT is available commercially now for a few selected 
microdeletion syndromes including Di George (22q-), Wolf–
Hirschhorn (4p-), Cri-du-Chat (5p-), Prader–Willi, 
Angelman, and 1p36 [48, 49]. Although validation data for 
these tests are now increasingly available, it is prudent to 
confine its use to situations where there is a strong possibility 
of such conditions rather than a blanket testing for microde-
letions, as this will only increase false positives and again 
increasing the invasive testing rates.

68.9  Case Scenarios

 1. A 36-year-old lady has had a positive quadruple test for 
Down syndrome at about 17 weeks gestation. Is NIPT a 
good option for her?

Ans. NIPT is a good option for her as a negative test result 
would be reassuring and avoid an invasive procedure. In the 
event of a positive test a confirmatory invasive test would be 
in order and there would be adequate time to consider a ter-
mination of pregnancy.

 2. A 40-year-old G1 woman is about 9  weeks’ gestation. 
She has conceived by IVF and wants to know her options 
for aneuploidy screening. Is NIPT a good option?

Ans. NIPT is a good option because she is at a high risk 
for aneuploidies because of her age. This has a better detec-
tion rate than the conventional first trimester screen (serum 
screening with NT scan). NIPT can be offered at an earlier 
gestation (any time after 10 weeks) so that pregnancy can be 
managed accordingly.

 3. A 29-year-old patient had an NT of 4.4 mm at 12+5 weeks’ 
gestation. Is NIPT a good option for her?

Ans. Increased NT is not just a marker of aneuploidy but 
also for other genetic disorders or cardiac abnormalities. 
NIPT in such cases is not adequate for workup, and the 
patient should be offered a more comprehensive genetic 
workup with a chromosomal microarray, detailed anomaly 
scan, and a fetal echocardiography.

68.10  Summary

• NIPT is a highly sensitive and specific screening test for 
prenatal detection of fetal aneuploidies.

• It is most effective for Trisomy 21 followed by 18, 13, and 
sex chromosomes.

• Presently it is a screening test and definitive management 
decisions should not be taken based only on the result of 
NIPT.

• With improvement in genetic techniques, NIPY is increas-
ingly becoming available for indications other than aneu-
ploidies, e.g., microdeletion syndromes.
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Clinical genetics, more than most other fields, is driven by 
technology, and the tools available for the clinical evaluation 
of genetic problems have expanded dramatically over the 
past 50 years, with each decade bringing a new revolution in 
methods. The first human karyotypes and the chromosomal 
basis of Down syndrome appeared about 1960. By the 1970s, 
chromosome banding techniques were developed, allowing 
the detection and characterization of sub-chromosomal dele-
tions, duplications, and translocations. This led to the 
description of many segmental deletion syndromes. During 
the 1980s, it became practical to actually work with DNA 
and DNA level polymorphisms such as “restriction fragment 
length polymorphisms” or RFLPs, thus opening the door to 
linkage studies for gene discovery. The discovery of gene for 
Huntington’s disease using linkage studies in 1993 was a 
major milestone. The 1990s saw the invention of PCR, the 
automation of DNA sequencing, and other technologies crit-
ical for the ultimate goal of sequencing the human genome, 
which was actually accomplished in 2003. The early 2000s 
also brought us microarray technology, vastly expanding the 
resolution at which genomic deletions and duplications can 
be visualized. Most recently, beginning in 2011, various 
technologies for extremely high throughput or “next-gen” 
DNA sequencing began to appear, initiating yet another (and 
arguably the biggest ever) revolution in genetic knowledge.

As each of these technologies has emerged from the 
research lab, they have been introduced immediately into the 
clinical arena, and nowhere has the impact of this technical 
innovation been more important than in reproductive 

medicine. Today, infertility specialists use conventional 
cytogenetics, microarray, Sanger sequencing, and next-gen 
sequencing to evaluate adult patients, fetuses, and preim-
plantation embryos. The clinical reproductive endocrinolo-
gist is confronted with genetic questions and problems every 
day, while at the same time, the technical knowledge and 
sophistication of patients and the questions they ask increase. 
The goal of this chapter is to provide clinicians with an up- 
to- date approach to genetic questions that arise in everyday 
practice.

69.1  Meiosis and Aneuploidy

Meiosis, the process by which diploid germ cell precursors 
produce haploid gametes, is central to reproduction. In fact, 
the shuffling of the two parental genomes that occurs during 
meiosis is widely regarded as being the primary evolutionary 
goal of sexual reproduction. Despite its obvious evolutionary 
importance, reproduction in humans is surprisingly ineffi-
cient. It is estimated that, of all conceptions, about 30% of 
conceptions fail to implant, another 30% end as preclinical 
(“biochemical”) losses, and another 10–15% end as first tri-
mester miscarriages (Fig. 69.1). Ironically, in humans, errors 
in the segregation of chromosomes during meiosis are the 
leading impediment to obtaining successful pregnancies. 
Classic studies in the 1960s showed that about 0.3% of live- 
born babies were affected with aneuploidy, but this turned 
out to be the tip of the iceberg. Subsequent studies in the 
1970s and 1980s showed that about 50% of spontaneous 
miscarriages were associated with chromosome abnormali-
ties. Given the frequency of miscarriage, this finding implied 
that up to 5 or 6% of all clinically recognized pregnancies are 
affected with aneuploidy. Follow-up studies using chromo-
somal polymorphisms and DNA polymorphisms to  determine 
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the parental origin of chromosomes showed that the majority 
of fetal chromosome abnormalities arise during female mei-
osis, indicating that meiosis is somewhat different in males 
and females and that it is more error-prone in females. This 
finding is in good agreement with epidemiologic data show-
ing that fetal aneuploidy risk increases with increasing 
maternal age but not with paternal age [1].

Over the past 25 years, a variety of studies of preimplan-
tation embryos have appeared, with new technology driving 
an ever-improved ability to assess for aneuploidy. Modern 
studies, utilizing chromosome microarray for the assessment 
of all 24 chromosomes, have shown that, even in young 
women, about 30% of embryos are aneuploidy. By age 40, 
up to 70% are chromosomally abnormal [2] (Fig.  69.2). 
Thus, aneuploidy due to meiotic error is a major issue in 
human reproduction.

The development of methods for the assessment of aneu-
ploidy in preimplantation embryos has been driven by the 
goal of improving the efficiency of IVF by selecting against 
embryos that are destined to fail due to chromosome abnor-
mality. Early efforts to accomplish preimplantation genetic 
screening (PGS) using FISH technology applied to single- 
cell biopsies from day 3 embryos were initially said to 
improve the chances for success with IVF. However, when 
subjected to randomized trials, it became clear that, at least 
with FISH-based embryo screening, the overall chances of 
success were not significantly improved and, in at least one 
study, were actually reduced [3]. One proposed reason for 
the failure of this approach is that FISH is error-prone and 
limited by the fact that it only allows the assessment of a few 
chromosomes. More modern efforts to accomplish the goal 
of screening embryos for aneuploidy have made use of a 
series of important technological advancements, including 

new methods for whole genome DNA amplification in con-
junction with microarray technology that allows the assess-
ment of all 24 chromosomes. In addition, the development of 
methods for efficient freezing of blastocyst stage embryos 
now allows for multicell trophectoderm biopsies of day 5 
embryos. Most recently, next-gen DNA sequencing for the 
assessment of aneuploidy is rapidly replacing microarray as 
the preferred method for aneuploidy assessment. A number 
of publications have claimed improvements in IVF success 
with the use of PGS, and there seems to be little doubt that 
implantation failure and early miscarriage are both reduced 
by selecting chromosomally normal embryos [4]. 
Nonetheless, there is significant controversy about whether 
overall success is improved [5, 6]. Resolution of the contro-
versies surrounding the use of PGS and the establishment of 
guidelines for appropriate use of PGS is a pressing issue for 
the global REI community. Hopefully, appropriately 
designed randomized trials will soon clarify the circum-
stances in which PGS is clearly indicated.

69.2  Balanced Chromosome 
Translocations

About 1:500 phenotypically normal individuals is a carrier 
of a balanced chromosome rearrangement [7]; however, in 
couples with a history of miscarriage, the probability that 
one or the other parent is a translocation carrier is substan-
tially increased. This is because carriers of balanced rear-
rangements can produce chromosomally unbalanced gametes 
that lead to nonviable embryos, as well as viable but develop-
mentally abnormal offspring. Classic studies show that the 
incidence of translocation carrier status is 2.2% after one 

LIVE BIRTHS

CLINICAL LOSSES

PRE-CLINICAL LOSSES

Conceptions

-30%

-30%

-10%

30%

CLINICAL MISCARRIAGE

EARLY PREGNANGY LOSS

IMPLANTATION FAILURE

Fig. 69.1 Conceptual 
representation of the fate of 
human conceptions, showing 
that the majority are never 
clinically recognized and that 
the minority become 
successful pregnancies. 
(Adapted from Chard 
T. Frequency of implantation 
and early pregnancy loss in 
natural cycles Baillieres Clin 
Obstet Gynaecol 1991;Mar, 
5(1):179–89, with permission)
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miscarriage, 4.8% after two miscarriages, and 5.2% after 
three [8]. This has led to the general idea that couples with 
recurrent loss should be evaluated for chromosome translo-
cations; however, there is no general consensus about who 
should undergo such testing. For instance, the Royal College 
of Obstetricians and Gynaecologists recommends testing 
after three consecutive miscarriages, and other organiza-
tions, such as the American College of Obstetricians and 
Gynecologists, recommend chromosome evaluation after 
two. It is likely that the risk of miscarriage based on maternal 
age is an important factor in determining the probability of 
identifying a translocation carrier couple. In fact, this rela-
tionship has been documented: In couples under the age of 
23 with two miscarriages, the incidence of translocation car-
rier was 10%, whereas it was less than 1% in couples where 
the female partner was over 39 [9]. Thus, chromosome anal-
ysis is more important to consider in younger couples with 
multiple miscarriages.

Despite the clear increase in the likelihood of miscarriage 
in translocation carrier couples, there is little consensus 
about the overall reproductive impact of balanced transloca-

tions. A large case-control study indicated that translocation 
carriers identified by a history of miscarriage had a very low 
chance to have viable unbalanced pregnancies and an overall 
chance to have a healthy child that was nearly equal to con-
trols [10]. Studies of this type have led some authors to ques-
tion the value of chromosome analysis in the setting of 
recurrent miscarriage [11, 12]. Despite the data showing a 
high probability of good outcome in balanced translocation 
carrier couples, anecdotal experience suggests that, while 
some translocations are unlikely to cause reproductive prob-
lems, others are associated with a high incidence of prob-
lems, including abnormal offspring and recurrent miscarriage. 
Consistent with this, several older studies have shown that 
the risk of unbalanced progeny varies dramatically, accord-
ing to the particular translocation [13]. Of course, it would 
be very convenient to know which translocations are associ-
ated with a high risk of poor outcome and which are not; 
however, efforts to predict whether a given translocation will 
result in unbalanced progeny have not been terribly success-
ful. Some more recent studies have attempted to use the loca-
tion of breakpoints of reciprocal translocations to predict the 
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probability of identifying usable embryos in the setting of 
PGD. Such studies have shown that the most asymmetrical 
translocations (where the size difference between the trans-
located segments is the largest) have the highest probability 
to produce unbalanced embryos; however, such predictions 
did not prove to be clinically useful [14]. In the end, the best 
indication of the reproductive significance of a balanced 
translocation is the couple’s own history.

For an infertility specialist confronted with a couple with 
recurrent miscarriage and a balanced translocation, assessing 
the role of preimplantation genetic diagnosis (PGD) is 
important. The concept of using PGD to select euploid 
embryos is intellectually compelling, and a large number of 
publications have reported the successful use of PGD in this 
setting of a parental balanced translocation. However, sys-
tematic studies of the use of PGD in translocation couples 
have not been encouraging. One literature review concluded 
that there was insufficient data to support the use of PGD in 
fertile couples with a balanced chromosome translocation 
[15]. A more recent case-control study concluded that for 
fertile couples with chromosome translocation, natural con-
ception was likely to yield a live birth faster than pregnancy 
achieved with PGD [16]. On the other hand, couples that 
have experienced recurrent miscarriage or a prior viable 
pregnancy with an unbalanced karyotype may have a very 
strong preference for IVF/PGD. Infertile couples with a bal-
anced translocation are good candidates for PGD as well. 
Clearly, the role for PGD in couples with balanced transloca-
tions needs to be assessed on a case-by-case basis.

69.3  Genetics of Male Infertility

69.3.1  Cytogenetics

Male factor contributes to infertility in 50% of couples seek-
ing treatment, so that questions relating to genetic evaluation 
of infertile men occur daily in an infertility practice. The first 
and most important type of abnormality to consider in the 
evaluation of male infertility is cytogenetic. Large studies 
indicate that the probability to identify a chromosome abnor-
mality is inversely proportional to sperm count [17]. Men 
with very low sperm counts (<5 million sperm per ml) have 
about a 5% chance to have a recognizable chromosome 
abnormality, whereas those with azoospermia have up to a 
15% chance to harbor a chromosome abnormality. In the set-
ting of azoospermia, the most common finding is sex chro-
mosome aneuploidy, typically 47 XXY or mosaic 
46XY/47XXY.  Men with severe oligospermia are more 
likely to have structural rearrangements such as balanced 
translocations, Robertsonian translocations, and inversions. 
Given the high probability to identify an important abnor-

mality, it seems clear that men with a sperm count <5 million 
should have a chromosome analysis as part of their evalua-
tion. Several authors have suggested that all men whose 
sperm count is low enough to require ICSI should have chro-
mosome analysis [18, 19].

69.3.2  Translocation Carriers 
and Interchromosomal Effect

A number of studies utilizing FISH on single sperm from 
men with Robertsonian translocations have shown an 
increased incidence of sperm with chromosome abnormali-
ties of chromosomes that were NOT involved in the translo-
cation, a phenomenon known as “interchromosomal effect” 
[20]. Studies of embryos from couples in which the father 
was a Robertsonian translocation carrier have shown an 
increased incidence of aneuploidy of chromosomes not 
involved in the translocation, thus corroborating the single- 
sperm studies [21]. This effect may contribute to the miscar-
riage rate and may also lead to abnormal ongoing pregnancies, 
adding to the list of issues that Robertsonian translocation 
carriers should discuss with a geneticist.

69.3.3  Y Chromosome Microdeletions

Microdeletion of the azoospermia factor region (AZF) of the 
Y chromosome long arm is another potential cause of failed 
spermatogenesis, as is evidenced by the fact that 5% of men 
with oligospermia and 10% of men with azoospermia harbor 
such deletions [22, 23]. A number of studies have attempted 
to divide the AZF region into subregions (AZFa, AZFb, and 
AZFc) and to correlate the precise position and extent of 
deletion, with the severity of the defect in spermatogenesis 
[24]. However, this level of genetic detail is unlikely to be 
relevant to the clinician. Much more important is that cou-
ples understand that, if a Yq microdeletion is transmitted to a 
son through IVF/ICSI, defective spermatogenesis in the 
child is expected. Interestingly, most couples do not seem to 
be troubled by this possibility. Clinical experience suggests 
that men with oligospermia are actually relieved by the iden-
tification of a Y chromosome microdeletion.

69.3.4  CF Mutations and Congenital Bilateral 
Absence of the Vas Deferens

One of the mildest manifestations of loss of function of the 
cystic fibrosis transmembrane regulator (CFTR) is congeni-
tal bilateral absence of the vas deferens (CBAVD). In the 
typical CBAVD scenario, the affected individual has two dif-
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ferent mutations in their two CFTR alleles. One mutation is 
severe and knocks out gene function completely, whereas the 
other mutation is milder. The combination results in severely 
reduced gene function. Because of the association between 
CBAVD and CF mutations, the evaluation of men with azo-
ospermia normal testicular size and normal endocrine param-
eters should include testing for mutations in CFTR.  Some 
authors have stressed that clinical evaluation for the absence 
of the vas deferens is unreliable, making it important to test 
for CFTR mutations in all men that might have obstructive 
azoospermia [25]. Clearly, the identification of CFTR 
mutation(s) in the male partner allows for appropriate testing 
and counseling in the female partner.

69.3.5  Advanced Paternal Age

Although advanced paternal age is not a cause of male infer-
tility, many couples seeking infertility treatment are quite 
concerned about the genetic effects of increasing paternal 
age. Indeed, evidence accumulated over many years indi-
cates that several types of abnormal pregnancy outcome 
become more frequent when the father is older. Disorders 
that are known to arise from single-gene mutations, such as 
achondroplasia and Apert syndrome as well as others, show 
a clear paternal age effect [26]. Molecular analysis now indi-
cates that in those cases where a paternal age effect is pres-
ent, the underlying mutations are point mutations as opposed 
to gene deletions or duplications [27]. In addition to these 
types of studies, epidemiologic studies show that autism 
spectrum disorder, schizophrenia, malformations, infant 
death, and other conditions also become more common as 
the father ages, although the effect size is rather small [28].

For many years, it has been hypothesized that the reason 
that older men produce sperm with more mutations is that 
their germ cells have undergone more cycles of division than 
younger men. It is estimated that, after puberty, a man’s germ 
cells undergo division every 23 days. By age 20, 150 divi-
sions are expected, and by age 50, the expected number is 
840 [27]. This increase in the number of cell divisions clearly 
increases the chance that mutations have accumulated, but 
until recently, this was theoretical. With the advent of next- 
gen DNA sequencing, we now have solid supporting data to 
support this hypothesis. The number of de novo mutations 
appears to approximately double approximately every 
16 years, so that a man who is 52 is expected to have off-
spring with four-fold more mutations than a 20-year-old 
father [29].

While these observations may be alarming to couples 
where the father is older, in terms of risk mitigation, there is 
little to offer. The overall chances of a new-onset dominant 
condition are still quite low, even for a father who is 55. Gene 

testing is impractical, since one would have to sequence the 
entire fetal genome. While this is technically possible, it 
would be ill advised, since it would result in a deluge of 
genetic variants of unknown significance. Likewise, prenatal 
ultrasound is of limited value, since most relevant conditions 
would not have ultrasound findings.

69.3.6  Summary

In summary, men with sperm counts less than 5 million per 
ml should have chromosome analysis. Those that do not have 
a conventional chromosome abnormality evident on routine 
analysis may benefit from a molecular evaluation for Y 
microdeletions. Men with evidence of obstructive azoosper-
mia should be evaluated for CFTR mutations. Any man with 
a chromosome abnormality or a gene mutation should con-
sult with a geneticist. Despite appropriate evaluation, a 
genetic cause for severe oligospermia/azoospermia is not 
identified in the majority of affected men.

69.4  Genetics of Premature Ovarian 
Insufficiency

Premature ovarian insufficiency (POI) is characterized by 
primary or secondary amenorrhea for at least 4  months in 
women under the age of 40 in conjunction with serum FSH 
levels above 40 IU/l (obtained twice, at least 1 month apart) 
and low estradiol levels (below 50  pg/ml). Classic studies 
indicate that (POI) affects 1:10,000 women below the age of 
20 and about 1% of women by the time they reach 40 [30]. 
The clinician confronted with a patient with POI needs to 
consider several possible causes, including autoimmune dis-
ease, environmental factors, and iatrogenic and genetic 
factors.

69.4.1  Aneuploidy

Two functional X chromosomes are necessary for normal 
ovarian function, and one common cause of POI is sex chro-
mosome aneuploidy, which is identified in about 10% of 
affected women [31]. Among the aneuploidies associated 
with POI, the most common are numerical abnormalities 
such as 45X and/or 46XX/45X mosaicism. Cytogenetic 
studies of women with POI have also identified structural 
abnormalities of the X chromosome, such as deletions and 
translocations. Review of deletion cases indicates that there 
are at least two regions of the X chromosome long arm where 
the presence of both copies is necessary for normal ovulatory 
function, indicating that the X chromosome is likely to con-
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tain several specific genes that are relevant to follicular sur-
vival [32]. Given that cytogenetically visible deletions of the 
X chromosome are known to cause POI, it is not surprising 
that microdeletions and duplications of the X chromosome 
occur as well. Microarray technology has shown that micro-
deletions are likely to be the cause of POI in a significant 
number of cases [33, 34]. This raises the question of whether 
microarray should be performed on women being evaluated 
for POI. At present there is no general consensus, but such 
studies may be important in select cases. The identification 
of a micro abnormality of the X chromosome raises the pos-
sibility that the abnormal X chromosome could be the cause 
of developmental abnormality when inherited by a son.

The finding of cytogenetic abnormality can have major 
implications for patients. Therefore, a chromosome analysis 
should be considered on all women being evaluated for 
POI.  In practice, the likelihood of finding a karyotypic 
abnormality is much more likely in young women.

69.4.2  Fragile X Premutations

The FMR1 (fragile X mental retardation) gene, which is 
located on the distal X chromosome long arm, contains a 
CGG triplet repeat polymorphism, which normally varies 
between 11 and 42 repeats. Women with repeat sizes in the 
premutation range (greater than 55 and less than 200 repeats) 
are at a 13–26% risk of POI. Some studies have indicated 
that women with fragile X premutations who do not have 
overt POI have an increased incidence of ovulatory dysfunc-
tion [35]. In addition to the increased risk of POI, premuta-
tion carrier women can also have other health consequences, 
such as depression/anxiety. Most importantly women with 
premutations are at risk of having children affected with 
fragile X mental retardation syndrome, which occurs when 
premutations expand to full mutations during female meio-
sis. Women who are identified as permutation carriers also 
need to understand that boys who inherit an intact premuta-
tion are apparently at increased risk of autism [36]. For all of 
these reasons, women with POI should be offered fragile X 
testing, and those with premutations should have genetic 
consultation.

69.4.3  Other Single-Gene Disorders

A number of other genes where mutations can result in 
abnormal ovarian function have been identified and/or pro-
posed (reviewed in [37]). While investigations into individ-
ual genes (other than FMR1) are not part of routine clinical 
evaluation, commercial laboratories offer next-generation 

sequencing panels for the evaluation of POI.  Such panels 
may include some or all of the following genes, all of which 
have been implicated in POI: BMP15, CYP17A1, CYP19A1, 
FIGLA, FMR1, FSHR, GDF9, LHCGR, NOBOX, NR5A1, 
POR, PSMC3IP, and may be of benefit in select patients.

69.5  Recessive Disease Carrier Screening 
in Infertile Couples

Although recessive genetic conditions are individually rare, 
collectively they occur with surprising frequency. Estimates 
based on screening data suggest that about 1/500 children 
(depending on ethnicity) will be affected by a serious reces-
sive condition, making it important for infertility specialists 
to address this issue with patients. For many years, carrier 
screening has been based on a combination of ethnicity and 
family history, with testing directed for specific conditions in 
selected patients. This approach is well summarized in the 
2017 ACOG practice bulletin, which endorses the idea that 
all women/couples contemplating pregnancy should be 
offered screening for cystic fibrosis (CF) and spinal muscu-
lar atrophy (SMA) [38]. Hemoglobinopathies should be 
screened for in at-risk populations, such as people of African, 
Mediterranean, Middle Eastern, or South East Asian descent. 
Fragile X syndrome should be screened for in women with a 
suggestive family history of intellectual disability, and peo-
ple of Ashkenazi Jewish background should be offered an 
appropriate panel that could include up to 20 conditions 
known to have increased frequency in this ethnic group.

Although this approach to carrier screening has been the 
standard for many years, it will fail to identify the majority 
of couples that are at risk for recessive or X-linked illness. 
With the advent of next-generation sequencing technology, 
the above-described screening paradigm is rapidly changing. 
Several commercial vendors now offer “expanded carrier 
screening,” which can identify mutations in up to 175 reces-
sive disease genes simultaneously. Over the next several 
years, such tests are expected to become cheaper and even 
more comprehensive. The advantages of expanded carrier 
screening are clear: Couples with a 25% chance to have a 
child, severely affected with a recessive illness, will be iden-
tified, and this will allow appropriate prenatal or preimplan-
tation testing. Because mutation screening is done by 
sequencing, as opposed to mutation panels, these benefits 
apply to all ethnic groups [39]. However, there are clear 
downsides to such testing. From 30 to 50% of people tested 
will be identified as carriers of at least one recessive condi-
tion, making it likely that both members of a couple will 
need to be tested. This adds to expense, while discussions 
with patients about residual risks use valuable counseling 
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resources. Some patients who are identified as carriers will 
very anxious about their carrier status. In addition, 
sequencing- based tests may reveal variants of unknown sig-
nificance, potentially adding to patient anxiety.

Patient attitudes toward expanded carrier screening are 
likely to vary according to the situation. For the couple pre-
paring for IVF, carrier screening may make more sense 
than for the couple that already has an ongoing pregnancy. 
In the absence of clear guidelines for the use of expanded 
carrier screening, it seems reasonable for infertility prac-
tices to at least make patients aware of the availability of 
expanded carrier screening.

69.6  Preimplantation Genetic Diagnosis 
for Mendelian Illness

A surprising number of couples present to infertility clinics 
with the desire to pursue preimplantation genetic diagnosis 
(PGD) for recessive, dominant, and X-linked conditions. 
Some couples have been identified through carrier testing, 
others by having already had an affected child, while others 
are, themselves, actually affected by dominant conditions 
such as polycystic kidney disease, Huntington’s disease, and 
others. As the use of genetic technology such as extended 
carrier screening increases, the number of affected couples is 
likely to increase as well. Many such couples have turned to 
IVF/PGD because they do not want affected children but are 
unwilling or unable to risk the possibility of a decision to 
terminate an ongoing but affected pregnancy. In order to pro-
vide appropriate direction to such patients, infertility special-
ists need to have a basic technical understanding of PGD for 
single-gene disorders.

First, in order for PGD to be possible, the definitive caus-
ative gene mutation(s) in a patient or couple must have 
already been identified. In many instances, establishing what 
gene mutations are involved may require coordination with a 
geneticist. Once gene mutations have been identified, an 
appropriate PGD testing laboratory can be consulted about 
establishing a custom assay, specific for that patient or cou-
ple. In general, such an assay involves the design of PCR 
primers that amplify relevant genomic segments. PCR prod-
ucts can then be sequenced. In the simplest and earliest 
efforts at PGD, a single cell was removed from a day 3 
embryo, and DNA prepared from it would serve as template 
for PCR amplification and sequencing of the relevant gene 
segments. While this approach was conceptually simple, it 
was both limited and prone to errors. When performing PCR 
on very small quantities of DNA, one of the two alleles of a 

given gene may fail to amplify, a phenomenon known as 
“allele dropout” or ADO.  When this occurs, the sequence 
analysis shows the presence of only one allele. If it is the 
mutant allele that failed to amplify, the sequence data is eas-
ily misinterpreted as homozygous normal (false negative). In 
order to address this issue, most laboratories begin by per-
forming whole genome amplification of DNA from 4 to 6 
cell trophectoderm biopsies from blastocyst stage embryos. 
The biopsied embryos are then frozen, and the amplified 
DNA is used to run a single-nucleotide polymorphism (SNP) 
array, to genotype a large number of SNPs throughout the 
genome. Using family information, one can determine the 
SNP haplotype of the genomic region(s) surrounding the 
mutation(s). Then, the SNP haplotype is used to determine 
whether a given embryo has inherited the mutation, in a 
robust and highly accurate way (Fig. 69.3). Direct mutation 
analysis by PCR followed by sequencing is generally per-
formed as well, providing additional analytic confidence. In 
addition, the amplified DNA can be used to perform compre-
hensive chromosome abnormality screening. This allows the 
selection of embryos that are chromosomally normal as well 
as being unaffected by a genetic illness. While PGD for 
single- gene genetic disease coupled with comprehensive 
chromosome analysis is intellectually appealing, it is sober-
ing to consider the probability that a given embryo is normal. 
In the setting of a dominantly inherited condition such as 
polycystic kidney disease (ADPKD), 50% of embryos are 
expected to be affected. In a 35-year-old patient, 35% of 
embryos are expected to be aneuploid (Fig. 69.2), meaning 
that only about 33% of embryos in a 35-year-old couple 
ADPKD will be usable. In a cycle in which five embryos are 
biopsied, each of which has a 67% chance to be abnormal, 
there is a 15% chance that there will be no usable embryos. 
Patients should understand these probabilities prior to 
embarking on the process of IVF with PGD.

69.7  Overall Summary

Genetic problems and genetic testing both play major roles 
in reproductive medicine, and over the next decade, this is 
likely to increase dramatically. In particular, preimplantation 
testing for chromosome abnormalities and single-gene 
abnormalities is likely to become more the norm than the 
exception. In addition, a growing proportion of infertility 
patients will elect to have expanded carrier screening and 
will be identified as being at risk of genetic disorders. 
Reproductive medicine providers will be increasingly called 
upon to address genetic issues.
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70.1  Introduction

Traditional stimulation protocols for medically assisted 
reproduction are designed to achieve high egg numbers. 
Consequently this increases patient discomfort, risk of 
OHSS, and expenses. In the past few years, milder protocols 
have grown in popularity. These protocols typically use 
either tablets given orally or low-dose gonadotropins 
(≤150 IU/day), shorter duration of gonadotropins, or both, 
compared with traditional protocols, with the aim of getting 
less than ten eggs per retrieval cycle. The fresh transfer preg-
nancy rates are lower in these mild protocols as compared to 
traditional protocols; however, the cumulative pregnancy 
rate seems to be comparable between the approaches [1]. 
Milder stimulation consists of a gentle controlled ovarian 
stimulation that aims to produce a maximum of five to six 
eggs. There is a false notion that IVF Lite severely decreases 
pregnancy and live birth rates. IVF Lite stimulation proto-
cols with agonist trigger and freeze-all embryo protocols 
along with a remote single embryo transfer after genetic test-
ing for aneuploidy (PGT-A) produce acceptable clinical 
pregnancy as well as live birth rates in both normal and poor 
responders. Moreover, IVF Lite offers many advantages such 
as less office visits, less number of injections and scans, and 
reduction in the incidence of OHSS. IVF Lite 2020 is emerg-

ing as a frontline therapy especially for patients requiring 
multiple egg harvesting cycles.

70.2  Why More Is Less and Less Is More?

We know that the use of high gonadotropin doses do not 
improve the final outcome of medically assisted reproduc-
tion [2]. IVF Lite stimulation protocols are based on the prin-
ciple of better utilization of available oocytes/embryos and 
endometrial receptivity principles. We have growing evi-
dence that the pregnancy rates with IVF Lite protocols are 
comparable to those with traditional IVF; the cumulative 
pregnancy rates being no different, despite having less num-
bers of eggs or embryos available with IVF Lite stimulation 
[3]. In addition to being as effective, IVF Lite is associated 
with a better safety profile ranking, in terms of the incidence 
of thromboembolic events and OHSS. Patient acceptability 
is better and this approach is less expensive. Newer evidence 
may lead to global acceptance of mini-IVF, by both patients 
and physicians to make IVF more accessible to couples 
worldwide [2, 3].

Blumenfeld surveyed literature pertaining to milder forms 
of stimulation for medically assisted reproduction and com-
pared papers of “mild” or “soft” stimulation versus tradi-
tional stimulation for medically assisted reproduction [4]. He 
explained the paradox of “less is more” with the following 
explanations:

(i) In mild stimulation or natural cycles, the best folli-
cles are selected by the principle of “quality for quantity”; 
(ii) increased female hormone estradiol (E2) in the late fol-
licular part of the cycle significantly correlated with 
increased incidence of small for gestational age (SGA) and 
low-birth- weight (LBW) babies; (iii) intrafollicular estra-
diol, luteinizing hormone, serum testosterone, and anti-
Mullerian hormone (AMH) are significantly higher in 
natural cycle (NC) medically assisted reproduction than in 
traditionally stimulated IVF cycles, suggesting an intrafol-
licular metabolic disruption in traditionally stimulated 
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cycles; and (iv) very high estradiol (E2) levels increase the 
growth hormone- binding protein (GH-BP) and bio-neutral-
izing growth hormone and decrease the insulin-like growth 
factor (IGF) levels, which is required for optimal synergy 
with follicle- stimulating hormone (FSH). Blumenfeld sug-
gested to limit retrieval of around eight to ten oocytes [4]. 
Milder stimulation protocols should be the way to go for-
ward. In patients producing more than ten oocytes or where 
very high estradiol levels peak, either intentionally or unin-
tentionally, a mandatory “freeze-all policy” can be insti-
tuted and remote embryo transfer (rET) can be planned in a 
deferred cycle [4].

Baker et  al. published a retrospective study examining 
total gonadotropin dose in IU and live birth rates [5]. Totally 
658,519 fresh IVF cycles were reported to SART between 
2004 and 2012. Calculating with regression models for live 
birth rates comparing values for IU of FSH dose and egg 
number obtained was the scope of this study. Detailed addi-
tional analyses were performed on good prognosis patients 
(<35 years of age, body mass index <30 kg/m [2] with no 
DOR, no endometriosis, and no ovulatory disorders) and 
including days of gonadotropin injections used. With increas-
ing FSH dose, the live birth rates decreased irrespective of 
the oocyte number [5]. The statistically significant findings 
of decrease in live birth rates with increasing gonadotropin 
doses were true for patients with good prognosis irrespective 
of female age, excluding women over 35  years who pro-
duced between 1 and 5 oocytes. The study suggested moving 
away from high doses of gonadotropins (FSH) [5].

IVF results over the years showed inverse relationship 
between oocyte efficiency and ovarian response. Zhang et al. 
[6] studied metaphase II (MII) oocyte efficiency according to 
oocyte yield in mild stimulation IVF (mIVF) and assessed 
whether the oocyte yield affected live birth rates. 264 infer-
tile normo-responders (n = 264) less than 39 years old who 
underwent mIVF were included. All participants had identi-
cal ovarian stimulation protocols. All patients had a freeze- 
all cycle with vitrification of their blastocysts. Subsequently 
a single embryo (day 5) was transferred to patients in remote 
cycles over a 6-month duration. MII oocyte yield (low, 1–2; 
intermediate, 3–6; and high, ≥  7 MII oocytes) defined the 
ovarian response. MII oocyte utilization rate was derived by 
the formula including the number of live births divided by 
the total number of MII oocytes produced after a single egg 
retrieval and subsequent remote transfers of vitrified-thawed 
blastocysts. The cumulative LBR over a 6-month period was 
the main outcome measure. Out of 1173 total retrieved 
oocytes (4.4 ± 0.2 per patient), there were 1019 (3.9 ± 0.2 per 
patient) MII or mature oocytes with a CPR of 48.1% as well 
as a LBR of 41.2%. The oocyte utilization rate was 30.3% in 
the “low” vs. 9.3% in the “intermediate” vs. 4.3% in the 
“high” oocyte yield groups (p < 0.05) which means it was 
inversely related to ovarian response. The implantation rate 

fell as the total number of mature oocytes increased and was 
highest in the “low” oocyte yield group (p < 0.0001). The 
cumulative LBR was almost identical in “low,” “intermedi-
ate,” and “high” oocyte yield groups (p > 0.05). The number 
of mature oocytes had a poor sensitivity and specificity pre-
diction for live birth rates. These data strengthen the hypoth-
esis of oocyte efficiency comparing conventional IVF 
protocols to mild stimulation protocols [6].

70.3  IVF Lite in Countries Where Embryo 
Freezing Is Not Allowed

In the UAE for the last decade, IVF clinics were allowed to 
cryopreserve only gametes and not embryos. This law has 
changed in 2018, and the clinics can now take individual 
patient permissions to freeze embryos from the Ministry of 
Health, UAE.  Over the past decade in contradiction to the 
world, IVF laboratories were vitrifying oocytes and accumu-
lating them in cases of poor responders and older women. IVF 
Lite in the country was done using oocyte accumulation and 
segmented IVF with or without genetic screening. When the 
requisite number was collected over multiple egg retrievals, 
the oocytes were thawed and injected, and the generated 
embryos were either transferred directly or subjected to 
PGT-A and then screened euploid embryos transferred. The 
efficiency of a good vitrification system continued giving the 
UAE clinics results comparable to embryo vitrification over 
the last decade. The rate-limiting step was the method used for 
vitrification and the training and experience of the Laboratory 
staff. From 2014, we were using published data [7, 8] to coun-
sel our patients about the non-inferiority status of oocyte vitri-
fication at the time of recruiting them for IVF Lite.

Herero et al. compared variable embryological and preg-
nancy outcomes between vitrified oocytes versus situations 
using vitrified embryos in patients at risk for OHSS [6]. 
Oocyte vitrification (Group 1) versus embryo vitrification 
(Group 2) was performed in a total of 96 patients. Patients 
had identical baseline characteristics, and no differences 
were observed in laboratory and clinical outcomes consider-
ing the timing of vitrification. Embryo and oocyte vitrifica-
tion achieved the same live birth rates [7].

An American study reported their oocyte freezing experi-
ence in older women (over 40 years) [8]. Minimal ovarian 
stimulation IVF was performed in 158 women (mean age 
43.9  ±  0.2). Clomiphene citrate (50  mg/day) or letrozole 
(2.5 mg/day) with or without low-dose gonadotropins (initi-
ated at 75 IU/day and titrated as need be to 150 IU/day) was 
used in the protocols. 532 mature MII oocytes out of a total 
of 584 oocytes (2.1 ± 0.15 per patient) were frozen. A post- 
thaw ICSI was done, and a total of 344 embryos (1.9 ± 0.1 
per patient) were produced. 57 good embryos were slotted 
for ETs and gave rise to three live births (5.3% per ET), one 
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chemical pregnancy and three spontaneous abortions. We 
can use this data in counseling older women who desire 
autologous egg freezing [8].

70.4  Why Do Segmented IVF?

The rationale of a deferred embryo transfer whether follow-
ing a conventional stimulation or a minimal stimulation is 
the same. Fresh embryo transfer (ET) and frozen-thawed 
ET (the “freeze-all” policy) was compared by Roque et al. 
[9], with fresh transfers performed only in cases where pro-
gesterone (P) elevation was absent. Controlled ovarian 
stimulation (COS) with a gonadotropin-releasing hormone 
antagonist protocol was performed on 530 patients with 
day 3 embryo transfers in all. The fresh ET group (when P 
levels were ≤ 1.5 ng/mL on the trigger day) included 351 
patients with 179  cycles in the freeze-all group (ET per-
formed after endometrial priming with estradiol valerate, at 
6 mg/day). The implantation rate was 19.9% in the fresh ET 
group versus 26.5% in the freeze-all group whereas the 
clinical pregnancy rate was 35.9% and 46.4% while the 
ongoing pregnancy rate was 31.1% and 39.7% respectively. 
The freeze-all group had better IVF outcomes compared 
with the fresh ET group [8]. Endometrial receptivity may 
have been impaired by COS even in a select group of 
patients that underwent fresh ET (P levels ≤1.5  ng/mL), 
and outcomes may be improved recruiting patients for the 
freeze- all protocol [9].

70.5  Modified Natural Cycle IVF

The Steptoe-Edwards IVF miracle in 1978 was in a natural 
cycle. Ovarian stimulation was added to IVF protocols to 
achieve a greater margin for error in oocyte retrieval, fertil-
ization, and, thus, overall pregnancy success in the early 
days of IVF. As laboratory technology improved, the quest to 
reduce the incidence of OHSS started the cycle of new 
research using mild IVF without hard gonadotropin stimula-
tion protocols. An ovulation trigger using hCG and later 
GnRH agonist was added to the mild IVF protocols for accu-
rate scheduling of egg retrievals and to increase oocyte 
yields. Later in evolution came GnRH antagonists to prevent 
premature ovulation. This class of protocol was labelled as 
the “modified natural cycle” (MNC-IVF). The modified nat-
ural IVF cycles are less expensive and give comparable preg-
nancy rates, and they are especially useful for patients who 
have an increased risk of OHSS or the patients labelled as 
poor responders and those wishing to avoid supernumerary 
embryos for freezing [10]. Here spontaneous ovulation is 
prevented with a small amount of hormones, and monofol-
licular growth is the norm. Consequently, there is no risk of 

OHSS, and the risk of multiples is low. On an average there 
is a 9.1% chance of a pregnancy after a single MNC cycle, 
and the cumulative pregnancy rate with a maximum of six 
MNC-IVF cycles is 33.4% [11]. The cumulative results of a 
six MNC-IVF cycles can be compared to the first COS-IVF 
cycle including transfer of cryopreserved embryos (33.4% 
versus 37.7%) [11]. Risk of a multiple pregnancy following 
MNC-IVF is only 0.1% and 18.3% following COS-IVF, 
which translates that MNC-IVF is a very good alternative 
option for COS-IVF [11].

The effectiveness of mild stimulation using recombinant 
human FSH (rhFSH) and GnRH antagonist was compared 
with traditional stimulation with GnRH antagonist in a 
multiple- dose protocol (MDP) in poor responders undergo-
ing medically assisted reproduction (IVF/ICSI) [12]. Mild 
stimulation cycles give similar pregnancy rates to GnRH 
antagonist MDP cycles with lesser injections of rhFSH used 
and lesser days of injections. This can be a viable cost- 
effective alternate protocol as a last ditch effort before egg 
donation in poor responders [12].

70.6  Oral Drugs: Clomiphene Citrate or 
Letrozole

In routine IVF cycles, researchers have been setting up stim-
ulation protocol studies using clomiphene citrate (CC) and 
letrozole with gonadotropins especially for low responders 
with an aim to decrease the total amount of gonadotropins 
used and in normo-responders to reduce the incidence of the 
dreaded complication of OHSS. With mild stimulation strat-
egies in normo-responders with the use of CC and gonado-
tropins, the number of oocytes retrieved was on an average 
lesser than conventional protocols but yet gave comparable 
pregnancy rates. In most studies between 2000 and 2010 the 
cumulative pregnancy rates were lower in clomiphene cycles 
in fresh embryo transfers compared with conventional ovar-
ian stimulation when frozen embryo transfers were consid-
ered [13]. Letrozole was combined with gonadotropins 
initially in patients with breast cancer to prevent the spikes of 
serum estradiol which was the norm with the use of standard 
controlled ovarian hyperstimulation [13]. CC and letrozole 
were both used with gonadotropins in poor responders and 
showed reduction in the amount of total gonadotropins used 
without affecting the pregnancy rates. The hypothesis was 
that letrozole used with gonadotropins may increase endo-
metrial receptivity by optimizing integrin expression in the 
endometrium and by decreasing E2 levels to more physio-
logic bands [13].

Rose et al.’s study compared the use of clomiphene citrate 
and letrozole in IVF to produce only one or two embryos 
[14]. Either letrozole or clomiphene citrate were used with 
gonadotropins without using GnRH antagonists. Sixty-two 
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patients received either letrozole or clomiphene citrate with 
low-dose gonadotropins in 128 treatment cycles. The hCG 
trigger was administered at follicle diameter of 17 mm. The 
oocyte retrieval was performed after 34  h followed by 
ICSI. The study found no statistically significant differences 
in the number of large follicles produced, oocytes fertilized, 
endometrial thickness, clinical pregnancy rates, or delivery 
rates in patients using clomiphene citrate versus letrozole. 
The peak E2 levels during treatment, which averaged 516 pg/
mL with letrozole and 797 pg/mL with clomiphene citrate 
(p  =  0.005), was statistically different. The premature LH 
surge cancellation rate was 5%. In this study an average of 
2.8 mature oocytes were retrieved, 2.1 were oocytes fertil-
ized, and 1.6 embryos were transferred into the uterus. The 
clinical pregnancy rate per transfer reached 25%, and the live 
birth rate per transfer was 19.2%. There were no clinically 
significant differences when letrozole or clomiphene citrate 
was used for mild ovarian stimulation for IVF other than 
peak estradiol levels [14].

Ochin et al. published a retrospective study of 65 infertile 
women who underwent 130  cycles in China from January 
2011 to December 2014. They evaluated the low-dose clomi-
phene citrate plus low-dose gonadotropins on predicted nor-
mal responder patients who had an unsuspected poor IVF 
result, following an initial stimulation with the long GnRH 
agonist protocol [15]. The long agonist protocol group 
(Group 1) was treated with long GnRH-a protocol along with 
a high dose of gonadotropin injections (≥150 IU/day), com-
pared with a second IVF cycle (Group 2) that had low-dose 
clomiphene citrate plus low-dose gonadotropin injections 
(75–112.5  IU/day). The cumulative pregnancy rate/started 
cycle (9.2% [6/65] vs. 51% [33/65]; P < 0001) was signifi-
cantly better in the clomiphene citrate stimulatory protocol 
than the long protocol. Surprisingly the number of oocytes 
retrieved was also higher in the clomiphene protocol com-
pared to the long GnRH agonist protocol (7.26 ± 1.95 vs. 
5.98 ± 1.31; P = 0.03). There was a higher number of eggs 
retrieved after using a lower total dose of recombinant FSH 
in the CC protocol. The cumulative pregnancy rate in the 
low-dose CC-based protocol was much better. Thus, the clo-
miphene citrate plus low-dose rFSH should be the alternative 
viable option for similar patients in their second cycle instead 
of just repeating the long agonist protocol [15].

The effectiveness of clomiphene citrate (CC) versus letro-
zole (L) plus human menopausal gonadotropin (hMG) in 
gonadotropin-releasing hormone (GnRH) antagonist proto-
cols in low responder patients with previous failed ovarian 
stimulation undergoing ICSI was reported recently [16]. 
This publication included cycles with clomiphene citrate and 
letrozole plus hMG using GnRH antagonist protocols in 32 
low responder patients who had poor results in at least for 
two previous medically assisted reproduction cycles using a 
microdose flare protocol or GnRH antagonist protocol. 

42  cycles of 32 low responders were studied. The total 
gonadotropin usage was significantly lower (1491 ± 873 vs. 
2808 ± 1581 IU, P = 0.005), and mean estradiol levels on day 
of hCG trigger were significantly higher in the clomiphene 
group compared to the letrozole group (443.3  ±  255.2 vs. 
255.4 ± 285.2 pg/mL, P = 0.03). The endometrial thickness 
as well as the cumulative pregnancy and live birth rates per 
cycle were significantly higher in the clomiphene group 
compared to the letrozole group (27.2 vs. 15%, 13.6 vs. 0% 
and 4.5 vs. 0%, respectively, P < 0.05). Severe low respond-
ers who had previously failed to respond to the microdose 
flare, or the GnRH antagonist protocols may benefit from a 
clomid plus hMG/GnRH antagonist protocol [16].

A study investigated IVF outcomes between patients with 
diminished ovarian response patients (DOR) who received 
three different gonadotropin doses in stimulation protocols 
with or without the addition of letrozole [17]. 95 patients 
who fulfilled two of the three Bologna criteria were included 
in the study. 31 patients were treated with 450 IU gonadotro-
pins, whereas in the second group, 31 patients were treated 
with 300 IU. 33 patients comprised the third group and were 
treated with 150  IU gonadotropins along with letrozole. 
Their results indicated a similar number of retrieved mature 
and fertilized oocytes, identical fertilization rates, similar 
number of transferred embryos, implantation, cancellation, 
chemical, clinical, and ongoing pregnancy rates with no 
essential differences, irrespective of the doses of hMG and 
rFSH in POR patients. Increasing the dose of gonadotropins 
during stimulation is the usual approach in a poor responder 
but does not improve the reproductive outcomes [17]. The 
study summarized that letrozole in combination with low- 
dose gonadotropins was as effective as pure stimulation with 
higher doses of gonadotropins in DOR patients [17].

Song et al.’s study evaluated the efficacy of mild stimula-
tion with clomiphene citrate on ovarian response and preg-
nancy rates in poor responders undergoing medically assisted 
reproduction [18]. This was a meta-analysis on comparing 
mild and traditional stimulation protocols and pregnancy 
outcomes. The meta-analysis on four RCTs indicated that 
there was no significant difference in live birth rates (OR: 
0.71, 95% CI 0.22–2.29, P = 0.57) and clinical pregnancy 
rates (OR: 1.11, 95% CI 0.80–1.55, P = 0.52) for both these 
types of stimulation protocols. This study suggested that 
mild stimulation with clomid may be comparable with con-
ventional COH protocols [18].

70.7  Minimal Dose Stimulation Versus 
Conventional Stimulation for IVF

Lazer et  al. studied whether minimum-dose stimulation 
(MS) protocols enhance clinical pregnancy rates when com-
pared to high-dose conventional stimulation (HS) protocols 
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in patients with diminished ovarian reserve [19]. Inclusion 
criteria meant only patients with an anti-Müllerian hormone 
(AMH) ≤8 pmol/L and/or antral follicle count (AFC) ≤5 
were included. Patients recruited in 2008 exclusively had a 
HS protocol, while patients recruited in 2010 were on a MS 
protocol. The minimum-dose protocol includes letrozole at 
2.5 mg starting from day 2–6, overlapping with gonadotro-
pins from day 3 onwards at 150 IU daily. GnRH antagonist 
was added at leading follicle size at a minimum of 14 mm. 
The high-dose group had only gonadotropins (≥300 IU/day) 
in their antagonist protocol. The clinical pregnancy rate and 
live birth rate was significantly better in the minimum-dose 
stimulation group when compared to the high-dose group 
(P = 0.007) [14]. The authors concluded that the MS proto-
col is less expensive because of the lower gonadotropin 
usage and gave a better clinical pregnancy rate and live birth 
rate than the high-dose protocol for patients with DOR [19].

Zhang et al.’s randomized non-inferiority study compared 
1 cycle of mini-IVF with single embryo transfer (SET) with 
a cycle of conventional IVF with double embryo transfer 
[20]. The primary outcome was cumulative live birth rate per 
woman over a 6-month period. The study group included 
564 patients (<39 years old) who were undergoing their first 
IVF cycle, and they were randomly slotted to either mini- 
IVF or conventional IVF.  Secondary outcomes included 
gonadotropin use, OHSS, and multiple pregnancy rates. The 
cumulative live birth rate was 49% (140/285) for mini-IVF 
and 63% (176/279) for conventional IVF [20]. There was no 
OHSS in the mini-IVF group compared with 16 moderate/
severe ovarian hyperstimulation syndrome cases (5.7%) in 
the traditional IVF group. The multiple pregnancy rates were 
32% in the traditional IVF group versus 6.4% in the mini- 
IVF group. Use of gonadotropins was significantly less in the 
mini-IVF group compared with traditional IVF group 
(459 ± 131 vs 2079 ± 389 IU; P < 0.0001). Compared with 
traditional IVF group with double embryo transfer, the mini- 
IVF group with single embryo transfer has a little lower live 
birth rate and zero OHSS cases, reduces multiple pregnancy 
rates, and decreases gonadotropin usage [20].

Borges et al. studied the effect of exogenous FSH on ICSI 
outcomes compared to the age of patient [21]. Patients 
undergoing COH for ICSI were split into different age 
groups: ≤35 y.o. (n = 1523), >35 and ≤ 38 y.o. (n = 652), >38 
and ≤  40 y.o. (n  =  332), and  >  40 y.o. (n  =  370). Linear 
regression models outlined the effect of gonadotropin dose 
on COH, clinical, and laboratory outcomes. The authors 
observed that lower the age, the lower was the FSH dose 
needed per oocyte. In patients ≤38 y.o., there was a negative 
effect of the gonadotropin dose on the embryo quality and 
blast formation, leading to increased cycle cancellation rate. 
In patients more than 39 years old, there were no effects of 
the gonadotropin dose on the analyzed variables. They sum-
marized that high-dose stimulation is avoidable in younger 

women (≤38 y.o.) based on their findings of poorer embryo 
quality and increased cycle cancellation rate. Mild ovarian 
stimulation protocols should be preferred in these cases [21].

70.8  Diminished Ovarian Reserve (DOR)

A comparison of pregnancy outcomes achieved by in vitro 
fertilization (IVF) minimal stimulation and conventional 
antagonist protocols in patients with diminished ovarian 
reserve (DOR) was published by Pilehvari et al. [22]. Out of 
77 DOR patients undergoing IVF, 42 were included in the 
minimal stimulation group (n = 42) who received 100 mg/
day clomid on day 2 of the cycle for 5 days that was followed 
by 150 IU/day gonadotropins (hMG) on day 5 of the cycle. 
The control was the conventional group (n  =  35) who 
received at least 300 IU/day gonadotropin from day 2. The 
flexible antagonist protocol was applied for both groups. 
There was no difference in the number of oocytes and preg-
nancy rates (2.79 ± 1.96 vs. 2.20 ± 1.71 and 5.6% vs. 4.1%; 
p > 0.05). The gonadotropin usage in the minimal stimula-
tion group was much lower than the control group 
(1046 ± 596 vs. 2806 ± 583). The authors stressed that mild 
stimulation is likely to be considered as a very patient- 
friendly and economical substitute for DORs [22].

In a recent publication [23], 60 DOR patients were ran-
domized to receive either letrozole/antagonist (mild stimula-
tion) (n = 30) or the agonist microdose flare protocol (n = 30). 
Both groups were identical in background and other variable 
characteristics. Clinical pregnancy rate was similar in both 
groups (13.3 vs. 16.6%). In the letrozole/antagonist protocol, 
the gonadotropin usage and the number of stimulation days 
were significantly lower. Other variables like peak E2 level 
on the day of hCG trigger, endometrial thickness, the 
retrieved oocytes, the number of fertilized oocytes, the num-
ber of transferred embryos, and the cycle cancellation rate 
were statistically similar. The mild protocol was cost- 
effective and patient-friendly and should be used in DOR 
patients undergoing medically assisted reproduction [23].

A prospective comparative study on 165 patients in 271 
consecutive mild IVF cycles assessed the reproductive com-
petence of oocytes obtained by follicular flushing in DOR 
patients [24]. Egg retrieval was scheduled 34  h after hCG 
trigger, and oocytes were divided into two groups: eggs 
obtained in the first follicular aspiration (FA, n = 127) and 
eggs obtained in the subsequent follicular flushing (FF, 
n = 102). The patient characteristics, oocyte fertilization rate, 
and clinical pregnancy rate per oocyte were similar in both 
groups. Embryo morphology (41 versus 59%, P < 0.01) and 
implantation rates (20.4 versus 34.8%, P < 0.04) were better 
in the FF group. An optimal reproductive competence was 
observed in oocytes retrieved after follicular flushing in mild 
IVF in DOR patients [24].
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Progesterone during ovarian stimulation blocks the lutein-
izing hormone (LH) surge in normo-responders, but its role 
has not been defined in low responders. Chen et al. recruited 
a total of 204 infertile women with low ovarian reserve into 
the medroxyprogesterone acetate (MPA) group or the natural 
cycle control group alternatingly [25]. Medroxyprogesterone 
acetate (10 mg) was administered daily beginning from the 
early follicular phase, and a small amount of hMG was added 
in the late follicular phase if the serum FSH level was lower 
than 8.0 mIU/mL.  As soon as a dominant follicle reached 
appropriate diameter, triptorelin 100 μg and hCG 1000  IU 
were used as ovulation triggers, and eggs were retrieved after 
34–36 h. Embryos generated were cryopreserved for subse-
quent FET. The natural cycle IVF group was used as con-
trols. The MPA group exhibited a larger preovulatory follicle 
(18.7 ± 1.8 mm vs 17.2 ± 2.2 mm), a longer follicular phase 
(13.6 ± 3.6 days vs 12.3 ± 3.2 days), and higher peak estra-
diol values (403.88  ±  167.16 vs 265.26  ±  122.16  pg/mL) 
while maintaining lower LH values (P < 0.05). Incidence of 
spontaneous LH surge and premature ovulation reduced sig-
nificantly. A higher number of eggs and viable embryos were 
generated from the MPA group compared to the natural cycle 
group (P < 0.05). Also, in the MPA group the clinical preg-
nancy rate was slightly higher than in the natural cycle group, 
but the difference was not statistically significant. 
Progesterone-primed mild stimulation achieved optimal con-
trol of the growing dominant follicle and did not adversely 
affect the quality of eggs in DORs [25]. Consequently, pro-
gesterone priming is a good way to overcome premature 
ovulation in mild stimulation in DORs.

Three protocols for IVF/ICSI stimulation in DOR patients 
treatment were compared by Yu et al. [26]. The DOR patients 
were randomly divided into three groups: a modified 
gonadotropin- releasing hormone (GnRH) agonist protocol 
(group A), (ii) a mild stimulation protocol (group B), or (iii) 
an antagonist protocol (group C). Clinical variables, demo-
graphic characteristics, and pregnancy outcomes were com-
pared between these groups. Group B (32.69%) had a higher 
cycle cancellation rate compared with groups A (11.11%) 
and C (16.67%). The early abortion rate of group C (44.44%) 
was higher than group A (12.50%), but not significantly dif-
ferent from group B (16.67%). There were no statistically 
significant differences in the clinical pregnancy rates and live 
birth rates amongst the groups. The mild stimulation proto-
col gave a comparable pregnancy rate as compared to the 
other traditional protocols [26].

70.9  Older Women

A rare case report of a 49-year-old patient who delivered 
twins after ICSI using her own eggs with mild ovarian stimu-
lation was recently published [27]. The couple had both a 

tubal and male factor infertility. Clomid and low-dose FSH 
were used in the cycle followed by ICSI, where 5 2-day 
embryos were transferred. The babies were delivered by 
elective LSCS at 37  weeks for obstetric reasons including 
moderate PIH.

In older women with raised FSH levels, traditional ovar-
ian stimulation is expensive and does not give good results. 
Mild stimulation has now come into its own and gives better- 
quality eggs (albeit a lesser number) as compared to the 
high-dose traditional stimulation [28]. Milder forms of stim-
ulation decrease the number of days of stimulation, decrease 
the gonadotropin usage, and also decrease the mean number 
of eggs per cycle. The ratio of top-quality euploid embryos 
seems to be much better in mild cycles as compared with 
traditional protocols, while the pregnancy rates per ET are 
comparable. Additionally, the lesser costs, the better patient 
compliance, and the decreased time to complete an ART 
cycle make these milder approaches demographically and 
economically better suited. Low numbers of embryos avail-
able for transfer are always the dreaded outcome in treating 
of older women with IVF. A solution to this problem is to 
create a pool of embryos with vitrification and accumulation 
(ACCU-VIT) of top-grade embryos over more than one mild 
stimulation and modified natural IVF attempts [29]. When 
you reach the desired number of vitrified embryos, they can 
be biopsied and sent for preimplantation genetic testing 
(PGT-A) using next-generation sequencing (NGS), and we 
will then have the storage pool with only euploid embryos 
with maximal chances of success [28]. This would make the 
implantation potential for older women almost identical to 
normo-responders. This strategy, however, is unthinkable 
unless the IVF center has an excellent vitrification strategy in 
place. The strategy of accumulating vitrified embryos 
(ACCU-VIT) will become the norm in the 2020s.

70.10  Minimal Stimulation and Single 
Embryo Transfer (SET) 
with Segmented IVF

In a landmark publication, patients were not denied treat-
ment based on their baseline FSH levels nor ovarian 
reserve [30]. Yet Zhang achieved wonderful pregnancy 
rates (20% for fresh ETs and 41% for FETs). Results such 
as these strengthen the case for a mild stimulation IVF 
protocol and remote embryo transfer of vitrified-thawed 
embryos as a viable alternative to traditional IVF stimula-
tion strategies [30].

A recent study analyzed the embryological and clinical 
results of a single embryo transfer (SET) program vis a vis 
patient age (lower or equal 29, 30–34, 35–39, 40–44, and 
equal or higher 45 years) [31]. 7244 infertile patients under-
went 20,244  cycles with a clomid-based mild stimulation 
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protocol or alternatively using a or natural cycle protocol. A 
total of 10,401 fresh or frozen SET procedures were per-
formed involving day 3 or day 5 embryos. Optimal egg 
retrieval rate (78.0%) showed no age-dependent loss until 
45 years of age. While the fertilization (80.3%) and cleavage 
(91.1%) rates were not significantly different, the blastocyst 
formation (70.1% to 22.8%) and overall live birth rates 
(35.9% to 2%) showed an age-dependent decrease. Day 5/6 
FET cycles gave the highest chance of a live birth per ET 
(41.3% to 6.1%). Although a high fertilization and cleavage 
rate was obtained irrespective of age, the blastocyst forma-
tion and live birth rates showed an age-dependent decreasing 
trend [31]. In infertile patients up until their mid-forties, an 
elective SET program based on a mild stimulation protocol 
gives acceptable live birth rates per ET. But in very advanced 
age group infertile patients (equal or higher than 45 years 
old), the success rates fall to less than 1% [31].

In unselected infertile patients following minimal ovarian 
stimulation/natural cycle IVF, the authors set about to deter-
mine the cumulative live birth rates (LBR) per egg retrieval 
[32]. Natural cycle IVF or clomiphene-based minimal ovar-
ian stimulation was coupled with single embryo transfer in a 
total of 727 consecutive infertile patients who underwent 
2876 (median 4) cycles with increasing use of remote frozen- 
thawed blastocyst transfers. The crude cumulative LBR were 
65%, 60%, 39%, 15%, and 5% in patients aged 26–34, 
35–37, 38–40, 41–42, and 43–44 years, respectively. No live 
births occurred in patients aged over 45 years in this series. 
The dropout rates per attempted cycle were between 13 and 
25%. Success rates slowly reached a plateau, with only very 
few additional live births after six attempts. Majority of 
expected successful cases were reached within 6  months 
with almost maximal rates within 15 months of the first egg 
retrieval. This study showed us that acceptable live birth 
rates can be achieved with an exclusive mild stimulation/
single embryo transfer program not only in patients aged 
<38 years but also in older patients (38–40 years) [32].

70.11  Mild Stimulation Using Corifollitropin 
Alfa (CFA)

A recent publication proposed mild stimulation followed by 
egg retrieval under local anesthesia (LA) for increased 
patient acceptability. The paper suggested that clomiphene 
citrate (CC), followed by CFA, may provide adequate stimu-
latory response to complete the cycle [33]. This new clomi-
phene citrate/CFA (CC/CFA) protocol was compared to 
women undergoing standard rFSH protocol (good prognosis 
comparative cohort: GPCC) in a 1:2 study design. The pilot 
study of 25 patients examined the effectiveness of clomid 
(100 mg from day 2–6) followed by CFA in a GnRH antago-
nist protocol. All egg retrievals were conducted under local 

block. The softer protocol saw less number of oocytes 
retrieved when compared to the GPCC (6.4  ±  0.7 vs. 
10.7  ±  0.9, p  <  0.001), consequently leading to a reduced 
number of good-quality embryos for ET or vitrification 
(3.7 ± 0.6 vs. 5.7 ± 0.5, p = 0.01). Even as the embryo quality 
was similar between the two groups, the endometrial thick-
ness was significantly lower in the study group that received 
CC/CFA. The pregnancy rates were significantly lower in the 
CC/CFA group when compared to the GPCC (31.8 vs. 
57.1%, p  =  0.04), and 44% of CC/CFA patients required 
additional doses of rFSH to reach the hCG trigger criteria. 
The authors concluded that this sequential clomiphene CFA 
protocol did not appear to be an optimal strategy for mild 
IVF since it did not give adequate stimulatory effect from a 
single CFA injection and produced lower fresh ET preg-
nancy rates and lesser number of embryos for vitrification 
[33].

70.12  Neonatal Outcome After Minimal 
Stimulation

Neonatal outcome between children born after vitrified ver-
sus fresh single embryo transfer (SET) of 6623 delivered 
singletons following 29,944 single embryo transfers was 
published recently [34]. Mild IVF/natural cycle IVF fol-
lowed by SET of either fresh or vitrified-thawed cleavage 
stage embryos or blastocysts was performed. Gestational age 
(38.6 ± 2 versus 38.7) and preterm delivery rate (6.9% versus 
6.9%) in singletons born after the transfer of vitrified-thawed 
embryos were comparable to those born after fresh embryo 
transfers. Children born subsequent to transfers of vitrified- 
thawed embryos had a higher birth weight (3028 ± 465 ver-
sus 2943 ± 470 g) and lower LBW (8.5% versus 11.9%) and 
SGA (3.6% versus 7.6%) rates. The total birth defect rates 
(including minor anomalies) (2.4% versus 1.9%) and perina-
tal mortality rates (0.6% versus 0.5%) were similar between 
the two groups. The vitrification-thawing embryo transfer 
protocol did not increase the incidence of adverse neonatal 
outcomes nor birth defects following SET [34].

70.13  Preimplantation Genetic Testing 
for Aneuploidy (PGT-A)

The frequency of aneuploidies of the PB-I and PB-II of 
oocytes was reported by a Russian group [35]. FISH was 
performed in 238 PB-I and PB-II biopsy specimens. After 
COS for IVF as compared to a natural cycle, the frequency of 
aneuploidies in oocytes was higher. The aneuploidy rate was 
also higher after COH in infertile patients with female fac-
tors compared to women stimulated for IVF because of male 
infertility or egg donors [35]. They also surmised that oocyte 
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aneuploidies after COS are more common in older patients 
after 35 years [35].

In two IVF stimulation protocols, fertilization and aneu-
ploidy rates were compared [36]. Clomiphene citrate (CC) 
and human menopausal gonadotropin (hMG) were used in 
349 treatment cycles and hMG after treatment with an ago-
nist in two other study groups (long protocol), viz., 
Goserelin (n = 73) and Buserelin (n = 43). A cytogenetic 
examination was done on non-fertilized eggs in both the 
groups. The fertilization rates were significantly higher in 
the agonist/hMG group compared to the clomid/hMG 
group, but the cleavage rates as well as the embryo quality 
were not dissimilar. Out of the 736 oocytes studied via 
cytogenetic analysis, 256 were karyotyped, and 172 were 
found to be euploid, whereas 84 were found to be aneu-
ploid. Comparatively more oocytes were aneuploid in the 
GnRH-a/hMG group than in the clomid/hMG group, and 
this finding was statistically significant [36].

32 young oocyte donors with a high response to ovarian 
stimulation were included in a study to test the influence of 
gonadotropin doses on embryo aneuploidy rates [37]. 
Consecutive stimulation treatments were performed for each 
egg donor: a standard dose protocol with a 225 IU starting 
dose of recombinant FSH (rFSH) and, thereafter, a reduced 
dose cycle with a starting dose of 150  IU recombinant 
FSH.  In both cycles, agonist downregulation co-treatment 
was used. A total of 22 egg donors completed both treatment 
cycles with different gonadotropin doses, whereas the 
remaining 10 patient’s cycles were cancelled due to a poor 
ovarian response. Significant increases in rates of fertiliza-
tion and chromosomally normal blastocysts were observed 
in the reduced dose cycle. There were no statistically signifi-
cant differences in pregnancy and implantation rates in recip-
ients who received eggs from standard or reduced dose 
groups. The study suggested that in all high responder 
patients, one must decrease the gonadotropin dose to improve 
fertilization as well as quality of embryos [37].

PGS of embryos was employed in a prospective, random-
ized controlled study, comparing two ovarian stimulation 
regimens with main study characteristics being chromo-
some segregation behavior during meiosis and early embryo 
development [38]. Patients under 38 years were randomly 
assigned to either a mild stimulation protocol with GnRH 
antagonist co-treatment (67 patients) or a traditional high-
dose long protocol (44 patients). On day 3, embryos were 
biopsied, and the copy number of 10 chromosomes was 
studied. They terminated the study prematurely after an 
unplanned interim analysis (which included 61% of the 
planned number of patients) found a lower embryo aneu-
ploidy rate in the mild stimulation group. Although with 
mild stimulation, significantly fewer eggs and embryos 
were obtained following, both groups generated a similar 
number (1.8) of euploid embryos. The study suggested that 

all future ovarian stimulation protocols should avoid increas-
ing the number of oocytes per retrieval and instead aim at 
generating a sufficient number of euploid embryos with a 
milder form of stimulation [38].

70.14  Double Stimulation in the Follicular 
and Luteal Phase

Antral follicles in the luteal phase enabling ovarian stimula-
tion has been amply proved a prior. The efficiency of double 
stimulation, both during the follicular and luteal phases in 
DOR patients, was studied [39]. A total of 38 patients started 
with mild stimulation. After the first egg retrieval, letrozole 
and hMG were given in the study cycle. The double stimula-
tion protocol yielded 167 oocytes, and a total of 26 patients 
(68.4%) were successful in generating one to six viable 
embryos which were then vitrified. Twenty-one patients 
were posted for a total of 23 vitrified-thawed ETs, which 
resulted in 13 clinical pregnancies. Double ovarian stimula-
tion in the same menstrual cycle provides better chances for 
collecting oocytes in the DOR patients. This type of stimula-
tion protocol can have a luteal phase start resulting in pool-
ing more oocytes in shortest time. This new strategy can 
benefit both women with DOR and freshly diagnosed cancer 
patients requiring fertility preservation [39].

An Iranian study evaluated the results of double stimula-
tions during the follicular and luteal phases in 121 DOR 
women. Letrozole, clomid, hMG, and GnRH agonist were 
used in these double stimulation cycles in the follicular and 
luteal phases. A total of 104 (85.9%) patients completed the 
study, and the initial analysis revealed that the number of 
retrieved eggs after the first and second stimulations were 
similar. The fertilization rate and the number of vitrified 
embryos after the conventional stimulation were signifi-
cantly higher. The mean number of MII oocytes and the fer-
tilization rate after the Shanghai protocol were higher than 
the standard antagonist protocol which was the control group 
[40].

A recent study aimed to investigate the efficacy of double 
stimulations during the follicular and luteal phases (duo- 
stim) in older women [41]. One hundred and sixteen women 
aged ≥38  years who received double ovarian stimulation 
were included, with 103 patients subdivided into 4 groups 
according to follicular phase stimulation strategies, includ-
ing agonist short protocol (n = 27), flexible antagonist proto-
col (n  =  32), soft stimulation protocol (n  =  21), and 
medroxyprogesterone acetate (MPA) protocol (n = 23). The 
egg number and available embryos after duo-stim were twice 
as much as after follicular phase stimulation alone. The cycle 
cancellation rate decreased from 37.07% to 18.10%. 48 
patients underwent 50 FETs, with a 22.00% CPR, and the 
implantation rate (10.53% versus 10.67%) was similar 
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between the embryos derived from both stimulation groups. 
These results suggest that duo-stim could increase the PRs 
by accumulating more eggs or embryos in the shortest pos-
sible time which might be a more cost-effective strategy for 
patients in the older age groups [41].

A total of 131 patients with DORs were included in this 
study [42]. Thirty-three patients in the early luteal phase and 
98  in the early follicular phase started ovarian stimulation 
with 100 mg/d clomid and 75 to 150 IU/day hMG.  There 
were more eggs (2.8 ± 2.0 versus 2.0 ± 1.2, p < 0.05), more 
embryos (1.8 ± 1.4 versus 1.3 ± 1.1, p < 0.05), and more top- 
quality embryos (0.9 ± 0.9 versus 0.4 ± 0.6, p < 0.05) with a 
reduced cycle cancellation rate (12.1% versus 30.6%, 
p < 0.05) in the luteal stimulation group. The clinical preg-
nancy (17.7%, 20.0% and 41.2%) and live birth rates 
(10.78%, 20.0% and 29.4%) were similar (p > 0.05). Luteal 
phase stimulation can be a very good option in DORs because 
of increasing chances of getting top-quality embryos and by 
reducing the cancellation rate [42].

70.15  Advances

Do we need luteal phase progesterone support is in mild 
stimulation IVF protocols using Clomid and low dose FSH? 
[43]. The inclusion group had 15 good prognosis patients 
(defined as ≤38 years old with normal ovarian reserve and 
normo-responders, BMI <29 kg/m2, no previous IVF cycles, 
no history of severe endometriosis, no history of recurrent 
miscarriages, no endocrine or autoimmune diseases, and no 
surgical semen retrievals from their partners) undergoing 
IVF with soft stimulation. They were monitored during the 
luteal phase with serial serum progesterone and LH tests. 
The luteal support was started only if necessary. No patient 
needed luteal progestogenic support since the resultant ste-
roid environment was quite different from those in the con-
ventional stimulation protocols. The live birth rate was 40% 
(6/15), the implantation rate 30% (6/20), and there were 
myriad advantages of the mild protocol, which included 
enhanced endometrial receptivity, lower expenses, and more 
patient compliance and acceptability. The paper suggested 
that the mild stimulation protocols will confer an additional 
benefit during the luteal phase by eliminating the necessity 
of luteal phase support [43].

The future trend in medically assisted reproduction 
(MAR) will be to decrease the intensity of ovarian stimula-
tion protocols and to restrict the number of embryos to a 
single embryo transfer (SET). Contemporary literature sug-
gests that the intensity of ovarian stimulation affects the ratio 
of euploid embryos [28]. Ovarian stimulation seems to have 
a deleterious effect on oocyte quality and embryo aneuploidy 
in a dose-dependent manner. We are moving to a global era 
of single embryo transfers, and now it becomes more impor-

tant than ever before to ensure that this single embryo has the 
highest implantation potential. Strategies should be adopted 
and implemented to improve the accuracy for selecting an 
euploid, viable embryo with the highest implantation poten-
tial for transfer [44].

An extended refinement of morphological criteria for 
improving prediction of implantation potential by consider-
ing pronuclei disposition, nucleolar organization, and identi-
fication of the fastest dividing embryos with only 
mononucleated blastomeres as well as amalgamating mor-
phokinetics with cytogenetics will be the future [28]. We 
routinely use preimplantation genetic testing (PGT-A) 
wherein a day 5 biopsy is tested for aneuploidy using 
NGS. In older patients lower oocyte yields may represent a 
more physiologic response to ovarian stimulation, allowing 
the most competent follicles and eggs to develop normally 
and thereby reducing the incidence of embryo aneuploidy. 
IVF Lite plus ACCU-VIT (accumulation of vitrified 
embryos) by repeated mild stimulation cycles with subse-
quent vitrification of blastocysts, combined with preimplan-
tation genetic testing (PGT-A) and a remote single embryo 
transfer of a euploid embryo, is a promising new approach 
for poor responders as well as women of advanced maternal 
age [45, 46].

70.16  Conclusions

Traditional IVF stimulation in older women with high FSH 
often results in an expensive and not so successful IVF pro-
cedure with a low success rate. It is well established now that 
with softer stimulation, there is a greater chance of good- 
quality eggs (albeit a smaller number) than with higher-dose 
hard stimulation [2]. Milder protocols decrease the mean 
number of stimulation days, total dose of gonadotropins, and 
the mean number of eggs retrieved. But the ratio of top- 
quality and euploid embryos seems to be significantly higher 
compared with conventional hard protocols, and the preg-
nancy rate per embryo transfer is comparable. Additionally, 
the reduced costs, the better patient compliance, and the 
lesser days to complete an IVF cycle make these mild proto-
cols clinically successful as well as cost-efficient over a finite 
period of time. The lower number of embryos generated for 
embryo transfer always poses a great challenge in the man-
agement of older women in MAR. We suggest building up a 
sufficient pool of embryos by accumulating vitrified good- 
grade embryos (ACCU-VIT) over several mild stimulation 
and natural cycles. Remember to biopsy these pooled 
embryos on day 5 before vitrification and freeze the biopsy 
separately. At the end of this accumulation process, when 
you have reached the requisite numbers of embryos for a par-
ticular patient, the biopsies can be subjected to a preimplan-
tation genetic testing (PGT-A) using next-generation 
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sequencing (NGS), and then you will carry on long-term 
storage of only the euploid embryos with maximum chances 
of implantation. This strategy works best for older women 
attempting to get pregnant, and now transferring a single 
PGT-A embryo makes the chances of success for older 
women similar to normal responders.
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Relevance of Embryo Aneuploidy 
in Medically Assisted Reproduction

Esther Velilla and Carmen Morales

71.1  Background

The prevalence of primary and secondary infertility has been 
estimated in 1.9% and 10.5%, respectively, in women of 
20–44 years of age from 190 countries according published 
data in 2010 [1]. Aneuploidy is the main genetic factor that 
influences human reproductive success [2]. As it has been 
published, aneuploid embryos account for at least 10% of 
human pregnancies, and the incidence could exceed 50% for 
women over 35 years of age [3, 4]. Most aneuploidies com-
promise the implantation of the conceptuses that perish in 
utero, and those that implant may result in an early miscar-
riage or cause congenital birth defects.

Medically assisted reproduction (MAR) allows for the 
treatment of most infertile couples with the aim of securing a 
healthy birth. Therefore, in vitro fertilization (IVF) laborato-
ries are challenged to reduce the risk associated with multi-
ple pregnancy. For that, most of the IVF clinics have moved 
to the strategy of a single embryo transfer, diagnosed as 
chromosomally normal, since selecting just the morphologi-
cally normal ones to transfer is not enough to guarantee its 
success. Morphology of an embryo is weakly correlated with 
its viability and, hence, with its chromosome constitution. 
All type of uniform aneuploidies can survive to the blasto-
cyst stage [3, 5–13]. Moreover, 40–50% blastocysts with 
optimal morphology can be chromosomally abnormal [14, 
15], and euploid embryos do not always demonstrate better 
morphology than chaotic mosaics [16]. On the other hand, 
there is a correlation between aneuploidy and maternal age 
due to an increase of premature sister chromatids separation 
and meiotic nondisjunction of homologous chromosomes 
[17]. As an example, aneuploidy increases from 40% in fer-
tile egg donors to 80% in patients of 41–42 years old [18]. 

However, Harton et al. in 2013 [19] demonstrated that if a 
chromosomally normal embryo is transferred to the uterus, 
the chance to implant is independent of maternal age. The 
transfer of abnormal embryos in an IVF cycle is related to 
higher rates of implantation failure and miscarriage. 
Although there is a direct correlation between embryo aneu-
ploidy and maternal age, there is also positive correlation 
with other factors such as sperm chromosome abnormalities, 
altered male meiosis, or nongenetic male factor [20, 21].

Preimplantation genetic testing (PGT) has been used since 
the 1990s to diagnose genetically abnormal embryos for 
selecting, with some certainty, those genetically normal 
embryo(s) to be transferred to the uterus with the maximum 
guarantees to implant and to reach term. PGT has been incor-
porated into IVF laboratories to improve the efficiency of 
ART, increasing implantation rates while lowering pregnancy 
loss rate [22–29]. The success of PGT for aneuploidy screen-
ing (PGT-AS) is not limited to the technique itself but depends 
on different factors: (1) the optimization of the PGT-AS tech-
nique; (2) the proper selection of patients for PGT-AS; (3) the 
number of analyzed chromosomes (limited or comprehensive 
chromosome screening, CCS); and (4) the protocols of ovar-
ian stimulation, in vitro embryo culture, and embryo(s) trans-
fer. Focusing on PGT-AS technique, over the past years, 
different methodologies have been optimized to overcome 
many of the technical limitations intrinsic to the analysis of a 
single cell or a few number of them. Fluorescence in situ 
hybridization (FISH) on fixed nuclei from biopsied blasto-
meres was the technique of choice over the past two decades. 
However, the classic FISH technique analysis was limited to 
a restricted number of chromosomes [30] restricting the 
improvement of IVF outcomes with PGT-AS, as reported by 
several authors [31–38] and advised by the ESHRE PGD 
Consortium [39]. Therefore, the natural evolution of the 
PGT-AS has driven to the development, clinical validation, 
and application of the new emerging CCSs methodologies. 
Currently, the available CCS techniques developed and clini-
cal validated for PGT-AS are array comparative genomic 
hybridization (aCGH) [5, 11, 15, 40], 24- chromosome FISH 
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(FISH-24) [41], single nucleotide polymorphism (SNP) 
microarray [42], quantitative real-time polymerase chain reac-
tion (qPCR)-based CCS [43], and more recently next-genera-
tion sequencing (NGS) [44–50]. The application of CCS 
techniques also produces a change in the protocol of biopsy, 
moving from day 3 to day 5 of embryo development in order 
to have more quantity and quality of DNA for amplification 
and to overcome the high rate of mosaicism detected on cell 
stage embryos that can lead to misdiagnosis. Among these 
technologies, NGS seems to detect with higher accuracy for 
segmental imbalances [51, 52] and chromosomal mosaicism 
[51, 53–55]. Recently after three randomized control trials 
(RCT) testing day 5 blastocyst biopsies in good prognosis 
patients, there appear to be significant improvements in ongo-
ing pregnancy rates [26, 27, 56], encouraging physicians to 
recommend PGT-AS on trophectoderm samples.

71.2  Is There an Optimal PGT-AS 
and Embryo Transfer Program?

One of the more recent discussions about PGT-AS using the 
new CCS platforms is which is the most efficient operating 
way in terms of maximizing pregnancy rates. When PGT-AS 
by FISH was established, most centers did the biopsy on day 
3, and euploid embryos were transferred in day 5 in a fresh 
cycle, but pregnancy rates were not as good as expected. In 
the last few years, there is published evidence showing that 
transferring cryopreserved embryos in a non-stimulated 
cycle increases clinical implantation rates [57–63] and 
decreases low birth weight and preterm delivery rate [64, 
65]. Coates et al. in 2017 [66] published a RCT comparing 
both approaches: to perform day 5 biopsy and vitrify all 
embryos while waiting for the PGT-AS results and to carry 
out the euploid embryo transfer in a non-stimulated cycle 
versus biopsing embryos at day 5 and transferring the euploid 
embryos on day 6 in a fresh cycle. Embryos showing slow 
development were biopsied on day 6 and kept frozen for a 
future non-stimulated transfer, in case of failed outcomes. 
The study was performed in a US institute with a long stand-
ing experience in embryo vitrification, embryo culture, and 
biopsy procedures, and the results showed, in terms of ongo-
ing pregnancy rates and live birth rates, a trend in favor of a 
freeze all strategy and transference of the euploid embryos in 
non-stimulated cycles. Another RCT published by Rubio 
et  al. [67] compared the effectiveness of clinical outcome 
with and without PGT-AS in women with advanced maternal 
age (from 38 to 41  years old) after embryo analysis by 
aCGH.  They published a higher delivery rate per transfer 
after the first transfer attempt (52.9% vs 24.2%) and higher 
delivery rate per patient (36.0% vs. 21.9%) in the group that 
performed PGD aneuploidy screening compared to the group 
that did not perform PGD.

The main issue when applying the freeze all strategy is 
that the laboratory must optimize its culture conditions to 
achieve the highest rates of blastocyst formation. Moreover, 
vitrification and thawing protocols must be optimized in 
order to achieve the highest post-warming survival and 
cleavage development rate. Unfortunately, not all IVF labo-
ratories around the world have standardized protocols, and, 
even among those following the highest quality standards, 
results may drastically differ from one center to another. This 
suggests that although publications are in favor of a specific 
strategy, each center should analyze its own laboratory effi-
ciency and which strategy is the best for them. For one labo-
ratory that does not have a good established blastocyst 
vitrification protocol and presents a high incidence of lysed 
cells and low development rate post-warming, the best 
approach would be to perform day 5 biopsy and transfer in a 
fresh cycle and only keep vitrified the D6 biopsied blastocyst 
for a second transfer. Another scenario may be a laboratory 
that presents a poor embryo culture conditions. In that way, 
the best approach should be to biopsy on day 3 and transfer 
in day 3/4 in a fresh cycle to avoid losing embryo potential.

71.3  Mosaicism

Transferring high morphological quality euploid embryos 
has increased pregnancy rates, but we are still faced with the 
challenge that some euploid embryos with a good morphol-
ogy fail to implant. In this scenario, many programs have 
started to utilize time-lapse PGD-AS studies to correlate 
morphokinetics parameters and the type of aneuploidy in an 
attempt to identify which embryos have better competence to 
implant, but that said, efficiency is still not 100%. This can 
mainly be due to two factors: mosaicism and technical 
limitations.

Embryo mosaicism is one of the main sources of error 
when performing PGT-AS [68–76]. To establish the rate of 
mosaicism in preimplantation embryos is a complex task 
since it varies according to the embryo stage, the technology 
used for the diagnosis, and the skills of the genetic laboratory 
for the interpretation. In cleavage-stage embryos, the esti-
mated levels of mosaicism vary from 15 to 75% while in 
blastocyst have been estimated in 3–24%, according to a 
published review [77]. The great variability on reported data 
can also be influenced by different factors other than PGT-AS 
procedure itself, including the etiology of infertility, female’s 
age, or even in vitro culture and environmental conditions. 
All these elements can also impact the abnormal chromo-
some segregation leading to embryonic mosaicism. However, 
it appears that there is a general agreement for the observa-
tion that a gradual decrease in aneuploidy takes place during 
embryo development most probably due to self-correction 
mechanisms and preferential development of euploid cells.
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Mosaicism occurs during mitotic division of the 
embryo, giving rise to chromosomally different cell lines. 
When analyzing one cell from the embryo, it is assumed 
that the result is representative of the whole embryo. In 
order to avoid mosaicism misdiagnosis when performing 
PGT-AS, two different strategies have been proposed. The 
first is to perform polar body 1 and 2 analysis. Using this 
strategy, only chromosomal abnormalities of maternal 
meiotic origin are analyzed, while paternal meiotic abnor-
malities and abnormal chromosomal mitotic segregations 
are not evaluated. The second is to perform trophectoderm 
biopsy at blastocyst stage, analyzing more than one embry-
onic cell in in a developmental stage with a lower rate of 
mosaicism compared to day 3 embryos. This strategy can 
be used only if a good system for day 5 embryo culture is 
available and if a high number of embryos is achieved. 
However, although mosaicism rate is lower, it can be pres-
ent so there is still a risk of misdiagnosis. At the blastocyst 
stage, different types of mosaics have been described [78]: 
mosaicism that affect both trophectoderm (TFE) and inner 
cell mass (ICM), when the abnormal cells are confined to 
the TFE or ICM exclusively or when the ICM is normal 
TFE is abnormal (or vice versa). Depending on the type of 
mosaicism we are facing and the TFE cells we are biopsing 
by chance will condition PGT-AS misdiagnosis rate on 
blastocyst stage. Some studies have tried to estimate this 
correlation between ICM and TFE cell lines by biopsing 
two or three different groups of cells of the same embryo. 
They observed a diagnosis correlation of 95–100%, and 
the discordance between ICM and TFE cell lines was esti-
mated to be around 3–4% [79, 80].

Another strategy to avoid misdiagnosis due to mosaicism 
on the PGT-AS results has been to perform two cells biopsy 
on day 3. However, this strategy has been demonstrated to be 
detrimental for embryo developmental competence and has 
not been recommended any longer.

New CCS platforms for PGT-AS such as NGS can detect 
low levels of diploid/aneuploid mosaicism with high accu-
racy (lower than 20%). Mosaic or potentially mosaic embryos 
have become a new category to classify embryos [81]. 
According PGDIS recommendations [82], embryos with a 
mosaicism rate lower than 20% can be considered as euploid 
(and then transferable), while embryos with more than 80% 
of abnormal cells are classified as aneuploid. The remaining 
ones (20–80%) can be classified as mosaics. However, to 
establish the thresholds between which the embryos can be 
considered transferable or not is a controversial issue. Simon 
et al. recently suggested [81] that one consider above 50% of 
mosaicism embryo to be classified as aneuploid and non-
transferable. According to a worldwide survey from 32 coun-
tries, <10% of the analyzed embryos are classified as mosaics 
[81]. These embryos have a theoretically decreased implan-
tation rate and increased risk of miscarriage, pregnancy com-

plications, and clinically affected life births [81, 82]. 
Transferring embryos categorized as mosaic, although can 
raise some ethical considerations, is generally accepted 
when the couple does not have any euploid embryos [82, 83]. 
Different factors should be taken into consideration such as 
the methodology used for testing, the involved chromo-
somes, or the reproductive medical history of the couple 
[81–83]. Regarding this matter, PGDIS consortium pub-
lished a suggested guideline to prioritize mosaic embryos for 
transfer. Patients may consider transferring a mosaic embryo 
only after a proper genetic counselling about the risks of 
miscarriage and adverse outcomes they can face.

71.4  Conclusion

One of the most important challenges for the embryologist is 
to discern which is the most competent embryo to transfer. 
Many efforts to find the magical wand have been made in 
studying the cytoplasmic and nuclear competence, the mor-
phology, and morphokinetics during embryo development or 
in developing the most paramount technique to detect all 
chromosome aneuploidies. Yet still, just when we thought 
that we had the most comprehensive technology that permits 
us to screen all chromosomes, some new question arises and 
makes us go back in time and question all we know. Is 
embryo mosaicism an indicator of euploidy? Do we have to 
discard mosaic embryos?
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PGT-M for Couples with a Single-Gene 
Disorder

Lawrence C. Layman

72.1  Genetic History

For all patients considering fertility, a detailed family history 
should be ascertained from the patient and partner (if there is 
a partner). Ideally, this would be a full pedigree of family 
members up to three generations from the individual. This 
entails getting the medical history of parents and sibs (first 
degree); aunts, uncles, and grandparents (second degree); 
and first cousins (third degree). This may be best done by a 
genetic counselor, geneticist, a nurse, or extended provider 
trained in performing pedigrees. It is important to ascertain 
the symptoms, specific diagnosis, and age of diagnosis of the 
disorder. Only knowing there is a history of muscular dystro-
phy, for example, is not sufficient to perform genetic testing. 
There are many different types of muscular dystrophy, so it 
cannot be assumed that Duchenne muscular dystrophy is 
present—it must be confirmed. Medical records with precise 
genetic testing results are required if there is to be any genetic 
testing of embryos. If there is a history of cancer, the age at 
diagnosis is more important than the age of death with regard 
to familial cancer, which is more likely under the age of 50 at 
diagnosis.

Since there are thousands of genetic diseases, it is incred-
ibly unlikely that a clinician can be familiar with all genetic 
diseases. Consultation with online resources such as OMIM 
(Online Mendelian Inheritance in Man) will provide a clini-
cal synopsis as well as a detailed description of the disorder 
and its inheritance, natural history, and involved gene(s) if 
known. This can be easily consulted while the patient is in 
the office so that preliminary genetic counseling may be per-
formed. The inheritance of autosomal dominant, autosomal 
recessive, X-linked dominant, X-linked recessive, or, rarely, 

mitochondrial disease should be determined prior to consid-
ering any type of preconception or prenatal diagnosis 
(Table 72.1).

It must be emphasized that expanded carrier screening is 
not a substitute for taking a family history of genetic disease. 
Expanded carrier screening tests for genetic diseases that are 
predominantly autosomal recessive in individuals without a 
family history of the disease. If there is a family history of a 
genetic disorder, the particular disease should be diagnosed 
in the best possible manner—not by a carrier screening 
method. Excellent overviews of the genetic basis for many 
human diseases may be found at Genereviews.org.
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Table 72.1 Inheritance patterns of genetic disease

Inheritance

# Affected 
alleles to cause 
disease Risk to embryo Potential issues

Autosomal 
recessive

2 25% for 
carrier 
parents

Consanguinity

Autosomal 
dominant

1 50% if parent 
affected

Penetrance; 
variable 
expressivity; 
anticipation

X-linked 
recessive

1 (males)
2 (females, 
but rare)

50% males 
affected if 
carrier 
mother;
50% females 
carriers if 
carrier 
mother

Phenotype in 
females affected 
by non-random 
X-inactivation

X-linked 
dominant

1 50% risk if 
parent 
affected

Penetrance

Mitochondrial Homoplasmy 
vs. 
heteroplasmy

Transmitted 
via females 
to all 
offspring

Phenotype worse 
if homoplasmy 
than 
heteroplasmy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2377-9_72&domain=pdf
https://doi.org/10.1007/978-981-15-2377-9_72#DOI
http://genereviews.org
mailto:LALAYMAN@augusta.edu
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72.2  Preimplantation Genetic Testing- 
Mutation (PGT-M)

Preimplantation genetic diagnosis (PGD) has now been 
renamed preimplantation genetic testing (PGT) [1]. PGT-M 
refers to diagnosis of monogenic/single-gene defect prior to 
conception. This is in contrast to PGT-A (aneuploidy), for-
merly known as preimplantation genetic screening, which is 
used to test for chromosomal abnormalities. PGT done for 
structural rearrangements is known as PGT-SR [1]. PGT was 
initiated to test at-risk embryos for genetic disease, so that a 
couple’s risk of transmission to their offspring could ideally 
be eliminated. However, when looking at large numbers of 
cases being done, PGT-A is the most common indication for 
PGT, rather than PGT-M for single-gene disorders (see 
below). In this chapter, we will confine our topic to PGT-M 
of single-gene disorders.

72.3  Methods of PGT-M

72.3.1  Cell Types Used for PGT-M

To perform PGT, one or several cells must be obtained from 
oocytes or embryos and subjected to DNA analysis. Polar 
body biopsy of the first and/or second polar bodies may be 
performed; however, diagnosis is only useful to evaluate the 
maternal genome [2]. If the female patient is heterozygous 
for a causative mutation, the findings from the first polar 
biopsy should either reveal a normal genotype (which would 
indicate the embryo will carry the mutation) or have the 
mutation (which should indicate that the embryo will be nor-
mal). Biopsy of the second polar biopsy is recommended for 
confirmation. However, with meiosis I, crossover will occur, 
and if it affects the gene in question, misdiagnosis may 
result. For these reasons and the fact that embryos may be 
reproducibly cultured to day 5 blastocysts, polar body diag-
nosis has fallen out of favor for PGT-M in most circum-
stances. PGT-M has been used extensively in the literature to 
biopsy one cell in cleavage-stage embryos on day 3. In this 
case 12.5% of the embryo (one of eight cells) has been 
removed. Currently, the standard is to biopsy blastocyst- 
stage embryos by penetrating the zona with removal of 3–5 
trophectoderm cells.

72.3.2  Clinical Use of PGT-M

Handyside et al. [3] had previously used polymerase chain 
reaction (PCR) to amplify Y-specific repeated sequence 
DNA from the long arm of the Y chromosome (Yq) to sex 

embryos for X-linked diseases to avoid transferring an 
affected male. Subsequently they described the first case of 
PGT-M for single-gene diagnosis of cystic fibrosis, an auto-
somal recessive disorder [4]. Both parents were heterozy-
gous for the common ΔF508 mutation (a 3 bp deletion), now 
annotated as c.1521_1523delCTT (p.Phe508del). In that 
publication, the authors used a method called nested PCR to 
obtain enough DNA for diagnosis (Fig.  72.1). With this 
method, PCR is performed, and a small aliquot of the PCR 
product is reamplified by PCR using primers inside (or 
nested) the first primer pair. This technique allows for enrich-
ment of the desired PCR product for analysis. They obtained 
a total of 16 blastomeres from 3 different carrier couples; 
DNA from 12 of 16 (75%) cells were successfully amplified. 
Two patients had suitable embryos (one noncarrier and one 
carrier embryo), and two embryos were transferred in both 
patients. One of them conceived and delivered an unaffected 

a

b

Fig. 72.1 (a) Polymerase chain reaction (PCR) consists of multiple 
cycles of denaturation of the template, followed by primer annealing 
and extension by the polymerase. (b) Nested PCR is a two-step PCR in 
which an aliquot of the initial PCR is reamplified using primers that are 
both internal to the original primers such that the resulting product is 
smaller, but more precise. MUT mutant allele, WT wild type (normal 
sequence) allele

L. C. Layman
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child, but the other did not. The third patient had only one 
affected embryo, and one non-amplified cell, so she did not 
have an embryo transfer. Since this time, PGT-M has now 
been used for many different Mendelian disorders 
(Table 72.2). This first case of PGT-M exemplifies both the 
immense power and the concerning limitations of the PGT 
technique.

72.3.3  Specific DNA Methods for PGT-M

Although PCR methods have been well established for many 
years, the small amount of DNA in one or a few cells dra-
matically complicates the process, as demonstrated above by 
Handyside et al. [4]. When PCR is done for genetic disease 
in genomic DNA from adults (as in preconception diagnosis 
or cancer testing), 50–100 ng of DNA for 30–40 cycles of 
amplification are typically used. For a single diploid cell, 
however, there are only ~6 picograms of DNA. Therefore, 
for PCR, an increased number of cycles (35–60) or nested 
PCR, as mentioned above, is necessary. Alternatively, fluo-
rescently labeled primers may be used, which will increase 
the detection of smaller amounts of the PCR product [5].

Since the amount of starting material is so small, a num-
ber of techniques have been used to amplify the entire 
genome. Techniques of whole genome amplification 
(WGA) are not new, but the procedures have improved. The 
principle of these techniques is to randomly amplify the 
entire genome such that there are enough copies of the gene 
of interest and enough DNA to repeat the analysis. Some 
are PCR-based, such as primer extension preamplification 
(PEP) and degenerate oligonucleotide-primed PCR (DOP). 
A more commonly used technique is multiple displacement 
amplification (MDA), which does not require PCR.  In 
MDA, DNA is incubated with a Φ29 DNA polymerase at 
30 °C and exonuclease- resistant random hexamer primers. 
The template is copied by a hyperbranching method, in 
which there is displacement of the completed strand while 
the polymerase begins to synthesize another one. Fragments 
up to 70  kb may be copied, and a 104–106 amplification 
may be accomplished.

A method termed multiple annealing and looping-based 
amplification cycles (MALBAC) amplifies DNA that forms 
loops, so that each strand is only amplified once [6]. In the 
MALBAC method, primers randomly anneal to the DNA 
template. The polymerase has displacement activity at higher 
temperatures and amplifies the template, creating so-called 
semi-amplicons. When the process is repeated, the semi- 
amplicons are amplified into full amplicons that contain 
complementary 3′ and 5′ ends, which then hybridize to form 
a looped structure. This looped structure is not able to serve 
as a template anymore, but the semi-amplicons and genomic 
DNA can be amplified. MALBAC has been reported to 
decrease amplification bias, require less starting DNA, and 
provide more in-depth coverage. The interested reader is 
referred to a review by Huang et al. [6]; each of the methods 
has its own advantages and disadvantages. The use of these 
techniques has improved the results obtained by PCR-based 
PGT-M techniques.

Table 72.2 The most common genetic disorders utilized for PGT by 
the ESHRE PGD Consortium

Genetic disorder Inheritance
Causative 
gene(s) Considerations

Cystic fibrosis AR CFTR Most point 
mutations; 
deletions also 
found

Myotonic dystrophy 
type 1

AD DMPK Triplet repeat

Huntington disease AD HTT Triplet repeat
Sickle cell 
anemia/β-thalassemia

AR HBB Point mutations

Fragile X syndrome XLD FMR1 Triplet repeat
Spinal muscular 
atrophy

AR SMN1 Deletions; nearby 
pseudogene

Sickle cell anemia 
and human leukocyte 
antigen

AR HBB/
HLA 
genes

Point mutations

Duchenne muscular 
dystrophy

XLR DMD Deletions common; 
large gene

Neurofibromatosis 
type 1

AD NF1 Nearby pseudogene

Hemophilia A XLR F8 Large intronic 
insertion is 
common

Human leukocyte 
antigen (HLA) for 
acquired diseases

AR HLA Point mutations

Familial adenomatous 
polyposis

AD APC Point mutations and 
deletions

Charcot-Marie-Tooth 
disease type 1

AD PMP22, 
MPZ

Point mutations and 
deletions

Familial amyloidotic 
polyneuropathy 
(amyloidosis, 
hereditary, 
transthyretin-related)

AD TTR Point mutations and 
deletions; 
mutations also 
cause familial 
amyloid 
cardiomyopathy

Marfan syndrome AD FBN1 Point mutations and 
deletions

Tuberous sclerosis AD TSC1, 
TSC2

Point mutations and 
deletions

Von Hippel-Lindau AD VHL Point mutations and 
deletions

The most commonly tested is listed first, and they are listed in decreas-
ing number utilized by PGT
AR autosomal recessive, AD autosomal dominant, XLD X-linked domi-
nant, XLR X-linked recessive
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72.3.4  Failed Amplification, Contamination, 
and Allele Dropout

Failed amplification may complicate PCR with only pico-
gram amounts of DNA template, and it is important to con-
sider that this could happen when you discuss PGT-M with 
the patient. Contamination is another troublesome problem 
when amplifying such small amounts of starting material. 
This is why it is extremely important (as in any PCR) to have 
a clean working environment and use a negative control, 
which contains all reagents except DNA (the negative con-
trol lane should not have a band on a gel—or a peak on elec-
tropherogram). This is one reason intracytoplasmic sperm 
injection (ICSI) is also done in these circumstances.

Another problem when starting with a small amount of 
DNA template is allele dropout (ADO), which refers to the 
tendency for the polymerase in the PCR to only amplify one 
of the two alleles. To obviate problems of ADO, failed ampli-
fication, and contamination, the technique of multiplex PCR 
may be performed, in which gene-specific primers are 
included, as well as primers that amplify nearby polymor-
phisms, which are benign changes in DNA sequence, but 
will help identify specific alleles. By selecting polymor-
phisms close to the affected gene, the mutated allele could be 
selected by linkage analysis [7]. The expected result would 
be products from both reactions—if one of the two DNA 
fragments from either allele was missing, ADO would be 
present. ADO is problematic for autosomal recessive disease 
to avoid transfer of biallelic mutations, but is particularly dif-
ficult in autosomal dominant disease, where you cannot 
afford to have one affected allele (or the embryo will be 
affected).

In more recent years, ADO has been addressed by analyz-
ing more useful types of polymorphisms to specifically iden-
tify each allele. Initially, this was done by using restriction 
enzymes that give different fragment sizes of each allele by 
so-called restriction fragment length polymorphisms 
(RFLPs), but these are not always commonly located near a 
specific gene of interest (Fig. 72.2 and Table 72.3). Single 
tandem repeat (STR) polymorphisms, such as CA repeats, 
are highly polymorphic and enable a much higher chance to 
precisely identify the allele from which they come (Fig. 72.3). 
The use of STRs made the selection of informative polymor-
phisms much more facile [7].

Since the sequencing of human genome, the locations of 
millions of single nucleotide polymorphisms (SNPs) are 
known—it is estimated that all humans possess ~10 million 
SNPs (Fig. 72.4). Even though SNPs typically have two dif-
ferent alleles, if multiple nearby SNPs could be incorporated 
into an assay, the specificity of allele identification would be 
markedly increased. Karyomapping is a technique that uti-
lizes this principle (Fig. 72.5) [7, 8]. Karyomapping utilizes 
a microarray platform and incorporates ~300,000 SNPs 

spread across the genome. Therefore, for almost any genetic 
 disease, there will be multiple SNPs near the gene of interest 
[7, 8]. The specific mutation may not need to be tested if 
there are sufficient SNPs in close proximity to the mutated 
allele. Karyomapping has several distinct advantages over 
family- based mutation and STR methods:

 1. It does not require specific family-based assay genera-
tion—the same array can be used on all patients. This dra-
matically shortens the time to starting IVF.

Fig. 72.2 A restriction fragment length polymorphism (RFLP) is 
shown. As an example, the restriction enzyme EcoRI was used to digest 
the PCR product. Note that allele 1 has two EcoRI (indicated as R1) cut 
sites while allele 2 has three EcoRI cut sites. This RFLP is heterozy-
gous and could be used for PGT. bp base pairs

Table 72.3 Types of polymorphisms

Type of 
polymorphism Description
Restriction fragment 
length 
polymorphism 
(RFLP)

Polymorphism that alters the cut site by a 
restriction enzyme (examples: HindIII, 
EcoR1); not used much for PGT because 
they are less frequent and may have low 
heterozygosity index

Short tandem repeat 
(STR)

Repeats of usually 2–5 bases such as 
CACACA, GAAGAAGAA, etc.; highly 
polymorphic; higher degree of 
heterozygosity so more valuable for PGT

Microsatellite Another name for STR
Single nucleotide 
polymorphism 
(SNP)

Biallelic polymorphisms; degree of 
heterozygosity not as great as for STR, but 
there are many SNPs across the genome

The heterozygosity index refers to the degree to which the polymor-
phism is heterozygous (which then makes it useful for PGT). The 
higher the heterozygosity index, the more useful the polymorphism will 
be for family studies

L. C. Layman
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 2. The high density of SNP markers near causative genes 
improves diagnostic efficiency.

 3. Because of the large number of SNPs, chromosome copy 
number can also be tested in the same assay.

Currently, PGT-A analysis typically follows PGT-M test-
ing because it is important to avoid a deleterious allele from 
a Mendelian disease, but it is also prudent to avoid an aneu-
ploid embryo [7, 8]. In fact, live births have been reported 
using karyomapping. Konstantinidis et  al. [9] used kary-
omapping in 55 PGT-M cases and found that they could get 

a diagnosis in 99.6% vs. 96.8% of embryos using conven-
tional PCR analysis.

Karyomapping does present some limitations. Both par-
ents and at least one other family member are necessary for 
karyomapping to be informative. Karyomapping can usually 
be performed without the need for direct mutation detection, 
but occasionally this will still be necessary [7]. Next- 
generation DNA sequencing has also been used for PGT-M, 
but confirmation by Sanger sequencing is generally advis-
able because of errors, which, although comprising a small 
percent of the tested sequence, cannot afford to be missed. 
To date, the most common use of next-generation sequenc-
ing has been for copy number in PGT-A, but tests have been 
developed for spinal muscular atrophy [10] and Charcot- 
Marie- Tooth disease Type 1A [11], both of which are usually 
caused by deletions.

72.4  Testing Results: Misdiagnosis and No 
Diagnosis

In 2012, the ESHRE PGD Consortium collected and pub-
lished 10 years of data (1997–2007) involving PGT [12]. Of 
27,630 cycles, 61% were for aneuploidy screening (PGT-A), 
while 17% were for single-gene disorders (PGT-M), 4% for 
sexing for X-linked disease (relevant to PGT-M), 16% for 
chromosomal abnormalities, and 2% for social sexing. ICSI 
was used in 86% so that paternal contamination from excess 
sperm adherent to the zona pellucida could be excluded. Of 
interest, 2/3 of couples were also considered to have infertil-
ity. Laser drilling was the most common method for zona 
breaching, and cleavage-stage embryos were most com-
monly biopsied [12].

A wide variety of genetic disorders have been analyzed 
by PGT-M, shown in decreasing frequency in Table 72.2. In 
the ESHRE Consortium, cystic fibrosis was most commonly 
tested, followed by myotonic dystrophy type 1, Huntington 
disease, and hemoglobinopathies [12]. Of 4534  cycles for 
PGT-M, embryo transfer occurred in 3727 (82.2%), and 
10/3727 (0.3%) had incorrect diagnoses for single-gene dis-
orders. For 55 embryos, sexed because of X-linked disor-
ders, 2/55 (3.6%) had incorrect diagnosis. The reasons for 
misdiagnosis include contamination, ADO, technical errors, 
and unknown etiologies. Clinical pregnancy rates per 
retrieval (22%) and per transfer (29%) are generally lower 
than those in recent years, probably owing to improved cul-
ture of embryos, blastocyst transfer, experience with the pro-
cedure, and PGT-A follow-up on embryos being considered 
for transfer [12]. Although the error rate is very low, it must 
be kept in mind that no embryos were available for transfer 
in ~18% of patients, likely due to degraded DNA, inadequate 
biopsy, failed amplification, and ADO.

Fig. 72.3 A short tandem repeat (STR), also known as a microsatellite, 
is shown. Allele 1 has five copies of a CA repeat, while allele 2 has two 
copies. This STR is heterozygous and could be used for PGT

Fig. 72.4 Single nucleotide polymorphisms (SNPs) are shown. Note 
that of the four SNPs, each of which has an A and B allele (e.g., A 
could be an “A” and could be a “G”), only two are heterozygous 
(SNPs 2 and 3)

Fig. 72.5 The rationale for karyomapping is shown. Because 300,000 
SNPs are present on a microarray, it is likely that there are numerous 
SNPs near the gene of interest (close usually means within 1,000,000 
base pairs—1 megabase). Only one gene with ten different SNPs in 
close proximity is shown here. In reality, the 300,000 SNPs are spread 
throughout the genome and likely to reside close to disease-causing 
genes

72 PGT-M for Couples with a Single-Gene Disorder
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72.4.1  Experience with PGT-M for Specific 
Mendelian Disorders

We have started with an overview of the methods and types 
of diseases that can be tested for using PGT-M, but it is 
important to consider how well PGT-M works for specific 
genetic diseases. In this section, PGT-M experience for three 
different genetic diseases—neurofibromatosis type 1 (auto-
somal dominant), fragile X syndrome (X-linked dominant), 
and cystic fibrosis (autosomal recessive)—will be examined. 
As will be seen, the lessons learned from clinical utility 
should be understood by the clinician ordering these tests.

72.4.2  Autosomal Dominant Disease: 
Neurofibromatosis Type 1 (NF1)

Much can be learned, particularly on how to counsel patients, 
by examining the experience of a large PGT laboratory for 
diagnosis of a specific Mendelian disorder [13]. Between 
2004 and 2013, 77 couples had 156 PGT-M cycles for neuro-
fibromatosis 1 (NF1), an autosomal dominant condition with 
complete penetrance, which has been the sixth most com-
mon Mendelian disease to have PGT-M [13]. Affected 
patients present with multiple benign neurofibromas; mild 
intellectual deficits/learning disabilities; facial, optic, skele-
tal, and cardiovascular abnormalities; as well as a predisposi-
tion to benign and malignant tumors. NF1 is caused by 
mutations in the neurofibromin (NF1) gene in more than 
95% of patients.

Since this study occurred between 2004 and 2013, the 
predominant cell type analyzed was cleavage-stage biopsy of 
a single blastomere on day 3 [13]. Prior to 2010, PGT was 
done by direct PCR on the single cell using nested primers. 
After 2010, WGA was performed (amounting to just over 
half of the embryos), and enough PCR product was available 
so that six different flanking markers of NF1 could be tested 
to be sure that recombination did not occur. PCR was then 
analyzed by capillary electrophoresis to get an individual 
genotype of each allele, which was then compared to the 
embryo haplotype. Some of the samples were also tested by 
PGT-A using a chromosomal microarray for detection of 
insertion/deletions (indels), also known as copy number vari-
ants (CNVs), that were 10 megabases or larger.

Demographic data was collected, including sporadic or 
familial transmission. NF1 is autosomal dominant, but half 
of new cases are new mutations, so other family members 
may not yet be affected (of course, the affected individual 
has a 50% chance of passing on to her/his offspring). Of the 
presenting couples, 3 of 81 (3.7%) were not able to be tested 
because molecular probes could not be generated, and one 
couple underwent IVF, but no embryos sufficient for biopsy 

were obtained [13]. Of 156 cycles, 1356 embryos were biop-
sied, and of these, 1322/1356 (97%) were able to be ana-
lyzed. However, a clear molecular diagnosis was obtained in 
1060/1322 (80%) of embryos. Of the 20% that resulted in the 
inability to get a diagnosis, more than half had insufficient 
molecular data and about 40% had inconclusive results. As 
expected, close to half (46%) of embryos were unaffected 
and could be transferred. Approximately 87% of the 
156 cycles produced at least one unaffected embryo (median 
3). Definitive diagnoses were more likely when there was 
known NF1 inheritance (84%) vs. sporadic (76%) and when 
the center had multiple NF1 referrals. Interestingly, the suc-
cess of getting a molecular diagnosis was not associated with 
embryo quality, academic affiliation of the medical center, or 
use of WGA. Overall, 27% of couples having at least one 
IVF/PGT-M  cycle conceived and had an unaffected live 
birth, and the chance of pregnancy correlated with the num-
ber of unaffected embryos available.

Approximately 5% of couples with NF1 who wanted to 
undergo PGT-M could not do so. Molecular probes could not 
be designed for three couples (3.7%), most likely because of 
the inability to differentiate the NF1 gene from an NF1 pseu-
dogene. To fully discriminate these alleles, sufficient family 
members must be available. Overall, about 80% of embryos 
were able to receive a diagnosis. This is slightly less than that 
for myotonic dystrophy type 1 (86.6%) and Huntington dis-
ease (87.8%) from the ESHRE Consortium [12]. Interestingly, 
these latter two disorders are triplet repeat diseases, which 
also have their own special considerations.

72.4.3  X-Linked Dominant Disease: Fragile X 
Syndrome

Fragile X syndrome is the most common single-gene cause 
of intellectual disability in humans. It is an X-linked domi-
nant condition with reduced penetrance that presents in 
males with varying degrees of moderate to severe intellectual 
disability, hyperactivity, autism, facial abnormalities, large 
ears, skeletal abnormalities, cardiac valve anomalies, and 
macroorchidism. About half of affected females have mild 
intellectual disability or learning disability. More than 98% 
of affected males and females possess >200 copies of a CGG 
triplet repeat in the 5′-untranslated region of the FMR1 gene 
on Xq27.3, which is termed a full mutation. Carrier females, 
and some males, may have 55–200 repeats, which is known 
as a premutation [14]. Women with the premutation are at 
increased risk for premature ovarian insufficiency (10–15%) 
by age 40, and both male and female premutation carriers are 
at risk for tremor/ataxia later in life. Expansion of the premu-
tation may occur in mitosis in the embryo of a carrier female 
to a full mutation, and this risk of expansion and subsequent 
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intellectual disability in males increases with the size of the 
triplet repeat.

PGT-M for fragile X syndrome poses some specific issues 
that must be considered. The triplet CGG repeat has very 
high GC content and is difficult to amplify by PCR, particu-
larly in single cells. The first PGT-M for fragile X syndrome 
was performed in 1995 and was based exclusively on 
 detection of nonexpanded maternal and paternal FMR1 
alleles [15]. Although not commonly known by clinicians, 
this method can only be offered to informative couples 
(meaning you can distinguish both maternal alleles and the 
one paternal allele). For example, if the carrier mother has 28 
and 78 repeats and father has 39 repeats, the assay is infor-
mative since all three repeat sizes are different. However, if 
the father had the same number of repeats as the mother (28 
repeats, in this example), this assay would not be able to be 
used for diagnosis. Perhaps somewhat surprisingly, only 
about 63% of all couples will have informative FMR1 alleles 
[13]. As with all other diseases using small amounts of start-
ing DNA, ADO can occur.

In 2001, the first indirect test for fragile X syndrome was 
reported, and the authors suggested they could offer PGT to 
~90% of interested couples. An indirect test does not mea-
sure the number of CGG repeats, and if there are not infor-
mative markers and/or ADO, misdiagnosis may occur. 
Therefore, the best approach is to include both direct and 
indirect tests. Some investigators utilized MDA to amplify 
the genome, followed by a combination of direct and nearby 
(linked) STR markers. There were improvements in that suc-
cessful amplification increased from 41% to 66% of cases, 
but there was still a high rate of no amplification [16]. When 
tested clinically, they reported one live-born, unaffected 
child [16]. Other investigators also utilized MDA and ana-
lyzed the products by a combination of fluorescent PCR of 
the FMR1 CGG repeats, AMELY (amelogenin) to identify Y 
sequences, and two polymorphic markers [17]. In preclinical 
tests, successful amplification rates of the CGG repeat and 
the polymorphisms DXS1215 and FRAXAC1 were 84.2%, 
87.5%, and 75.0%, respectively. ADO rates, however, were 
still high and ranged from 31.3% for the direct test to 57.1% 
and 50.0% for both markers [17]. In 2 PGT cycles, they were 
able to successfully diagnose 20 of 30 embryos as normal 
(n = 10), affected (n = 4), and premutation carriers (n = 6). 
Although three unaffected embryos were transferred, the 
patients did not conceive [17]. Despite improvements, these 
studies demonstrate the difficulty in getting a diagnosis on 
every patient who comes in for PGT-M for fragile X 
syndrome.

More recently, others have reported methods to increase 
the amplification rate of both alleles and the diagnostic 
detection rate. Kieffer et  al. [14] had traditionally used a 
direct test and amplification of SRY on the short arm of Y 

(Yp), but they have now reported an indirect multiplex test 
using four STR (microsatellite) markers combined with a Y 
chromosome marker. They performed this test alone or in 
combination with the direct test. Unfortunately, even using 
five polymorphic markers, just over one third of couples 
were not informative for CGG repeats.

These investigators sought to improve the detection rate 
of both indirect and direct tests. They identified five new 
markers that exhibited 69% to 81% heterozygosity. In their 
new indirect test, they tested the 5 markers along with one 
of the previous ones and AMELY in a multiplex single-
round PCR test of 55 cycles. Their definition of a “direct 
test” was expanded to include four new markers and 
AMELY sequences in addition to testing the CGG repeats in 
a multiplex PCR.

They tested both the direct and indirect tests in single-cell 
analyses using lymphoblasts from 3 control male cell lines, 2 
control female cell lines, and 1 female with 23 and 70 repeats 
(premutation). They obtained a PCR signal in 94% for the 
new indirect and 90% for the new direct test. Successful 
amplification exceeded 80% for each marker. The mean rate 
of non-informativeness was markedly reduced—26% for the 
new indirect and 23% for the new direct test. In combining 
the indirect and direct tests, 63% and 64% of cells, respec-
tively, tested had a complete genotype for all cells tested. 
They were able to obtain a conclusive genotype (not with 
every marker, but enough to be informative) in 100% of both 
tests. These new tests have only preliminary use in PGT 
cycles, but their adopted strategy allows the potential for 
96% of couples to be diagnosed.

72.4.4  Autosomal Recessive Disease: Cystic 
Fibrosis

Cystic fibrosis is the most common indication for genetic 
testing using PGT-M [18]. Cystic fibrosis is an autosomal 
recessive condition affecting ~1/4000 individuals of 
European descent. Mutations in the causative gene, cystic 
fibrosis transmembrane conductance regulator (CFTR), lead 
to absent or decreased chloride and bicarbonate transport 
across the apical membranes of secretory epithelial cells, 
which results in thickened secretions in the lung, pancreatic 
and biliary ducts, GI tract, and vas deferens. Patients with CF 
typically present with failure to thrive and develop progres-
sive pulmonary disease, pancreatic insufficiency, and gastro-
intestinal and nutritional defects. Males may have bilateral 
congenital absence of the vas deferens. A clinical test of an 
increased sweat chloride suggests diagnosis, which is con-
firmed with mutations in the CFTR gene.

A publication from the European Society of Human 
Genetics (ESHG) in 2016 provides international guidelines 
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for PGT-M for CF. Since it is an autosomal recessive disease, 
both parents will be carriers, and their genotype and infor-
mative genetic markers should be known prior to testing. 
There is not a universally accepted method, but the combina-
tion of direct and indirect tests is advised. Current recom-
mendations advocate that at least two fully informative 
markers within 1 megabase (Mb) on both sides of the gene 
and intragenic markers should be included when they are 
available. Recombination within the CFTR gene is rarely 
described, so it is acceptable to perform PGT-M by an 
 indirect method using intragenic STRs located on the same 
side of the variant if other markers are inconclusive or non- 
informative. If MDA is used, ESHG suggests using two 
markers on each side of the gene because of high ADO rates. 
Customized protocols should be validated.

72.5  Summary

As can be seen from the examples of fragile X syndrome 
(X-linked dominant), neurofibromatosis type 1 (autosomal 
dominant), and cystic fibrosis (autosomal recessive), some 
similar themes emerge. Comprehensive counseling should 
be performed when first discussing expectations with pro-
spective PGT-M couples. Important topics to stress include:

 1. Knowing the phenotype/genotype of the disorder.
 2. Understanding the frequency of gene mutations in the 

disorder (in NF1, e.g., 95% of cases have a mutation in 
the NF1 gene [not 100%]; therefore, it may not be useful 
to do PGT-M in 5% of people right at the outset).

 3. Even when the gene is known, molecular diagnosis is not 
always possible prior to the start of the cycle.

 4. Not all embryos will be acceptable to biopsy.
 5. No DNA will be obtained on some embryos.
 6. Specific diagnosis may not be possible for all available 

embryos.
 7. Some patients may have no embryos to transfer.

Clinicians should be aware regarding the methodology 
used for PGT-M so they can adequately counsel or have a 
geneticist/genetic counselor available. Fortunately, misdiag-
nosis rates are very small, and with the advent of blastocyst 
biopsy, more cells will be available and hopefully improved 
methods and informative genotypes will be accomplished. 
Lastly, it is important, as evidenced by these three genetic 
diseases illustrated here (fragile X syndrome, NF1, and CF), 
to analyze disease-specific testing of reproductive outcomes.
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Preimplantation Genetic Testing 
for Aneuploidies (PGT-A) in Recurrent 
Miscarriage

A. Vaiarelli, D. Cimadomo, L. Rienzi, and F. M. Ubaldi

73.1  Introduction

Human reproduction is a very inefficient process. The pos-
sibility of conceiving per menstrual cycle is as low as 20% 
[1]. Furthermore, early pregnancy loss, also referred to as 
miscarriage or spontaneous abortion, is defined as the loss of 
a clinical pregnancy before 20 weeks of gestation or, if the 
gestational age is unknown, the loss of an embryo/fetus of 
<400 g [2].

Recurrent miscarriage (RM) is an important issue in the 
field of reproductive medicine. It has been estimated it 
affects 2–5% of the women attempting to conceive, and 
about 1% of women may go through three or more miscar-
riages in their reproductive lifespan [1]. The definition of 
RM has long been debated and is different among the inter-
national societies. According to the European Society for 
Human Reproduction and Embryology (ESHRE) [3, 4], RM 
is defined as three consecutive pregnancy losses, including 
the non-visualized ones. On the contrary, the American 
Society for Reproductive Medicine (ASRM) defined RM as 
two or more clinical pregnancy losses documented by ultra-
sonography or histopathologic evaluation, but not necessar-
ily consecutive [5]. This difference in its definition affects 
also how its incidence and prevalence are calculated across 
different countries; indeed an international consensus is 
eagerly needed. The international societies are instead con-
cordant that biochemical pregnancy losses, defined as a 
positive pregnancy test not associated with the establish-
ment of a pregnancy [6], should not be considered proper 
miscarriages.

From a clinical perspective, few cases of RM derive from 
a single pathogenic cause; most of them may in fact have a 
multifactorial background which involves the interaction of 
multiple genetic and environmental parameters. Therefore, 
the outcome for the couples with RM is not determined by a 

single factor, and it should be carefully tailored upon each 
couple’s specific characteristics and clinical history.

The aim of this chapter is to summarize the current knowl-
edge upon the causes of RM and discuss the role of preim-
plantation genetic testing for aneuploidies (PGT-A) and/or 
for structural rearrangements (PGT-SR) in patients with such 
indication.

73.2  Overview of the Main Factors Related 
to Recurrent Miscarriage

Each couple with RM has a different prognosis largely 
dependent upon their individual clinical history, a thorough 
diagnostic workup, and maternal age. Especially the latter is 
one of the most important elements to predict the reproduc-
tive potential of a woman [7]. Indeed, if the fertility rate 
decreases as the woman ages, the miscarriage rate follows an 
opposite trend. To this regard, Nybo Anderson and col-
leagues showed that the risk of miscarriage increases from 
8.9% when a woman is aged 20–24 to 74.7% by the age of 
44. They set 35 years as the age threshold beyond which this 
increase becomes more evident. Furthermore, this study also 
reported that the experience of a miscarriage is prognostic 
upon further pregnancy losses in following attempts to con-
ceive. For instance, up to 35% and 45% of the parous and 
nulliparous women who have already experienced three 
spontaneous abortions may, respectively, undergo a further 
miscarriage [8].

A thorough investigation of the incidence of karyotypic 
imbalances in miscarriages highlights that some embryos 
affected by trisomies for few autosomes or sex chromosome 
aneuploidies may develop up to this stage of prenatal devel-
opment, and collectively they account for 60–70% of the first 
trimester losses in humans [9, 10] (see the specific paragraph 
treating this topic hereafter). Nevertheless, additional factors 
can be associated with an increased risk for RM, such as 
uterine anomalies, antiphospholipid syndrome, and hor-
monal and metabolic disorders. Moreover, several other 
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 etiologies, as chronic endometritis, inherited thrombophilia, 
luteal phase deficiency, and high sperm DNA fragmentation, 
have been proposed as possible causes of RM, but are still to 
be considered controversial [1].

In the next paragraph, we will go through the proposed 
strategies for a diagnostic workup in patients that experi-
enced RM.

73.3  Proposed Workup for Patients That 
Experienced Repeated Miscarriage

Preconception counseling is pivotal for patients with a his-
tory of RM, who may be more concerned and require more 
reassurance for the future attempts. Several investigations, 
ranging from genetic testing to lifestyle modifications and 
medication, could have a positive effect on the chances of 
obtaining a healthy baby. A universally valid workup has not 
been defined yet, even because any couple has its own medi-
cal history, and tailored investigations should be conducted 
by considering several clinical parameters.

At first, an accurate anamnesis should be conducted for 
both partners aiming at defining their modifiable lifestyle 
habits (smoking, abuse of alcohol, diet, etc.) and their family 
history of infertility and miscarriage [11].

Secondly, a specific blood workup is required to examine 
possible factors that can affect the prognosis of the couples 
and the possibility for the woman to carry a pregnancy to 
term [1]. They may include:

 (a) Prolactin (PRL) [12].
 (b) Thyroid-stimulating hormone (TSH) serum levels and, 

in case of abnormal levels, also thyroid autoantibodies 
testing [13].

 (c) Antiphospholipid antibody syndrome could also be 
investigated by testing anticardiolipin antibodies, anti-β 
II glycoprotein I antibodies, and lupus anticoagulant 
[14].

 (d) Factor V Leiden, prothrombin gene mutation, protein C 
and protein S deficiency, antithrombin III deficiency, and 
hyper-homocysteine, since thrombophilia is one of the 
causes associated with RM [15].

Nonetheless, for what concerns, for instance, the associa-
tion of the latter with RM, a meta-analysis of 9 studies 
including overall 1228 women with an experience of at least 
two previous miscarriages failed to show any positive impact 
of anticoagulation treatment (aspirin and low-molecular- 
weight heparin, or the combination of both) upon a further 
attempt to conceive [16]. Indeed, this is an example that 
more consistent data from multicenter studies are yet 
required to solve the current controversies upon this topic.

Thirdly, a transvaginal three-dimensional ultrasound, 
sonohysterography, and hysteroscopy should be performed 
to evaluate the uterine cavity, and pelvic magnetic resonance 
imaging can also be useful in complex cases of anatomic 
defects. In fact, uterine anomalies have been reported in up 
to 20% of women that experienced RM [1, 17].

Besides all the anatomic, endocrine, and immunologic 
evaluations we may conduct, for about half of the women 
affected from RM, its causes go undetected, and the main 
answers up to date could be generally found in the genetics 
[5, 11].

73.4  The Genetic Cause of Miscarriage

There is a clear association between maternal age and the 
incidence of aneuploidies in the embryos produced [7, 18, 
19]. However, more than 90% of the chromosomally abnor-
mal embryos, even if they may develop as fully expanded 
good-quality blastocysts or follow a standard morphody-
namic development in vitro [20, 21], either do not implant or 
are spontaneously aborted. Whole chromosome copy num-
ber variations, such as trisomy, polyploidy, or sex chromo-
some aneuploidies (e.g., 45, X karyotype), are mostly 
observed in spontaneous abortions. Specifically, almost half 
of the products of conception after a miscarriage may carry 
chromosomal abnormalities, a rate that varies depending on 
woman age and may rise up to 70% [7, 22, 23]. This is 
mainly due to the meiotic impairment of oogenesis, which is 
a clear consequence of aging, and may follow different paths, 
such as meiosis I or meiosis II non-disjunction, premature 
separation of sister chromatids, or the recently described 
reverse segregation [24–26]. Oogenesis is indeed a long 
path: the ovarian reserve is established at birth and depleted 
from menarche to menopause, the oocytes arrest in the late 
prophase of meiosis I for decades, and, once recruited, they 
undergo an asymmetrical division and a fast meiosis II post- 
fertilization. Conversely, spermatogenesis begins with 
puberty, proceeds uninterrupted, and leads to symmetrical 
divisions. It has been in fact estimated that only a minority 
(1–2%) of the spermatozoa carry chromosomal impairments 
[9, 18], probably also caused by gender-specific differences 
in the meiotic silencing checkpoint. Essentially, this mecha-
nism seems to be more stringent during sperm than during 
oocyte maturation processes, thus leading to the arrest of 
sperms that do not show a perfect matching of the chromo-
somes [27].

Another important genetic cause of miscarriage is struc-
tural chromosomal abnormalities. The most frequent are bal-
anced reciprocal translocations that have an incidence in 
prenatal diagnosis of 1/560 fetuses and balanced Robertsonian 
translocations and inversions with an incidence of 1/1100–
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1200 fetuses. The incidence of unbalanced structural 
 abnormalities is instead even lower [28, 29]. These chromo-
somal imbalances are independent from maternal age and 
may equally affect both the partners. In this regard, a history 
of RM in young women advocates an increased risk of struc-
tural chromosome abnormality in one of the components of 
the couple [29]. Indeed, the incidence of balanced structural 
chromosome abnormalities is 0.7% in the general popula-
tion, but it increases to 2.2% after one miscarriage, 4.8% 
after two miscarriages, and up to 5.2% after three miscar-
riages [30]. Yet, RM is more frequent when the abnormality 
is present in the maternal karyotype rather than in paternal 
one, and again this is probably caused by the differences in 
the stringency of the meiotic silencing checkpoint [27]. 
Possibly, as suggested in cytogenetic studies of gametes 
from patients with balanced structural chromosome abnor-
malities, such impairments in males more commonly result 
in a lower fertility, rather than in the production of chromo-
somally imbalanced sperms [31].

Segmental (or partial) aneuploidies, either copy number 
variations (CNVs) or microdeletions and microduplications 
(MMs), are another class of chromosomal imbalances 
apparently not related to maternal age or gender in general 
that may be responsible for RM [32, 33]. However, only in 
<1% they are inherited [34]; it is most probable for them to 
occur because of a de novo mutation, equally probable dur-
ing either oogenesis and spermatogenesis or post-fertiliza-
tion mitotic events. Their estimated prevalence in the 
newborn population ranges between 0.5 and 2/10000 [35, 
36]. Even if their incidence is largely lower than whole 
chromosome aneuploidies, they may have an equally dra-
matic impact on reproduction if the copy number state of 
putative dosage- sensitive genes is altered. Notably though, 
many segmental aneuploidies do not have a clear pathogenic 
definition and should be considered variants of unknown 
significance, whose incidence in miscarriages is 2–3%, dif-
ferent from the pathogenic ones which may reach up to 5% 
and 0.5% in spontaneous abortions and newborns, respec-
tively [37].

Other chromosomal causes of miscarriage may be embry-
onic mosaicism (as we will discuss later in this chapter), 
ploidy impairments, or uniparental disomy. For all of them, 
the incidence in miscarriage is never higher than 2% [33, 38, 
39]. However, they cannot be predicted or accurately diag-
nosed because of either biological or technical issues (or 
both), and there is no risk factor related to parental character-
istics to predict them.

Future molecular studies on the patients who experienced 
RM and/or on the products of conception themselves may 
provide a more thorough view of the mechanisms underlying 
the occurrence of miscarriage and possibly novel strategies 
for prevention and/or treatment.

73.5  What Can We Do for Woman with RM?

Historically, chromosome analysis has been suggested for 
couples with RM. However, some controversy still exists 
upon its prognostic value. Those in favor of a routine karyo-
typing suggest that it should be included as part of the 
counseling provided to couples with RM, while the oppo-
nents claim that even in the presence of RM, only a selected 
population of patients may benefit from it [29]. Specifically, 
parental karyotyping is suggested especially in case of 
young women that underwent more than two pregnancy 
losses.

In general, though, no strategies are available to counter-
act the age-related increase of aneuploidies or the establish-
ment of a pregnancy characterized by a partial or structural 
chromosomal abnormality. In this regard, diagnostic pro-
grams either in the preimplantation period on the embryos 
produced during IVF treatments or in the prenatal period 
(prenatal diagnosis, PND) were introduced to limit the occur-
rence of aneuploid pregnancies, especially for older women 
or with specific indications [40]. Currently, the only avail-
able options to minimize this risk are (i) fertility preservation 
in young women by oocyte vitrification; (ii) egg or sperm 
donation, where allowed by the local regulation; or (iii) 
PGT-A and/or PGT-SR at the blastocyst stage during IVF 
cycles.

PGT is a diagnostic approach aimed at identifying chro-
mosomally normal blastocysts within a cohort of embryo 
produced during ART. This embryo selection strategy pre-
vents aneuploid blastocysts from being transferred, thus 
reducing both the risk for implantation failure per transfer 
and miscarriage due to chromosomal impairments [41–43].

At first, PGT (which was previously wrongly referred to 
as preimplantation genetic screening, PGS) did not show any 
clinical value in its first version [44], which was designed as 
a largely ineffective, if not detrimental [45, 46], strategy 
based on the 9 chromosome-FISH analysis of a single blas-
tomere retrieved from cleavage stage embryos. Conversely, 
now it is conducted through 24-chromosome testing tech-
niques, namely, array comparative genome hybridization 
(aCGH), single nucleotide polymorphisms array (SNP- 
array), quantitative polymerase chain reaction (qPCR), or 
next-generation sequencing (NGS), on trophectoderm biop-
sies at the blastocyst stage, a strategy that (i) ensures reliable 
information; (ii) does not impact embryo reproductive poten-
tial [45, 46]; (iii) is cost-effective since the analysis is con-
ducted only on developmentally competent embryos that 
developed as blastocysts; (iv) guarantees high positive and 
negative clinical predictive values, which are ≥50% indepen-
dently from maternal age and ≥ 96%, respectively [47]; and 
(v) provides a more efficient IVF treatment in terms of higher 
implantation and lower miscarriage rates according to all the 
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randomized controlled trials (RCTs) conducted up to now 
and reviewed in two recent meta-analyses [41, 42].

Nevertheless, first class data from RCTs about its efficacy 
on a per intention-to-treat basis, as well as an analysis of its 
cost-effectiveness, are still required [43]. Only one study to 
date showed a comparable efficacy, but lower multiple preg-
nancy and miscarriage rates when a euploid single blastocyst 
transfer policy was introduced in a single large IVF center 
with respect to the previous untested double embryo transfer 
policy, but it is limited from its retrospective and observa-
tional design [48].

At present, PGT could be considered a valid option for 
couples with RM to select euploid blastocysts with the high-
est possible developmental potential and the lowest possible 
risk of miscarriage. Furthermore, it allows to confidently 
adopt a single embryo transfer policy, thus inherently reduc-
ing the risk for multiple pregnancies and relatively negative 
obstetrical and perinatal outcomes [49, 50].

73.6  The Criticisms Underneath 
Preimplantation Genetic Testing 
Technology

In a recent paper, Murugappan and colleagues compared the 
pregnancy outcomes after IVF-PGT versus the expected 
management in patients with RM [51]. They claimed that the 
former provides similar outcomes in terms of pregnancy, live 
birth, and clinical miscarriage rates per intent to treat as the 
latter. This paper had a great impact in the scientific com-
munity, especially since it was highlighted by the editor in 
chief of the journal as an evidence that PGT should not be 
considered a valid clinical option for the treatment of 
RM.  However, Rienzi et  al. [52], besides appreciating the 
effort invested in performing this study due to the absence of 
clear evidences and an international consensus upon this 
issue, pointed out some methodological criticisms in its 
design that unequivocally undermine its reliability. Firstly, 
no randomization was performed, and there was a significant 
difference of 2 years in the maternal age between the IVF- 
PGT (37.1 ± 4.1) and the expected management (35.7 ± 3.9) 
groups; and secondly, in 20% (n = 40/198) of the IVF cycles, 
no aneuploidy testing was actually conducted because of 
poor blastocyst yield and/or embryo morphological quality. 
As expected, these standard IVF cycles resulted in 50% mis-
carriage rate versus 14% in the PGT group (p = 0.003). In 
other terms, the paper by Murugappan and colleagues does 
not represent high-quality data not using PGT in RM patients. 
On the contrary, it implicitly stresses the evidence that mor-
phological criteria are very poor predictors of embryo chro-
mosomal architecture and viability. Indeed, if few or only 
poor-quality blastocysts are produced during an IVF cycle, 
this should not be a reason to cancel aneuploidy testing, 

thereby exposing the patients to the consequences of an 
aneuploid embryo transfer. PGT is not a tool to assess 
embryo quality; it rather is a diagnostic test to exclude repro-
ductively incompetent embryos from the cohort, namely, the 
embryos that may generate implantation failures or 
miscarriages.

There is also a concern about clinically recognizable 
false-negative errors in PGT, in other terms the risk that an 
aneuploid blastocyst is diagnosed as euploid and results in a 
miscarriage or chromosomally abnormal pregnancy. To date, 
two papers have been published that showed these data with 
two different molecular techniques: Werner et al. reported it 
to be as low as 0.32% per clinical pregnancy and 0.13% per 
ongoing pregnancy by qPCR-based trophectoderm analysis 
[53], while Tiegs et  al. reported it to be 1.5% per clinical 
pregnancy and a 0.7% per ongoing pregnancy by array-CGH 
[54].

False-positive results are instead an issue that may result 
in a different consequence, namely, euploid blastocysts diag-
nosed as aneuploid and thereby prevented from being trans-
ferred. Only Scott and colleagues to date could provide some 
tremendously valuable data about the negative predictive 
value of PGT. In a non-selection prospective study conducted 
by SNP-array, where a trophectoderm biopsy was retrieved 
and analyzed only after embryo transfer and in a blinded 
fashion with respect to the clinical outcome, they reported 
that 4% of the embryos that would have been identified as 
aneuploid were instead implanted [47]. Later, the same group 
presented a study to the ASRM annual meeting in 2015 
(Werner et  al., 2015, ASRM national meeting), where the 
same design was applied, but a targeted-NGS molecular 
analysis was conducted. None of the 41 blastocysts that 
would have been diagnosed aneuploid were then implanted 
in this interim analysis.

Another important current hot topic in the international 
scientific and clinical community, which is closely related to 
the risk for both false-positive and false-negative results, is 
the issue of chromosomal mosaicism. It is defined as the 
presence of cell lines with different karyotypes within the 
same embryo, which may arise because of a mitotic misseg-
regation that occurred post-fertilization. The earlier the error 
occurs along preimplantation development, the higher the 
extent of mosaicism. Importantly, aneuploid mosaicism (the 
presence of cells with different aneuploid chromosomal con-
stitution) does not represent a problem for the diagnosis; 
only a euploid/aneuploid constitution does. From a biologi-
cal perspective, an unavoidable sampling bias limits the pos-
sibility to identify and properly diagnose mosaic embryos; 
from a technical perspective, the current comprehensive 
chromosome testing molecular techniques may suggest the 
presence of mosaicism through an intermediate log2 ratio for 
a given chromosome, yet it is not possible to resolve a genu-
ine biological variability from a possible amplification bias 
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[55, 56]. The most probable prevalence of mosaicism in 
human blastocysts, collectively reported by basic research 
studies that analyzed disaggregated blastocysts (inner cell 
mass and 2–3 fragments of trophectoderm) donated for 
research, is 5% [56]. Its impact in clinical pregnancies 
achieved from infertile women, reported on thousands of 
specimens in PND by Huang and colleagues, never exceeds 
1.4% after either spontaneous or IVF-derived conceptions, 
where real mosaicism (not only confined to the placenta) 
accounts for about 0.5% [38]. Recently, Greco and colleagues 
in a paper published in the New England Journal of Medicine 
reported the clinical outcomes after the transfer of 18 alleg-
edly mosaic euploid/aneuploid embryos according to an 
aCGH-based diagnosis in couples with no other transferable 
embryo produced during a PGT cycle [57]. They resulted in 
six full-term pregnancies of chromosomally normal children. 
This paper, especially with the implementation of novel more 
sensible NGS-based techniques, introduced the yet contro-
versial transfer of allegedly mosaic embryos in the clinical 
practice. Clearly, a thorough counseling, which must 
acknowledge the biological and technical limitations of this 
controversial practice, should be provided to the couple.

The starting amount of DNA which is retrieved from a 
biopsy is not sufficient itself to conduct the downstream 
molecular analyses; therefore, preamplification protocols are 
required for PGT.  Mainly whole genome amplification 
(WGA) or targeted amplifications strategies may be applied. 
The former elicits a random amplification of 40–60% of the 
genome, while the latter allows the sole amplification of pre-
determined sequences on each chromosome. In a paper pub-
lished in the European Journal of Human Genetics, Capalbo 
and colleagues blindly compared WGA-based aCGH and 
targeted qPCR on two different trophectoderm biopsies 
obtained from aneuploid blastocysts and, in case of discor-
dant results, analyzed a third biopsy by WGA-based SNP- 
array [58]. They reported 99.9% of concordance between the 
methods on a per chromosome analysis. However, if a dis-
cordant diagnosis was returned, aCGH was reported as sig-
nificantly more prone to false-positive errors with respect to 
qPCR (7% versus 0.5%; p  <  0.01). This is ascribable to 
WGA itself and to the amplification bias that may derive 
from it, thereby impacting the reliability of the diagnosis. 
Similarly, the doubt that part of the blastocysts diagnosed as 
“mosaic” with WGA-based methods could actually be the 
result of technical errors persists. There is therefore the need 
for a more thorough validation of the techniques used to this 
end, by studying multiple biopsies of the same allegedly 
mosaic blastocyst with different molecular approaches (pref-
erably one of the two should be a targeted approach), before 
this practice could be adopted in PGT cycles.

Nevertheless, targeted approaches are limited to the diag-
nosis of only full chromosome aneuploidies and admit a 
0.5% risk for clinically significant segmental aneuploidies to 

term. However, this limitation, for what concerns de novo 
CNVs and MMs, is shared with WGA-based technologies, 
which cover just a portion of the genome (40–60%) [59] and 
may be biased [58] by the preamplification protocol itself. 
On top of that, a repository database of CNVs/MMs and their 
consequences on preimplantation embryo development is 
still missing. It is therefore complex to provide a clinical 
interpretation of the reproductive impact of any given seg-
mental aneuploidy detected in the preimplantation period.

73.7  Future Perspectives

Even if PGT-A is an efficient diagnostic tool, it cannot 
change the embryo intrinsic implantation potential or 
improve its reproductive competence. The scientific commu-
nity is therefore investing big efforts to this end.

Firstly, by unveiling any other factor, besides female 
aging, which may cause aneuploidies [60], some guidelines 
may be provided to the community to reduce the prevalence 
of miscarriages and try to broaden woman reproductive 
lifespan. Moreover, cellular processes involved in chromo-
some missegregation may be targeted to prevent (or find a 
solution to) their occurrence. For instance, Wu et  al. are 
investigating the effects of salubrinal in obese mice, as a 
tool to counteract the diet-derived metabolic stress in the 
endoplasmic reticulum and reestablish the oocyte matura-
tion potential both in vivo and in vitro [61].

Secondly, by comprehensively characterizing the meiotic 
machinery and all its different components, we may identify 
putative key gene/protein targets, whose functionality must 
be preserved to prevent defective chromosome segregation 
(e.g., DNA damage response genes (for instance, [62, 63])).

Thirdly, chromosome therapy is a fascinating future per-
spective to perform functional correction on living cells. Up 
to now, two protocols have been set up in human/animal cell 
models: the XIST (X-inactive specific transcript)-driven het-
erochromatization of chromosome 21 [64] and the ZSCAN4 
(zinc finger and SCAN domain containing 4) mRNA- 
mediated correction of trisomy 18 and 21 [65].

Lastly, several functional and molecular studies in both 
the academic and clinical fields are ongoing to characterize 
also the endometrial cells and their receptive potential [66–
70]. These studies may bring about novel evidences to 
increase our knowledge of this topic and possibly introduce 
novel tools to treat this condition.

73.8  Conclusion

RM is an important reproductive topic. Various etiologies 
have been identified over the years, and successful treatment 
strategies have been implemented. A comprehensive workup 
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can be started following two consecutive losses, especially in 
women aged >35  years, to identify treatable causes that 
include uterine abnormalities and immunological, endocrine, 
and genetic conditions. The modification of some lifestyle 
habits should also be proposed to increase the reproductive 
prognosis of a couple. Nevertheless, almost half of the RM 
cases are still unexplained and yet require future specific 
investigations. Whatever the cause of RM is, thorough inves-
tigations and follow-up supported by a psychological care 
may help many couples to obtain a successful live birth.

RM is one of the main indications for PGT.  However, 
even if Chen and colleagues reported that the miscarriage 
rate is significantly lowered after euploid embryo transfer in 
their meta-analysis [42], some limitations exist. Specifically, 
data about PGT clinical efficacy per intention to treat and 
cost- effectiveness are yet missing, and a clear international 
consensus has not been reached yet. Many clinical studies 
are in the pipeline, and several research projects are investi-
gating the issue of RM, especially for what concerns the non- 
chromosomic pregnancy losses, which will hopefully 
provide novel evidences in the next years.
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Setting Up an IVF Laboratory

Stephen Troup

The design of an IVF laboratory needs to incorporate a num-
ber of key considerations ranging from where the laboratory 
is situated relative to other rooms, through to its size, con-
figuration, the equipment it houses and even what the walls 
might be painted with (or not). Not only does the design of 
the laboratory affect the environment in which people work 
and their efficiency, but more importantly, it can affect the 
outcome of the treatments that take place therein.

This chapter seeks to describe some of the fundamental 
design features of the IVF laboratory with reference to the 
basic physiological needs of gametes and embryos cultured 
in vitro, together with suggestions and recommendations as 
to how these needs might be best met. It must be recognised, 
however, that there are ‘many ways to skin the cat’ and that 
the content of this chapter is a combination of scientific evi-
dence where it is available, accepted dogma and straightfor-
ward common sense.

As a starting point, it seems prudent to consider some fea-
tures of the female reproductive tract in terms of it being the 
‘best’ environment in which gametes and embryos will 
thrive. In simple terms, the female reproductive provides an 
environment which:

 1. Is at a constant 37 °C and varies very little from this
 2. Is a supportive milieu for the early embryo which is at the 

correct pH and supplies appropriate nutrients
 3. Protects the early embryo from potential damage by 

infective agents, physical damage, exposure to light and 
toxins

 4. Contains biological selection mechanisms leading to 
embryo implantation and live birth

 5. Although it seems rather obvious, ensures that the baby 
belongs to the mother!

In considering IVF laboratory design, it is worthwhile 
being mindful of these fundamental requirements.

We will discuss the design of the IVF laboratory by con-
sidering the following eight questions:

 1. Where should it be ideally situated?
 2. What size and shape should it be?
 3. What are the regulatory requirements?
 4. How do we make it clean, warm and toxin-free?
 5. How do we handle and observe our embryos?
 6. How do we make sure there are no mix-ups?
 7. How do we monitor the facilities?
 8. How do we store cryopreserved gametes and embryos?

Some of the issues discussed in this chapter relate to the 
design of a new laboratory, but many are principles and 
ideas that can also be applied to an existing laboratory set-
up. Finally, it is essential that an experienced clinical embry-
ologist is part of the design and implementation team tasked 
with setting up an IVF laboratory—it is all too easy to 
underestimate the importance of the often-overlooked idio-
syncrasies associated with successful IVF, and the person 
best placed to advise on such things is the clinical 
embryologist.

74.1  Where Should an IVF Laboratory 
Be Situated?

There are several factors that should be considered when 
choosing where to site an IVF laboratory, some of which are, 
of course, easier to control than others. Ideally, the quality of 
air that enters the laboratory should be as high as possible 
(although this risk can be mitigated by air purification sys-
tems discussed below). As such, it makes sense to site the lab 
away from any form of manufacturing plant, which might, 
for example, release airborne toxins. Similarly, airborne pol-
lution from traffic, railways or airports is best avoided. Many 
centres in recent years have moved away from a conventional 
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hospital-based site to facilities on business or science parks, 
with which also often come the advantages of lower costs 
and, crucially, easier parking for patients.

74.2  What Size and Shape Should an IVF 
Laboratory Be?

It is commonplace and prudent to engage the services of 
clean-room specialists in the design of an IVF laboratory to 
ensure that any specific regulatory clean-room requirements 
are met. The use of clean-room specialists is recommended 
for both new-build projects and refits alike. Such experts are 

familiar with how, for example, the shape of a room or the 
equipment therein might affect airflow and hence the sterile 
function of the room; the concept of air pressure cascades to 
ensure the IVF laboratory itself is the cleanest part of the 
room arrangement; and how to generate the clean air in the 
first place.

In considering the design of an IVF laboratory, it is also 
extremely important to consider a number of key adjacen-
cies. It is highly desirable to have direct access between the 
‘procedure’ room(s) where egg collection and embryo trans-
fer procedures take place and the laboratory itself (Fig. 74.1).

Such access can take the form of a conventional clean- 
room hatch arrangement or perhaps, more sensibly, door 
access, with the latter more readily facilitating communica-
tion between embryology and clinical teams. It is also ‘good 
clean-room practice’ that a dedicated store be situated near 
the laboratory, or ideally directly adjacent, with a ‘materials- 
transfer’ hatch directly into the laboratory. Similarly, hatch 
access between the cryostore facility and the main laboratory 
might be considered desirable (Fig. 74.2).

Some laboratories have also arranged to have their semen 
sample production facilities directly adjacent to the main 
IVF laboratory linked by a pass-through hatch (Fig. 74.2b). 
Whilst this arrangement undoubtedly lessens patient embar-
rassment in terms of not having to physically hand over the 
semen sample, consideration needs to be given to privacy 
within the sample collection room particularly in terms of 
noise and, crucially, the requirement to develop a robust 
chain of custody.

Unfortunately, there is no simple metric that can be 
applied to determine the size of an IVF laboratory other than 
the simple fact that I have yet to visit a laboratory that is too 
big. There are, however, some important considerations 

Fig. 74.1 The location of the embryology laboratory. This should be 
directly adjacent to the procedure rooms where oocyte collections and 
embryo transfers take place. (Courtesy of the Knutsford Hewitt Fertility 
Center, Liverpool Women’s NHS Foundation Trust, Liverpool, UK)

a b

Fig. 74.2 Hatches link into the embryology lab. Hatches can be used 
to link to various rooms that ensure sterility and safety, such as the 
cryostore, or for the delivery of sterile consumables or andrology speci-
mens. (a) This hatch (arrow 1) links the lab to the cryostore; (b) these 

two hatches link into the laboratory clean store (arrow 2) and the male 
specimen sample production room (arrow 3). (Courtesy of the Knutsford 
Hewitt Fertility Center, Liverpool Women’s NHS Foundation Trust, 
Liverpool, UK)
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when attempting to gauge correct laboratory size. Most 
importantly, consideration needs to be given to the safety of 
the gametes and embryos that are to be processed through 
the laboratory. It makes sense, therefore, to allow for wide 
circulation spaces to minimise the chances of accidental col-
lision—it seems likely that embryologists will always have 
to carry vessels containing gametes and embryos around the 
laboratory. Similarly, blind corners should be avoided if at all 
possible.

Of course, consideration should also be given to the 
amount, type and positioning of equipment within the labo-
ratory. In relation to the latter, care should be taken with the 
positioning of air inlet vents. The cooling effect of a flow of 
air, for example, over a dish on an ICSI rig should not be 
underestimated and although such an effect can be compen-
sated for and dealt with, as part of the equipment validation 
process, the problem is far better designed out at the outset if 
at all possible.

The laboratory will require a considerable number of 
power outlets, data points and gas outlets, and a simple rule 
to follow in this respect is to install more than you think are 
needed! It is far better to have a number of redundant power 
outlets than to have to use extension cables (the use of which 
is now frowned upon or indeed prohibited in some institu-
tions) or to have to retrospectively install additional sockets 
in an operational clean-room laboratory. The positioning of 
outlets and gas manifolds is also very important, as these are 
difficult to move once installed. It may, for example, make 
sense to position gas manifolds higher on a wall to allow 
equipment to be sited underneath them, or alternatively out-
side the laboratory.

Finally, it is rare that a laboratory remains filled with the 
same equipment throughout its life. Equipment is replaced 
and updated and new developments occur. As such, it seems 
sensible to design the laboratory with inherent flexibility. For 
example, it may be better to consider mobile, rather than 
fixed, benching and storage (Fig.  74.3). Similarly, mobile 
screens can effectively create rooms within rooms (Fig. 74.4). 
Incorporating ‘mobility’ into the laboratory also facilitates 
cleaning and decontamination, an essential element of an 
effective laboratory.

74.3  What Are the Regulatory 
Requirements?

It would be unusual nowadays to construct an IVF laboratory 
that does not meet the broad requirements of ‘clean-room’ 
design, although the actual regulatory requirements are not 
that difficult to achieve. As a pragmatic benchmark, the EU 
Tissue and Cells Directive (2004/23/EC) [1] contains clauses 
that specify the air quality that should be achieved in a labora-
tory handling gametes and embryos. It is interesting to note 

that this EU Directive has been interpreted differently by EU 
member states with some choosing to ignore the Directive 
completely. Nevertheless, in the UK, the Human Fertilization 
& Embryology Authority (HFEA) were appointed as the so-
called competent authority in terms of implementing the 
Directive. Following professional body consultation, the 
HFEA decided that in simple terms, gametes and embryos 
should be handled in Grade C air, with the quality of back-
ground air being Grade D (Table 74.1). Grade C and D spec-
ify the levels of particulate and microbial contamination 
permissible whilst the room is at rest and during operation. 
The definition of these air qualities is provided by the 
Medicines and Healthcare products Regulatory Agency 
(MHRA) [2]. Importantly, using a combination of clean- room 

Fig. 74.3 Mobile furniture. Rather than using fixed fixtures and fit-
tings, mobile units allow for laboratory redesign according to changing 
requirements. (Courtesy of the Knutsford Hewitt Fertility Center, 
Liverpool Women’s NHS Foundation Trust, Liverpool, UK)

Fig. 74.4 Creating a room within a room using screens. (Courtesy of 
the Knutsford Hewitt Fertility Center, Liverpool Women’s NHS 
Foundation Trust, Liverpool, UK)
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design and good practice means that operating an IVF labora-
tory to these levels of cleanliness is easily achievable.

74.4  How Do We Make the Environment 
for the Gametes and Embryos Clean, 
Warm and Toxin-Free?

Described above are the clean-room requirements in terms of 
generating an environment full of filtered high-efficiency 
particulate air (HEPA-filtered) that is constantly and fre-
quently replenished. This approach usually includes the 
design of positive-pressure air cascades within the laboratory 
and adjacent rooms such that the highest air pressure is in 
laboratory itself, causing particles and contaminants to be 
‘blown’ away from the room. However, such a clean-room 
arrangement will be entirely ineffectual without the rigorous 
application of rules around clothing (in particular footwear), 
restricted access, personal hygiene, cleaning schedules and 
frequent and regular environmental monitoring to ensure the 
clean-room status is adequately maintained.

If one accepts that the human female reproductive tract is 
the ideal environment in which eggs and embryos will thrive, 
then it makes sense to try to mimic some of its fundamental 
attributes in the IVF laboratory. Human eggs and embryos 
are particularly susceptible to damage by even slight reduc-
tions in temperature below normal body temperature [3]. 
There are several ways in which the dishes or tubes contain-
ing gametes and embryos can be kept as close to body tem-
perature as possible including incubation systems, heated 
blocks and surfaces and heated cabinets.

However, there are two reasons why the IVF laboratory 
should be equipped with an air-conditioning system capable 
of providing not only clean air (as described above) but air at 
a constant temperature. Firstly, although effective proce-
dures will limit the time gametes and embryos are not in the 
incubator to a minimum, short periods of exposure to ambi-
ent temperature are inevitable and, as such, an IVF labora-
tory that is consistently warm is highly desirable, although 
consideration must be given to the working environment for 
staff who can spend many hours within the laboratory.

Perhaps less obvious is the fact that most incubators com-
monly used within IVF laboratories do not have the ability to 
cool below the ambient temperature of the laboratory. Indeed, 
more often than not, as the ambient temperature of the labo-
ratory approaches that of the temperature set point of the 
incubator, the incubator temperature will start to rise above 
its set point with obvious potential detrimental effects to 
gametes or embryos therein. This consideration is particu-
larly important in warmer climates although it is easy to 
overlook in climates with large differences in temperatures 
between summer and winter.

The in vivo development of an embryo affords it a level of 
protection against toxic substances although the blood- 
placental barrier is ‘leaky’ and a relatively poor block to 
chemicals—often demonstrated by the large number of sub-
stances and foods avoided by pregnant women. Nevertheless, 
it is common sense to design an IVF laboratory such that 
exposure to potential gamete-toxic substances is minimised. 
Of particular concern within the IVF laboratory is presence 
of volatile organic compounds (VOCs).

VOCs are chemicals with a high vapour pressure at room 
temperature and low boiling point. VOCs have been demon-
strated to be embryo-toxic [4], and there many potential sources 
to consider in the construction and operation of an IVF labora-
tory. Some of the more obvious sources of VOCs are solvent-
based paints, glues and sealants. Most of these have a familiar 
and easily recognisable odour by virtue of the large number of 
VOCs being released by them. Solvent- based products should 
be avoided at all costs, particularly as entirely suitable water-
based, odourless alternatives are now readily available.

Less obviously, VOCs are often present in new IVF labo-
ratory equipment (e.g. incubators). It is therefore prudent to 
unpack and install new equipment quickly and to allow it to 
operate empty for as long a period of time as possible before 
using it for gamete or embryo culture. VOCs can be filtered 
out of the IVF laboratory environment, and a variety of fixed, 
in-line and mobile filters are commercially available for this 
purpose. Indeed, VOC filters are often incorporated into the 
design of some incubator systems.

The presence of VOCs can be readily monitored using 
handheld detection devices. Monitoring of VOC levels in the 
IVF laboratory should form part of the ongoing environmen-
tal monitoring procedures of the laboratory. However, this is 
particularly important following construction work or the 
installation of new equipment.

74.5  How Do We Handle and Observe  
Our Embryos?

Continuing the premise that ‘the in vivo situation is ideal’ 
allows us to consider the best ways in which to handle and 
observe embryos during their time in  vitro. This section 

Table 74.1 Air grades for microbial contamination, measured as col-
ony forming units (cfus) forming on a settle plate containing agar, after 
exposure to air for 4 h and air particle counts, measured as the number 
of 0.5 μm particles/m3

Grade
Settle plates (diam. 
90 mm) cfu/4 h

Particles (number of 0.5 μm 
particles/m3)

A <1 3500
B 10 3500
C 100 350,000
D 200 3,500,000

Table data based on MHRA—Rules and Guidance for Pharmaceutical 
Manufacturers and Distributors 2002; and on ISO14644

S. Troup
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deals with the equipment that might be best suited for the 
IVF laboratory in order to at least approximate the in vivo 
environment, recognising that:

 1. A degree of gamete and embryo manipulation remains 
inevitable.

 2. It is necessary to observe embryo development in order to 
assess developmental competence and select those 
embryos with the highest implantation potential.

Given the above, the ideal IVF laboratory would, of 
course, be a laboratory-sized incubator with stable tempera-
ture and filtered gas supplies in which the embryologists 
would work observing and manipulating gametes and 
embryos at their leisure, in the knowledge that the embryo 
environment remained entirely stable (as is the case in vivo). 
Under these circumstances, stress to the embryo by changing 
its environment would be minimised. Clearly, however, such 
an arrangement is not tenable, and our challenge is to get as 
close to this situation as possible by designing IVF laborato-
ries and using equipment in such a way as to minimise stress 
to the embryo.

In terms of being able to observe the embryo whilst main-
taining a stable environment, the advent of commercially 
available time-lapse imaging (TLI) systems in recent years 
has taken us much closer to being able to achieve the desir-
able stable culture situation. There are now a number of com-
mercially available TLI systems, and whilst the evidence 
base around the efficacy of morphokinetic embryo selection 
algorithms remains controversial, the stable culture condi-
tions afforded by such incubator systems remain highly 
desirable. In terms of lab design, TLI incubators are space- 
efficient, can facilitate remote access to imaging and cer-
tainly contribute to efficient use of the embryologists’ time.

74.6  How Do We Ensure There Are No 
Mix-Ups?

Virtually all realms of modern society would consider it a 
fundamental right of our existence as human beings to know 
with certainty who our biological parents are. Yet the Internet 
and media provide a rich and surprisingly persistent source 
of articles in which ‘mix-ups’ in IVF labs are (often sensa-
tionally) described. Indeed, there has been at least one 
reported ‘serious’ mix-up in IVF laboratories around the 
world every year for the last 20 years, and although the inci-
dence might be considered low, the fact that mix-ups con-
tinue to occur is significant cause for concern. Furthermore, 
it seems reasonable to assume that the reported events are 
only the ‘tip of the iceberg’ and one wonders how many mix- 
ups continue to take place in IVF labs unreported—or even 
unnoticed!

An IVF lab should contain systems that, as far as possible, 
minimise the risk of mix-ups occurring. In the UK, and in 
response to a widely publicised incident in 2002 where a 
white couple gave birth to black twins following a mix-up in 
the IVF laboratory, the HFEA introduced requirements 
within IVF labs that witnessing by a suitably trained indi-
vidual must take place at any point at which a mix-up could 
occur [5]. This requirement is now enshrined in the HFEA’s 
Code of Practice which IVF labs in the UK are required to 
adhere to [6].

Although a regulatory requirement in the UK, the princi-
ple of procedure witnessing should be built into the design 
and operation of any IVF lab. However, asking a colleague to 
‘manually’ witness a procedure is less than ideal as it can be 
distracting and time-consuming (up to 20 min could be spent 
simply witnessing the key laboratory procedures in an IVF 
cycle). Fortunately, alongside the requirement to witness key 
IVF laboratory procedures came the development of elec-
tronic systems capable of facilitating this element of IVF lab 
practice.

Two approaches to electronic witnessing have been 
commercially developed using either barcode or radio fre-
quency identification (RFID) technology. There are several 
systems now commercially available utilising these tech-
nologies, and it is for the embryologists involved in the lab 
design and operation to choose the system best suited to 
their needs, as pros and cons exist with both barcode and 
RFID systems.

Reassuringly, prior to the introduction of these systems 
into UK IVF laboratories, the HFEA went to considerable 
lengths to investigate not only the systems’ efficacy but also 
their safety [7]. In this author’s opinion, it would seem fool-
hardy to not incorporate an electronic witnessing system into 
the design of any IVF laboratory.

74.7  How Do We Monitor the Facilities?

The precious nature of the gametes and embryos within an 
IVF laboratory requires us to ensure that all facilities and 
equipment are remotely monitored when the laboratory is 
unattended and indeed and also when the laboratory is 
staffed. Some countries place a regulatory requirement on 
the need to suitably and continuously monitor equipment. 
For example, in the UK the HFEA places a condition of an 
IVF centre’s licence that states:

where equipment or materials affect critical processing or stor-
age parameters (e.g. temperature, pressure, particle counts, 
microbial contamination levels), they must be identified and be 
the subject of appropriate monitoring, alerts, alarms … [8].

There are many alarm monitoring systems commercially 
available, although most share the common features of being 
able to monitor critical parameters, to record data and to 
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instigate an alarm both locally and remotely should a param-
eter fall out of its preset range. Increasingly, as technology 
has advanced, alarm monitoring systems are able to operate 
wirelessly and are relatively simple to install into a new or 
existing facility.

74.8  How Do We Store Cryopreserved 
Gametes and Embryos?

Perhaps the most difficult area within an IVF laboratory to 
design and set up effectively is the cryostore facility, princi-
pally by virtue of the significant health and safety consider-
ations that surround the inevitable use of liquid nitrogen 
(LN2). Great expertise exists within the companies that man-
ufacture and install cryostorage facilities. Furthermore, an 
active dialogue between the embryologist in charge of the 
laboratory and the supplier is of particular importance in this 
area.

There are principally two approaches to the provision of 
LN2 to a cryostore. Perhaps the most commonly used 
approach is to have LN2 delivered from a specialist supplier 
to the centre. It can then be stored for use at the centre, either 
in smaller pressurised storage vessels which are mobile, or in 
much larger ‘fixed’ pressurised vessels which tend to be sited 
externally, with the LN2 being piped into the laboratory.

The mobile storage tanks have the advantage of being 
more easily stored within the internal cryostorage laboratory. 
However, their mobility itself can cause problems as, for 
example, moving such a vessel between floors using an ele-
vator requires a stringent standard operating procedure to 
protect those involved.

The requirement to move LN2 within a centre can be 
obviated by the installation of an externally sited fixed tank. 
Whilst this is in many ways highly desirable, it is all too easy 
to not consider the considerable cost involved in cooling the 
pipeline that delivers LN2 to the laboratory. It is important to 
remember that each time the LN2 tap in the laboratory is 
turned on, the entire length of the pipeline (in spite of it being 
designed for purpose and vacuum-lined) will need to cool to 
−196 °C before any liquid will appear in the laboratory.

In recent years, many IVF laboratories have chosen to 
install their own LN2 generators. These devices range in size 
and generating capability (producing ~20 litres LN2 per day 
upwards) and are often no bigger than a large filing cabinet 
and so can easily be located within the cryostore itself. Such 
machines are able to extract nitrogen gas from the atmo-
sphere and convert it directly into LN2. Although commer-

cial manufacturers are few and far between, the use of LN2 
generators overcomes many of the difficulties described 
above and (depending on usage) generates LN2, which, on a 
‘price per litre’ basis, can be significantly cheaper than com-
mercially sourced LN2.

It is crucial when setting up a cryostore to balance the 
needs of the laboratory, the health and safety of staff and the 
costs involved in not only setting up the laboratory in the first 
place but also the ongoing running costs.

74.9  Summary

In conclusion, there are many elements to consider when 
designing an IVF laboratory, but in essence, the design of a 
successful IVF laboratory will follow the simple premise 
that form should follow function as far as possible.

In this respect, therefore, those involved in the setting up, 
and indeed day-to-day operation, of an IVF laboratory 
should also hold uppermost in their considerations the fact 
that an IVF laboratory should be set up to provide conditions 
which emulate the in vivo environment as far as possible.

Whilst compromise is inevitable perhaps as a result of 
configuration, regulation or financial restrictions, the design 
and set-up of the most successful IVF laboratories should 
cause the gametes and embryos therein to be minimally 
compromised.
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Air Quality in the IVF Laboratory

Normand Brais

Evidence has accumulated over the years that following the 
standard guidelines and codes for designing healthcare facil-
ity ventilation systems is far from being sufficient to ensure 
a sterile environment [1–4]. Sterility is generally defined as 
99.9999% reduction of a population of microorganisms. This 
means that as little as one microorganism in a million is 
expected to survive after disinfection.

Standard traditional air filtration with HEPA (high- 
efficiency particulate air) filters or ULPA (ultralow penetra-
tion air) filters have been widely adopted in clinical 
ventilation systems to control airborne pathogens. However, 
multiple studies have demonstrated that despite using such 
filters, viral and bacterial airborne contamination are still 
ubiquitous in these ventilation systems [5–7].

The most common cause of filter ineffectiveness relates to 
the filter rack seal joints bypass, filter puncture leakage, and 
poor installation or maintenance. Furthermore, all filters 
show a significant drop in their capture efficiency for a cer-
tain range of particulate size. In this critical size range, par-
ticles are either too small to be captured by interception/
impaction or too large or to be removed by diffusion/electro-
stasis. This is just a straightforward consequence of the fun-
damental principles of filtration physics [8].

HEPA filters also display a weakness at a critical particle 
size between 0.1 and 0.4 microns as shown in Fig.  75.1. 
HEPA filter efficiency drops to a minimum value of 99.95% 
at a critical point for particles called MPPs (most penetrating 
particles) which are around 0.2 microns in size.

If a HEPA filter is challenged with a concentration of one 
million particles per cubic meter falling within its vulnerable 
size range, for each cubic meter of air as much as 500 parti-
cles every hour will pass through the filter. During the course 
of a single day, a 1000 m3/h “fresh air” ventilation system 
would allow 12 million viable particles to contaminate the 
aseptic zone.

It is also worth noting that in order to perform according 
to specifications, the air velocity facing the filters must be 
below a specified value. For HEPA filters, it is generally rec-
ommended not to exceed an incoming velocity of more than 
1.3 m/s. Since many air handling units are often designed to 
operate at much higher velocities, the performance of HEPA 
filters may end up being substandard.

Within the filter vulnerable particle size extended range of 
0.02–0.7 micron, several microorganisms (also called “via-
ble particulates”) are typically found. Many of the bio- 
contaminants in this critical size range are highly undesirable 
inside a medical environment.

When challenged by one million particles, some viable 
microorganisms can penetrate through the filter if they are 
~0.2 microns in size. Considering that sterility is defined as 
less than one survivor in a one million microorganism popu-
lation, it is quite clear that the HEPA air disinfection process 
filtration is not sufficient for IVF laboratories and, as such, 
requires a finishing step.

Unlike filtration, ultraviolet germicidal irradiation 
(UVGI) does not capture or retain microorganisms, but 
rather, it sterilizes them by damaging their DNA/RNA 
strands as they pass by an intense germicidal UV light zone. 
Contrary to a filter that accumulates particulates until the 
pressure drop increases to a point where it needs replace-
ment, UV disinfection systems have a negligible pressure 
drop and require comparatively very low maintenance.

75.1  Fundamentals of Ultraviolet 
Disinfection Process

75.1.1  UV Light Spectrum

We cannot see the UV light spectrum, which extends from 
100 to 400 nm. The UV spectrum has been arbitrarily classi-
fied into four subdivisions:N. Brais (*) 
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• UV-A band (400–315 nm)—mainly from sunlight reach-
ing the Earth’s surface, not absorbed by the ozone layer

• UV-B band (315–280 nm)—causes skin to redden, mostly 
absorbed by the ozone layer

• UV-C band (280–200 nm)—the most effective for germi-
cidal effect, fully absorbed by the ozone layer

• Far or vacuum UV (200–30 nm)—ozone producing and 
ionizing radiation

75.1.2  UV Disruption of DNA and RNA

The discovery of microbial disinfection by UV light dates 
back to 1877 [9]. Then later, in 1928, F.L. Gates [10] identi-
fied the specific wavelength of UV light that was responsible 
for the observed germicidal effect. It was during this first half 
of the twentieth century that quantum mechanics helped to 
explain how DNA/RNA interacted with specific 
wavelengths.

We now know that nucleic acids have a peak absorption 
spectra at wavelengths of 265  nm; hence, these are most 
effective germicidal [11], causing the most damage to the 
genetic material of sterilized microbes.

UV disinfection works by causing cumulative molecular 
damage to the molecules in the strands of DNA and RNA. The 
disruption of nucleic acids by UV light has the ability to 
affect the complete spectrum of microorganisms, making 

them all sterile given a sufficient dosage and consequently 
making them unable to infect a host. Within the limits of 
experimental accuracy, the lethal action of germicidal UV 
appears to be independent of the nature of the organism, and, 
unlike antibiotics, there has been no sign of adaptive resis-
tance after almost a century of wide usage for drinking water 
disinfection.

Most commercially available germicidal light sources are 
based on fluorescent tube technology and emit between 30 
and 35% of their input power at 253.7 nanometers, a wave-
length very close to the peak germicidal wavelength of 
265 nm.

UVGI sterilization of microorganisms is therefore 
achieved in practice with the low cost and widely available 
wavelength of 253.7 nm. The quantum energy carried by 
UV-C photons is high enough to dissociate most single 
chemical bonds between carbon, hydrogen, oxygen, and 
nitrogen atoms. The molecular disruption caused by these 
energetic photons results in irreversible damage to the 
nucleic acids of a microorganism until it is no longer 
viable.

UV radiation damages DNA by causing cyclobutane 
pyrimidine dimers (CPDs) and pyrimidine-pyrimidone 6-4 
photoproducts (6-4 PPs) to form [12]. While CPDs cova-
lently bond between pyrimidines, UV-C causes the most 
dimers to form from thymine, the least from cytosine, with 
an intermediate level from mixed dimers [13].
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For RNA viruses, UV irradiation causes the pyrimidine 
photoproducts to form from the nucleotide uracil.

Provided the UV dose is high enough to prevent any 
repair mechanisms, then the nucleic acid is permanently 
altered, with genetic replication and transcription impaired, 
resulting in viral death.

For more information, please see the in-depth review by 
Kowalski, which describes in detail how nucleic acids are 
damaged by UV [13].

75.1.3  UV Dose: Response Calculation

Mathematically, UVGI disinfection can be considered as an 
assault of photons onto a microbe. An amount of energy 
called a quantum Eλ is carried by each photon. Each quantum 
Eλ has a value linked to the light wavelength according to the 
Planck-Einstein equation:

 E hcλ = / λ  (75.1)

where

h = Planck’s constant, 6.626 × 10−34 J·s
c = speed of light in vacuum, 2.998 × 108 m/s
λ = wavelength, m

Using this equation, each UV-C photon conveys an energy 
at a wavelength of 253.7 nm, equal to 7.83 × 10−19 J. Therefore, 
the number of photons per joule is the inverse, i.e., 1.28 × 1018 
photons per joule. Given that 1 watt of power equals 1 joule 
of energy per second, then a UV intensity of 100 W/m2 will 
result in a flow of 1.28 × 1020 photons per second per square 
meter.

For a virus that is 0.2-micron diameter, the target area is 
only 3.14 × 10−14 m2. However, despite its small size, every 
second this virus will be bombarded by as much as four mil-
lion photons!

If a microbe is subjected to sufficient photonic bombard-
ment, the accumulated photochemical damage will render it 
dysfunctional. Realistically though, only a few of the high 
numbers of photons actually hit the virus. The effectiveness 
of UV disinfection for a specific area of a virus depends on 
many factors, such as the particular distribution of its DNA 
sequence, its protein shell, and the number of destroyed mol-
ecules relative to the number of photons absorbed by the 
virus. A promising and useful predictive method based on 
the above-described photon bombardment concept and suc-
cessful hit probability has been published to predict the UV 
susceptibility of microorganisms as a function of their 
genome without using classical experimental bio-lab test 
procedure [14].

Given the above, the microbial response to a UV dose can 
also be considered, based on the rate of microbial death rela-

tive to the number of successful hits over a specific period. If 
successful hits are described as the product of the UV power 
per unit area I, the number of bio-organism N, the bio- 
organism effective UV inactivation cross section k, and the 
exposure time t, then:

 Hit rate d d= =N t k N I t/  (75.2)

Integration of Eq. (75.2) yields:

 N t N e kIt( ) = −
0

 (75.3)

where

N0 = initial number of microorganisms
Nt = number of microorganisms surviving after any time t
k = a microorganism-dependent UV susceptibility constant 

(m2/Joule)
I = the irradiance UV intensity received by the microorgan-

ism (watt/m2)
t = the exposure time (seconds)

The fraction of microorganisms initially present, which 
survive at any given time, is called the survival ratio S and 
can be expressed as:

 
S

N

N
t=
0

 
(75.4)

The sterilized fraction is what is called the disinfection 
rate which is simply 1 minus the survival ratio.

 Disinfection = − = − −1 1S e kIt (75.5)

As explained above, we can define the germicidal UV 
dose by the total number of UV photons emitted per unit area 
during a time interval, which can be written as:

 UV Dose in Joule m= ×I t / 2 (75.6)

By substituting Eq. (75.6) in Eq. (75.5), we finally get the 
well-verified germicidal UV dose-response relation:

 Disinfection UVDose= − −1 e k  (75.7)

Equation (75.7) shows that a specific disinfection rate is 
provided by a specific dose, regardless of the exposure time 
or intensity. However, exposure time is different for surface 
disinfection compared to airborne disinfection. The disinfec-
tion exposure time of air in the induct depends on airflow 
speed and so could only be for milliseconds. This contrasts to 
a longer exposure time of minutes/hours for stationary sur-
faces such as wall, floors, or air cooling or heating coils. Thus, 
to be effective, airborne microbes need to be subjected to UV 
intensities far higher than those used to disinfect surfaces.

There is an exponential time decay relation for some 
microorganisms of concern under a constant UVGI intensity 
of 10 mW/cm2. Significant differences exist in the exposure 
time required for the same level of disinfection between the 
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most and least UV-susceptible microorganisms of concern. 
The one that requires the highest dosage will be the one gov-
erning the sizing of the UV system.

75.1.4  How Susceptible Are Microbes  
to UV Energy?

UV inactivation depends on the microbe. Fungal spores are 
least susceptible, followed by bacterial spores and mycobac-
teria, with vegetative bacteria having the highest susceptibil-
ity. However, this is a loose guide as individual species can 
vary in resistance, and spore-forming bacteria and fungi can 
have vegetative forms, which have greater susceptibility. 
Viruses are more problematic to categorize as they have the 
highest range of variation to susceptibility.

If we look at Eq. (75.5), a higher UV dose is needed to 
disinfect microbes with a lower k value, noting that units of 
k are m2/Joule, which is the inverse of the units used in UV 
dose. As an example, in 1964, Jensen calculated the UV sus-
ceptibility of influenza A virus to be 0.0119 m2/J. Given this, 
the UV dose needed to reach 90% disinfection of a popula-
tion of influenza A virus can be calculated as:

 
D in J m90

10 2 303 2=
( )

=
ln .

/
k k  (75.8)

This gives a D90 value for influenza A virus of 19.3 J/m2. 
The required UV dosage to obtain a desired disinfection 
level can therefore be calculated, such that a UV dose of 
twice/thrice the D90 should provide a 99% and 99.9% disin-
fection levels, respectively. The disinfection LOG value, i.e., 
the number of 9s, is equal to the delivered UV dose divided 
by the D90 value.

To reach sterility, a condition that we have previously 
defined as a disinfection level of 6 LOG or 99.9999%, at 
least six times the D90 value of the most resistant microor-
ganism must be delivered. For further information on pub-
lished UV susceptibility k values, please see the referenced 
work of Kowalski [13].

75.2  UVGI Dosage Required for Adequate 
Air Disinfection of IVF Clinics

Given the nature of the sensitive procedures performed 
within IVF clinics, where pre-implantation embryos are 
being manipulated in vitro, the target air disinfection level 
should be as close as possible to total sterility. To deter-
mine the required UV dose for IVF clinics, we should first 
examine the list of the microorganisms of concern that fall 
within the vulnerable size range of HEPA filters and com-
pare their UV susceptibility k to find out the most resilient 
species.

The most resilient microorganism is the bacteria 
Francisella tularensis, which requires a UV dose of 25.59 mJ/
cm2 for 90% disinfection. In order to reach 6 LOG of overall 
disinfection after filtration, the UV system must therefore be 
designed to at least sterilize 499 of the 500 remaining bacte-
ria, i.e., a disinfection rate of 499/500 = 99.8% which is just 
a little short of 3 LOG (99.9%). Consequently, the UV sys-
tem sizing criteria consist in delivering a UVGI dose of a 
little less than three times 25.59 mJ/cm2. An exact calcula-
tion shows that a dose of 75 mJ/cm2 must be delivered to the 
air stream before entering the aseptic space.

This UV dosage ensures an overall disinfection of at least 
6 LOG for all of the microorganisms of concern.

When filtration is used in conjunction with UVGI disin-
fection, a combined disinfection efficiency can be calculated 
using the following formula:

 Disinfection Filter UVoverall eff eff= − −( ) −( )1 1 1  (75.9)

Therefore, to attain an overall disinfection of 99.9999%, 
i.e., 6 LOG of sterility equivalent, the following UV disinfec-
tion efficiency is required for a given filtration efficiency:
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(75.10)

According to Eq. (75.10), if the HEPA filter MPP effi-
ciency is 99.95% for the most penetrating particle size, then 
the UV disinfection efficiency must be designed to be supe-
rior to 99.8% so that an overall disinfection above 99.9999% 
or 6 LOG is achieved.

Using Eq. (75.7) with the controlling UV susceptibility 
value of Francisella tularensis, the minimum required UV 
dose to reach 99.8% disinfection is computed to be 75 mJ/
cm2.

Repeating the above calculation, but with a higher- 
performing ULPA filter, where the MPP efficiency is equal 
or greater than 99.99%, then the UV dose needed to com-
plete the disinfection and ensure air sterility drops to 50 mJ/
cm2.

75.2.1  UVGI Air Disinfection System Design 
Guidelines for IVF

So how much UV power does it take for a given airflow to 
deliver the target UV dose that will ensure sterility?

Before getting into an example of such a design, it is 
important to note that Eq. (75.7) does not give any indication 
of the distribution of UV energy as a function of x, y, and z 
coordinate given by set of UV lamps positioned inside an air 
duct.

To further complicated matters, an air duct causes microbe 
mobility, which can be either turbulent or stratified. Unlike 
turbulent air, the worst-case scenario is a stratified “laminar” 
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air stream. The physical geometry of the duct and the fact 
that the light intensity decays as an inverse square law with 
the distance from the source are also important. Thus, the 
number and position of UV lamps within the duct need con-
sideration, as these factors will affect the final delivered UV 
dose. A computerized program is needed to calculate the UV 
irradiation field inside a duct. This should also take into 
account the surfaces of duct wall which can reflect UV, to 
enhance performance.

Initial UVGI air stream disinfection systems design 
guidelines based the average UVGI dose on size and number 
of lamps and reflective surfaces [15]. However, the designs 
suffered had several flaws:

 1. The real three-dimensional intensity field was not defined, 
but was evaluated based on the lamp power rating.

 2. Lamps were specified without regard to lamp 
positioning.

 3. Duct dimensions were not accounted for when correcting 
from reflectivity.

Even today, too many UV systems are unfortunately sized 
using crude rules, such as packing all ductwork with succes-
sions of lamps. Such misuse has invariably ended up with 
poor performances and deceived some UV system users.

Nowadays, computational power allows for adequate 
custom- sizing of any in-duct UV disinfection system. Proper 
calculations for predicting the applied UV dose must take 
into account the relevant input parameters: lamp characteris-
tics, placement, and orientation, alongside geometry and sur-
face reflectivity. The following parameters need 
consideration:

• Airflow rate
• Height, width, and length of duct
• % Reflectivity of inner surfaces
• Lamp UV output power (W), lamp length and diameter
• 3-D positioning coordinates of each UV lamp (xi, yi, zi)
• Target microorganism susceptibility constant k (m2/J)

Taking all these critical sizing variables into account, 
Kowalski [16] proposed a dimensional analysis to assess 
how effective the UV system would be for providing disin-
fection. This results in a useful simplified general scaling 
correlation to provide a UV dose based on airflow, UV out-
put power, and duct length. The formula is as follows:

 UVdose ~ /P L Q×  (75.11)

where

P = power output of UV source in watt
Q = airflow in m3/s
L = UV exposure length

For upscaling or downscaling purposes, Eq. (75.11) tells 
us that if the flow rate is doubled in the same duct size, then 
the UV power or number of lamps must be doubled as well, 
to ensure the same disinfection performance. The same can 
be said about the duct UV exposure length L; if it’s reduced 
by half to make the system more compact, then the UV out-
put power will have to be doubled to compensate.

Applying this correlation to the previous example, where 
250 watt of UV output over 2 m exposure length provided a 
given disinfection level to an airflow of 1000 m3/h, we can 
work out how much UV output would be required to ensure 
the same level of disinfection for an airflow of 2000  m3/h 
over the same exposure length. The answer is simply twice 
the UV output, i.e., 500 watt.

By observing in Eq. 75.11 that the airflow Q is the prod-
uct of the duct cross-section A by the air velocity V and that 
the UV exposure time t is simply the ratio of the duct length 
L to the air velocity V, we can rewrite it as follows:

 UVdose ~ /P t A×  (75.12)

This scaling relation concisely expresses the fact that the 
delivered UV dose is the product of UV lamps output power 
in watts with the exposure time in seconds divided by the 
duct cross-sectional area. Figure 75.2 shows an actual pic-
ture of the UVGI disinfection system described and calcu-
lated in this example.

It is worth mentioning that the inner duct wall reflectivity 
significantly contributes to the total UV field. Inter- 
reflections, caused by reflections echoing between surfaces, 
will help to achieve steady state at the speed of light. This 
converges to a finite value, which relies on the inner surface 
reflective properties and geometry of the duct. The physical 
process of inter-reflections is also taken into account by 
computer models. Neglecting to use highly reflective duct 
lining surfaces such as polished aluminum severely impairs 
UV system performance.

It should be noted that the reflective properties for UVC 
wavelength are very different compared to visible light 
reflectivity. Despite its reflective features for visible light, 

Fig. 75.2 Photo of a Biowall™ disinfection installation. (Courtesy of 
Sanuvox Technologies, Montreal, Canada)
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stainless steel has a low UVC reflectivity of only 20%. 
Aluminum with a reflectivity ranging from 73 to 87% is the 
optimal low-cost material of choice to line an air duct to 
improve UV disinfection performance. UVC reflectivity data 
is published and must be included in a proper calculation to 
maximize the energy efficiency of the UV disinfection 
system.

75.2.2  Effect of Air Velocity, Temperature, 
and Lamp Aging on UV System Output

Air temperature and velocity may vary over a wide range 
within a ventilation system, causing significant variations in 
UV lamp output. As such, these factors must be adequately 
accounted for.

Maximum UV output requires a UV lamp surface tem-
perature of 38–50  °C.  The UV lamp temperature could 
become too low if the air is moving, and the UV output will 
then fall. To minimize the chilling effect and allow higher 
operating efficiency under cold airflow condition, it is prefer-
able to install the UV lamps parallel to the flow instead of 
perpendicular cross-flow.

UV lamp output also decreases over time due to lamp 
aging, with UV lamps rated in terms of effective hours of UV 
emission. Toward the end of the useful life (20,000 h), the 
intensity of a UV lamp is estimated to be around 80% com-
pared to the intensity of a UV lamp measured at 100 h of 
operation. The germicidal lifespan is reduced, even though 
blue light continues to be emitted. It is therefore important to 
consider UVGI systems designed based on intensity at “the 
end of effective life.”

As well as aging, other factors to consider include the 
lamp type and the ambient conditions when used.

These can accumulate in ventilation systems to reduce the 
effective emission by up to 50% [17].

75.3  Ultraviolet Surface Disinfection

Pathogens can be transmitted via environmental surfaces, yet 
suboptimal surface disinfection in healthcare facilities has 
been observed to be substandard [17]. UVGI surface disin-
fection systems can either be mobile or fixed.

75.3.1  Mobile UVGI Surface Disinfection Units

Mobile UVGI units are momentarily placed in contaminated 
areas to disinfect whole room surfaces. The unit shown in 
Fig.  75.3 has sufficient UVGI power to provide a 6 LOG 
disinfection for Clostridium difficile spores in a square room 
(5 m × 5 m) on all exposed surfaces within 15 min. A mobile 

unit can be equipped with multiple motion sensors that will 
cause it to shut down if someone enters the room during the 
sterilization cycle. It is also equipped with a data-logger that 
will keep a time and location record of every disinfection 
cycle performed during a given period.

75.3.2  Fixed Automated UVGI Disinfection 
Units

In critical areas, such as egg collection rooms and IVF labs, 
permanent automatic UVGI units can be used (Fig.  75.4). 
These units are activated automatically when the rooms are 
unoccupied after each entry or use. They include a program-
mable logic controller with a timer, redundant motion detec-
tors, and door switch for personnel safety.

With a properly engineered UV output relative to the size 
of the room that ensures a minimum UVGI intensity of 30 
microwatt/cm2 on the target surfaces, a disinfection cycle 
time of 5–10 min has demonstrated up to 6 LOG disinfection 
of the most commonly found pathogens. Table 75.1 shows 
typical expected disinfection results.

Fig. 75.3 Mobile UV unit for whole room surface disinfection. 
(Courtesy of Sanuvox Technologies, Montreal, Canada)
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75.3.3  Air Conditioning Cooling Coils 
Disinfection

A plethora of bacterial and fungal spores can grow in the 
moist environment provided by heating, ventilating, and air 
conditioning (HVAC) systems, with the high relative humid-
ity helping to promote germination. Microbe nutrients can be 
provided by dust and biofilms of environmental bacteria. 

Consequently, the following molds and bacteria are ubiqui-
tous inside an HVAC: Aspergillus, Penicillium, Mucor, 
Cladosporium, Fusarium, Alternaria, Pseudomonas aerugi-
nosa, E.coli, Salmonella, and Legionella.

When HVAC technicians open unit, they can encounter 
slimy residue of mold biofilm on the coil and drain pan. This 
impairs the heat transfer capacity of the system to transfer 
heat, leading to higher operating costs, but also causes an 
undesirable smell.

Regular cleaning of the coil can help, taking care not to 
use unsafe or flammable detergents. Acids and high-pressure 
washing are also discouraged as these can shorten the coil 
lifespan. Even with frequent cleaning, mold can regrow 
within a month.

Air conditioning cooling coil fins constitute a fertile wet 
surface area at constant temperature that ends up being a 
major bacteria and mold incubator and reservoir. The removal 
of fungal growth inside cooling coils HVAC system is a com-
mon well-known application of fixed UVGI systems. 
Elimination of the air conditioning reservoir of microorgan-
isms significantly reduces airborne infections. Since biofilm- 
coated coils also impair heat transfer performance, the 
energy consumption is reduced with substantial energy sav-
ing paybacks.

Since the UV light can be operated 24 h a day every day, 
the disinfection of the air handling units requires little power. 
Figure 75.5 shows a typical installation to maintain cooling 
coils biologically clean along with the engineering sizing 
software calculation to ensure adequate UV dosage across 
the coil surface and between the fins.

To maintain a coil free of bio-contaminant, a constant 
minimum UV intensity of 0.25 mW/cm2 is required on its 
surface. Simple petri dish contact tests performed over the 
last 20 years have shown that this intensity is more than suf-
ficient to ensure that 99% of the most resilient mold 
Aspergillus niger will be rendered sterile after 3600  s of 
exposure. It follows that the required average UV output 
power per square meter of coil is only 2.5 watt and, consider-
ing the standard UV lamp efficiency of 33% and an overall 
uniformity compensation multiplier of 1.33, a total input 
power consumption of 10 watt per square meter of coil is all 
it takes to keep it sterile and clean at all times.

75.4  UVGI System Maintenance Guidelines

75.4.1  Lamp Replacement

UV lamps replacement should be in line with manufacturer 
recommendations. Although lamps can operate for up to 2 
consecutive years, annual replacement (8760 h under con-
tinuous use) ensures that the correct UV dosage is always 
provided. It should be noted that while lamps may appear to 

Fig. 75.4 Automatic washroom UV disinfection unit with motion sen-
sors. (Courtesy of Sanuvox Technologies, Montreal, Canada)

Table 75.1 Typical expected disinfection with fixed UVGI units

Disinfection percent 5 min cycle 10 min cycle
9.0 mJ/cm2 18.0 mJ/cm2

C. diff 96.872% 99.9022%
E. coli 99.9999% 100.0000%
Enterobacter cloacae 96.0766% 99.8461%
Klebsiella pneumoniae 99.2788% 99.9948%
Legionella pneumophila 100.0000% 100.0000%
Listeria monocytogenes 100.0000% 100.0000%
MRSA 99.9962% 100.0000%
Mycobacterium tuberculosis 100.0000% 100.0000%
Pseudomonas aeruginosa 99.9919% 100.0000%
Salmonella 100.0000% 100.0000%
Serratia marcescens 99.9806% 100.0000%
Staphylococcus epidermis 100.0000% 100.0000%
VRE 97.6971% 99.9470%
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operate beyond 2 years, the germicidal UV output is 
reduced. Lamp failure is also promoted by frequent switch-
ing on/off.

75.4.2  Lamp Disposal

UV lamps should be treated as hazardous waste, with dis-
posal performed in accordance with disposal guidelines for 
conventional commercial fluorescent bulbs, noting that they 
are mercury-containing devices. While some countries allow 
for general discarding of low-mercury bulbs, national and 
local jurisdictions should be consulted to confirm if these are 
classified as hazardous waste.

The US Environmental Protection Agency has promul-
gated “Universal Waste” regulations to several types of haz-
ardous waste including mercury bulbs. Mercury lamps can be 
treated as regular waste for transport to a recycling facility.

75.4.3  Inspection

It is important that UVGI systems can automatically alarm if 
a UVC lamp fails. Any failed lamp should be replaced imme-
diately. Dirty lamps, soiled due to inadequate pre-filtration or 
airborne bio-aerosols, can either be replaced or cleaned using 
isopropyl alcohol or a commercial glass cleaner or isopropyl 
alcohol and a lint-free cloth.
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Fig. 75.5 (a and b) Air conditioning cooling coil UVGI disinfection system engineered with appropriate software. (Courtesy of Sanuvox 
Technologies, Montreal, Canada)
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75.4.4  Safety Design Guidance

It is important to prevent UV light “leaking” outside of the 
HVAC equipment. As such, in-duct UV systems should be 
fully enclosed, and all access panels should carry exterior 
labels highlighting the potential hazard of UV exposure [18].

Positive disconnection devices, capable of being locked, 
should be fitted to all lamps. These should be situated next to 
the main access panel, external to the lamp chamber. The UV 
system should automatically shut down if any access panel is 
opened. Only authorized persons should be able to access the 
UV “On/off” switches, and they should be locked to prevent 
accidentally turning off. It is important not to locate the UV 
“On/off” switches next to the general room lighting switches.

75.5  Conclusion

When properly engineered, germicidal UV systems can pro-
vide extremely efficient disinfection for the IVF laboratory, 
including equipment, surfaces, and air supply systems. 
Further applications include disinfection of operating rooms, 
walls and floors, medical equipment, and cooling coils in 
HVACs. Public health agencies, such as the Centers for 
Disease Control in the USA, recommend the use of UVGI to 
disrupt the transmission of pathogens in building ventilation 
systems.

The current uncommonness of UV disinfection is essen-
tially due to the false perception that HEPA air filters are 
sufficient to provide sterilized air. Years of cumulated field 
experiences have shown that filters are certainly necessary 
but not sufficient. When dealing with sub-micron bio- 
contaminants in the size range of 0.1–0.4 micron, even the 
best filtration technologies fail to stop them all. Unlike fil-
ters, UVGI technology does not capture the bio- contaminants, 
but it can effectively sterilize them when a proper dosage of 
ultraviolet is applied. The UVGI technology has the ability 
to sterilize a plethora of microbes in air streams, as well as on 
contaminated wall and objects.
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pH, Temperature, and Light

Kimball O. Pomeroy and Michael L. Reed

76.1  pH Homeostasis in Oocytes 
and Embryos

In clinical IVF, the incubator is a surrogate oviduct and 
uterus. Its purpose is to provide an ideal environment for fer-
tilization and the growth of the developing preimplantation 
embryo. During this stage, the embryo normally travels 
through a dynamic environment from the oviduct to the 
uterus. Temperature, pH, osmolality, and many other envi-
ronmental factors change during its journey. Current incuba-
tors and culture media are fairly static. The incubator must 
often provide an environment that is a compromise—suit-
able for sperm, oocytes, and the various stages of preimplan-
tation embryo development. This system should not just 
address ideal growth but should also allow for ideal expres-
sion of embryonic genes. It should provide for the necessary 
chemicals, growth factors, proteins, osmolality, temperature, 
and pH. Almost all current culture media have been devel-
oped for mice gametes and embryos and then applied to 
humans. In addition, we often are not aware of the ideal con-
ditions for human gametes and embryos.

76.1.1  pH

pH is the measurement of the concentration of the hydrogen 
ion (H+) and conversely the hydroxide ion (–OH) concentra-
tion in a solution. It is the negative logarithm of the H+ activ-
ity. Since this is a logarithmic scale, the difference in 
concentration from a pH 5 to 6 is tenfold, and the difference 
between pH 7.35 and 7.55 is a 60% increase.

76.1.2  Cell Response to pH Changes

Maintaining of a proper internal pH (pHi) is important for the 
survival of all cells. The activities of many intracellular 
enzymes are regulated by pH.  Protein synthesis [1], DNA 
and RNA synthesis [2], as well as contractility of myosin [3] 
are affected by pH. Changes in pH have even been theorized 
to be important in the control of the cell cycle and cell divi-
sion of several cell types [4]. It is the production of proton 
gradients (H+) that drives the ATP synthases to produce ATP, 
the “energy currency” of most cells. For these processes to 
occur, pH must be precisely regulated.

All animal cells that have been examined, aside from non- 
nucleated erythrocytes, vigorously regulate their pHi [5]. 
They do this by sensing changes in pHi and then appropri-
ately speeding up or slowing down the activity of transport-
ers that move acids and/or bases across the plasma membrane. 
The vital process of pHi homeostasis is regulated by a deli-
cate balance between the rate of metabolic acid generation 
and the activity of acid/base transporters in the plasma mem-
brane. When an acid or base load is applied in the cell, these 
transporter proteins will react and maintain homeostasis by 
shuttling acids or bases into or out of the cell.

Three transport proteins have been identified in oocytes 
and embryos (Table 76.1). Two transporters function to over-
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Table 76.1 A list of transport proteins used in pH homeostasis, the 
reproductive cells in which they function, and their protective roles

Transporter Abbreviation Oocyte Embryo

Aids in 
recovery 
from

Sodium hydrogen 
exchanger (antiporter)

NHE X Acidosis

Sodium-dependent 
chloride-bicarbonate 
exchanger

NDCBE X Acidosis

Anion exchanger 
(bicarbonate-chloride 
exchanger)

AE X X Alkalosis

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2377-9_76&domain=pdf
https://doi.org/10.1007/978-981-15-2377-9_76#DOI
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come acid loads by increasing the pH, and the third over-
comes alkaline loads by decreasing the pH (Fig. 76.1).

Na+/H+ antiporters (exchangers) play a major role in 
maintaining the pHi from bacteria to humans. These proteins 
exchange Na+ for a H+. When intracellular pH falls (an acid 
load), this protein will absorb a Na+ molecule and extrude a 
H+, thus increasing the pH inside of the cell. The second pro-
tein involved in alkalizing the cytosol is the sodium- 
dependent chloride bicarbonate exchanger. Sodium and 
bicarbonate are transported into the cell in exchange for the 
external transport of chloride. The major transporter used to 
acidify the cytosol is the anion exchanger (HCO3

−/Cl− 
exchanger) which pumps out bicarbonate in exchange for 
pumping in chloride.

76.1.3  pH of Oviduct and Uterus/pH 
of Oocytes and Embryos

In trying to identify the optimal pH for culturing oocytes and 
embryos, the pH of the oviduct and the uterus is a good start. 
There are data for the sheep, cow, and mouse, but whether 
these really pertain to the human reproductive tract is ques-
tionable. Historically, pH of media has been designed around 
the pH of blood—7.35 to 7.45. Only the oviduct of the 
human appears to be in this range [6].

During reproduction, the oocyte, as part of a cumulus- 
oocyte- complex (COC), must leave the follicle where the pH 
is about 7.5–7.7 [7]. It must then pass into the oviduct with a 
pH of 7.28–7.7 [6] where it may be fertilized and then trans-
verse to the uterus, where the embryo enters most likely as a 
morula [8–10] and where the pH has been measured from 7.0 
to 7.2 [11]. As the embryo navigates this wide range of dif-
ferent external pH, it must be able to maintain the proper 
internal pH demanded by the intracellular environment. The 
pHi of the oocyte has been measured to be about 7.0–7.1 and 
the pH of the cleavage embryo at 7.12 [12]. It is the role of 
the various transport proteins mentioned above to modulate 
the pH to a range that is acceptable to the cell(s). It should 

also be appreciated that this is not without cost. Too many 
fluctuations in external pH may tax the embryo’s energy 
stores, resulting in embryo death. It has been shown in mouse 
embryos that raising the pHi by 0.1–0.15 pH units can result 
in increased glycolysis and lowered oxidative metabolism 
[13, 14].

Human cleavage-stage embryos appear to be able to 
respond to both alkaline and acid loads and have active Na+/
H+ antiporters, anion exchangers, and sodium-dependent 
chloride bicarbonate exchangers [7, 12]. In contrast, human 
oocytes appear to be able to regulate against alkaline loads 
but not acid loads. They appear to have an active anion 
exchanger but impaired Na+/H− antiporter and sodium- 
dependent chloride bicarbonate exchanger activity. Human 
oocytes thus appear to not to be able to regulate acid loads 
effectively.

Bicarbonate is necessary to adequately control acid loads 
as the Na+/H+ antiporter. It only kicks in below about pH 6.8. 
It is up to the sodium-dependent chloride bicarbonate 
exchanger to perform the fine pH control around the internal 
pHi of the embryo, which is pH 7.1 [12]. This is one of the 
reasons it is important that handling media (and flushing 
media) should contain some bicarbonate. If handling media 
did not contain bicarbonate, it would rob the embryo of the 
ability to regulate its pH above pH 6.8. Since oocytes do not 
have a fully active mechanism to modify their internal pH, 
care must be taken to ensure that (1) bicarbonate is present in 
the media and (2) the external pH does not vary much from 
the pHi of the oocyte, which is about pH 7.1.

As regards vitrification, it has been shown that vitrified 
hamster 2-cell embryos lose their ability to regulate pHi 
effectively for up to 6 h after warming [14]. The pHi of these 
embryos goes from 7.24 to 7.34 after warming and results in 
reduced activity of both the Na+/H+ antiporter and anion 
exchanger systems. Whether this occurs in other mammals, 
like humans, remains to be seen. However, caution should be 
exercised after the warming of vitrified human embryos so 
that the external pH is optimized. pH excursions should be 
avoided.

76.1.4  pH of Culture Media

A wide variety of media have been used for the successful 
culture of human embryos. The manufacturers of these 
media recommend pH targets that range from 7.2 to 7.5. The 
first media used for human IVF were based on media used in 
tissue culture. These were often simple salt solutions (like 
Earle’s) or complex media (like Ham’s F10). The pH of these 
media was set to the same levels as those used in the cell line 
from which it was borrowed. Later, more complex media 
were developed, based mainly on research examining the 
constituents of the human oviduct [15]. Still, embryologists 

Fig. 76.1 Schematic of the function of three transporter molecules
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are, for the most part, stuck with the prior tissue culture pHs, 
around 7.35.

Later, media were developed that attempted to imitate 
some aspects of the dynamic nature of the oviduct and uterus. 
These sequential media [16, 17] used one medium for the 
first 3 days of embryo culture and another for the subsequent 
days up to day 7. By adding amino acids, embryologists 
were finally able to routinely get human embryos to the blas-
tocysts stage. Of note, these newer media were formulated 
first for mouse embryos and then applied to human embryos. 
To indicate the lack of concern with pH at this time, none of 
these studies even mention the pH of the culture media.

The pH of IVF media is determined mainly by the con-
centration of CO2 in the incubator and the concentration of 
bicarbonate in the media. CO2, provided by gas cylinders 
attached to the incubator, must first permeate and equili-
brate with any oil overlay and then with the actual culture 
media. The CO2 in solution then reacts with the bicarbonate 
in the medium to form carbonic acid. The amount of car-
bonic acid formed depends primarily on the amount of 
bicarbonate and CO2 in the medium. In the laboratory, pH of 
the medium can be adjusted by changing the amount of CO2 
delivered to the incubator—more CO2 results in more car-
bonic acid and a lower pH.  Proper quality control of the 
incubator pH should include more than setting CO2 and 
measuring its concentration.

Fyrite is an inaccurate method of measuring CO2 [18] and 
is a poor substitute for actual pH measurements. To ensure 
the proper pH of media, one must measure it directly with a 
pH probe. This will especially be important when one is try-
ing to troubleshoot culture problems. A detailed discussion 
of how to perform pH measurements can be found in a 
review by the embryologist Pool (2004) [18]. Briefly a calo-
mel or a double junction silver/silver chloride probe, less 
than 1 year old, should be used. All media should contain the 
same concentration of protein used in culture. Calibration 
and test measurements should be measured at 37 °C.

The addition of proteins and the elevation (altitude) of 
the laboratory are two other factors that can affect the 
pH. This means that each laboratory will need to adjust the 
CO2 of its incubators in order to produce the desired pH in 
the culture media. pH should be measured after protein sup-
plementation as this can change the media pH. Figure 76.2 
shows two media with protein (personal communication 
Jason Swain). The silver bar is for media supplemented with 
protein by the manufacturer (where pH is adjusted after pro-
tein supplementation). The blue bars are the same media as 
in the gray bars (without protein added by the manufacturer) 
but supplemented by the laboratory with a protein source 
(10% v/v SSS). Note that the pH is lower when protein is 
added by the laboratory by almost 0.1 pH point. Most likely 
this is due to simple dilution of bicarbonate by the added 
protein solution.

Improper pH may not only affect the pHi of the cell but 
may also have an indirect effect on some of the properties of 
the major protein found in media, albumin. An improper pH 
may affect the ability of albumin to act as a chelator, modifier 
of pH, antioxidant, carrier of fatty acids, etc. [19].

What is not often appreciated is that pH is also affected by 
temperature. (This is distinct from the effect of temperature 
on the pH probe’s ability to provide an accurate pH.) The pH 
of pure water at 0 °C is 7.47, but at 25 °C it is 7.00 and at 
100 °C it is 6.14. This is important to remember when con-
sidering use of non-CO2-buffered media (handling or modi-
fied media) and the use of these buffers where temperature is 
poorly controlled for vitrification.

As mentioned previously, pH deviations should be 
avoided in order to increase viability of the embryo. This 
dictates a precise range for all media used in IVF. Retrieval 
media (flush media), culture media, handling media, etc. 
should all follow this range, and any exceptions should be 
based on physiology. Care should be taken that embryos and 
oocytes are not exposed to alkaline conditions above pH 7.45.

Currently, many embryologists use media that are closer 
to the pHi of embryos (pH  7.2). This has probably slowly 
evolved as embryologists observed better embryo develop-
ment with lower pHs than those previously recommended. It 
has been proposed that a constant pH close to the pHi of the 
embryo will put less stress on the embryo that may result in 
the use of limited supplies of energy in the form of ATP [20].

76.1.5  Adjuvant Media and pH

Not only must an optimum pH be maintained in culture 
medium; it is also important in the use of adjuvant media—
flush media, ICSI media, handling media, and vitrification 

Fig. 76.2 Y-axis pH of media. #1 is media where 10% protein (SSS) 
was added by the laboratory and #2 is media with protein added during 
its manufacture. (Personal communication, Jason Swain, 2017)
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media. Synthetic organic buffers, like HEPES or MOPS, are 
often used in IVF for the handling of gametes or embryos 
outside of CO2 incubators. What may not be appreciated is 
that temperature can affect the pKa of these buffers as well as 
the pH of the media [21]. When these buffers go from 37 °C 
to 25 °C, their pH can decrease by about 0.2 pH units.

The pH of media during an oocyte collection should also 
be examined to ensure that during routine use the proper pH 
is obtained. One should pay particular attention to those situ-
ations where the temperature of the medium may change. 
When one is making culture dishes for IVF, it is important 
that the dishes be allowed sufficient time to equilibrate with 
the incubator. One study [22], using four-well dishes with 
50 μl or 500 μl of media and 500 μl of oil, indicated that a 
minimum of 10 h was necessary for the media to equilibrate 
to pH. The size of the droplet did not make a difference. If 
pre-equilibrated oil was used, equilibration time was 
decreased to less than 1 h. They also found that removal of 
equilibrated dishes for up to 5 min had minimal effect on the 
pH of the media.

Some laboratories use portable, mobile incubators (origi-
nally these units, referred to by some as isolettes, were actu-
ally modified newborn baby incubators) to aid them during 
retrievals or the transfer of embryos; the units house a micro-
scope and have controllers for temperature, CO2, and humid-
ity. Many of these incubators use a thermal conductivity device 
to determine the CO2 concentration of the gasses inside the 
incubator. This type of device will provide an inaccurate read-
ing if the humidity of the chamber changes. The device may 
read 6.2% CO2, while in reality, the humidity has decreased 
due to improper humidification or constant opening and clos-
ing of the hand ports. The embryologist may actually be work-
ing in an environment with a much lower CO2 concentration 
and thus a more alkaline external pH. An infrared CO2 control-
ler will be more accurate in these situations.

In order to have consistent results when working with 
gametes and embryos, it is important to always be aware of 
how the external pH can be affected by what you are doing. 
All aspects of IVF should be characterized for pH fluctua-
tions by first determining the goal pH for media and then 
assuring that the goal is met with minimal pH excursions. pH 
should be verified when new lots of media are added to the 
system, when gas cylinders are changed, or when any major 
change in the culture environment or methods occurs. One 
should empirically determine the maximum amount of time 
a dish can be left on the bench, by measuring pH changes in 
test media during mock procedures.

76.2  Temperature

The ideal temperature for human gamete and embryo han-
dling has not been clearly defined, but most embryologists 
will strive to maintain 37.0 °C for all surfaces, media, and 

equipment to minimize “physiological and genetic stress” 
and other factors that could impact on in vitro development 
[23–26].

In 1936, embryologist Gregory Pincus [27] said:

In obtaining both unfertilized and fertilized ova for culture 
in vitro, the use of a warm washing solution is preferable. This is 
often practically difficult and rabbit ova at least are not materi-
ally affected by handling at room temperature over a period of 
several hours.

During this period, Pincus was studying oocyte cooling 
and parthenogenetic activation.

In 1968, another embryologist, Ralph Brinster [28], 
wrote:

The cultivation temperature has not been studied to a great 
extent, but Alliston (1965) has shown that rabbit ova cultivated 
at 40 °C for 6 h do not develop as well as controls cultivated at 
37 °C when transferred to foster mothers. In the absence of con-
tradictory evidence, it is generally considered that a temperature 
of 37°–37.5° is the best temperature in which to maintain the 
cultures.

The actual control temperature was 38  °C [29], but the 
context is correct.

It is important to realize that a lot of the information on 
embryo culture, including temperature, has been translated 
from work with other species, e.g., for mouse, rat, and rabbit 
[30]; as such, studies must be evaluated in context according 
to requirements and findings for different species.

76.2.1  In Vivo Temperatures

In vivo core temperatures for ovaries, oviducts, and the 
uterus during ovulation, fertilization, and development, and 
eventual deposition of the embryo into the uterine environ-
ment, have been discussed at length [31]. Specific to female 
(non-human) physiology, Hunter [32, 33] described temper-
ature gradients across ovaries, and differential temperatures 
between isthmus and ampulla oviduct, and has stated that the 
deep rectal temperature for any species could be misleading 
and may not translate to in vitro conditions. Preovulatory fol-
licles are cooler than surrounding tissue, and isthmus and 
ampulla temperatures differ by 0.9–1.6 °C in rabbit and 0.2–
1.6 °C for the pig.

One possible explanation regarding the oviduct is the 
mounting evidence for mammalian sperm thermotaxis 
(human included). Sperm appear to be uniquely sensitive to 
temperature gradients [34]. El-Sheikh Ali and colleagues  
[35] described that in cattle, there is an increasing thermal 
gradient from the vagina to the deep uterine horn relative to 
the steroid hormone concentrations, albeit within a very nar-
row temperature range of less than 0.5 °C.

If human body temperature is accepted as 36.6–37.3 °C 
(rectal), which end of this spectrum is most appropriate for 
in  vitro procedures, and what temperature best represents 
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physiological reproductive temperature? Should in vitro tem-
perature be static or dynamic according to in vivo conditions? 
Hunter expressed concerns about accepted, deep body and 
physiological temperatures in the human relevant to ART and 
proposed expanding research into effects of temperature on 
molecular aspects of reproductive processes [32].

76.2.2  In Vitro Temperature Control

In vitro, the temperatures for oocyte and embryo handling/
maintenance are controlled by equipment and technique. 
There have been many studies and discussions on this topic. 
Two excellent resources are McCulloh (2012) (laboratory 
management and quality control [36]) and Elder et al. (2015) 
(detailed descriptions of temperature control and equipment 
management, among other topics in the book [37]).

76.2.3  Sperm

Testicles and epididymal structures for most mammals oper-
ate outside of the body cavity (human, cattle, sheep, goats) or 
near to the body (rabbit, rodent, pig). Sperm are generated 
and reside in organs slightly cooler than core body tempera-
ture. The exceptions to this include the hippopotamus, ele-
phant, and aquatic (fresh and marine) mammals, which all 
have internalized testicles and storage structures.

Sperm tolerate and function at cooler-than-body tempera-
tures; exposing germinal and storage organs (externalized) to 
body (and above body) temperature can be damaging to 
sperm, e.g., adversely impacting on in vitro acrosome func-
tion [38]. Furthermore, the adverse effect of raised tempera-
ture associated with varicoceles in the human is well 
recognized [39]. Sperm function (motility, capacitation, fer-
tilization, and post-fertilization events) can be maintained 
and prolonged at room and colder temperatures with appro-
priate technique and/or extenders [40–43]. In fact, many pro-
tocols for human ART and sperm processing for insemination 
involve room temperature handling of human sperm.

76.2.4  Oocytes

The oocyte spindle has been studied extensively in several 
species and specifically in relation to temperature and oocyte 
competency. In a classic study, Pickering and colleagues [44] 
cooled a small number of human oocytes for observation of 
cytoskeletal changes. After warming oocytes back to 37 °C 
after 10 or 30 min at room temperature, not all spindle struc-
tures reformed with fidelity; the results were broadly 
accepted as critical to human IVF procedures. Sathananthan’s 
team [45] cooled mouse oocytes rapidly from 37 to 15, 4, 0, 

and −7 °C for subsequent evaluation by light and electron 
microscopy. Cooling below 15  °C induced major spindle 
depolymerization and some reversible changes in cytoplas-
mic components. A detailed study by Zenzes and colleagues 
[46] demonstrated that human oocyte spindles shortened 
after 2–3 min at 0 °C, and after 10 min, spindles depolymer-
ized completely. Yet chromosomes were not dispersed; two 
separate microtubule classes were discussed, and the authors 
concluded that depolymerization was time-dependent and 
tubulin reorganization could depend on the class of tubulin 
affected. In context, these papers represent foundation stud-
ies, evaluating extreme oocyte cooling without cryoprotec-
tive agents.

In one study, living (not fixed) spindle dynamics were 
evaluated using polarized light microscopy after cooling 
oocytes. Microtubule reassembly was delayed after warming 
following an exposure to 25 and 28 °C, but not 33 or 37 °C 
[47], and downstream metrics, e.g., fertilization rates, were 
higher when ICSI was performed at 37 °C [48].

Lenz and colleagues [38] demonstrated that in cows, mis-
handling of sperm/oocyte co-incubation or micromanipula-
tion could impact outcomes. Acrosome function was 
impaired at 40  °C, but at the lower temperatures (35 and 
37  °C), fertilization was impaired when compared to con-
trols at 39 °C (with 39 °C being the body temperature of the 
cow). In human oocytes, a time-by-temperature interaction 
was observed, involving oocyte spindle and chromosome 
competency [49]. Sun and colleagues [50] found that at 
37 °C, human oocyte spindles were stable for 20 min, but 
microtubules depolymerized at 39  °C (10  min) and 40  °C 
(1  min). Cooler temperatures were not evaluated, but it 
appears that human oocytes should not be exposed to tem-
peratures ≥38 °C.

There is credible evidence (unpublished, Swain and Pool, 
pers. comm.) to suggest human oocytes may be cooled to 
room temperature during periods of micromanipulation 
without compromising downstream events. Data shared by 
Swain and Pool (Tables 76.2 and 76.3) for fertilization and 
developmental metrics, for a very large number of oocytes 
from two laboratories using similar protocols, are compel-
ling. While no direct comparisons were performed (37 °C to 
room temperature ICSI), it appears oocyte competence and 
meiotic spindle microtubule fidelity may be more robust than 
imagined.

Table 76.2 Fertilization rates over a 10-year time frame for IVF and 
ICSI procedures

IVF & ICSI ICSIa

Main lab 12,545/18,002 (69.7%) 7076/10,124 (69.9%)
Satellite lab 6688/9172 (72.9%) 2499/3589 (69.6%)
Combined 19,233/27,174 (70.8%) 9575/13,713 (69.8%)

Swain and Pool, unpublished, with permission
aRoom temperature
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Yang’s team [51] found that porcine oocytes could be cul-
tured at room temperature for up to 3 days, as intact COCs, 
and maintain their meiotic and cytoplasmic competence 
upon warming and fertilization. Immature horse COCs could 
also be held under conditions simulating transport at room 
temperature in buffered culture medium, with acceptable 
blastocyst rates following ICSI [52].

Based on the available information, it would seem pru-
dent to minimize temperature extremes (below or above 
body temperature) for prolonged periods of time during 
oocyte recovery, processing, and micromanipulation. Most 
importantly, exposing human oocytes to temperatures 
≥38 °C for any length of time should be minimized.

76.2.5  Embryos

Most embryologists agree that human embryos should be 
maintained at a (relative) constant temperature, with mini-
mal environmental excursions from stage to stage during 
culture and during routine evaluations, micromanipulation, 
preparation for transfer, and so on. However, for context, 
before cryopreservation was commonplace in ART, storage 
and transport of gametes and embryos of various species, 
laboratory and livestock, was an important topic [53].

Mouse embryos enclosed in oviducts were transported 
successfully at 4 °C [54], and cleavage-stage bovine embryos 
[55] were stored for 30 min at 0 °C. Cattle embryos could be 
held at 4 °C for up to 7 days, without cryopreservation, yield-
ing 24/32 pregnancies [56]. Grau and colleagues [57] main-
tained human tri-pronucleate cleavage and blastocyst-stage 
embryos at 4 °C for 48 h and showed that development to 
blastocyst, or blastocyst re-expansion, was reduced after 
48 h, but not after 24 h. Lastly, another study [58] demon-
strated that where human blastocysts were cooled during 
transport to another facility for cryopreservation, after warm-
ing, clinical pregnancy and delivery rates were improved for 
the transported group (note that after 30 min, medium tem-
perature dropped from 33 °C to approximately 24 °C).

Regarding in vitro culture of human embryos, Hong and 
colleagues [59] described a well-controlled study where sib-
ling human oocytes were prospectively randomized to incu-
bation at one of two temperatures, 36 °C and 37 °C; multiple 
incubators were utilized, and care was taken at all steps to 

minimize study variation. Incubator stability was 
36 ± 0.07 °C and 37 ± 0.04 °C. Fertilization and embryonic 
aneuploidy rates were not significantly different; however, 
there were significantly higher cleavage-stage cell numbers, 
blastocyst formation rates, and “usable” blastocyst numbers 
with incubation at 37 °C compared to 36 °C. Interestingly, 
there were no differences in implantation rates per embryo 
transferred.

Higher-than-body temperatures were not addressed by 
Hong’s team, but in vivo and in vitro heat stress does elicit 
concern [60–63]. McCulloh, in his chapter on laboratory 
quality control [36], described an experience where fertiliza-
tion, poly-pronuclear rate, and subsequent embryo cleavage 
were adversely affected due to an incubator operating “out of 
control”—an inaccurate thermometer reported 37 °C, when 
the actual temperature was 41 °C.

Choi and colleagues [64] exposed one-cell mouse zygotes 
to elevated temperatures (37 °C, 39 °C, 40 °C, and 41 °C) for 
short- (8  h) and long-term (96  h) intervals. Severe, short- 
term heat stress compromised early cleavage, while trophec-
toderm cell number and quality was diminished with 
long-term heat stress, despite formation of blastocyst-stage 
embryos. Gene expression was also altered, as were post- 
transfer fetal metrics. Youssef and colleagues [65] examined 
the ideal culture temperature for mouse embryos (where 
body temperature is 37 °C). They found variable blastocyst 
and hatching blastocyst conversion rates with culture at 36, 
37, 37.5, 38, and 39 °C; blastocyst hatching was highest at 
37.5  °C, but combined blastocyst and blastocyst hatching 
rate was higher at 37 °C.

Following fertilization, oocytes appear to be more toler-
ant of cooler temperatures than pre-fertilization oocytes, 
especially when later-stage embryos form. In the human IVF 
laboratory, this may be comforting, regarding (1) planned 
events (e.g., evaluations on various days (without time- 
lapse), assisted hatching, transfer, biopsy, or cryopreserva-
tion), or (2) unplanned events (e.g., power loss, embryo 
transfers that take longer than usual).

In conclusion, oocyte cytoskeletal and cytoplasmic compo-
nents appear to be sensitive to cooler-than-body temperature, 
particularly when there are excursions below 33 °C for longer 
periods of time (unless bolstered by cryoprotective agents). 
COCs may be more tolerant of cooling than exposed oocytes.

Human oocytes and embryos are sensitive to tempera-
tures above accepted body temperature. In vitro temperature 
excursions (unplanned) can be largely avoided by having a 
series of defined and dedicated equipment and technique 
protocols in place.

Considering that human culture media and products are 
performance-validated at 37 °C, bioassays, and human IVF 
procedures alike, might not perform as expected at different 
temperatures (which are conditions unlikely to be validated 
by the manufacturers).

Table 76.3 Clinical outcomes following room temperature ICSI; day 
3 transfer

Patient age
23–45

Patient age
≤35

Clinical pregnancy 407/740 (55.0%) 244/389 (62.7%)
Delivery 348/740 (47.0%) 214/289 (55.0%)
Implantation rate 531/1607 (33.0%) 333/804 (41.4%)

Swain and Pool, unpublished, with permission
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Quality management is tied directly to regulatory compli-
ance and medical/legal concerns, no matter the biological 
(outcomes) performance of a laboratory. As such, acceptable 
temperature targets for each phase of the human IVF process 
should be selected, and steps should be taken to maintain and 
monitor those targets.

76.3  The Effect of Light on Embryos 
and Embryo Culture

In order to work with embryos in the laboratory, they must be 
examined at various stages, and this requires their exposure 
to light. The longest and most intense exposure to light is 
when they are examined under a microscope to perform ICSI 
or to grade. They are also exposed briefly to the ambient light 
in the room as they are moved from incubators to benches 
and back. Normally, during in  vivo culture, they are not 
exposed to light. Embryos then may not have developed via 
evolution protective measures to protect them from light. 
Light exposure occurs during retrieval of oocytes, during 
gamete processing, during manipulations and grading of 
embryos, during fertilization checks, and during embryo 
transfer.

Pioneering embryologist Sir Robert Edwards was con-
cerned about the effect of light on embryos:

Light has also been one of my major concerns ever since IVF 
began. We were aware of the many papers on mammals pub-
lished by embryologists on the evolution of reactive oxygen spe-
cies in response to light exposure, and its deleterious effects on 
embryo growth. We could not afford any risks with human 
embryos to be replaced into the mother, so we used green filters 
routinely to remove some of the light radiation, lower the light 
intensity and produce a more acceptable colour for the eye by 
modifying the harsh artificial light from the microscope. The 
potential effects of light concerned me in another way. During 
transfer, gynaecologists often used an intense operating theatre 
light to shine on the cervical os. Yet this was where the embryo 
is passed during the transfer process. At the last moment, after 
hormone stimulation, oocyte collection, fertilization and cleav-
age in  vitro, these precious embryos could be exposed to an 
intense light which might impair their ongoing development. We 
therefore dimmed this light during transfer to avoid any damage 
to the embryos in the last stage of their ex-utero existence. 
Several investigators have disparaged my attitude, and they may 
even be right when they claim that human embryos can tolerate 
this degree of intense light exposure. But I have never seen any 
evidence on this point from these investigators, and it is surely 
better to be safe than sorry. So I still use many of these precau-
tions [66].

As far as we are aware, no well-designed studies to inves-
tigate the effect of light on human gametes and embryos have 
been performed. The information that we have regarding the 
type of lighting, duration of exposure, or exposure to specific 
wavelengths has only been performed on animal models like 
rabbits, hamsters, and mice.

The most important variables to examine when measuring 
light are duration of exposure, intensity of exposure, and, 
finally, the wavelength of light. Light intensity is often mea-
sured in lux, but this measurement is the intensity as mea-
sured by the human eye and is not useful for non-visible 
wavelengths. Lux also does not take into account the length 
of exposure. A better measure of intensity is irradiance (w/
m2). As a measurement of power, it includes the duration of 
the exposure. Most of the studies on the influence of light on 
cells do not include this measurement of irradiance. This 
makes it difficult to even determine the exposure of the cells 
to light.

Light might affect a reproductive cell in several ways. 
There may be a direct effect—light stresses the cell and acti-
vates stress genes. Light could directly damage DNA via 
ionization. Light could also indirectly affect cells—oxidiz-
ing components of the media or oil or even changing a com-
ponent into a toxicant. This indirect process can occur via 
photooxidation—a chemical reaction between light and 
components of culture medium and oil. Light has been impli-
cated in the oxidation of oil used in the culture of human 
embryos [67]. This same photooxidation could also produce 
changes in the lipid membranes of sperm and oocytes, inhib-
iting the process of fertilization. Production of hydrogen per-
oxide, a toxic substance, can also take place when media 
containing HEPES and riboflavin are exposed to light 
[68–72].

One of the first observations pointing to light’s damaging 
effects on cells was the observation that light exposure killed 
protozoans placed in an acridine dye solution [68]. Light 
modified the acridine, causing decreased photosynthesis and 
inhibition of replication and growth. This effect, where light 
modifies media components into toxicants, has been shown 
by others [69, 70, 72].

Light has been shown to damage the gametes or embryos 
of rabbits [73], hamster [74–77], and mouse [78]. Even 
though bovine embryos show no negative growth effects 
from light exposure, they do show higher levels of the induc-
ible stress protein, HSP70 [79].

The spectrum of light that appears to be most damaging is 
the visible blue to ultraviolet light (range of 445–500 nm, 
Fig. 76.3). No studies to date have examined the wavelengths 
that might damage DNA in human gametes or embryos, but 
UVB radiation (290–300 nm) has been shown to damage the 

Fig. 76.3 The visible light wavelength (nm)
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DNA of sea urchin embryos [80] and damage proteins and 
membrane lipids [81]. A cascade reaction of peroxides can be 
initiated by exposure to light and/or heat, resulting in the pro-
duction of water-soluble toxicants in culture droplets [82–84].

76.4  Conclusion

While there is substantial evidence that light can be harmful 
to non-primate mammalian gametes and embryos, there is 
little conclusive evidence that light is harmful to human 
gametes or embryos. Light can affect the quality of oil and 
culture media, by modifying oil and media components, 
including buffers such as HEPES. The most damaging spec-
trum of light appears to be in the blue visible and ultraviolet 
spectrum (<500 nm). By including antioxidants or by exclud-
ing photooxidative media components, it may be possible to 
reduce the effects of light on embryos. Reducing the amount 
of harmful wavelengths in IVF laboratories via limited expo-
sure to any light, use of ambient light filters, and avoidance 
of fluorescent lighting may also minimize these negative 
effects of light.

When constructing an embryology laboratory, care should 
be taken to avoid direct sunlight. This may necessitate the 
covering of any exterior windows with reflecting film. Hood 
lights, ambient lights, headlamps, and microscope lamps 
should be used sparingly. A green bypass filter might be use-
ful to minimize potential damage from microscope lights. 
Recent developments in time-lapse imaging mean that it is 
now even more important to understand the role light might 
play in growing human embryos in vitro.
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A Comparison of Embryo Culture 
Incubators for the IVF Laboratory

Jason E. Swain

77.1  Introduction

Minimizing environmental stressors and reducing variability 
during embryo culture are required to achieve optimal 
embryo development and maximize assisted reproductive 
technology (ART) outcomes. Key environmental variables to 
consider include carbon dioxide levels/pH of the culture 
medium, temperature stability, oxygen concentration, media 
evaporation/osmolality, and air quality. Importantly, all of 
these potential environmental stressors and others can be 
impacted or regulated by the laboratory incubator, which 
house gametes/embryos for the majority of their time in vitro. 
As a result, incubators are likely the most important pieces of 
equipment within the IVF laboratory, maintaining environ-
mental stability within the culture system. As a result, incu-
bator selection and proper use/management are critical for 
success of an IVF program.

With advances in manufacturing and technology, several 
incubator models now exist with varying capacities and 
capabilities and differing methods of controlling their inter-
nal environment (Table 77.1). This results in an increasing 
complexity when attempting to select an appropriate culture 
incubator for the IVF laboratory.

77.2  Incubator Function

The primary function of an incubator within the IVF labora-
tory is to provide a stable environment to hold gametes and 
embryos during their culture and development in vitro. To 
achieve this goal, an incubator must regulate several environ-
mental variables, including gas concentrations (oxygen and 
carbon dioxide), temperature, and humidity. This must be 
done in a clean environment free of contamination and vola-
tile organic compounds (VOCs), which can impair develop-

ment. Importantly, a variety of methods are utilized by 
different incubators to maintain this stability. Additionally, 
considerations exist before selection and implementation of 
an incubator into the IVF laboratory.

77.2.1  Gas Atmosphere and Sensors

A primary function of a laboratory incubator is to consis-
tently and reliably provide the appropriate gas atmosphere. 
Specifically, regulation of the concentration of carbon diox-
ide (CO2) is of paramount importance, as this gas helps regu-
late the pH of the culture medium. The pH of media is an 
important variable that can significantly impact gamete func-
tion and embryo development [1–4].

Modern embryo culture incubators must also be able to 
provide an environment with a reduced concentration of 
oxygen (O2). While atmospheric O2 concentration is ~21%, 
it has long been shown that a reduced incubator oxygen con-
centration of ~5% during preimplantation embryo develop-
ment is beneficial for embryo development and live birth in a 
variety of animal species, as well as human [5–7], most nota-
bly when used throughout the entire culture period to the 
blastocyst stage [8–10]. Reduced O2 concentration is most 
commonly achieved by supplying a balance of nitrogen gas 
to displace atmospheric O2 to achieve the desired O2 concen-
tration within the incubator. Whether a further reduction in 
O2 concentration <5% is beneficial for human embryos is 
unknown but an active area of ongoing research [11, 12].

Rapid and accurate measurement of CO2 and O2 concen-
trations by the incubator is required to achieve target set 
points in a timely fashion and ensure appropriate growth 
conditions are maintained. Paramount to this essential func-
tion is the type of sensor installed. The two primary methods 
used in IVF incubators to monitor CO2 concentration include 
thermal conductivity (TC) or infrared (IR) sensors (Fig. 77.1).

TC sensors operate via measurement of resistance 
between two thermistors, with one enclosed within an imper-
meable chamber and the other exposed to the incubator 
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chamber [13]. The presence of CO2 in the incubator chamber 
changes the resistance between the two thermistors and per-
mits measurement of gas concentrations. Importantly, tem-
perature and humidity impact the resistance of TC sensors 
and impact their measurements.

In contrast to TC sensor, IR sensors are largely indepen-
dent of both humidity and temperature. IR sensors emit light 
and utilize specialized optics to detect IR light absorbance, 
which is relative to the levels of CO2 inside the incubator 
chamber [14]. Thus, compared to IR sensors, incubators uti-
lizing TC sensors tend to take a longer period of time to mea-
sure and therefore stabilize CO2 levels following door 
openings since the gas concentrations cannot be fully deter-
mined and subsequently adjusted until both temperature and 
humidity stabilize. Due to reduction in cost and improve-
ments to IR sensor lifespan, many embryo specific/modern 
IVF laboratory incubators utilize IR sensors and have 
become the preferred option for use.

Similar to incubator CO2 sensors, two primary types of 
gas sensor are used to assess incubator O2 concentration. 
These two types of O2 sensors are galvanic/fuel cell or zirco-
nium sensors [15] (Fig. 77.2). Though modern galvanic sen-
sors have improved the rapidness of their responsiveness, 
they still tend to have slower response times compared to 
zirconium sensors. Additionally, compared to zirconium sen-

sors, galvanic sensors tend to require more frequent replace-
ment to ensure proper function.

Importantly, for both incubator O2 and CO2 readings, 
external incubator digital displays should not be solely relied 
upon to indicate rapidness of atmospheric recovery times 
during re-equilibration. Some incubator models are pro-
grammed to display their programmed set points prior to 
achieving re-equilibration of internal gas concentrations. If 
trying to assess environmental stability or speed of atmo-
spheric recovery in IVF incubator chambers, the use of an 
independent measuring device placed within the incubator 
chamber is recommended for a more accurate assessment or 
comparison. These independent measuring devices may 
include independent gas sensors like fyrite or as part of an 
alarm system. Additionally, real-time pH meters may offer 
accurate assessment of CO2 gas recovery (Fig. 77.3).

It should also be mentioned that accurate gas levels can be 
achieved in the absence of gas sensors or without gas mixers 
inside the incubator through use of cylinders of medical 
grade premixed gas. These premixed gases can be supplied 
directly to an incubator or to a sealed modular chamber 
placed inside the incubator, rather than requiring the incuba-
tor to have an internal gas mixer to adjust the gases into the 
proper ratios. Using this premixed gas approach, appropriate 
CO2/O2 concentrations are quickly achieved as soon as the 

Table 77.1 Incubator technology variables that should be considered when evaluating and selecting a unit for the laboratory

Gas type
CO2 
sensor O2 sensor Temperature Volumea,b Humidity

Contamination 
controld,e Other

Options – CO2-only
–  Low O2 

mixer
–  Low O2 

premixed 
cylinder

– IR
– TC

–Zirconium
–  Galvanic 

(Fuel cell)

–  Air 
jacket

–  Water 
jacket

–  Direct 
heat

– Benchtop
  2-chamber
  Multichamber
  Other (i.e., 

timelapse)
– Small-box
– Large-box

– Yesc

– No
– Heat
– Internal UV
– H2O2

– Copper alloy
–  External/

internal HEPA
–  External/

Internal VOC 
filter

– Data logging
– Cost
– Patient capacity
– Service
–  Technology integration 

(dynamic culture, 
time-lapse cameras, alarm 
connectivity, real-time pH 
sensors, etc.)

aActual volumes will vary from unit to unit
bOther novel designs exist, but these are general terms to refer to the most commonly used incubators in the IVF lab
cSome units bubble gas through a water pan to expedite re-humidification
dEase of removing inner parts and/or wiping interior also is important to consider
ePresence/absence of an internal fan or other features may influence

a b
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Fig. 77.1 Types of CO2 sensors commonly used in culture incubators. (a) TC and (b) IR sensors
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Fig. 77.2 Types of O2 sensors commonly used in culture incubators. (a) Galvanic/fuel cells and (b) zirconium
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Fig. 77.3 Type of incubators commonly found in IVF laboratories. (a) Large-box incubators can vary in size but are generally ~150 L. (b) Small- 
box incubators generally range in size from around 30–55 L
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incubator volume has been filled with the premixed gas. 
Importantly, implementation of proper quality control is 
essential to ensure that the premixed gas concentrations/
ratios inside the gas cylinder yield the appropriate/desired 
pH and growth conditions in the culture medium required by 
the particular laboratory. Factors such as the media used, 
protein type and concentration, and laboratory elevation 
above sea level will dictate what CO2 concentration is 
required to obtain the desired media pH.

77.2.2  Incubator Chamber Size and Number

Chamber volume and the number of chambers are impor-
tant factors to consider for incubator function and selec-
tion. Regardless of the gas sensor used or method of gas 
supply, incubator chamber volume influences gas equili-
bration and recovery timing. With door openings, tradi-
tional “large-box” incubators (~150–200  L) may require 
an extended time to refill with CO2 and/or nitrogen gases. 
“Small-box” incubators (~14–50  L) have received 
increased use in IVF laboratories. Depending on the labo-
ratory workflow, these smaller incubators may help 
improve gas recovery and reduce environmental stress, 
leading to improved outcomes compared to large-box 
incubators [16]. In cases of “box-type” incubators, often 
one patient is placed per shelf, and these units are useful 
for equilibration of media and holding test tubes for pro-
cess like sperm preparation.

New incubators now being commonly used include bench-
top/top load units of varying sizes/configurations. These incu-
bators are designed specifically for clinical IVF and have 
extremely small chambers (~0.3–0.5  L), further improving 
atmospheric/environmental recovery time (Table 77.2). These 
modern benchtop incubators often provide several individual 
chambers for single patient use (Fig. 77.4).

Table 77.2 Types of modern benchtop IVF incubators and humidity 
options

Make/model Type
Controlled 
humidity

K-systems G210 Multichamber No
K-systems G185 Multichamber No
Astec EC-6S Multichamber No
Astec EC-9 Multichamber No
ESCO Miri Multiroom Multichamber No
IKS DS-1 Multichamber Option yes
Synvivo CNC-I091 Multichamber No
ESCO Miri TL Timelapse No
Vitrolife Embryoscope Timelapase No
Vitrolife Embryoscope 
plus

Timelapse No

Genea Biomedx Geri Timelapse Option yes
Cook K-MINC Dual chamber Yes
Planer BT-37/INC-A20 Dual chamber Yes
Labotect Labo C-Top Dual chamber Yes
Astec IVF Cube Multichamber 

removeable
Yes

Planer CT37stax Multichamber 
removeable

Yes

a

b

c

Fig. 77.4 A variety of modern benchtop incubators commercially 
available for use in IVF laboratories. Size, number of chambers, and 
various accessories vary between systems. (a) multichamber systems, 

(b) multichamber systems with removable incubator boxes, and (c) 
dual-chamber systems
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A mixture of incubator types is often useful within the 
IVF laboratory, and, as will be discussed, incubator manage-
ment is a key component for optimized incubator function 
regardless of chamber number or size.

77.2.3  Air Filtration and Quality

Another variable relevant to incubator gas atmosphere that 
impacts functional capability is air quality. Air quality, spe-
cifically the presence and amount of volatile organic com-
pounds (VOCs), may negatively impact preimplantation 
embryo development [17–20], though relevant levels of 
VOCs are still unknown. As a result, most laboratories have 
dedicated air handling systems to filter out particulates, as 
well as VOCs, and various studies indicate a benefit to 
embryo development and/or outcomes once air quality is 
improved [20, 21]. However, while air quality inside the 
main IVF laboratory is important, the quality of the air/atmo-
sphere inside the incubator chamber itself is of greater 
concern.

Background laboratory air quality will impact on the 
atmospheric quality within the incubator, especially in CO2- 
only incubators, which carry a balance of ~94% room air. 
However, the quality of gas from the supply tanks must also 
be considered, especially in low O2 incubators, which flood 
their interiors with nitrogen from these tanks to reduce O2 
levels to ~5%. VOCs have been detected in gas supply tanks 
used for IVF incubators [18]. In these cases, filtering the sup-
ply gases through inline filters prior to incubator entry may 
be an effective approach to improving incubator atmosphere. 
These inline filters contain HEPA (high-efficiency particu-
late air) filtration to reduce particle counts. Furthermore, 
additional filter methods to reduce VOCs include activated 
charcoal or potassium permanganate. At least one prelimi-
nary study showed improvement in embryo development fol-
lowing implementation of inline gas VOC filters [22].

Placement of specialized VOC filtration units inside incu-
bators may also improve air quality and outcomes [19, 23, 
24], though this is not always the case [25–27]. Their effec-
tiveness depends on their size, and fitting into smaller incu-
bators may be problematic. An emerging approach to 
improve air quality that is now being added to some incuba-
tors includes recirculating atmosphere via an ultraviolet light 
source to reduce possible microbials and to photocatalyti-
cally breakdown VOCs [28, 29].

It should be mentioned that incubators that utilize cylin-
ders of premixed gas have the ability to filter the entirety of 
the gas supply prior to entering the incubator chamber. By 
contrast, incubators that mix the gases themselves, such as 
either CO2-only or low O2 incubators, have at least some por-
tion of room air present, though if room air is of high quality 
this likely poses little problem. Also, it is important to note 
that the plasticware or internal incubator components may 
“off-gas” inside the elevated temperatures of the incubator 

chamber [17]. Thus, despite having acceptable outside air 
quality or a prefiltered gas supply, VOCs may still be present 
inside an incubator. In these cases, proper initial cleaning of 
incubators and off-gassing of devices and supplies may help 
address concerns. Additionally, placement of modular VOC 
filter units in the incubator chamber or recirculation of cham-
ber atmosphere through external filters may also be 
effective.

77.2.4  Temperature Regulation and Stability

It is well-known that temperature can impact various aspects 
of gamete and embryo function, most notably meiotic spin-
dle stability in the oocyte [30–32], possibly embryo metabo-
lism [33] and mitotic cell division timings [34]. However, 
data indicate that temperature gradients may exist in the 
female reproductive tract [35–37]. Thus, while the optimal 
target temperature for IVF incubators that contain varying 
cell types and embryos at different developmental stages is 
still unknown [27, 38], maintaining a controlled/stable tem-
perature inside the incubator while cells are inside is manda-
tory for reducing harmful environmental stress.

Three primary methods of heating are utilized in IVF 
incubators. Two methods, used primarily in box-type incuba-
tors, include a water jacket or air jacket, both of which warm 
the air in the incubator chamber and may or may not include 
an internal fan to circulate. The third heating method used by 
primarily newer IVF-specific benchtop/top load units entails 
contact of the warmed incubator surface and direct heat 
transfer to the culture dish and enclosed medium. Some 
incubators may warm the base of the chamber, while others 
may warm the tops and bases. Importantly, each of the three 
warming methods utilized in culture incubators has benefits 
and limitations.

Water-jacketed incubators retain heat for longer during 
incubator openings or power failure. However, these units 
are heavy, tend to have a higher power consumption, and 
may burden emergency power supplies. There are also con-
cerns that contamination may originate from inside the water 
jacket. Conversely, air-jacketed incubators warm up quickly 
but do not retain heat for long periods with interrupted power 
supply. The third heating approach, utilizing direct heat/
contact, results in very rapid heat recovery following open-
ing of the incubator, but similar to air-jacketed units, main-
taining this temperature for any period of time during power 
interruption can be problematic.

Importantly, temperature gradients can exist inside any 
type of incubator, regardless of the type of warming approach 
employed. Such gradients are most common in box-type 
incubators utilizing water or air jackets. A preliminary report 
indicated slight temperature variations when culture dishes 
were placed in various locations within a large-box water- 
jacketed incubator, with measurements varying between 
36.97, 37.17, and 37.23 °C [39]. Whether such minor fluc-
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tuations are detrimental is unknown, but independent tem-
perature measurement between shelves on box-type units, 
known as temperature-mapping, is recommended. 
Furthermore, verifying the temperature between individual 
culture chambers or across warmed surfaces of various 
benchtop/top load unit configurations can give critical infor-
mation on temperature accuracy and stability that could 
impact gamete and embryo development and function.

77.2.5  Humidity and Evaporation

Many incubators provide an elevated humidity in order to 
reduce media evaporation from the higher incubation tem-
perature during culture. This helps avoid detrimental rises in 
medium osmolality that can compromise preimplantation 
embryo development [40, 41]. Humidification inside the 
incubator is usually achieved in a passive fashion, via evapo-
ration or bubbling inlet gases through a water reservoir 
placed in the bottom of the incubator chamber. Importantly, 
the presence of a water reservoir for humidity is also a poten-
tial source of contamination and should be monitored with 
and water exchanged/replaced regularly.

It should be noted that humidity inside the incubator is not 
necessarily required to culture embryos. Many new IVF- 
specific benchtop incubators do not provide humidification 
(Table 77.2). If sufficient amounts of oil overlay are used and 
media is exchanged/replenished appropriately, high-quality 
embryo development in a non-humidified incubator is achiev-
able. Importantly, evaporation of media can occur despite use 
of mineral oil overlay in non-humidified incubators [42]. 
Thus, variables such as volume of media and amount of oil 
and number of days of continuous culture should be consid-
ered and osmolality measured to confirm appropriateness of 
culture conditions. This is likely even more important with the 
increased use of single-step culture media and uninterrupted 
culture, where evaporation is more likely to occur over time.

Interestingly, a recent study indicated that humidification 
of a dry benchtop incubator resulted in improved embryo 
development compared to the totally dry incubator [43]. 
While evaporation of media was not assessed in this study, 
an increase in osmolality, or possibly even media pH, was 
assumed to be a possible cause. However, placement of water 
into a normally dry incubator can be problematic, due to con-
densation within the chamber and possible issues with inter-
nal electrical components that were not developed for use in 
a humidified environment.

77.2.6  Other Considerations

Other considerations for incubator selection include 
approaches available for cleaning and sterilization to reduce 

chances of contamination. Various incubators are constructed 
with copper-containing alloys, as copper can act as an anti-
microbial and antifungal agent [44, 45]. However, at least 
one study suggested that oxidized copper particles from 
incubator walls may have detrimental effects on bovine 
embryo development [16], though the experimental design 
utilized prevented any conclusive correlation and several 
copper-containing incubators are used successfully for 
human embryo culture.

As an alternative for contamination control, some air- 
jacketed incubators feature heat decontamination cycling 
capability. Other incubator types can be outfitted with hydro-
gen peroxide sterilization capability by the manufacturer. 
Ultraviolet light treatment of water pans is also available to 
reduce incidence of contamination on some units, though 
this feature is often turned off to avoid possible damage to 
cells cultured inside the incubator. Most incubators can be 
sanitized and/or cleaned by removing inner pieces for auto-
claving and wiping down the interior of the unit with embryo- 
safe products, such as hydrogen peroxide or other commercial 
IVF cleaning solutions, preferably with low VOC content. 
Incubators with fewer removable parts or lacking internal 
circulation fans are easier to clean and may help reduce the 
risk of contamination.

Daily monitoring for quality control/assurance is another 
consideration when selecting a laboratory incubator. When 
dealing with multiple chambers in a benchtop incubator, 
daily measurement of gas levels or temperatures in each 
chamber can be time-consuming. However, newer technolo-
gies are starting to address these issues, with the availability 
of small real-time temperature sensors for each chamber [46] 
or real-time pH sensors.

Incubator selection criteria include other practical items 
as well. These include the space occupied, the manner in 
which chamber doors open and close and latch, how gas con-
centrations may be measured, ability for incubators or cham-
bers to be connected to the current alarm system, and 
availability of preventative maintenance and service. It is 
recommended that “demo” units of incubators be trialed or 
careful examination of units at exhibit halls or in other labo-
ratories be conducted, prior to purchasing and clinical 
implementation.

77.3  Comparative Studies and Clinical 
Outcomes

Very few comparative studies examining environmental sta-
bility and recovery of particular incubator units exist in the 
peer reviewed literature, and even fewer studies exist com-
paring outcomes of embryo development or assisted repro-
ductive outcomes. Furthermore, careful examination of the 
existing literature is required to understand why any reported 
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differences may exist, and this scrutiny often points out limi-
tations in study design that need to be considered when inter-
preting results.

A comparison of a small two chamber benchtop/top load 
units (~0.43 L) using direct heat versus a large-box (~170 L) 
incubator using a water jacket and no inner doors demon-
strated a significantly faster recovery of temperature in the 
benchtop/top load, direct heat unit [47]. Temperature in the 
benchtop/top load unit recovered to 37  °C within 5.5–6.5 
minutes, dependent upon the volume of medium tested, 
while the large-box incubator failed to reach the set point 
following a 20-min recovery (36.2 and 36.7 °C). Whether the 
same would hold true with an air-jacketed box-type incuba-
tor, small- or large-sized, or with units using sealed inner 
doors is unknown. Interestingly, the use of milled aluminum 
blocks to hold culture dishes within box-type incubators was 
able to help maintain stable temperature within the culture 
dish [47]. These data demonstrate the importance of proper 
incubator management in optimizing incubator stability and 
performance. Whether this would translate to differences in 
embryo development or clinical outcomes is unknown.

When comparing a small benchtop incubator unit with 
two top load chambers (~0.43 L) and a small-box incubator 
(~32 L), it was found that after a 5 s opening that the bench-
top/top load unit had improved temperature recovery (5 min 
vs. 30  min) and O2 recovery (3  min vs. 8  min), improved 
“good” early embryo development (40% vs. 38%), and 
improved “good” blastocyst formation (15% vs. 8%) [48]. 
Interestingly, this study measured O2 recovery rather than 
CO2 recovery. While O2 and CO2 will recover at the same 
rate in the benchtop unit due to using a premixed gas supply, 
O2 will recover much more slowly than CO2 in the box unit 
that uses separate gas supplies due to the larger amount of 
nitrogen needed in the larger volume. It is unknown if such 
large differences would exist if measuring CO2, which is 
likely more important. Furthermore, in this case, the small- 
box unit was outfitted with outdated technology and utilized 
a TC CO2 sensor and was water-jacketed. Whether the same 
differences would be apparent if using the faster IR CO2 sen-
sor and air-jacket heated unit is unknown. Importantly, no oil 
overlay was used in this study, and overall blastocyst conver-
sion rates in both incubators were low. It is possible that the 
use of oil overlay would have stabilized pH and temperature 
and perhaps improved the suboptimal growth conditions. 
Thus, while the benchtop/top load unit likely recovered 
atmosphere and temperature more rapidly, a more thorough 
examination of the study design reveals that the discrepan-
cies between the two incubators may not be as pronounced if 
using more modern/optimized approaches.

In another study, a box-type incubator and a small two- 
chambered benchtop/top load units were compared, examin-
ing the recovery of temperature, CO2, and humidity. In 
addition, fertilization rate, embryo quality, clinical preg-

nancy, and implantation rates were compared between the 
incubator types [49]. Following a 10-s incubator opening, it 
was found that there was a significant difference in tempera-
ture recovery (1 min vs. 180 min), CO2 recovery (8 min vs. 
120 min), and humidity recovery (12 min vs. 180 min), with 
faster recovery occurring in the benchtop/top load unit. Of 
note, the large-box incubator was outfitted with non-airtight 
inner doors which may not provide a stable gas environment 
as newer incubator units which employ this stabilization 
measure. Additionally, large-box incubators used in the 
study utilized the slower TC sensor and were water-jacketed. 
Finally, the benchtop/top load unit utilized low O2 culture via 
premixed gas, while the large-box incubator used CO2 only. 
As previously mentioned, low O2 appears to produce 
improved preimplantation embryo development and clinical 
outcomes compared to high oxygen culture [5–7]. 
Furthermore, the use of premixed medical gas in the bench-
top/top load unit may provide improved air quality over use 
of ~94% room air in the large-box incubator. Support for this 
theory can be found in a preliminary study that compared the 
same type of large-box and a small benchtop/top load incu-
bator. In this study, results indicated that indeed air quality/
gas composition may be partially responsible for improved 
mouse blastocyst development observed in two out of five 
different culture media in the benchtop unit compared to the 
large-box incubator. Interestingly, it is unknown why the 
benefit was not observed in the all the media types, although 
other culture system variables may have existed between the 
incubators [50]. These same confounding variables in the 
culture system exist in another study that compared the same 
type of large-box and benchtop unit [51] and make it impos-
sible to precisely assess the impact of the incubator as the 
sole factor. Despite the differences in the culture parameters 
and suboptimal culture conditions provided in the large-box 
incubators in these studies, there were no reports of signifi-
cant difference in human embryo development, clinical preg-
nancy, or implantation rates [49].

In a comparative study examining culture incubators 
using human donor oocytes, clinical outcomes between a 
benchtop/time-lapse incubator and a large-box incubator 
were assessed (large-box incubator size confirmed via per-
sonnel communication M. Cruz). Despite significant differ-
ences in embryo handling approaches, including an 
uninterrupted embryo culture paradigm in the benchtop 
incubator while handling/removing embryos at least twice 
from the large-box incubator, as well as use of low O2 in the 
benchtop unit but high O2 the large-box, no difference in 
blastocyst formation, blastocyst score/quality, or ongoing 
clinical pregnancy was reported [52]. Additionally, embryos 
were cultured individually in microdrops in the large-box 
incubator while being placed into individual microwells for 
the benchtop (pers. comm. M. Cruz). This difference in cul-
ture dishes is important to note because the type of culture 
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platform used can create unique microenvironments and dif-
ferentially impact embryo development [53]. While no sig-
nificant difference between the numbers of day 3 or day 5 
transfers based on a particular incubator was reported 
(benchtop/time-lapse vs. box incubator) [52], upon reanaly-
sis of the reported data using different statistical software, it 
appears that more day 5 transfers were performed from the 
larger box-incubator (34/58) compared to the smaller time- 
lapse incubator (19/50). It is a common practice for day 5 
transfer to be dictated by superior quality or quantity of 
available embryos though no differences in clinical outcomes 
were reported. Thus, the use of smaller benchtop incubators 
does not necessarily equate to better embryo quality, as sev-
eral other culture system variables are can impact develop-
ment (Fig. 77.5).

Another published report compared a benchtop/time- 
lapse incubator versus a standard large-box unit (large-box 
incubator size confirmed via pers. comm. J. Hindkjær) using 
the key performance indicators of embryo development, 
clinical pregnancy, and implantation rates. Even with several 
confounding variables between the two incubator treat-
ments, such as the use of different culture dishes 
(Embryoslide™ vs. Nunc 4-well) and embryo culture den-
sity (single vs. group), no statistically significant differences 
in any examined endpoint were noted [54]. While neither 
incubator used low O2 (pers.comm. K.  Kirkegaard), other 
conditions used in the incubators, such as humidity or pH 
similarities/differences, were not reported. Failure to prop-
erly control all these sort of impactful culture system vari-
ables between incubators makes it impossible to truly 
determine “superiority” of a particular incubator over 
another. Thus, while these published reports help demon-
strate safety of time-lapse imaging (TLI) systems for 
embryos, the use of a smaller model incubator does not guar-
antee superior clinical outcomes. The same data could be 
used to defend an alternate viewpoint and to demonstrate 
that a large-box incubator, with proper management, can 
yield similar outcomes to a TLI benchtop unit.

A more recent retrospective observational multicenter 
cohort study compared clinical pregnancies following trans-
fer of embryos cultured in a TLI incubator compared to a 
large-box CO2 -incubator with a TC sensor. The study dem-
onstrated a 20.1% increase in clinical pregnancy per oocyte 
retrieval or 15.7% per embryo transfer [55]. However, as 
pointed out in the paper, this could be due to a variety of fac-
tors including, but not limited to, improved embryo selection 
via TLI and from the uninterrupted culture approach utilized 
in the TLI unit. Importantly, the medical gas supply of the 
TLI incubator was extensively filtered via HEPA, active car-
bon, and UV, while the large-box incubator was not. An 
improved approach to isolate the impact of the incubators 
may include comparison of outcomes using TLI inside a 
large-box incubator with similar air quality to those from a 
benchtop TLI incubator.

An additional retrospective matched-pair analysis of a 
TLI system to a large-box incubator was performed [56]. 
Approximately half of the patients cultured in the large-box 
incubator used high O2 culture, while the TLI incubator uti-
lized low O2 culture. Using four-well dishes in the box incu-
bator compared to a culture slide in the TLI incubator, 
clinical outcomes were compared. There was no comparison 
of preimplantation embryo development. Higher clinical 
pregnancy, implantation, and live birth rates were associated 
with the TLI system compared to the large-box incubator. 
Importantly, several variables in the culture system differed 
between incubator treatments due to the retrospective nature 
of the study (method of embryo selection, lot numbers of 
various culture items, oxygen tension, etc.). Thus, it is diffi-
cult to determine if one incubator was truly more efficient 
than another in terms of improved embryo quality or if the 
culture system as a whole was primarily responsible for 
reported differences

A prospective study using patient randomization exam-
ined outcomes following culture of embryos in a TLI incuba-
tor after 2 days to that of embryos cultured in a standard box 
incubator [57]. Both systems utilized low O2 and the same 

Fig. 77.5 Three modern incubators incorporating time-lapse imaging (TLI) that utilize individual chambers for each patient to provide environ-
mental stability. Patient capacity and accessories available vary between systems
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media. The box incubator had embryos cultured in 20 μL 
microdrops, while the TLI system utilized the proprietary 
TLI culture slide. Embryos cultured in the TLI system were 
not disturbed, while those cultured in the box incubator were 
removed for observations at three time points. No difference 
in the number of good quality embryos between the incuba-
tors was observed on day 2. No differences in pregnancy or 
implantation were noted, but patients with transfers from 
embryos cultured in the TLI system had higher rates of mis-
carriage. Whether similar results would be observed follow-
ing extended culture to the blastocyst stage is unknown.

Another prospective comparison of a box incubator to a 
TLI system was performed using a poor prognosis patient 
population. Using 20 μL drops in a standard petri dish in a 
box incubator or use of 25 μL of media in a conical culture 
slide in a TLI incubator, patients were randomized and out-
comes compared after 3 days of culture [58]. Both incubator 
systems utilized low O2 and the same media. Embryos in the 
box incubator were removed and examined three times, 
while those in the TLI incubator were left undisturbed and 
imaged using the TLI monitoring system. Looking at 16 
patients (44 zygotes) in the TLI incubator and 15 patients (42 
zygotes) in the box incubator, no differences in embryos 
quality were noted on day 3, and no differences in pregnancy 
rates were identified (18.8 vs. 20.0%). The authors noted sig-
nificantly that more time was required to utilize the TLI incu-
bator compared to the standard culture system. Seven oocyte 
donors were also randomly assigned to the two culture sys-
tems. It was noted that with 36 embryos cultured in the TLI 
system, lower levels of Grade A embryos were available, 
though no differences in Grade A+B embryos were noted 
between the two systems. Low numbers and lack of blasto-
cyst culture should be noted.

To illustrate the importance of other factors regulating 
embryo development other than the actual incubator type or 
chamber size, a comparison of two identical ten-chamber 
benchtop units was performed, creating humidity in one 
incubator through addition of a water dish while leaving the 
other incubator non-humidified. Patient randomization was 
utilized, and no differences between patient populations 
were noted. All other conditions were similar. The authors 
reported that embryos cultured in the non-humidified incu-
bator had impaired development on day 3 and day 5, and 
transfers yielded lower pregnancy rates [43].

While new incubator technology should be beneficial, it 
should be noted that “more physiologic” approaches, which 
are less technologically advance, can also potentially lend 
themselves to improved embryo development. A comparison 
between a vaginal culture capsule and a box-type low O2 incu-

bator was performed following patient randomization [59]. 
While more cleaved embryos (88 vs. 69%) and more overall 
blastocysts >2BB (51 vs. 31%) were present in the box incu-
bator, the authors noted no difference in the number of high- 

quality blastocysts available for transfer, and only the in vivo 
cultured embryos yielded fully hatched blastocysts. No dif-
ferences in pregnancy or implantation were observed follow-
ing transfer. Thus, while preimplantation embryos would 
never normally see the vagina and variations may exist 
between patients in terms of the environmental conditions 
present during vaginal culture, this approach does appear to 
be able to provide good quality embryos for use. Whether the 
same findings would hold if compared to a modern benchtop 
incubator is unknown.

In summary, examination of comparative studies on 
embryo culture incubators indicates some differences are 
apparent between units in endpoints like environmental 
recovery, including gas atmosphere and temperature. These 
environmental recovery differences depend largely on the 
size of the incubator and the technology utilized in the unit, 
such as gas sensor type or temperature control approach. 
Importantly, careful attention must be paid to the use of opti-
mal available technology/approaches for each incubator type 
to better assess comparisons between units. Many of the 
existing reports compare newer smaller benchtop units or 
TLI units to older outdated large-box incubators. While this 
reflects many real-world system changes, comparison of new 
smaller units to an “optimized” large-box or small-box unit 
might be more insightful into impact of the incubator itself.

Additionally, it becomes apparent in examining prospec-
tive studies that while smaller incubator units recover gas 
atmosphere and temperature more rapidly, which undoubt-
edly reduces environmental stress, this may not necessarily 
equate to better clinical outcomes. Furthermore, published 
comparative studies fail to properly control confounding 
variables, such as gas environment, type of dish used, and 
embryo selection methods. This makes it very difficult to 
determine potential impact and or superiority of a particular 
incubator type.

77.4  Incubator Management

A critical review of existing comparative incubator studies 
makes it clear that it is not possible to determine the “best” 
incubator. Superiority of an incubator will vary for each lab-
oratory based on particular use and needs. As previously 
mentioned, results can vary between incubators types for a 
variety of reasons [16, 27]. This reinforces the need for strict 
quality control as well as proper management of laboratory 
IVF incubators to optimize function and outcomes [27]. 
Insight into specific incubator units, both benchtop/top load 
and standard box-type, their functioning and potential draw-
backs can be found elsewhere [60]. Regardless of the spe-
cific model of incubator utilized within the laboratory, 
without proper incubator management, environmental stabil-
ity and embryo development can be compromised in even 
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the most cutting-edge unit employing the newest 
technology.

Proper incubator management involves steps aimed at 
maintaining environmental stability inside the unit. A critical 
approach to achieve this includes distribution of patient sam-
ples and proper workflow to avoid overuse of specific incu-
bators. Not taking these measures results in “overcrowding” 
and an inability to maintain a stable culture environment due 
to repeated door openings/closing. Thus, incubator manage-
ment requires a sufficient number of units based not only on 
total cycle volume but also on the time frame of when these 
cycles are performed. For example, an IVF laboratory that 
performs 300 cycles spread over a 12-month period will have 
a different requirement for number of incubators than an IVF 
laboratory that performs the same 300 cycles batched at 
intervals throughout the year. The number of incubators 
needed will also differ for laboratories that perform blasto-
cyst culture compared to those that do not.

In addition to considering the number of incubators 
required, the use or workflow between incubators must also 
be considered. Preferential use of a particular unit over oth-
ers as a result of a more convenient location/proximity can 
compromise the environmental stability of the individual 
incubator due to increased openings/closing. It was demon-
strated that reducing door opening from six to four times 
over a 6-day period on a small-box incubator utilizing a 
water jacket with TC CO2 and galvanic O2 sensors resulted 
in significant improved human blastocyst formation (53 vs. 
43%) and “good” quality blastocysts (60% vs. 51%), 
though no differences in day 3 embryo quality, implanta-
tion, or clinical pregnancy rates were noted [61]. Further 
supporting the benefit of reduced incubator door openings 
and improved embryo development, the use of a gas-sealed 
modular chamber placed inside the incubator to stabilize 
gas atmosphere resulted in significantly improved mouse 
blastocyst development and increased cell number com-
pared to embryos cultured in a standard box incubator 
opened approximately 11 times per day [62]. Similar 
improvements in mouse embryo development and clinical 
outcomes were observed with use of a large enclosed isola-
tor-based culture system, likely due, in part, to improved 
environmental stability [63]. Thus, IVF cases should be 
distributed as evenly as possible between all available incu-
bators to avoid overuse or excessive door openings, regard-
less of the size or format of the unit.

Another method to reduce incubator door opening 
includes the use of “holding” incubators that can be used for 
transient procedures, such as dish equilibration, sperm swim-
 up/capacitation, or even brief culture of thawed embryos 
prior to same-day/immediate transfer. Using older “out-
dated” incubators, like many large-box units, for these pur-
poses may help reduce excessive use of incubators used 
primarily for extended embryo culture.

Finally, the use of various commercially available incuba-
tor adjuncts can help with incubator management and 
improve environmental stability. These approaches include 
use of gas or air filters to improve air quality. Additionally, 
the use of inner doors on box-type incubators can aid in 
reducing gas loss. Desiccator jars or modular chambers can 
maintain gas atmosphere within box-type incubators during 
repeated openings/closings, and specialized milled alumi-
num blocks designed to hold culture dishes can help main-
tain a stable temperature.

77.5  Incorporating New Technology 
and Future Directions

Another important consideration for incubator selection 
entails the ability to implement new technology. The field 
has already seen an increase in new incubators incorporating 
TLI with small individual chambers for each patient. These 
incubators often require fewer door openings and provide a 
more stable growth environment. However, future improve-
ments may be achievable.

Recent advances in dynamic embryo culture include 
motorized tilting devices, vibrating platforms, or even piezo- 
actuated pin systems [53, 64, 65], all which require standard 
box-type (large or small) incubators for placement. While 
with proper management, these innovations are aimed at 
improving embryo development and/or selection and may be 
performed in a similar fashion as benchtop units. Indeed, 
perhaps novel dynamic culture devices can be scaled down 
to permit incorporation into small benchtop/top load incuba-
tors (Fig. 77.6).

For example, emerging TLI devices could potentially be 
modified to incorporate dynamic vibrational culture. One 
could envision a small vibrating motor, similar to those used 
to vibrate cellular phones, attached to the area housing the 
embryo dish to provide gentle mechanical stimulation for 
brief periods between image capture. Prior studies indicate 
that 5 s of vibration at 44 Hz or other similar brief intervals 
improved embryo development and outcomes [66–69], 
though rates of control samples are often poor and there is 
disagreement that the beneficial effects exist [70].

Furthermore, microfluidic capabilities could be incorpo-
rated to help with media exchange or novel dishware uti-
lized where lyophilized media would be reconstituted 
automatically inside the incubator with an automated water 
pipetting system and equilibrated at the appropriate time. 
The embryos could then be moved along a microfluidic 
pathway to this new media, thereby achieving uninterrupted 
embryo culture but not being confined to using a single-step 
media while alleviating potential concerns about ammonia 
buildup. Additionally, more insightful noninvasive imaging 
technology could be implemented to supplement the normal 
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dark field or bright field images commonly used currently 
[71].

77.6  Conclusion

Incubator selection is perhaps one of the most important 
decisions for an IVF laboratory, as these pieces of equipment 
control the growth environment of the preimplantation 
embryo via regulation of several environmental variables. 
While newer and more novel culture approaches may reduce 
the need for traditional incubators [63, 72–81], for the time 
being, these laboratory workhorses remain a central part of a 
modern IVF laboratory. Functional aspects of the incubator, 
such as gas capability and sensor type, as well as temperature 
control and size/patient capacity, are important consider-
ations. Smaller incubator units, especially benchtop/top load 
devices, result in faster temperature and gas recovery. 
However, no published studies have demonstrated a clear 
benefit of any particular incubator type in terms of human 
preimplantation embryo development or clinical outcomes. 
Regardless of the incubator type, low O2 capability should be 
utilized, and an IR CO2 sensor is preferable for those units 
that mix the gases internally to permit the quickest gas recov-
ery. Practical issues, such as cost and space requirements, 
must also be considered. The appropriate number and type of 
incubators are needed to adequately support the patient case-
load, and this requirement must be determined on a lab-by- 
lab basis based on workflow. A combination of different 
incubator types, including large and small-box as well as 

benchtop/top load within a lab, helps cover multiple scenar-
ios and offers several options for utilization, including imple-
mentation of emerging technologies.

Importantly, to improve incubator function and help opti-
mize performance, proper incubator management is essen-
tial. Regardless of the size of the incubator or the technology 
incorporated/utilized, failure to implement proper manage-
ment of case workflow or failure to perform proper daily 
quality assurance/control can compromise the culture condi-
tions provided by any incubator. Proper incubator manage-
ment should consider the daily caseload, rather than annual 
cycle number to avoid unnecessarily high incubator door 
openings/closings and maintain a stable internal growth 
environment. As technology continues to advance and new 
culture platforms and embryo selection technologies become 
available, incubators will undoubtedly need to continue to 
evolve to meet the changing needs of the field.
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Quality Management Systems

Linsey White and Bryan J. Woodward

A successful fertility clinic requires a strong quality man-
agement system (QMS) to deliver a desired level of excel-
lence. The QMS should include quality policies, quality 
assurance and quality control. Maintaining quality is a con-
tinuous process which should be regularly risk assessed and 
audited to ensure the highest expectations are met for 
patients and staff. Furthermore, quality should be embedded 
within the organization with full managerial supervision and 
support. This enables troubleshooting via a cycle of continu-
ous improvement, which enhances quality, leading to 
increased patient satisfaction, alongside improved satisfac-
tion of investors and staff. A fertility clinic with a well-
established and functioning QMS implements effective 
quality management on a daily basis. All areas can be evalu-
ated and audited with the highest standard of results 
achieved.

An iterative four-step quality management tool of 
“plan- do- check-act”, known as the Deming Cycle, is used 
across many industries for the control and continuous 
improvement of processes and procedures [1] (Fig. 78.1). 
The “plan” phase involves assessing and deciding on 
which process needs to be improved, with a clear goal to 
reach. The “do” phase allows the action plan to be imple-
mented and data to be gathered to look at the effective-
ness of the change or new process. At the “check” phase, 
the data is evaluated alongside the plan and desired out-
come, forming a gap analysis or appraisal. Finally, the 
“act” phase demonstrates the new and improved process 
can become the baseline, provided the desired outcome 
has been met. When put together, the Deming Cycle is 
continuous, with numerous processes seven completing 
the cycle several times to continuously refine the 
process.

78.1  Establishing a Quality Management 
System

In the UK, the Human Fertilization and Embryology 
Authority (HFEA) requires all licensed fertility clinics to 
have a QMS [2], stating:

The centre must put in place a QMS and implement this system 
to continually improve the quality and effectiveness of the ser-
vice provided in accordance with the conditions of this licence 
and the guidance on good practice as set out in the HFEA’s Code 
of Practice.

(Guidance Note T32, HFEA Code of Practice, 2019)

The HFEA provides its own definition of a QMS as:

The organisational structure, defined responsibilities, proce-
dures, processes and resources for implementing quality man-
agement (i.e. the co-ordinated activities to direct and control an 
organisation with regard to quality), including all activities 
which contribute to quality, directly or indirectly

(Section 23.1, HFEA Code of Practice, 2019)
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All HFEA-licensed fertility clinics have had to align their 
QMSs to account for the HFEA’s interpretation of the 
European Union (EU) Tissue and Cells Directive 2004/23/
EC [3]. This Directive affected all EU Member States, 
accepting that interpretation of the Directive differed accord-
ing to the country. An effective QMS requires regular review 
regardless of the geographical location but may need to adapt 
to new local legislation as it changes.

78.1.1  External Standards

Many fertility clinics consult external standards to supple-
ment their QMS, such as the International Organization for 
Standardization (ISO; www.iso.org), which provides sets of 
standards for a specific level of quality.

ISO standards that relate to assisted conception include:

• ISO 9000:2000. Quality Management Systems: 
Fundamental and vocabulary

• ISO 9001:2008. Quality Management Systems: 
Requirements

• ISO 15189:2012. Medical laboratories: Requirements for 
quality and competence

Other approaches to QMS development, such as “Lean & 
5S” and “Six Sigma” have their roots in successful car manu-
facturing companies. For example, “Lean & 5S” is an operat-
ing philosophy originally developed by Toyota to help reduce 
costs and turnover time. Similarly, Motorola developed “Six 
Sigma”, a philosophy that reduces “variability” to help solve 
problems. “Six Sigma” solves all problem using a five-step 
DMAIC process: define, measure, analyse, improve and 
control.

A systematic approach to identify and eliminate waste through 
continuous improvement by flowing the product only when the 
customer needs it in pursuit of perfection
(US Department of Commerce’s National Institute of Standards 
& Technology Manufacturing Extension Partnership)

External standards tend to be short documents with wide- 
ranging statements to allow interpretation by different indus-
tries. The requirements of specific organizations may also 
need to be considered by fertility clinics, e.g. in the UK, clin-
ics need to consider the HFEA, the Care Quality Commission, 
the National Health Service (NHS) Litigation Agency and 
the UK Accreditation Service.

If external standards are implemented, a high-level qual-
ity can be consistently maintained within the fertility unit. 
This ensures patients receive an agreed standard of care 
throughout their treatment, whilst the clinic can also work 
continuously to improve the service delivered. Thus, the 
QMS provides a management framework to monitor and 
enhance performance.

78.1.2  The Quality Manual

The quality manual should describe the clinic in its entirety 
and all activities taking place. It should also be a fluid docu-
ment that all staff can input into, with regular reviews and 
updates as processes evolve and improve. As such, the qual-
ity manual is a vital component of the QMS.

The quality manual should consist of guidance on the 
processes and procedures imperative to running the clinic, 
such as management of staff, non-conformances, corrective 
and preventive procedures, document control, internal 
auditing and records. Each section should be written in 
such a way that it is easily understood by all staff. When the 
benefits of quality are appreciated by all team members, 
then quality manual becomes an essential document for 
management of the fertility clinic, In the UK, the impor-
tance sits alongside the HFEA Code of Practice, with both 
working in synergy.

78.2  Organizational Structure, 
Management and Responsibility

Fertility clinics should designate one person to have overall 
responsibility for all activity taking place. In the UK, this 
person is called the “Person Responsible” or “PR”. With sup-
port from the senior management team (usually represented 
by senior staff from the medical, nursing, scientific and 
administration teams), the PR directs the organizational 
structure by assigning clear roles, job descriptions and 
responsibilities to all staff and ensuring they have skills 
required to fulfil these roles.

An organizational chart should be included in the quality 
manual to show that the clinic has the correct number of staff 
of sufficient grade, skills and experience, to perform the 
treatments to a require level of quality. It also defines 
accountability and reporting relationships (Fig. 78.2).

Each position within the organization should be clearly 
defined by a job description specifying the requirements, e.g. 
appropriate education, skills, training and experience. Job 
descriptions can be used as part of the hiring process but also 
to ensure staff are sufficiently skilled and aware of their 
responsibilities to meet the clinic’s objectives throughout 
their service. All staff should possess the desired key skills, 
and these should be developed throughout their employment 
with an appraisal system implemented to monitor and evalu-
ate each individual’s service. Appraisals or regular staff 
reviews should highlight training needs, with individuals 
having a personal training file including evaluation of perfor-
mance and competence and an appraisal report containing 
recommendations for improvements to benefit the clinic. 
Staff engagement is imperative for the clinic to deliver high 
standards of patient care. When quality is present, individu-
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als should competently perform their designated tasks in line 
with the SOPs and remain engaged in the clinic objections 
and quality policy.

The organizational chart (Fig.  78.2) requires timely 
reviews to ensure its effectiveness in supporting the ever- 
changing clinic needs. For example, fluctuations in cycle 
numbers may warrant a change in the number of certain 
types of staff, which should be regularly reviewed through-
out management and quality review and auditing.

All staff should comply with ethical conduct, which is 
usually covered by the codes of conduct from respective 
 professional bodies, e.g. in the UK there are codes from the 
Royal College of Nursing (RCN), the Royal College 
of  Obstetrians and Gynecologists (RCOG) and the Royal 
College of  Pathologists (RCPath), whilst laboratory staff 
additionally sign up to codes from the Health and Care 
Professions Council (HCPC) and the Association 
of Reproductive and Clinical Scientists (ARCS).

78.2.1  The Quality Manager

The quality manager must have a deep understanding of all 
aspects of the QMS and the requirements of the internal and 
external standards to be achieved. Often the quality manager 
may have other responsibilities within the clinic, although 
the importance of quality should not be sacrificed with QMS 
implementation treated as priority.

The quality manager’s role includes:

 (i) Ensuring Code of Practice requirements are met and 
communicating with the national regulatory body as 
required

 (ii) Ensuring resources are available to implement and 
maintain the QMS and that staff are aware of the associ-
ated tasks

 (iii) Monitoring training compliance to ensure that employee 
skills are of the required standard and offer additional 
support and retraining where necessary

 (iv) Completing audits and identifying the need for changes 
and opportunities for improvement

 (v) Establishing the quality policy and objectives
 (vi) Monitoring key performance indicators (KPIs) and 

implementing data-driven improvements

78.2.2  Quality Policy and Objectives

The quality policy is a statement showing the clinic’s inten-
tion to work towards key areas, e.g. achieving patient satis-
faction, training staff and working with suppliers to achieve 
the best outcomes for patient treatment.

In the UK, the HFEA defines a Quality Policy as:

the overall intentions and direction of an organisation related to 
quality as formally expressed by centre management. A quality 
policy statement defines or describes an organisation’s 
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intentions and commitment to quality and provides a framework 
for setting quality objectives and planning.

(Section 23.6, HFEA Code of Practice, 2019)

The approved quality policy should be displayed in the 
clinic, for both staff and patients to see. To ensure the quality 
objectives meet patient needs, they should be measurable 
and regularly reviewed such that the objectives are reached 
and maintained.

78.3  Control of Equipment

78.3.1  Validation

Validation or verification should be completed on all critical 
equipment and processes to verify that they are performing 
to the specifications required and thereby give confidence in 
the system.

Typically validation documents include:

• The validation master plan (VMP). This document defines 
the scope, planning and management of complete valida-
tion process. The VMP summarizes details of the equip-
ment and the strategy for the whole validation process. 
This should be completed and circulated to all senior 
members of staff to ensure the correct variables are being 
verified.

• The user requirement specification (URS). This document 
demonstrates the need and purpose of the equipment or 
process. This document ensures that equipment and pro-
cesses have all the necessary requirements to ensure they 
are fit for purpose.

• The qualifications. These are documents supporting the 
installation, operation and processing of equipment or 
processes, and include the:

 – Installation qualification (IQ)—to verify that installa-
tion of an item of equipment or a process is correct and 
ensures the equipment is functioning as per manufac-
turer’s guidance

 – Operation qualification (OQ)—to demonstrate the 
ability of the equipment or process to operate as speci-
fied in the URS

 – Process qualification (PQ)—to show satisfactory com-
pletion of the OQ, demonstrating outputs of a process 
meets all specifications

• The validation report (VR). This document pulls together 
all documents and verifies all requirements of the VMP 
have been met. The VR gives recommendations for 
improvement and risk mitigation. The VR also specifies the 
timelines for maintenance, calibration and revalidation.

78.3.2  Calibration and Maintenance

Calibration is performed by checking and comparing the 
equipment to a known standard. This process may require 
adjustment of the instrument to bring it to the standard 
and reset values. The majority of equipment requires some 
kind of maintenance and calibration, with the frequency 
usually defined by manufacturer specifications or quality 
manual, depending of importance of equipment to the 
process. An evaluation should be carried out to assess fre-
quency of usage, importance of equipment, and how often 
the equipment malfunctions or drifts from the desired lev-
els and therefore requires servicing and calibration. 
Records of unplanned maintenance and breakdowns 
should be recorded as this could highlight suboptimal 
equipment. Suboptimal performing equipment should be 
segregated and not used until calibration and revalidation 
has taken place.

78.3.3  Third-Party Agreements

Third-party agreements (TPAs) are contracts between fertil-
ity clinics and suppliers of equipment, consumables and ser-
vices. TPAs cover the conditions to be met by both parties to 
deliver the desired service. This allows approval and moni-
toring of the suppliers to ensure needs and expectations of 
the clinic are met. TPAs are sometimes referred to as service- 
level agreements (SLAs), more often for services rather than 
products between departments within the same 
organization.

In the UK, the HFEA Code of Practice defines a TPA as:

an agreement in writing between a person who holds a licence 
and another person which is made in accordance with any 
licence conditions imposed by the Authority for the purpose of 
securing compliance with the requirements of Article 24 of the 
first Directive (relations between tissue establishments and third 
parties) and under which the other person -

 (a) procures, tests or processes gametes or embryos (or 
both), on behalf of the holder of the licence, or

 (b) supplies to the holder of the licence any goods or services 
(including distribution services) which may affect the quality 
or safety of gametes or embryos

(Mandatory Requirement 2A, HFEA Code of Practice, 2019)

78.3.4  Traceability and Identification

In fertility clinics, high-level identification and traceabil-
ity are needed to allow verification of all equipment and 
consumables. This allows investigation and segregation 
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should non-conforming material and retrospective investiga-
tion. All consumables should be batch controlled by docu-
menting the product identifier, batch number and expiry 
date. Traceability can be useful for investigations if trends in 
changes to performance are observed or a safety field notice 
is issued from the manufacturer.

All equipment and consumables should be identified as 
“approved for use” such that they comply with all legislative 
requirements. These items should be checked to ensure there 
was not deterioration to quality during shipping from the 
supplier to the clinic. TPAs with companies supplying cul-
ture media should stipulate that the “cold chain” (tempera-
ture from the factory, throughout transit to the clinic) is not 
compromised. This can be monitored by data loggers that 
measure temperature throughout transit to confirm that the 
quality of the media will be optimal for clinic use. If there is 
a change to the transport method without prior agreement 
from the clinic, then the TPA has not been adhered too and 
the media should not be used clinically.

In Europe, incoming consumables should be approved by 
supplier by CE (Conformite Europeene) marking of the 
product. A CE mark is the manufacturer’s declaration that 
the product complies with the essential requirements of the 
relevant European health, safety and environmental protec-
tion legislation. The CE mark often indicates the product has 
been placed legally on the market and there is free movement 
of the product within complying counties within the 
EU. However, CE marking is not always available, in which 
case in-house testing should be undertaken.

The HFEA Code of Practice states:

The centre should use only media and consumables that have 
been CE-marked at a classification suitable for their intended 
purpose. Modifying existing devices (for example, adding cal-
cium ionophore to culture medium) or using them ‘off label’ for 
purposes not intended by the manufacturer (for example, using a 
medium for a different purpose from that specified) has safety 
implications. It may also count as manufacture of a new device 
under the Medical Devices Regulations.

(section 26.4, HFEA Code of Practice, 2019)

78.4  Document Control and Record 
Keeping

Documentation control within a fertility clinic is imperative 
to ensure consistency exists throughout all procedures. 
Documents are often controlled electronically via quality 
management software designed to monitor all documents 
and ensure training, review and regular audits as stipulated 
by the quality manual.

Good document control ensures that all staff perform 
standard operating procedures (SOPs) in the same way, using 
the same recording methods (e.g. forms or worksheets) to 
minimize inter-operator variation (Fig.  78.3). Only current 
and approved versions of documents, forms and any other 
paperwork should be available. When documents are 
reviewed and changed, all staff should have access to up-to- 
date versions to ensure all processes are carried out as per the 
changes. Adherence to older uncontrolled versions of SOPs 
could impact on the safety of patients, their gametes and/or 
embryos and also on staff.
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Any deviation from an agreed process should be logged 
as a non-conformance (NC) to ensure traceability of all 
events. Staff should be allowed the opportunity to justify 
deviations and update appropriate SOPs if required. Although 
a deviation is a NC, it may lead to an improvement and could 
therefore contribute to the quality feedback improvement 
loop.

Recommendations for document management:

• Allocate each document:
 – A code to allow them to be controlled and tracked, e.g. 

SOP-XXX, FORM-YYY
 – A numerical or alphabetical revision which should be 

updated each time the document is reviewed and 
changed. With previous versions archived for refer-
ence only, access should be restricted to prevent adher-
ence to previous documents.

• Document changes should be carried out by someone 
with expertise of the process. All changes should then be 
peer reviewed before approval for use.

• For traceability, a full justification of why changes were 
made should be recorded, assessing the possible impact 
of the change, including any changes to risk level and 
validation documented.

• Documents should be available at all times to operators in 
the format that cannot be amended, e.g. a PDF version.

• Documents should follow the same templates to allow 
consistency and ease of use throughout.

• Referencing should be made to other documents where 
applicable, e.g. references or links to related worksheets.

• Documents should be appropriately filed to allow trace-
ability with a recommended retention of files for a spe-
cific period of time if not electronic.

78.5  Audits and Quality Improvements

Quality indicators, also known as key performance indica-
tors (KPIs), should be continuously monitored to allow eval-
uation and outcome of clinic procedures. Data trends should 
drive improvement; therefore, it is important to record data 
accurately for statistical analysis.

The HFEA Code of Practice states:

Required standards of quality and safety, in the form of quality 
indicators for all activities authorised by this licence and other 
activities carried out in the course of providing treatment ser-
vices that do not require a licence, must be established.
(Guidance note T35, HFEA Code of Practice, 2019)

Examples of KPIs include the percentages of eggs col-
lected relative to the number of follicles, oocytes fertilized 
relative to the number of oocytes collected and live births 
relative to the number of embryo transfers performed.

Audits are used to monitor the output of documented pro-
cesses and provide an objective evaluation to determine 
whether the process is being carried out as per the clinic 
requirement. This is managed via an audit schedule to look at 
as many areas as possible, concentrating on processes that 
have been recently introduced or changed. An audit schedule 
usually runs over a reasonable period of time, such as 2 years 
(Fig. 78.4). Unscheduled audits may also be undertaken at 
any point, particularly if there are concerns about a process.

Audits establish whether all activities that affect quality 
are being carried out correctly and effectively by staff. Audits 
should be carried out by a trained auditor, and it is recom-
mended the auditor does not work directly on the process 
being evaluated to enable them to look at processes objec-
tively. Audits can be performed internally (within the organi-
zation by a trained member of staff) and externally (via 
external assessment, e.g. from the HFEA or supplier audits). 
Audits should be welcomed, as they introduce continuous 
improvement and give patients and staff a further degree of 
confidence in the clinic.

Following an audit, a report should be completed with any 
NCs or observations discussed and actioned by department 
senior staff, as necessary. They can be used to measure com-
pliance with policies, procedures or requirements (e.g. the 
HFEA Code of Practice).

The HFEA Code of Practice states that:

...audits must be performed at least every two years, by trained 
and competent staff and in an independent way. Findings and 
corrective actions must be documented and implemented.
(Guidance Note T36, HFEA Code of Practice, 2019)

Audit findings should be investigated with an action plan 
put in place to resolve and correct any issues. The period of 
time required to resolve findings varies, according to the 
number of changes required. It is important a full investiga-
tion takes place before a corrective action is implemented to 
ensure the root cause of the issue is resolved.

Schedule & Checklist Perform Audit

Evaluate findings

Propose action Perform actions

Fig. 78.4 The continuous audit loop
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78.6  Non-conformance Reporting, 
Corrective Action and Preventive 
Action

When reporting NCs, a document should be generated to 
ensure the root cause is identified and resolved. Immediate 
remedial action should be implemented, to allow the opera-
tor/process to continue. This should be followed up with an 
investigation and implementation of appropriate actions to 
resolve the issue, in a timely manner.

Corrective action preventive action (CAPA) is often used 
to resolve NCs and mitigate the risk of them occurring again 
in the future. Corrective action (CA) is proposed and imple-
mented after an initial investigation of a NC.  A problem- 
solving method of investigation, such as the “5 whys” may be 
used. “5 whys” solves problems by asking “why” no fewer 
than five times to drill down to the root cause.

Preventive actions (PA) are often more difficult to put in 
place as they require action to be put in place before any NC 
occurs. This takes into account that it is often difficult to 
foresee issues with processes without trialling them first. PAs 
may be identified at routine audits as observations for 
improvement.

78.7  Risk Management

Risk management is the process of identifying and mitigat-
ing all potential risks to the fertility service in order to mini-
mize their impact. These could be risks to patients and their 
gametes or embryos or risks to staff by any process. All 
major processes should be risk assessed within the clinic 
when they are introduced or significant changes take place, 
to ensure safety and fit for purpose.

Failure Mode Effects Analysis (FMEA) is an approach 
often used to assess risk. This is a step-by-step approach 
used to numerically analyse risks, whereby each risk is dis-
cussed in turn and scored according to the likelihood of 
occurrence and severity. These individual scores are then 
ranked by a traffic light system, with red risks requiring an 
immediate and effective action to be implemented, orange 
risks requiring a corrective action to be put in place to reduce 
risk and a green risk should also have a corrective action 
implemented although not as crucial. See FMEA’s website 
for the criticality matrix.

Risk management should be integrated into all processes 
throughout the QMS to mitigate risk as much as possible. 
Identifying all the potential hazards at an early stage allows 
appropriate controls to be identified and incorporated into 
the service development (Fig. 78.5). This is a proactive pro-
cess, and all staff should be engaged in risk management and 
encouraged to identify potential risks.

78.8  Patient Satisfaction and Complaints

Clinics should monitor patient satisfaction to identify, assess 
and react to emerging issues and to identify opportunities for 
the continuous improvement of service. This allows the clin-
ics to make improvements and deliver care to a high 
standard.

Clinics should have a clear complaints procedure as, 
unfortunately, complaints are inevitable. Patient complaints 
allow the opportunity for a clinic to provide feedback 
before, throughout and after their treatment. Complaints 
should be fully investigated and evaluated, with a suitable 
CAPA put in place, if appropriate. Complaints should not be 
ignored and an action plan with a follow-up for each case 
should take place. Complaints should also be reviewed 
annually to allow any trends to be observed, so that quality 
can be improved.

78.9  The Management Review Meeting

The management team should formally meet at least annu-
ally to evaluate the effectiveness of the QMS and general 
organization of the fertility clinic. This meeting provides an 
opportunity for the team to examine if the expected results 
are achieved and the functions meet expectation. The capa-
bility of the organization and requirements for the future can 
then be considered.

The management review meeting (MRM) is an opportu-
nity to get a group of senior decision-makers together to 
review the organizations quality and to make improvements 

Elimination

Substitution

Engineering

Administrative

PPE

Fig. 78.5 Risk assessment guide. Blue, physically remove the hazard; 
green, replace the hazard; yellow, isolate people from the hazard; 
orange, change the way people work; red, protect the worker with per-
sonal protection equipment (PPE)
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and changes where necessary. NCs and complaints should be 
reviewed and preventive measures put in place where possi-
ble for future occurrences. As such, the MRM is one of the 
most important meetings that a fertility clinic undertakes.

78.10  Conclusion

The objective of this chapter was to demonstrate some of the 
key aspects of a successful QMS for a fertility clinic. 
Managing quality is crucial to all services and businesses. 
Quality helps to maintain patient satisfaction and reduce 
risk, making good business sense. It is hoped that, with cor-
rect guidance, everyone will realize why it is imperative to 
have quality embedded into all aspects of a clinic, as the ben-

efits of bringing quality deliver improved outcomes for both 
patients and staff.
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Risk Management in Medically  
Assisted Reproduction

Ajibike Oyewumi

Healthcare, by its very nature, deals with risk. To tackle the 
disease or challenge that the patient presents with, some kind 
of remedy that invades or alters the body or the body’s 
responses has to be instituted. The anticipated benefit makes 
it justifiable to take these actions. However, the remedies or 
remedial actions may have some harmful consequences. The 
potential harmful consequences of the beneficial remedies 
are what constitute the risks. The overall objective of all 
healthcare organisations is to deliver the best quality of care 
possible, without error or harm to the patient, the staff, the 
organisation and the society.

Modern healthcare, including assisted reproductive 
technology (ART), is immensely complex. Kenneth Kizer, 
a former head of the US Veterans Affairs Health System, 
stated that modern healthcare has turned in the most com-
plex enterprises ever tackled by humans [1]. Causes of 
complexity in healthcare include the use of highly compli-
cated technologies, the use of many potent drugs, differing 
education and training of providers, often confused lines 
of authority, highly shifting physical settings and multiple 
providers looking after various aspects of the patients and 
needing multiple hand-offs. Furthermore, there may be 
communication barriers, patients who are medically 
diverse, a large variety of care processes and the time-pres-
sured surroundings in which the providers work. All of this 
complexity brings with it risks and makes the system 
error-prone [1, 2].

Risks and adverse events have been studied more in other 
aspects of healthcare than in ART.  The World Health 
Organisation (WHO) estimated that about one in ten patients 
are harmed while receiving healthcare worldwide [3]. This 
number is an estimated average and will vary by region and 
by care delivered. A research scan published in 2011 by the 
Health Foundation included more than 100 studies and 
reviews, predominantly from the USA, Australasia, Europe 
and the UK. This more recent research suggested that levels 

of harm ranged from 3 to 25% in acute care. Half to one third 
of these events were thought to be preventable [4].

ART treatment programmes are complicated due to the 
use of high-tech equipment and procedures in the clinical 
laboratory, including gamete and embryo micromanipulation 
and cryopreservation and pre-implantation genetic testing, in 
addition to the reasons stated above. The patient population 
being treated is also broadening and often involves patients 
with pre-existing conditions and multiple parties, including 
the future parents, gamete donors or gestational surrogates 
[5]. In addition, ART requires the integration of multiple dis-
ciplines, as in many, if not most, aspects of healthcare. It has 
been suggested that this multidisciplinary nature, which 
necessitates multiple hand-off of patients and patient materi-
als, could mean that the risk of incidents could even be higher 
than in other areas of clinical practice [6].

A study from the Netherlands published in 2011 found 
that the overall death rate in IVF pregnancies was 42 per 
100,000 women, compared with 6 deaths per 100,000 in all 
pregnancies [7]. In a 10 year study performed by Boston IVF 
Andrology and Embryology laboratories in the USA, the 
overall rates of moderate and significant errors (“Moderate: 
a problem negatively affecting a cycle but not to the extent 
that it is lost; Significant: loss of a cycle due to loss/mishan-
dling of gametes or embryos; and Major: systemic problems 
affecting multiple patients”) per procedure and per cycle 
were 0.05% and 0.18%, respectively. These rates, when 
compared to rates of 2.7–12% that result from laboratory 
errors in other areas of medicine, were very favourable [5]. 
In the UK, the Human Embryology and Fertilization 
Authority (HFFEA) reported an average 500–600 incidents 
per year out of more than 60,000 cycles of IVF treatment [8].

All these data point to the fact that though quite low, there 
is a risk of adverse events associated with ART that cannot be 
ignored. These adverse outcomes also increase the risk of law-
suits and claims against the organisation in charge of the ART.
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Risk management in healthcare can be traced back in 
history to Ignaz Semmelweis and Florence Nightingale. 
Semmelweis required that doctors and students clean 
their hands in chlorinated lime water before entering the 
labour ward especially when coming in from the autopsy 
room. However, risk management only really started to 
be appreciated after World War II, with sources citing 
modern risk management beginning around 1955–1964 
[9–11].

Risk management in healthcare in its present form 
emerged in the mid-1970s, when healthcare institutions 
experienced a rapid rise in lawsuits and claims costs [9, 10]. 
At this time, the corporate world found a means of address-
ing the management of risk through the purchase of insur-
ance. As malpractice verdicts and settlements continued to 
rise, a more proactive approach to managing risk began to 
evolve and develop resulting in risk management in health-
care [10, 11].

79.1  Hazards, Risks and Their 
Consequences

It is important to know the difference between two closely 
related yet distinct concepts: hazard and risk. Hazard can be 
defined as a source of potential harm or a situation with a 
potential to cause loss. It is an intrinsic property which is an 
immutable condition of a given situation or activity. This 
implies that hazards cannot be altered.

Risk is the chance that something unwelcome or unpleas-
ant could lead to injury or loss. Risk in healthcare may be 
clinical or non-clinical. Non-clinical risks generally encom-
pass areas of administration, finance, technology, environ-
ment, human resources, staff safety and health and safety, all 
of which might influence public opinion and reputation. 
Clinical risks arise from clinical processes relating to the 
patient, either directly and indirectly. The consequences of 
clinical risks have been termed “adverse events”. Adverse 
events can be preventable or non-preventable. When the 
events have catastrophic, irreversible impacts, like disability 
or death, they have been termed sentinel events. Thankfully 
these are rare.

In the UK, the HFEA defines an adverse incident as:

“any event, circumstance, activity or action which has caused, or 
has been identified as potentially causing harm, loss or damage 
to patients, their embryos and/or gametes, or to staff of a licensed 
centre.” These include incidents which are clinical, laboratory- 
based or administrative [8].

Risks to be considered in the ART setting are related to 
the clinical, laboratory and administrative aspects. Others are 
financial, legal and ethical. These are important to consider 
as there could be issues arising in relation to accessing treat-
ment and the possible impact on the health of the staff, the 

public and future generations [6]. Adverse events which 
occur in fertility practice can be classified as:

• Clinical (such as hospital admissions due to ovarian 
hyperstimulation syndrome)

• Laboratory-based (such as loss of sperm, eggs or embryos 
and IVF mix-ups)

• Administrative errors (such as breaches of confidentiality 
and record keeping errors) [8]

The consequences of known risks in medical practice and 
ART should be prevented by having a proactive approach to 
managing the risks.

Risk management (RM) is the process by which the risk 
can be measured or estimated, and then strategies can be 
developed to prevent or manage it.

As RM evolved, the focus shifted from managing solely 
professional liabilities to managing patient safety and loss 
prevention [12]. However, RM principles are applicable 
across all areas of healthcare strategy and operations, and 
this has led to the promotion of a broader, comprehensive 
organisation-wide approach of enterprise risk management 
(ERM) approach [13, 14].

• “RM is an integral part of all organizational processes” [15].
• “It is not a stand-alone activity that is separate from the 

main activities and processes of the organisation. RM is part 
of the responsibilities of management and an integral part of 
all organisational processes, including strategic planning 
and all project and change management processes”  [16].

Notwithstanding the approach used in RM in an organisa-
tion, the primary goal should be to reduce harm and improve 
patients’ quality of life.

79.2  Risk Management and Quality 
Management

RM and quality improvement should be considered as inte-
grated rather than separate streams when determining all 
areas of operation. These include clinical practice, equip-
ment procurement and design, capital development, man-
agement of contractors and the workforce, workplace 
health and safety, information technology and financial 
planning [15, 16].

79.3  Aims of Risk Management

RM helps to highlight situations that are error-prone and to 
implement systems that help to prevent the errors from hap-
pening; to address errors before they cause harm or loss or to 
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mitigate harm from errors before they impact on patients, 
staff or the organisation. Other goals of RM include enhanc-
ing patient outcomes, effective management of resources, 
supporting legislative and regulatory compliance and safe-
guarding financial security and continued viability of the 
organisation [15, 16].

The benefits of RM are often very clear to those involved 
in RM, quality and patient safety. However, staff who are 
overworked might perceive it as just another task or bur-
den [6].

The consequences of not pursuing RM include [17]:

• The organisation will be always reactive to risk and make 
decisions based on inadequate information and knowl-
edge of future risks and consequences.

• Scarce resources will be expended to correct problems 
that could have been avoided.

• Catastrophic problems will occur without warning, and 
the organisation may be unable to respond rapidly to such 
events.

• Recovery thereafter may be very difficult and/or costly or 
even impossible.

79.4  Risk Categories

79.4.1  Scope of the Risk Management 
Programme

Developing a comprehensive RM programme involves look-
ing beyond the clinical- and patient-related risk. To be truly 
comprehensive, a RM programme should include the follow-
ing categories or domains of risk shown in Table  79.1 
[17–19].

79.5  Risk Management Strategies

The ultimate goal of RM is to identify appropriate strategies 
that can be used to avoid or eliminate the identified risk when 
possible. If, however, a risk cannot be eliminated, then it 
must be managed.

79.5.1  Key Components of Risk Management

When developing a RM strategy, three key components need 
to be in place: organisational commitment, integration and 
stakeholder engagement.

79.5.2  Organisational Commitment

Organisational commitment [17, 18] involves the leadership 
team at all levels, including the board, who should clearly 
and unequivocally demonstrate its commitment to RM and 
safety, to all staff. This can be performed by providing 
approval support and active participation in the programme 
when required. It also involves developing accountability 
systems and assignment of responsibility with support for 
the various roles within the system. The importance of safety 
should be clearly stated in the institution’s policies, and it 
should involve all aspects of organisational life.

79.5.3  Integration

The RM programme should be integrated with other sys-
tems, initiatives and aspects of the organisational culture and 
strategy, particularly regarding quality and safety (see sec-
tion above). Efforts should be made to create operational 
links and avoid duplication of efforts. Access should be pro-
vided to all levels of the organisation, with defined account-
abilities and identification of resources.

79.5.4  Stakeholder Engagement

All stakeholders should be made aware of safety and its 
importance. It is necessary to incorporate safety in the daily 
operations of the organisation. The RM policy and its chal-
lenges should be explained to all stakeholders. Input from 
clinical staff should be sought throughout the process and 
included into the RM programme. Efforts should be made to 
seek the commitment of the clinical staff and to encourage 
ownership of the programme by all staff.

79.5.5  Risk Management Process

The RM process (clinical and non-clinical) involves a num-
ber of steps. These steps have been labelled differently by 
various authors, organisations and entities. In general, they 
follow the same principles of identifying the risk; assessing 
the risk; responding to the risk and evaluation of the RM 
process and the programme [16–20].

Table 79.1 Risk categories

Patient care Facilities
Financial Property related
Strategic Operational
Legal/regulatory Medical products and 

technology
Human resources—medical and 
non-medical

Natural hazards

79 Risk Management in Medically Assisted Reproduction
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The ISO 31000:2009 [16–18] which is largely based on 
the AS/NZS 4360:2004 process identifies the five steps in the 
RM process as:

• Risk identification
• Risk analysis
• Risk evaluation and prioritisation
• Risk response or treatment
• Review evaluation and monitoring.

It also includes some other components: establishing the 
context in which risk is to be managed; communication and 
consultation with all stakeholders and the monitoring and 
review of the RM programme in the process.

Though the process is depicted as stepwise, in reality it is 
most often iterative between the steps. As well as consider-
able iteration between the steps, consideration must be given 
to involve continuous application to the elements of 
“Communication and Consultation” and “Monitoring and 
Review”. These two additional processes flow across the five 
steps of the RM process. Both are vital to effective RM and 
need to be implemented simultaneously at each level of the 
RM process.

79.5.6  Establish the Context

It is important to establish the context of the RM process 
quite clearly at the beginning of the process. This step defines 
the parameters within which risks will be managed and clari-
fies the goals, objectives and the scope of the process, taking 
into account the internal and external environment.

Establishing the context includes getting a comprehensive 
appreciation of all the factors that may have an impact on the 
ability of the organisation to achieve its intended outcomes. 
A set of key risk criteria must then be defined for structuring 
identification and response to the identified risk. Such crite-
ria may be based on clinical, regulatory operational, techni-
cal, financial, legal, social and humanitarian factors.

79.5.6.1  External Context
In defining the external context, it is important to consider 
who the external stakeholders are and their relationship with 
the organisation. ART centres should be considered within 
the context of government regulations, professional guide-
lines, licensing and accreditation requirements. Furthermore, 
they should be considered within the context of the competi-
tion in the industry (generating referrals, outcomes, pricing, 
etc.). Some countries have established comprehensive legis-
lation and regulations that govern most aspects of ART such 
as the UK, Japan, the European Union and a number of 
Australian states. However, others, such as the USA, are not 

as regulated and rely on professional clinical and ethical 
guidelines and the general regulation of medical practice to 
govern this area [21, 22].

79.5.6.2  Internal Context
Understanding the internal context involves consideration of 
the internal stakeholders and the environment. ART centres 
exist in different settings. Some are part of a larger multi- 
speciality organisation, while others exist as mono-speciality 
units. Those that exist as part of a larger organisation will be 
influenced by the culture, structure, policies and processes of 
the corporate body [16, 17].

79.5.7  Risk Identification

Risk identification is the use of a well-structured systematic 
process to find, recognise and describe risks in the healthcare 
environment or process that constitutes potential loss expo-
sures for the institution. Risk identification is not a one-time 
process but should be ongoing and dynamic. Over time, all 
significant risks to the organisation need to be identified, 
assessed, treated and monitored. However, because it is not 
possible to deal with all the risks at the same time, risks that 
may pose an internal or external threat should be identified 
and prioritised.

To identify risks, the exposure in the risk categories in 
Table 79.1 should be considered. The following components 
should be understood:

• What are the issues that may arise, the possible locations 
and timing and under what circumstances?

• How is this likely to occur?
• Who are the persons that may be involved?
• How will the information about the identified risks be 

gathered?
• How reliable is/are the source(s) of information?
• Have all the right stakeholders been engaged in the pro-

cess of identifying the risk?

Possible sources of information for identifying risks are 
shown in Table 79.2.

There are a variety of methodologies, processes and tools 
available to assist in risk identification. Tools can be retro-
spective or prospective [17, 18, 22].

The following are a few of the various tools available:

• Root cause analysis (RCA)
• Failure Mode and Effects Analysis (FMEA)
• Event tree analysis (ETA) and hazard identification
• Questionnaires
• Brainstorming
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• Focus groups
• Interviews
• Patient satisfaction surveys

It is critical to perform a thorough and comprehensive risk 
identification, because a risk that is not identified will not be 
included in the risk analysis. On the other hand, it is impor-
tant to limit the number of risks identified, as it will be diffi-
cult to operationalise a list of many risks. The number of 
risks can be limited by focusing on only the most significant 
ones. The criteria for determining “significance” may differ 
depending on the organisation. One method that may be used 
is to consider those risks that might require the attention of 
senior leadership [23].

Key risks areas in ART identified by the HFEA in the UK 
[24] and by the European Society of Human Reproduction 
and Embryology (ESHRE) [25, 26] are based on findings 
from reported incidents over time. These include risks related 
to the gamete or embryo (such as incorrect identification, 
cross-infection, damage or loss) and to the patient (including 
failure of the consenting process, multiple pregnancy, cross- 
infection and errors in the donor information).

79.5.8  Risk Analysis

Risk analysis is the process used to understand the nature, 
sources and causes of risk identified. It also involves the 
evaluation of the information collected during the risk iden-
tification process to determine the probability that the conse-
quence of the risk will occur (likelihood) and the potential 
severity of harm or loss associated with an identified risk 
[16, 18, 19]. Risk analysis should take into account existing 
controls.

79.5.8.1  Types of Analysis
There are three types of methodologies for risk analysis:

• Quantitative methods—These are the most accurate, 
provided the data is available. Examples include 
Probabilistic Analysis, Life-Cycle Cos Analysis, Influence 
Diagrams, etc.

• Qualitative methods—These depend on the experience 
and judgement of the assessors. It should therefore be per-
formed by those who have a good grasp of the processes 
or situations and the organisational context. Examples 
include brainstorming and expert judgement.

• Semi-Qualitative methods—These involve the alloca-
tion of numbers or letters to qualitative rankings, e.g. A, 
B, C or 1, 2, 3 to represent high, medium or low. Care 
should be taken to ensure that the rankings are understood 
as approximations only, since they are not precise.

Ranking of risks is undertaken using the Likelihood 
Categories Table (Table  79.3), Consequence Categories 
Table (Table 79.4) and Risk Assessment Matrix (Fig. 79.1). 
The tables and matrix are to be used as guides to grading, and 
each incident should be considered in the context of all the 
available information.

Organisations can choose to adapt or adopt one of the 
many tables developed by other institutions, or they can 
develop one that meets their needs.

The tables below are provided by the HFEA to guide the 
mandatory reporting system in the UK [24]. For tables that 
include all aspects of the organisation, you can refer to the 
Clinical Risk Management Guidelines for the Western 
Australian Health System [15]

• Incidents are graded A if they fall in the red zone (the 
most serious), B if the fall in the yellow zone and C if the 
fall in the green zone.

• The red zone is the most serious, while the green zone is 
called as a “near miss”, taking into account the severity of 
the outcome, or potential outcome, and the likelihood of a 
reoccurrence (Likelihood × Severity) [8, 24].

Table 79.2 Sources of information for risk identification

Sentinel event reports Previous risk registers
Satisfaction surveys Brainstorming
Patient feedback Strategic and business plans
Complaint data SWOT analysis (to identify the 

Strengths, Weaknesses, 
Opportunities and Threats of a 
possible event) and environmental 
scans

Clinical audits; morbidity and 
mortality reviews

Flow charting, system design 
review

Interview/focus group 
discussion

Systems engineering

Quality/performance 
improvement data

Work breakdown structure 
analysis

Medico-legal data Operational modelling
Audits or physical inspections Decision trees
Licensing or accreditation 
reports

Personal experience or past 
organisational experience

Table 79.3 Likelihood table

Likelihood 
level

Descriptor of risk 
likelihood Definition

5 Almost certain Likely to occur on many 
occasions

4 Likely Probable but not persistent
3 Possible May occur occasionally
2 Unlikely Not expected to happen again 

but possible
1 Rare Difficult to believe it could 

happen again

From the HFEA: Adverse incidents in fertility clinics: lessons to learn, 
2010–2012 report [8]
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79.5.9  Evaluate and Prioritise the Risk

At this stage, the organisation should review the risks identi-
fied against the criteria established at the onset while estab-
lishing the context for the RM process. The purpose is to 
determine which of the risks are acceptable or unacceptable, 
develop a prioritised list and determine which risks require 
treatment, the mode of treatment and at which level of the 
organisation they should be managed.

79.5.10  Treatment or Response to Risk

There are a number of options available to treat or respond to 
risks which may or may not be appropriate in a particular 
circumstance (Fig. 79.2).

79.5.10.1  Risk Acceptance
This is a conscious decision made to live with the conse-
quences of a risk. It is important to note that acceptance does 

Table 79.4 Consequences table

Severity 
level Descriptor

Actual or potential impact on 
individual

Actual or potential impact on 
organisation Numbers affected

Potential for complaint or 
litigation

5 Severe Death of patient/staff, loss 
of all samples for many 
patients

Multi-agency investigation, 
adverse publicity, 
prosecution, loss of HFEA 
licence

One (e.g. death) 
or many (e.g. 
major cryostorage 
tank failure)

Litigation expected/ certain. 
Possible prosecution

4 Major Major harm, professional 
misconduct, loss of all 
samples for a few patients, 
recurrent significant breach 
of HFEA Code of Practice 
(COP)

Costs, reputation damage, 
negative impact on staff 
morale, disciplinary hearings, 
loss of HFEA licence or 
conditions on practice

Smaller numbers 
2–5

Litigation expected/ certain. 
Action taken by professional 
organisations, e.g. Health and 
Safety Executive (HSE), 
MHRA* or the General Medical 
Council (GMC)

3 Moderate Semi-permanent harm, loss 
of all samples for one or 
loss of most samples for 
some patients, significant 
breach of COP

RIDDOR± or MHRA* 
reportable, compensation 
costs (e.g. provision of a 
complimentary treatment 
cycle)

1–2 Litigation possible but not 
certain. High potential for 
complaint

2 Minor Short-term injury, minor 
breach of HFEA COP, 
avoidable risk, loss of one 
of many samples for a 
patient

Minimal risk to organisation 1 Complaint possible, litigation 
unlikely

1 Insignificant No injury or adverse 
outcome

No risk to the organisation 1 Complaint and litigation 
unlikely

From the HFEA: Adverse incidents in fertility clinics: lessons to learn, 2010–2012 report [8].
*RIDDOR = Reporting of Injuries, Diseases and Dangerous Occurrences Regulations; MHRA = Medicines and Healthcare products Regulatory 
Agency)
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not indicate that the risk is insignificant. Neither does it mean 
that the risk will be ignored.

Some of the reasons why risks may be considered accept-
able include:

• If the potential benefits of the situation outweigh the 
potential consequences

• If the risk is out of the control of the organisation and 
therefore there is no control or treatment available

• If the risk ranks low enough as to make committing 
resources to manage it inefficient

If the risk is found to be unacceptable, then it has to be 
treated. An example is accepting the risk of earthquakes and 
its consequences on the clinic and laboratory in earthquake 
prone regions.

Risk treatment options include risk avoidance, reduction 
and transfer.

79.5.10.2  Risk Avoidance
Risk can be avoided by choosing:

• Not to become involved in activities that can generate the 
risk

• An alternative activity that has less risk for the 
organisation

• An alternative method, pathway or process that is less 
risky to complete the desired activity or removing the 
hazard

Examples include prohibiting the use of fragrances and 
the wearing of perfumes in the IVF laboratory or referral of 
seropositive patients to centres that are better equipped to 
manage them so as to avoid the risk of cross-contamination.

79.5.10.3  Risk Reduction
This involves taking appropriate measures to reduce the pos-
sibility of an adverse event, its consequences or both. The 

establishment of identification or witnessing protocols is an 
example of risk reduction techniques. Witnessing provides 
assurance that all gametes or embryos are identifiable at all 
stages of the laboratory and treatment process, thereby pre-
venting any gamete or embryo mismatches [28]. The practice 
of elective single embryo transfer (eSET) in patients that have 
high chances of multiple pregnancy, establishment of early 
warning or detection systems, e.g. fitting alarms to cryotanks 
to indicate a low level and/or high temperature alarm, is 
another example of RM in IVF clinics and laboratories [25]

79.5.10.4  Risk Transfer
This describes the shifting of the burden of the risk to another 
party that can better manage or control the risks. The most 
common method is insurance. Other methods of risk transfer 
are by legislation, contracts and administrative processes.

Setting up a quality management system (QMS) in the 
fertility clinic and laboratory is one of the ways of manag-
ing or responding to risk in ART. Some jurisdictions have 
made the establishment of a QMS mandatory for fertility 
clinics as a pre-condition for licensing, e.g. the HFEA in 
the UK [26].

Having a QMS involves control of documents and records; 
control of nonconformities; instituting corrective and pre-
ventive action; human resource management and the moni-
toring and measurement of quality [27, 28]. These are areas 
that have been linked with documented risks and adverse 
outcomes in ART.

79.5.11  Review and Monitor

Overall, it is the responsibility of the leadership to monitor 
and evaluate all aspects of the organisation’s RM programme. 
Mechanisms should be developed to evaluate the outcomes 
and impact of RM systems and processes at all levels of the 
organisation. Key performance indicators (KPIs) should be 
developed to monitor and demonstrate the effectiveness of 
the programme. These KPIs should be reported to stakehold-
ers regularly, so that areas that need attention and action are 
swiftly identified. This action should also be shared with col-
leagues, particularly those that have responsibility for qual-
ity improvement and patient safety, as they are opportunities 
for improvement.

The progress of the programme should also be evaluated 
against:

• Expected benefits such as improvement in allocation of 
resources

• Improved organisational preparedness for crises
• Identification of risks in areas that could have been 

missed [23]
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Fig. 79.2 Options for responding to risks
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The risks within an organisation are not static, and 
changes in risks identified and risk ratings can also be tracked 
over time [23].

79.6  Documentation of Risk Management 
Activities and Outcomes

The findings and results from the risk assessment activity 
should be documented in a Risk Register, which is the cen-
tral repository of all documentation pertaining to an organ-
isation’s management of identified risks [16, 17, 23]. The 
Risk Register provides a way to compare and evaluate differ-
ent types of risks. Furthermore, the list of significant risks 
can then be ranked in order of priority.

The Risk Register is considered a living document subject 
to review at regular intervals and as new information about 
risks comes to light. It will form the basis for reporting about 
the RM programme to senior leadership.

The Risk Register is also a valuable resource for setting 
organisational priorities and should be integrated into the 
organisation’s strategic planning process.

79.7  Conclusion

An increasing number of people seeking to get pregnant 
are opting for the use of ART.  Though the numbers of 
adverse events recorded are very low, ART patients have 
been shown to be at a higher risk of adverse events than the 
general population [2, 5, 27]. These incidents can put the 
patients, their gametes and embryos, the staff and the 
organisation in jeopardy. It is therefore imperative to 
develop a comprehensive and effective strategy to reduce 
the risks. Identification of the risk (clinical and non-clini-
cal) areas is the first step in the approach to develop a risk-
free IVF programme.

Essential elements in the development of a successful RM 
programme include demonstrable leadership commitment to 
the programme, integration of the risk program with the 
organisation’s strategy objectives and with the quality and 
patient safety and adequate stakeholder engagement and 
involvement. Instituting a QMS in the clinic and laboratory 
is a good way to help manage risk. It is, however, important 
to note that it is not the documentation of the QMS but the 
spirit that makes the difference.
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Screening for Infections Prior 
to Medically Assisted Reproduction

Ciara Hughes, Tim Dineen, and Bryan J. Woodward

Clinics offering assisted reproductive services should aim to 
provide couples or individuals the opportunity to have a 
healthy child in the safest possible manner. An aspect of par-
ticular concern for reproductive specialists is the risk of viral 
cross-contamination and infection during treatment.

If isolation of gametes or embryos during incubation, 
processing and cryostorage is compromised, there is an 
infection risk which can have either a vertical or horizontal 
mode of transmission, occurring from partner-to-partner, 
female- to- foetus, donor-to-recipient and patient-to-patient. 
Many infections have the potential to result in serious and 
life- threatening illnesses. Clinics have a responsibility to 
ensure that they have adequate screening policies and appro-
priate procedures in place. Furthermore, clinics who treat 
people who test positive for a blood-borne virus (BBV) or 
other sexually transmitted infection (STI) should have the 
necessary protocols (clinical and laboratory), facility infra-
structure and equipment. This is needed to ensure safety for 
those individuals, their partner or recipients, other patients 
and the healthcare staff providing the treatment.

In 2004, the European Union (EU) issued a Parent Directive 
to all countries in the European Economic Area (EEA), known 
as the European Tissue and Cells Directive (EUTCD) 
(2004/23/EC) [1]. This was followed by two further Technical 
Directives (2006/17/EC) [2], (2006/86/EC) [3]. These 
Directives aimed to harmonize the regulatory approach across 
Europe, by setting standards of quality and safety for the dona-
tion, procurement, testing, processing, preservation, storage 
and distribution of human tissues and cells.

One area of the Directives that was highly debated related 
to the timing and frequency of the screening for assisted 
reproductive treatment (ART) or medically assisted repro-

duction (MAR) [4]. This discussion led to another Directive 
being issued in (2012/39/EU) [5], which amended further the 
requirements for screening specifically for ART.

This chapter reviews the current screening guidelines in 
Europe: who should be screened, when should they be 
screened, and what should they be screened for?

80.1  Why Is Screening Necessary?

From an individual’s perspective, screening is important 
from a medical, ethical and legal viewpoint, as measures, 
such as referral to an appropriate physician for information 
about their condition, prognosis and treatment, can be taken 
in the event of a positive result. They can also be counselled 
about their reproductive options [4].

80.1.1  Legal and Regulatory Requirements

In 1995, the European Society of Human Reproduction and 
Embryology (ESHRE) recommended screening for both part-
ners for hepatitis B (HBV), hepatitis C (HCV) and human 
immunodeficiency virus (HIV) prior to undergoing ART [6]. 
For all EEA countries, this became a legal requirement on 7 
April 2004, with incorporation into their national laws required 
by 7 April 2006. The debate that followed related mainly to the 
timing and frequency of testing, with different countries 
adopting different interpretations of ‘time of donation’ [7].

In 2015, ESHRE revised their guidelines for good prac-
tice in IVF laboratories, stating that ‘patients must be 
screened for infectious diseases according to national and 
international regulations’ [8].
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In 2008, the American Society of Reproductive Medicine 
(ASRM) published recommendations to reduce the risk of viral 
transmission during ART [9]. These guidelines were updated in 
2013 and the title was amended to reflect that the document 
related specifically to the use of autologous  gametes and that 
‘sexually intimate partners are excluded from United States 
Food and Drug Administration (FDA) mandated screening and 
testing for viral infections’ [10]. Screening of gamete or 
embryo donors however is mandatory under federal law, with 
each state and local municipality having its own standards.

There has always been a concern regarding the risks of 
contamination and infection transmission in ART [11], since 
males have transmitted HIV, HBV or HCV to their partners 
via their infected semen [12, 13]. HCV contamination during 
fertility treatment has also been reported, although this was 
not traced directly to laboratory procedures [14].

The risk of cross-contamination during cryostorage was 
highlighted by HBV transmission from cryostored bone 
marrow [15]; yet the overall number of cross-contamination 
incidents reported in ART is still relatively low. However, 
cross-contamination can cause chronic lifelong infections 
and every effort should be taken to keep minimize risk.

80.1.2  Advantages and Disadvantages 
of Screening

From a clinical perspective, biological screening prior to 
donation is advantageous since it helps to prevent:

 (i) Infection of viruses and other organisms from the donor to:
 (a) A recipient (in the case of a sexual partner)
 (b) A non-partner (in the case of gamete or embryo 

donation or a mix-up of gametes or embryos)
 (ii) Cross-contamination in the ART facility, which could 

cause infection of:
 (a) Other patients
 (b) Members of staff

 (iii) Viral transmission from the donor to the embryo
 (iv) Cross-contamination between samples in the 

cryobanks

Disadvantages of screening primarily relate to cost and 
inconvenience. If people seeking ART don’t receive state 
funding, they may face significant financial costs. Even if they 
have budgeted for the main cost of IVF or ICSI treatment, they 
may not have factored in costs of additional screening tests, 
investigations, travel, accommodation, medication and other 
‘add-ons’ [16]. It is also time-consuming for both the clinic 
and the couple to attend appointments for repeat screening and 
may cause additional stress for the couple.

80.2  Who Should Be Screened and Do 
Some People Require More Specific 
Screening?

80.2.1  Couples Seeking Fertility  
Treatment with Their  
Own Gametes

There is a significant difference in the screening require-
ments for cohabiting couples who are seeking fertility 
treatment compared to individuals or couples who are 
donating gametes or embryos. In most cases, couples try-
ing to conceive are sexually active without barrier contra-
ception. Therefore, it is highly likely that if one partner 
has an STI, this will be passed on [17]. In cases where 
one partner is known to be BBV-positive, then ART treat-
ment may reduce the risk of horizontal transmission 
[18–20].

Basic semen analysis clients, attending for diagnostic 
purposes only, do not require screening if the samples are 
examined in a laboratory dedicated to such assessments or in 
a designated space within the main laboratory with the 
appropriate operator precautions [7].

For couples undergoing a cycle of IVF or ICSI treatment 
using their own gametes, it is now accepted standard practice 
that both partners should be screened prior to commencing 
ART.  For couples undergoing intrauterine insemination 
(IUI), it has been debated as to whether it is necessary to 
screen both partners, just the male or neither. Annex III of 
EU 2006/17/EC 2.2 states:

In the case of sperm processed for IUI and not to be stored, if the 
tissue establishment can demonstrate that the risk of cross- 
contamination and staff exposure has been addressed through 
the use of validated processes, biological testing may not be 
required.

Most ART laboratories may process semen for IUI using 
the same equipment and area as for processing semen for 
IVF and ICSI. This increases the risk of cross-contamination 
even if equipment is decontaminated after every procedure. 
As a result, many clinics reduce this risk by routinely screen-
ing the male as for IVF or ICSI.

However, there is no requirement found in any legisla-
tion or regulation reviewed that dictates that the female 
needs to be screened. Clinics may opt to screen the female 
voluntarily as good clinical practice to establish viral 
screen status prior to attempting to achieve a pregnancy. 
Ultimately, the risk to the female of infection is reduced by 
sperm washing (when compared to natural intercourse) 
[18–20]. As a result of the costs and time frames involved, 
many clinics opt not to carry out screening for females 
undergoing IUI.
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80.2.2  Individuals Who Are Donating Their 
Gametes or Embryos to a Third Party

At the turn of the century in the UK, the British Andrology 
Society published sperm donor screening guidelines [21] 
and the British Fertility Society published egg and embryo 
donor screening guidelines [22]. In 2008, these UK guide-
lines were collated and updated into a single document to 
reflect the introduction of the EUTCD and legal changes to 
sperm donation [23]. Screening not only covered BBVs and 
STIs but also age, history (genetic, medical and surgical and 
reproductive and sexual) and karyotyping.

Understandably, there are additional requirements for 
donor screening to reduce any infection risk to the recipient. 
In 2013, the ASRM practice committee published updated 
recommendations for gamete and embryo donation that out-
lines very specific screening requirements for gamete and 
embryo donation [24].

80.2.3  The Female Recipient and Male Partner 
in Third Party Donations

From the literature to date, there is no legal requirement out-
lining compulsory testing of the female recipient of donor 
material or of the male partner that is not biologically 
involved in the treatment. The 2013 ASRM guidelines recog-
nized that donor screening is not a federal requirement but 
made very specific recommendations for screening of both 
the female recipient of the donor material and also of the 
male partner [24].

Most obstetricians will perform biological screening as 
part of good clinical practice for the female during preg-
nancy irrespective of the method of conception [25]. 
However, it could be argued that male screening is excessive 
and costly, when he has no involvement in a biological sense. 
The ASRM makes the argument that screening both partners 
will address any potential medical and legal issues that could 
arise should the partner seroconvert during or after donor 
use. If the male partner were found to be positive, it would 
also allow the clinical team the opportunity to ensure that he 
is referred for appropriate treatment and given advice on pre-
venting transmission [24]. A similar argument can be made 
for screening the female partner in a same-sex couple having 
donor insemination treatment.

80.2.4  Healthcare Professionals in ART

Healthcare professionals are exposed to an infection risk 
from either blood sampling or handling of gametes and 

embryos from BBV-positive patients. To date, as far as we 
are aware, no case has been reported of infections from sam-
ples to the clinic staff [26].

Many clinics worldwide choose not to treat BBV-positive 
patients and refer them elsewhere. If clinics don’t have the 
additional training, isolation equipment or separate cryostor-
age facilities, then this could be the safest approach. Whilst 
this reduces the risk of staff infection, universal precautions 
should always be adhered to minimize risk.

Conversely, although it has not been reported to date, it is 
theoretically possible that a BBV-positive healthcare staff 
member could infect a patient or their gametes and embryos. 
However, healthcare staff screening can be controversial, 
due to the possible impact on their employment role and 
duties if they were to test BBV-positive.

Legally, employees do not have to disclose if they have 
been tested for BBVs or their status [27], accepting that differ-
ent countries and healthcare institutions have different staff 
screening policies. In both the UK and Ireland, under the rel-
evant Health and Safety at Work Acts, employers have a legal 
duty to protect their employees and anyone else who might 
possibly be at risk of infection and have issued guidelines 
which outline the appropriate risk assessments and immuniza-
tion advice for healthcare workers. The ESHRE 2015 guide-
lines for good laboratory practice made recommendations for 
personnel specifically in the ART setting [8] (Table 80.1).

80.3  When to Screen and How Often?

When the EUTCD was implemented, there was no coherent 
approach across the EU community to either the interpreta-
tion of the ‘time of donation’ for testing nor the frequency of 
retesting for ART patients [7]. An ESHRE task force reported 
that within 19 countries that responded to a questionnaire, 
the variation of screening interval ranged from 3 to 24 
months, with the most common being every 12 months [28].

Table 80.1 Recommendations for personnel working in ART

Recommendations for personnel working in ART
•  Staff should be:

–  Vaccinated against HBV (and other viruses should 
vaccinations become available)

–  Informed when a viral-positive patient is to be treated so that 
they can take measures when handling potentially infectious 
biological material

•  Standard operating procedures should cover eventualities where 
infection might take place, e.g. needle stick injuries

•  Treatment of viral-positive patients should only be performed in 
IVF laboratories with dedicated areas or equipment or 
alternatively to specific time slots with subsequent 
decontamination of allocated areas and equipment

80 Screening for Infections Prior to Medically Assisted Reproduction
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80.3.1  Time of Initial Testing

The EU Directive 2006/17/EC Annex III stated that for part-
ner donation ‘biological screening must be carried out at the 
time of donation’. In Ireland at that time, it was agreed, fol-
lowing much debate with the Ireland competent authority 
that this could be extended to within 30 days of treatment for 
every cycle, but this still remained costly and time- 
consuming, particularly if cycles were cancelled or delayed. 
Other countries had interpreted time of donation differently 
[7] (Table 80.2).

In the USA, gamete donation is regulated by the FDA, 
with the minimal requirements for screening and applying 
only to those individuals or couples acting as a third-party 
donor [29]. Testing originally had to be at the ‘time of dona-
tion’ which was the same as for the EUTCD. However, an 
amendment following input from various stakeholders insti-
gated a change in the ruling, stipulating that oocyte donors 
must be screened within 30 days prior to procurement. This 
allowed for proper donor eligibility assessment which would 
not be possible if taken on day of oocyte retrieval. Sperm 
donors were to be assessed at time of donation or within 7 
days prior.

As screening was not required for couples in an intimate 
relationship who may then have embryos that they wished to 
donate to other couples, it became evident that these embryos 
could not be donated as the original screening criteria had not 
been met. Given the reduced availability of embryo dona-
tions, the FDA issued a ruling to allow embryo donation with-
out the need for screening results at the time of donation.

Ideally, the donation could proceed if the appropriate tests 
were performed at the time when the decision was made to 
donate the embryos, with the couple being counselled 
accordingly. However, in the absence of any screening, a 
recipient couple could proceed with treatment using donor 
embryos following informed consent, knowing that the 
embryos had been labelled with ‘not evaluated for infectious 
substances’ and having been advised of the communicable 
disease risk [30].

80.3.2  Screening Frequency

Screening frequency for ART became a highly debated 
aspect of the EUTCD, particularly with regard to cohabiting 
couples. Several papers were published following EUTCD 
implementation showing no reported cases of HIV, HBV or 
HCV seroconversion in cohabiting couples and that the orig-
inal screening frequency was excessive [17, 31–33].

In 2010, the European Commission issued a request to the 
European Centre for Disease Prevention and Control 
(ECDC), for their assistance to investigate the health risks of 
a potential change of EU legislation on tissue and cells. This 
followed many member states arguing that the testing 
requirements in the parent EUTCD did not improve the 
safety of the process compared to periodic screening of part-
ners donating reproductive cells [34]. This report suggested 
that the commission should change the testing requirements 
to once per year, provided the clinic could demonstrate that 
the risks of staff exposure, cross-contamination and potential 
gamete mix-ups had been minimized through the use of vali-
dated quality and safety processes.

Recommendations were also made to centralise reporting 
of BBV testing via a standard protocol within the EU as part 
of quality assurance for tissue and cell donation establish-
ments. It further recommended reviewing the chance of infect-
ing embryos with BBVs and the risks of BBV transmission in 
cryostorage, as well as the possible risk of gamete mix-ups. To 
date, neither these recommendations have been realised.

In 2012, the EU Directive 2006/17/EC provided an 
updated testing frequency specific to ART from ‘at the time 
of donation’ to ‘blood samples must be obtained within 3 
months before the first donation’. If additional partner dona-
tions were made by the same donor, then more blood draws 
were needed, with frequency set by national legislation, but 
being within at least 24 months from previous sampling [5]. 
This was transposed into law in Ireland and the UK in 2012. 
Most clinics now operate the 3-month pre-treatment initial 
screen. Many clinics that already had a policy in place for 
screening once per year chose to remain with this time frame 
based on the demographics and prevalence in the clinics spe-
cific area.

Although the risk of seroconversion in cohabiting couples 
has been assessed and considered low when using their own 
gametes, there still remains a theoretical risk that serocon-
version could occur.

80.4  What Biological Screening Tests 
Should Be Performed?

A survey was conducted in 2013 by the European Commission 
of all the member states regarding testing of donors of repro-
ductive tissues and cells with data reported from 2011 [35]. 

Table 80.2 Initial variation in interpretation of the ‘time of donation’ 
for partner-partner donation in different European Countries

Country Time of donation
Ireland Within 30 days
Italy Within 90 days
Germany, Greece, 
Belgium

At time of treatment

France and Spain 6 months prior to treatment
Netherlands and Norway Maximum 12 months prior to 

treatment

From Dineen T, Woodward BJ. Chapter 10—Other factors to consider 
with sperm preparation for treatment. From “Male infertility: sperm 
diagnosis, management and delivery”. Publishers Jaypee, India. ISBN 
678-1-907816-46-8, with permission
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Most of the reporting countries complied with the require-
ments in Annex III of 2006/17/EC with the exception of 
Lithuania and Poland due to an inappropriate transposition 
of the Directives for the ART sector. Three member states 
(Austria, Belgium and Finland) were reported to have more 
stringent requirements than outlined in the Directive in that 
they required mandatory nucleic acid testing (NAT) for HIV, 
HBV and HCV [35]. Table  80.3 indicates the testing per-
formed in 2011 for of each member state.

Many of the guidelines or codes of practice published 
have statements such as ‘Patients must be screened for infec-
tious diseases according to national and international regu-
lation’ [8]. Others have incorporated the requirements from 
the EUTCD directly [36, 37]. In addition to the well-known 
BBVs (HIV, HBV and HCV), clinics are now required to 
keep up-to-date with the increase in the incidence of new 
viruses that may pose a risk to health such as the West Nile 
virus (WNV) and the Zika virus.

ART clinics in Ireland and UK benefit from regular 
updates by the Health Products Regulatory Authority 
(HPRA) and the Human Fertilization and Embryology 
Authority (HFEA) respectively. For those countries that may 
not have notification processes in place, the ECDC [38], the 
Centres for Disease Control and Prevention (CDC) [39] and 
the World Health Organisation (WHO) [40] websites can be 
consulted regularly in order to keep abreast of disease out-
breaks and testing advice.

The EUTCD has a significant difference in the screening 
tests required for partner and non-partner donation. 
Guidelines for specific tests should be assessed and adapted 
according to geographic region and prevalence of disease in 
that specific region [41]. Routine screening for genital infec-
tions, i.e. syphilis, gonorrhoea, chlamydia, herpes simplex, 
human papillomavirus and vaginal infection should be 
assessed alongside a full medical history/physical examina-
tion of both partners and the disease prevalence [41]. Risk 
assessment questionnaires should be designed based on this 
information and should request information on recent travel 
history to examine the possibility of infections such as the 
WNV, Zika, COVID-19, etc. Recent potential exposure to 
risk such as recent surgery, blood transfusion or body pierc-
ing should also be assessed. These risk assessments are often 
similar to the questionnaires used by the local blood transfu-
sion organizations and these could be considered as a tem-
plate on which to base the reproductive screening 
questionnaire.

Screening for every known virus or infection is impracti-
cal and costly. However, if a virus or infection is not detected 
and a cross-contamination occurs, the outcome can be very 
serious resulting in a chronic long-term health issue for the 
recipient or offspring.

80.4.1  Partner Donation

The minimal biological screening requirement of the 
EUTCD for all individuals or couples, as updated in 2012, is 
for HIV, HBV and HCV. These are legal requirements for all 
countries in the EEA [2].

Global variation remains regarding screening recommen-
dations for couples using their own gametes but most coun-
tries perform the tests for HIV, HBC and HCV voluntarily as 
good clinical practice.

The European Commission in 2012, in addition to chang-
ing the time of screening, also updated the 2006/17/EC 
Directive regarding human T-cell lymphotropic viruses I–II 
(HTLV I-II) testing. The original Directive had requested 
testing to be performed in areas of high incidence. However, 
it had proven difficult to determine what exactly ‘an area of 
high incidence’ was and therefore screening policies had not 
been uniformly implemented across Europe [5]. The term 
‘incidence’ measures the frequency of new disease cases, 
whilst ‘prevalence’ is the population percentage that is 
affected by a particular disease at a specific time. As preva-
lence data is more available, the 2012/39/EU Directive 
update reflected this change.

Regarding additional screening for partner donation, a 
risk assessment questionnaire should be completed with the 
couple. After reviewing this information, a decision can then 
be taken as to whether further testing is required or if treat-
ment needs to be deferred.

80.4.2  Non-partner Donations

Whilst several guidelines give recommendations for genetic 
testing, blood typing and rhesus status, [2, 23, 24], only those 
proposed for BBVs and other STIs will be considered here. 
In 2013, the ASRM practice committee guidelines for gam-
ete and embryo donation outlined specific screening require-
ments for both the female recipient and male partner, even in 
cases of sperm donation (Table 80.4).

In the UK, joint professional body guidelines for donor 
screening were issued [23]. These aimed to safeguard recipi-
ents of donor gametes and embryos from infection passed 
from a donor, whilst safeguarding donor-conceived offspring 
from picking up an infection or serious heritable disorder. 
Screening for HTLV and transmissible spongiform encepha-
lopathies (TSE) such as Creutzfeldt-Jakob disease (CJD) 
were recommended. Even though validated testing was not 
available to confirm pre-mortem CJD, it was suggested that 
the donor should be rejected if they had ‘been diagnosed 
with a prion-related disease or have first degree family mem-
bers similarly diagnosed; undergone an invasive neurosurgi-
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cal procedure; or received invasive pituitary-derived growth 
hormone, cornea, sclera or dura mater’.

Considerable research has since been undertaken to 
address the lack of validated blood tests for routine screening 
for asymptomatic donors of CJD.  Whilst some research 

shows promise [42, 43], no test has been confirmed as vali-
dated. Table 80.5 shows a comparison of recommended test 
for donors between the EUTCD, HFEA, Joint UK 
Professional Bodies and the Irish Legislation, including 
those for CJD.

Table 80.5 Recommended biological screening for donors other than partners

Biological test

EUTCD
As stipulated by section 2 
of Annex III of the 
European Union Tissues 
and Cells Directive 2006

HFE Act and 9th Code of 
Practice

UK Joint Association 
Guidelinesa

IRISH Statutory 
Instruments
158/2006
209/2014

Human 
immunodeficiency virus
(HIV 1 & 2)

Legal requirement Legal requirement Recommended Legal requirement

Hepatitis B
(HBsAg and AntiHBc)

Legal requirement Legal requirement Recommended Legal requirement

Hepatitis C (HCV) Legal requirement Legal requirement Recommended Legal requirement
Human T-lymphotropic 
virus  (HTLV-I)

Legal requirement but 
only if donors/sexual 
partner living in or 
originating from high 
prevalence area

Legal requirement but 
only if donors / sexual 
partner living in or 
originating from high 
prevalence area

Recommended Legal requirement  but 
only if donors/sexual 
partner living in or 
originating from high 
prevalence area

Cytomegalovirus (CMV 
IgG, IgM)

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Recommended Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Chlamydia (Chlamydia 
trachomatis)

Legal requirement NAT 
testing

Legal requirement NAT 
testing for sperm donors 
only

Recommended Legal requirement NAT 
testing for sperm donors 
only

Syphilis (Treponema 
pallidum)

Legal requirement Legal requirement Recommended Legal requirement

Gonorrhoea (Neisseria 
gonorrhoeae)

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Recommended Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Human papillomavirus 
(HPV)

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Physical examination—
defer if necessary

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Herpes simplex virus 
(HSV)

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Physical examination—
defer if necessary

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Epstein-Barr virus (EBV) Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

Not requested Not specifically requested
May be requested under 
general STI investigation 
following medical/
physical assessment

West Nile virus (WNV) Request test based on 
demographics and medical 
and recent travel history

Request test based on 
demographics and 
medical and recent travel 
history

Not requested Request test based on 
demographics and 
medical and recent travel 
history

Zika virus Request test based on 
demographics and medical 
and recent travel history

Request test based on 
demographics and 
medical and recent travel 
history

Not requested Request test based on 
demographics and 
medical and recent travel 
history

C. Hughes et al.
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80.5  Should Screening 
for Cytomegalovirus Be Routine?

80.5.1  The Background to CMV

Historically, rubella was the most prevalent infectious cause 
of embryo-fetopathy worldwide. However, a systemic vac-
cination and screening program reduced its prevalence sig-
nificantly, and it has now been replaced by cytomegalovirus 
(CMV) [44]. According to the EUTCD [2], the need for 
CMV screening relates to where the donors have recently 
travelled to and their likelihood of exposure.

In Europe, an estimated 0.5–0.9% of children are born 
with congenital CMV infection [44], with ~11% of these 
infants being symptomatic [45]. There is a 30–40% risk of 
vertical transmission with primary maternal CMV infection 
in pregnancy, of these ~10–20% will have evidence of infec-
tion at birth [46]. Primary infection during the first trimester 
of pregnancy can result in impaired vision, progressive sen-
sorineural hearing loss and mental retardation for the off-
spring [44]. Given the viral prevalence and the potential 
adverse fetal impact, the question is whether or not to rou-
tinely screen for CMV in pregnancy [47–49], or more spe-
cifically prior to ART [44].

80.5.2  CMV: Who Should Be Screened 
and When?

Women who are either contemplating pregnancy or who 
have already conceived should at least consider CMV screen-
ing. A review of the literature indicates that there is no clear 
policy for screening couples for CMV who intend to use 
their own gametes, unless the clinician identifies a risk in the 
medical history that would warrant such screening. Some 
might argue that it would be a waste of resources to 
 universally screen women who are already pregnant or who 
are contemplating pregnancy. However, if there were a 
proven intervention that could help treat the infection, then 
universal screening would be preferred and considered the 
most cost- effective strategy [47]. This approach is still under 
debate.

80.5.3  Laboratory Testing for CMV

CMV infection can be detected by testing for CMV-specific 
IgG and IgM antibodies. IgM antibodies are first exposed 
early in the primary infection and IgG antibodies are 
 produced within a few weeks of initial infection but will 

Table 80.5 (continued)

Biological test

EUTCD
As stipulated by section 2 
of Annex III of the 
European Union Tissues 
and Cells Directive 2006

HFE Act and 9th Code of 
Practice

UK Joint Association 
Guidelinesa

IRISH Statutory 
Instruments
158/2006
209/2014

Ebola Request test based on 
demographics and medical 
and recent travel history

Request test based on 
demographics and 
medical and recent travel 
history

Not requested Request test based on 
demographics and 
medical and recent travel 
history

Malaria Request test based on 
demographics and medical 
and recent travel history

Request test based on 
demographics and 
medical and recent travel 
history

Not requested Request test based on 
demographics and 
medical and recent travel 
history

T. cruzi Request test based on 
demographics and medical 
and recent travel history

Request test based on 
demographics and 
medical and recent travel 
history

Not requested Request test based on 
demographics and 
medical and recent travel 
history

Quarantine
180 day period with 
retest recommended

Legal requirement unless 
nucleic acid amplification 
technique (NAT) or 
validated virus 
inactivation step has been 
carried out

Legal requirement unless 
nucleic acid amplification 
technique (NAT) or 
validated virus 
inactivation step has been 
carried out

Sperm Recommended
Oocytes—not 
recommended—recipients 
to be warned of risks
Embryo—where possible 
screen retrospectively

Legal requirement unless 
nucleic acid amplification 
technique (NAT) or 
validated virus 
inactivation step has been 
carried out

Transmissible  
spongiform 
encephalopathies
Creutzfeldt-Jakob disease
(CJD)

Not requested Not requested Recommended. Currently 
no test available but 
exclusion criteria applied

Not requested

Comparing EUTCD as stipulated by section 2 of Annex III of the European Union Tissues and Cells Directive 2006, HFEA, UK Joint guidelines
aABA/ACE/BAS and BFS guidelines and the Irish legislation
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 generally remain throughout life as a constant indication of 
previous infection. However, CMV antibody response is 
inconsistent particularly with IgM, with antibodies persist-
ing for months following primary infection and even increas-
ing in concentration during reactivation of viral replication 
[50, 51]. In addition, discordance has been reported among 
the commercial CMV IgM tests, together with results that 
were false-positive [52]. This uncertainty has given rise to 
concerns about the interpretation of these results.

The Centre for the Disease Control and the UK National 
Screening Committee do not recommend systematic popula-
tion screening for CMV in pregnancy [53, 54]. The Institute 
of Medicine in the USA identified vaccine development for 
CMV as a major public health priority back in 1999 [55], but 
a review of the literature would suggest that a robust vaccina-
tion for CMV still requires more research and safety valida-
tion before it could be implemented.

The authors believe that until safe and successful CMV 
vaccination programs exist, routine screening for all couples 
(using own gametes) undergoing ART is not currently war-
ranted. However, all people contemplating pregnancy should 
be given advice regarding the spread of CMV particularly in 
terms of hygiene.

80.5.4  CMV Testing Using Donors Other Than 
Partners

The EUTCD states that the CMV screening should be car-
ried out only if there is a recent travel or exposure history. In 
an ideal situation, only negative donors should be recruited 
but, with an acute shortage of donors, there has been much 
debate as to whether this is a reasonable approach [56].

There is little data available to confirm if CMV can be 
transmitted through the donation of eggs or embryos, but it is 
agreed that it is likely to be considerably lower than with 
sperm donation. The joint UK guidelines recommend recruit-
ment of CMV-negative donors and if sufficient in numbers, 
then recruitment of positive donors should be avoided [23]. 
CMV-positive donors should only be used with CMV- 
positive recipients. Anyone who seroconverts or who is posi-
tive with CMV IgM should defer donation. These guidelines 
apply to all sperm, egg and embryo donors.

The ASRM guidelines concur with this strategy for sperm 
donation, whilst for egg donors, there is no requirement for 
CMV testing and for embryo donors there is only a require-
ment for the male to be tested for CMV.

80.6  Conclusion

A report from the European Commission indicated that 
EUTCD implementation has been considered ‘adequate’, 
with all Member States now having appointed competent 

authorities [35]. However, some Member States had differ-
ing approaches in the implementation which has restricted 
the ever-increasing demand to transfer gametes and embryos 
between countries. Safe distribution requires clinics to estab-
lish standardised screening methods.

The EUTCD states:

The availability of human tissues and cells used for therapeutic 
purposes is dependent on community citizens who are prepared 
to donate them. In order to safe guard public health and to pre-
vent the transmission of infectious diseases by these tissues and 
cells, all safety measures need to be taken during their donation, 
procurement, testing, processing, preservation, storage, distribu-
tion and use [1].

This legislation forces clinics in Europe to do their utmost 
to minimise cross-contamination risks. In summary, each 
clinic should develop a robust system for assessing individu-
als medically and physically to identify additional risks. 
Screening policies should comply with local and national 
legislation and consider local demographics and prevalence 
of BBV and other STIs. Quality management systems should 
underpin the running of a clinic to ensure that protocols are 
in place for training, procedures, screening and quarantine.

There should also be a mechanism to ensure that when 
new risks are identified, e.g. the Zika virus, that the informa-
tion can be effectively communicated to staff so that they are 
aware of the additional precautions that may need to be 
taken. The laboratory must have either isolation facilities 
(including cryostorage), for known positive cases. If the 
facilities don’t permit this, they should have dedicated time 
allocations for the handling of these cases with validated 
decontamination protocols. Universal precautions should 
apply in all cases where potentially infectious materials are 
handled, but additional training should be provided for 
known positive cases as they may require additional process-
ing steps.

ART clinics may need to revisit their screening pro-
grammes to allow the treatment of BBV-positive individuals, 
to minimize transmission risk between the couple and to oth-
ers attending and working in the clinic. Preventing access to 
ART may no longer be the solution, especially given the 
advances in treatment for such infections that have been 
made and the improved life expectancy [57].
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81.1  Learning Objectives

At the end of this chapter, the reader will appreciate:

• The basic pathobiology of viruses of reproductive health 
importance

• How to handle samples from patients with blood-borne 
viruses

• The basic laboratory setup to handle these samples
• The biosafety controls to be instituted

Viral infections are a public health concern in people of 
reproductive age globally, with prevalence varying accord-
ing to location and exposure to risk factors (Table  81.1). 
About 37 million people are estimated to be infected by the 
human immunodeficiency virus (HIV), with about 50–60% 
of them in their reproductive ages [1]. Viral coinfections in 
an individual are common, with about three million HIV- 
infected persons also infected with the Hepatitis B virus 
(HBV) [2]. With the improvement and efficacy in highly 
activated antiretroviral therapy (HAART), public aware-
ness, and healthy diets, HIV-infected persons are living 
longer than they used to a decade or two ago, and many of 
them wish to fulfill their human right to produce a family of 
their own [3]. To accomplish this safely, many people are 

resorting to medically assisted reproduction to minimize 
the risk of infecting their partners and/or their prospective 
children.

In order not to deny virus-infected people fertility treat-
ment, laboratories should put in place safety measures to pre-
vent or avoid contamination and infection of the laboratory 
personnel and patients receiving treatment.

The European Society of Human Reproduction and 
Embryology (ESHRE) [4] and the American Society for 
Reproductive Medicine (ASRM) [5] have both issued guide-
lines on risk reduction when handling gametes of virus- 
infected patients.

81.2  Basic Biology of Viruses

Viruses are obligate intracellular parasites, meaning that 
they need a living host to propagate and infect new host 
cells. Most viruses are in sizes ranging from 30 to 500 nm 
and can only be observed with an electron microscope. 
The naming of viruses has been somewhat haphazard: 
sometimes named after the person who first isolated the 
virus (e.g., Epstein- Barr virus, named after British scien-
tists M.A. Epstein and Y.M. Barr), from whom the virus 
was first isolated (e.g., Asibi strain of yellow fever virus, 
named after a Ghanaian patient), or the town/city the virus 
was first isolated in (e.g., Zika virus, after the Zika Forest 
in Uganda). Viruses have been reclassified into families, 
genus, and species according to their genetic material 
(RNA or DNA), sizes, and shapes.

Most viruses go through a common life cycle of attach-
ment, entry, uncoating, replication, protein synthesis, 
assembly, and egress/budding out to infect other cells. 
One thing is common to most viruses: they seize the host 
transcription and translation apparatus to propagate more 
viruses. Like other pathogens, viruses tend to preferen-
tially infect certain kinds of cells. For example, HBV 
mainly infects hepatocytes, whereas HIV infects CD4+ 
T-helper cells.
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81.2.1  Viral Genomes and Replication

A virus may have DNA or RNA as the genetic material. 
There are seven different viral genomes: double-stranded 
DNA (dsDNA), gapped dsDNA, single-stranded DNA 
(ssDNA), dsRNA, plus (+) strand ssRNA, minus (–) strand 
ssRNA, and (+) strand ssRNA with DNA intermediate. 
Since a virus lacks translation apparatus, all viral genomes 
must make mRNA to be read and translated by host 
ribosomes.

Depending on the viral genome and associated proteins, 
some viruses may integrate into host DNA or remain as non- 
integrants in the nucleus or cytoplasm of infected cells. Some 
RNA viruses, called retroviruses (e.g., HIV), contain an 
enzyme called reverse transcriptase, which makes a comple-
mentary DNA strand that is then inserted into host DNA 
before transcription and translation of viral proteins can 
occur (Fig. 81.1).

81.3  Viruses of Reproductive Health 
Importance

A number of viruses have been noted to be of reproductive 
health importance mainly because they are transmitted 
sexually, in utero or in perinatal stages. For the purposes 
of this chapter, a few well-researched viruses of reproduc-
tive health importance will be discussed. It should be 
noted other viruses may also impact on reproductive 
health, but they are less researched, such as West Nile 
virus which was detected in patients in France and 
Slovenia in 2018.

81.3.1  Human Immunodeficiency Virus (HIV)

HIV is a retrovirus infecting mainly the immune cell CD4+ 
T-helper. The RNA genome is reverse transcribed by a 
reverse transcriptase enzyme into a double-stranded DNA, 
which is integrated into the host DNA using the viral inte-
grase enzyme. HIV-1 is prevalent worldwide, whereas HIV-2 
is mostly found in West Africa. Currently there are no vac-
cines for HIV, and affected individuals can be treated via 
antiretroviral therapy. Shedding of the virus has been 
detected in seminal [6] and follicular fluids [7]; however, 
semen is the main route of transmission.

HIV-infected males generally have reduced sperm quality 
(concentration and motility) [8]. A proteomic analysis of 
semen produced by HIV-infected males on antiretroviral 

Table 81.1 Risk factors for viral infections

HIV/Hepatitis B and C
Unsafe sex—vaginal or anal intercourse with infected person
Injections—recreational drug use
Vertical transmission—mother-to-child
Blood transfusion
Occupational—healthworkers
Multiple sex partners
Migration—travelling to endemic countries

Fig. 81.1 A diagrammatic 
illustration of a typical virus 
(HIV). The diagram shows 
the typical structure of a 
virus, with the nucleic acid 
material encapsulated in a 
nucleocapsid (a capsid of a 
virus with the enclosed 
nucleic acid)  
(from Thomas Splettstoesser  
(www.scistyle.com),  
https://en.wikipedia.org/wiki/
Structure_and_genome_of_
HIV)
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therapy revealed reduced expression of 14 proteins involved 
in sperm motility [8]. HIV in ART has been well-researched 
and hence has been used as an example extensively in this 
chapter.

81.3.2  Hepatitis B Virus (HBV)

HBV is a DNA virus belonging to the Hepadnaviridae fam-
ily with the main routes of transmission being sexual inter-
course and sharing needles for injection drug use. Since 
HBV vaccines are available, it is recommended that all 
patients are vaccinated and all healthcare personnel are also 
vaccinated against prior to working in ART.

HBV has been detected in semen of infected men [9]. In a 
case-control study, HBV-infected males and their uninfected 
partners undergoing in  vitro fertilization/intracytoplasmic 
sperm injection (IVF/ICSI) treatment had significantly 
reduced semen parameters (sperm count and motility), fertil-
ization rate, embryo quality, implantation, and clinical preg-
nancy rates compared to matched uninfected controls [10].

81.3.3  Hepatitis C Virus (HCV)

HCV is a single-stranded RNA virus belonging to the 
Flaviviridae family and is transmitted via body fluids of 
infected persons. Currently there is no licensed vaccine 
against HCV, but highly effective antiviral therapy is avail-
able. HCV has been detected in blood, saliva, follicular fluid, 
semen, and culture medium of embryos resulting from fertil-
ization using sperm prepared from HCV-infected semen. 
However, HCV was not detected in culture medium at the 
time of embryo transfer, following the intervention of serial 
rinsing in multiple droplets of culture media on a daily basis 
[11, 12].

81.3.4  Zika Virus (ZIKV)

ZIKV is a positive-sense single-stranded RNA virus belong-
ing to the Flaviviridae family and transmitted via the bites of 
infected Aedes mosquitoes. At present, there is no licensed 
vaccine against ZIKV.  ZIKV-infected adults are mostly 
asymptomatic, but with outbreaks of ZIKV in South America 
and the spread across many countries in Europe and North 
America, there have been many reports of congenital abnor-
malities (microcephaly) in children born to ZIKV-infected 
parents. ZIKV has been associated with reduced sperm count 
and can be detected by reverse transcriptase polymerase 
chain reaction (RT-PCR) in semen after density-gradient 
centrifugation (DGC) washing protocols [13] and even 6 
months after onset of symptoms [14].

81.3.5  Ebola Virus (EBOV)

EBOV is a negative-sense RNA virus belonging to the fam-
ily Filoviridae and transmitted via body fluids of infected 
persons. Currently, there is no licensed vaccine against 
EBOV.  The 2013–2016 EBOV outbreaks in West Africa 
took several lives, but many thousands survived the hemor-
rhagic disease, and the virus may still remain dormant in 
them for many months or years, which poses risk to them-
selves and/or their sexual partners. EBOV RNA is detect-
able by RT-PCR in semen 12 months after recovery [15] 
(Table 81.2).

81.4  Blood Testing

Individuals seeking ART should be tested for viruses accord-
ing to national and international guidelines. Considering the 
emotional trauma associated with receiving news of viral 
positivity, it is important that patients are given the necessary 
education and awareness and their consents taken before per-
forming such tests. Some consider that counselling should be 
provided before having such screening tests, although this 
may not be practical.

All patients seeking ART should undergo testing for HIV, 
HBV, and HCV. Gamete donors may be additionally required 
to have screening for Cytomegalovirus (CMV), but this has 
not gained widespread acceptance in the fertility clinics for 
autologous gamete usage. Some countries also required 
screening for human T-cell lymphotropic virus (HTLV-1 
antibody) if the patients live in or originate from high preva-
lence areas.

Due to viral latency (the period of one contracting a virus 
and the time it is actually detected by laboratory diagnosis), 
some clinics prefer individuals to be tested at least 3 months 
prior to gamete retrieval and fertilization. That way, a 

Table 81.2 Viruses of reproductive health importance

Virus

Detected in 
semen?
(REF)

Detected 
in FF
(REF)

Human immunodeficiency virus 
(HIV)

+ [6] + [7]

Hepatitis B virus (HBV) + [9] + [16]
Hepatitis C virus (HCV) + [11] + [12]
Hepatitis D virus (HDV) + [17] + [17]
Zika virus (ZIKV) + [14] ND
Ebola virus (EBOV) + [15] ND
Human herpes virus (HHV) + [18] ND
Herpes simplex virus (HSV) + [19] + [20]
Cytomegalovirus (CMV) + [21] + [20]
Epstein-Barr virus (EBV) + [19] ND
Human papilloma virus (HPV) + [18] ND

FF follicular fluid, ND plausible but no data
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repeated virus testing could be performed after 3 months to 
confirm absence of virus in patients’ samples.

81.5  Laboratory Setup for Treating 
Patients with Blood-Borne Viruses

Most of the blood-borne viruses (BBVs) of reproductive 
health importance (HIV, HBV, and HCV) can be handled in 
a biosafety level 2 (BSL-2) environment. The IVF laboratory 
that treats BBV-infected patients must be set up to minimize 
the risk of infection to clinic personnel (horizontal transmis-
sion), the gametes and embryos of the infected couple (verti-
cal transmission), gametes and embryos of other patients 
being treated in the same laboratory (nosocomial infection), 
and other nonclinical staff that may interact with the 
laboratory.

Such a lab should have the practices and components in 
place to address issues relating personnel, primary barriers, 
and relevant procedures.

81.5.1  Personnel

• A laboratory manager who is knowledgeable in viruses of 
reproductive health importance should lead the 
laboratory.

• All staff should be fully trained on effective handling of 
infectious agents.

• There should be regular competence checks of staff on the 
institutional biosafety manual, and all staff should be 
updated whenever changes or relevant updates are made.

• All personnel should receive the needed immunizations 
(e.g., against HBV), and the laboratory manager should 
ensure this is adhered to.

• A comprehensive biosafety manual should be prepared, 
made available in the laboratory, and all personnel should 
read this prior to undertaking any treatment. This manual 
should describe the kind of infectious agents to be han-
dled in the laboratory, who is permitted to process such 
samples, a step-by-step protocol on handling infectious 
gametes and embryos, measures to prevent infections, 
and efficient waste disposal practices.

• There should be a clear procedure to follow if personnel 
suspect they have been exposed to any infectious samples 
via an accident such as a needlestick injury.

81.5.2  Primary Barriers

• A separate containment IVF laboratory with specifica-
tions befitting a BSL-2 should be created to treat virus- 
infected patients. In situations where this physical 

separation is not possible, procure separate laboratory 
equipment such as centrifuge and biological safety cabi-
net (BSC) class II for the specific handling of samples 
from virus-infected patients or separate patients “in-time” 
by scheduling treatment on different days for virus- 
infected patients. If treating both virus-infected and unin-
fected patients on the same day, also separate them 
“in-time” by putting all infected patients last on the pro-
cedure list so that effective decontamination of the labora-
tory and equipment can be performed after cases.

• The laboratory should be designed such that it makes it 
easy to clean—from walls to floors whenever necessary.

• There should be a dedicated incubator for handling gam-
etes and embryos from virus-infected patients, which 
should be regularly cleaned with appropriate embryo- 
tested detergents and the incubator-specific decontamina-
tion cycles performed after cleaning.

• A portable size autoclave should be made available in the 
laboratory or adjoining sterilization room for autoclaving 
biological waste before disposal at the incinerator.

• All needles and sharps should be safely disposed of in 
sharps containers.

• Disposable gowns/aprons, facemasks, head covers, 
gloves, and other personal protective equipment should 
be worn during treatment.

• Separate dewars for storing gametes and embryos from 
virus-infected patients should be provided, and access 
should be appropriately secured.

81.5.3  Relevant Procedures

• Work surfaces including biosafety cabinets should be 
completely decontaminated with 70% alcohol or other 
embryo-tested disinfectant followed with two changes of 
distilled water immediately after processing gametes and 
embryos. Note that processed semen, oocytes, and 
embryos should be safely stored away in incubators 
before applying disinfectants.

• At the close of workday, the dedicated centrifuge for virus 
samples should be completely decontaminated with 
embryo-tested detergent followed with two changes of 
distilled water. Weights (filled centrifuge tubes) that are 
used as balance in virus-dedicated centrifuge should be 
discarded at the close of workday.

• All procedures such as centrifugation, oocyte retrievals, 
and handling should be carefully performed to minimize 
aerosol formation.

• All infectious waste including tubes, culture dishes with 
media, follicular fluid, and semen should be disposed of 
safely into autoclavable plastic bags. All sealed bags must 
be autoclaved in the laboratory or adjoining sterilization 
room before disposing off the waste at the incinerator.
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• Access to the IVF laboratory treating BBV-positive 
patients should be completely restricted to laboratory per-
sonnel only. The door to the laboratory should be marked 
as “Out of Bounds” and with the biohazard sign 
(Fig. 81.2).

• As per standard practice, needles and syringes must never 
be recapped.

• When treating BBV-positive patients, the use of glass-
ware and needles should be minimized. Glassware should 
be replaced with plasticware whenever possible.

• Facemasks and goggles should be worn especially when 
performing procedures that may cause splashes of infec-
tious fluids, e.g., follicular fluids during oocyte 
retrievals.

• Disposable gowns/aprons and double pair of gloves 
should be worn whenever working on infected samples 
(Fig. 81.3). Stained gloves should be changed—the tech-
nique is to wear double gloves (two pairs), so when you 
need to change the gloves, you can easily remove the sec-
ond layer/pair of gloves without exposing your bare 
hands unnecessarily when handling infected samples. 

Double gloving also adds an additional barrier against 
needlestick injuries.

• Broken glass Pasteur pipettes should never be handled 
even with gloved hands. Such broken items should be 
swept using a brush and dustpan and appropriately dis-
carded in puncture-proof sharps container.

• Any excessive spillages, needlesticks, and events that 
pose infection risk to personnel must be immediately 
reported to the laboratory manager and records of treat-
ment and/or monitoring of symptoms of such exposures 
duly recorded [22].

81.6  Treating Serodiscordant Couples

Serodiscordant couples seeking ART should first be 
referred to an infectious disease specialist/virologist who 
can check the disease status and advise on an appropriate 
drug regimen (if this is not already in place). It is recom-
mended that the uninfected partner in serodiscordant cou-
ples start pre- exposure prophylaxis (PrEP) treatment 
before seeking ART [23].

Fig. 81.2 Entrance to an IVF lab that treats virus-infected patients
Fig. 81.3 A laboratory personnel appropriately gowned to work on 
virus-infected samples
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81.6.1  Seropositive Female

In the case of a virus-infected female partner of a serodiscor-
dant couple, semen from the uninfected male can be pro-
cessed for self-insemination, intrauterine insemination (IUI), 
IVF, or ICSI, which completely eliminates the risk of infect-
ing the uninfected male. The risk of mother-to-child (verti-
cal) transmission has been reduced to <2% in mothers on the 
highly active antiretroviral therapy (HAART) [24].

It is thought that with oocytes, the surrounding cumulus 
or granulosa cells harbor the viruses [25]; hence it is recom-
mended that retrieved oocytes from virus-infected females 
should be denuded almost immediately and processed for 
ICSI rather than proceed with conventional IVF to minimize 
contact of oocytes and granulosa cells [25].

Adhering to the following precautions when handling 
oocytes from virus-infected females will prevent contamina-
tion and infection:

• All procedures should be performed in a biosafety class II 
cabinet while wearing appropriate personal protective 
equipment (PPE).

• Oocytes should be rinsed in a minimum of two changes of 
warmed media, and perform denudation as soon as 
practicable.

• Embryos from virus-infected females should be cultured 
in a separate and dedicated incubator.

• Since the risk of vertical transmission may be increased 
with multiple pregnancies, consider replacing fewer 
embryos at transfer. An elective single-embryo transfer 
(eSET) is recommended [25]. Culture to the blastocyst 
stage may be helpful for embryo selection for eSET.

81.6.2  Seropositive Male

There are four possible approaches to treating a couple with 
a seropositive male and a seronegative female:

 1. Couples can engage in unprotected intercourse, but only 
around the time of ovulation. This is the riskiest approach 
as it exposes the uninfected woman to infection unneces-
sarily. In one report, 4 out of 92 uninfected women with 
HIV-infected males seroconverted to HIV; 2 after 7 
months of follow-up and 2 after delivery [26]. The sero-
conversion rate of HIV-negative women having unpro-
tected intercourse with their HIV-positive male partners 
has been reported to vary depending on the disease sever-
ity and stage of the infected male. In a prospective longi-
tudinal study, the rate of seroconversion was reported to 
be in the range from 0.7 to 5 per 1000 episodes of unpro-
tected intercourse [27]. However, the risk of transmission 

of viruses through unprotected intercourse is real and 
cannot be overemphasized.

 2. Performing a modified DGC technique and inseminating 
the washed semen into the uterus of the unaffected female 
via IUI. In a meta-analysis of 8212 seronegative females 
who had IUIs with washed semen from HIV-seropositive 
males, none seroconverted [28]. As a smaller insemina-
tion volume is used in IVF (usually 10–20 μl) as com-
pared to IUI (usually 0.3–0.5 ml), it could be thought that 
the risk of transmission of HIV to uninfected females 
might be higher in IUI than in IVF, but there is no empiri-
cal data to support this. When semen washing was per-
formed, neither IUI nor IVF resulted in HIV transmission 
to uninfected females and their newborns even 6 months 
after delivery [29].

 3. Performing IVF/ICSI with the washed semen sample. 
This is the method of choice especially in cases of poor 
semen quality in the seropositive male and or blocked 
tubes in the seronegative female. Considering the risk of 
infection and/or contamination, ICSI has been indicated 
as the preferred technique for fertilizing oocytes over con-
ventional IVF [30].

 4. Avoid use of sperm from the BBV-positive partner alto-
gether. While sperm washing of BB-positive sperm is 
effective, this technique may not definitely eliminate the 
virus. Therefore, an alternative option is to use donated 
sperm. In HIV-discordant couples with an infected male, 
accepting donated sperm will eliminate the possible risk 
of infecting the mother and the prospective child(ren). 
However, in our experience, most infected males prefer to 
have their own genetically related children, especially 
when they have good sperm parameters, so use of donor 
sperm is rarely chosen. Other options could also be adop-
tion or to remain childless.

81.6.2.1  Modified DGC Protocol
A slightly modified DGC protocol as described below is 
used to process semen from virus-infected males, but it is 
recommended that every laboratory should establish a work-
ing protocol according to national and regional guidelines.

• To ensure efficient removal of infected leucocytes and 
cellular debris, it is advisable to use 1 ml each of three 
layers gradient—90/70/40 % for the DGC.

• Use a disposable Pasteur pipette to transfer semen from 
the specimen container onto the upper layer of the gradi-
ents. Centrifuge for 300 g for 10 min.

• After centrifugation, carefully aspirate the supernatant 
(with a Pasteur pipette) to prevent mixing, and discard.

• Carefully aspirate the pellet using a fresh Pasteur pipette 
into a fresh tube containing sperm washing medium. 
Centrifuge for 200 g for 10 min.
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• Aspirate and discard the supernatant as before. Now, use 
the swim-up technique. Overlay pellet with warmed fer-
tilization/sperm processing medium, and keep at a 45° 
slanted position. Motile sperms should migrate into the 
overlaid medium. Carefully aspirate the upper portion of 
the medium, containing migrated sperms, gently to pre-
vent mixing, and use for downstream procedures such as 
for IUI, IVF/ICSI.

• Use disposable counting chamber to assess the sperm 
concentration and motility.

There are conflicting reports on the success of DGC elim-
inating viruses in semen. For example, after DGC, there was 
complete removal of HIV in 741 semen samples [31] and 
human herpes virus (HHV 6/7) [32], whereas removal of 
herpes simplex virus (HSV) and Cytomegalovirus (CMV) 
failed significantly [32].

81.6.2.2  Double-Layer Tube Technique
The double-layered tube device, ProInsert (Nidacon, 
Sweden), is designed to minimize the risk of recontaminat-
ing the sediment or washed sperm when processing virus- 
infected semen using DGC. With this tube, the sperm pellet 
could be aspirated without touching the upper layers of 
semen and gradient expected to contain trapped cellular 
debris, leucocytes, and viruses. In one study using the 
ProInsert tube of the 103 HIV-infected semen that was pro-
cessed, viral DNA was detected in only 2 of the processed 
samples by PCR [33].

81.7  Virus Testing in Post-sperm Wash 
Sample

A quality control system that includes viral testing in a post- 
sperm wash sample is essential in the treatment of IVF 
patients with blood-borne viral infections, since the wash 
process may not yield guaranteed virus-free sample. A basic 
lateral flow assay simply detecting the presence or absence 
of viral proteins is not an ideal quality control instrument, as 
this assay requires very high viral protein thresholds for 
detection (low sensitivity). PCR offers a better specificity 
and sensitivity, able to detect very minute quantities of viral 
nucleic acids and therefore recommended for quality control 
testing of post-sperm wash samples. For example, the 
AMPLICOR HIV-1 MONITOR (Roche), a PCR-based 
assay, has been reported to give 100% sensitivity in detecting 
7.5 copies/reaction of HIV-1 RNA/DNA [34].

Since PCR-based assays can be performed within a few 
hours, the washed semen could be stored at room tempera-
ture for the meantime or cryopreserved and thawed for IUI or 
ICSI if the PCR indicates no amplification of viral RNA/
DNA. When the post-wash semen has residual viral RNA/

DNA, fresh semen can be obtained from the man for another 
wash procedure, or a donor semen can be used, or the post- 
wash semen containing the residual viral nucleic acid can be 
used, with all the recommended options being at the consent 
of the couple.

Nucleic acid testing (NAT), which is based on the princi-
ple of PCR to amplify specific targeted sequences of viruses, 
has been extensively used in screening donated blood prior 
to transfusions. NAT is a highly sensitive and specific molec-
ular biology tool and is able to detect minute titers of viruses 
in the sample. NAT could be performed on pooled samples, 
and hence clinics handling many or batched BBV-infected 
males can perform this assay simultaneously to be efficient 
at time and resource use [35].

81.8  Cryopreserving Gametes 
and Embryos

Several studies have investigated the possibility of viral con-
tamination between gametes and embryos that are stored in 
liquid nitrogen (LN2). However, to date there has been no 
report of viral transmission from frozen semen used for 
inseminations or IVF/ICSI in clinical IVF applications [36]. 
No viral nucleic acid has been detected in sampled LN2 and 
LN2 storage tanks containing embryos from HIV-, HCV-, 
and HBV-infected couples [37]. However, in experimental 
settings, the risk of viral transmission or cross contamination 
from infected LN2 to bovine embryos has been demonstrated 
[38]. Since there is a risk, the closed system of cryopreserva-
tion has been recommended over open systems especially 
when cryopreserving gametes and embryos from virus- 
infected couples. Several clinics in Europe currently use the 
heat-sealed CryoBiosystem (CBS) straws in cryopreserving 
gametes and embryos to minimize or prevent the risk of viral 
contamination from liquid-phase LN2.

Semen, especially from donors, should be quarantined 
until the donor repeats serum virus testing for HIV, HBV, and 
HCV before samples are moved into appropriate LN2 dew-
ars. Dewars meant for quarantine should be decontaminated 
after it was used to quarantine virus-infected gamete or 
embryos.

81.9  Effects of Viral Infections 
on Outcomes of ART

The impact viral infections may have on ART outcome has 
been studied with varying results. In a case-controlled study, 
HIV-seropositive women <35 years of age had similar preg-
nancy and live birth rates compared to their age-matched 
seronegative controls, whereas live birth rates were signifi-
cantly reduced in older (>35 years) HIV-seropositive women 
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[39]. In another case-controlled study, HIV-infected women 
had significantly reduced implantation and live birth rates 
compared to matched controls [40]. Such reduced outcomes 
have been attributed in part to mitochondrial DNA depletion 
in oocytes of virus-infected women on HAART [41]. 
Obstetric outcomes (premature delivery, birth weights, mis-
carriage) are generally favorable for serodiscordant couples 
[42], but it is recommended that all infants perinatally 
exposed to HIV should be placed on antiretroviral therapy 
for at least 6 weeks after delivery [43].

81.10  Controversies on Virus-Infected 
Gametes

The role of sperm cells as vectors for the transmission of 
HIV to oocytes and embryos has been suggested. While 
sperm cell surfaces are devoid of the CD4+ receptor, which 
is required on HIV target cells, the human mannose receptor 
(hMR) is abundant on the surface of sperm cells. hMR on 
sperm surface has been demonstrated to bind to HIV and 
hence can lead to the internalization of HIV in sperm cells 
[44, 45]. It has been demonstrated that HIV provirus is inte-
grated in the genome of sperm cells, and such sperms could 
achieve fertilization as unaffected sperm cells. HIV gag and 
pol DNA were also detected by fluorescent in situ hybridiza-
tion (FISH) in two-cell embryos resulting from fertilization 
with sperm cells containing integrated HIV provirus [46].

In another study of serodiscordant couples, eight HBV- 
infected males, their uninfected partners, and their aborted 
fetuses were screened by nested PCR to amplify the C gene 
of HBV. All the eight women tested negative for all markers 
of HBV infection, but the PCR of aborted fetuses amplified 
the HBV C gene. The authors report that sequences of HBV 
C gene amplified in father/fetus pair showed great similarity 
with some specific point mutations at same nucleotide posi-
tion in father and fetus [47] suggesting a possible father-to- 
child vertical transmission through infected sperm cells.

81.11  Conclusion

Viral infections play a critical role in the safety and outcomes 
of ART, and hence people seeking such procedures should be 
tested for viruses according to national and international 
guidelines. Establishing and enforcing institutional biosafety 
protocols will assist in limiting the risk of infection of gam-
etes, patients, and personnel working in a facility treating 
BBV-infected couples.

References

 1. UNAIDS. Global AIDS Update. 2016.
 2. Kourtis AP, Bulterys M, Hu DJ, Jamieson DJ. HIV–HBV coinfec-

tion — a global challenge. N Engl J Med. 2012;366(19):1749–52.
 3. Oladapo OT, Daniel OJ, Odusoga OL. Ayoola-Sotubo O. Fertility 

desires and intentions of HIV-positive patients at a suburban spe-
cialist center. J Natl Med Assoc. 2005;97(12):1672–81.

 4. De los Santos MJ, Apter S, Coticchio G, Debrock S, Lundin K, 
Plancha CE, et al. Revised guidelines for good practice in IVF labo-
ratories (2015). Hum Reprod. 2016;31(4):685–6.

 5. ASRM. Recommendations for reducing the risk of viral transmis-
sion during fertility treatment with the use of autologous gametes: 
a committee opinion. Fertil Steril. 2013;99(2):340–6.

 6. Houzet L, Matusali G, Dejucq-Rainsford N. Origins of HIV-infected 
leukocytes and virions in semen. J Infect Dis. 2014;210(suppl 
3):S622–30.

 7. Bertrand E, Zissis G, Marissens D, Gerard M, Rozenberg S, Barlow 
P, et al. Presence of HIV-1 in follicular fluids, flushes and cumu-
lus oophorus cells of HIV-1-seropositive women during assisted- 
reproduction technology. Aids. 2004;18(5):823–5.

 8. Pilatz A, Discher T, Lochnit G, Wolf J, Schuppe HC, Schuttler CG, 
et al. Semen quality in HIV patients under stable antiretroviral ther-
apy is impaired compared to WHO 2010 reference values and on 
sperm proteome level. Aids. 2014;28(6):875–80.

 9. Jenison SA, Lemon SM, Baker LN, Newbold JE. Quantitative anal-
ysis of hepatitis B virus DNA in saliva and semen of chronically 
infected homosexual men. J Infect Dis. 1987;156(2):299–307.

 10. Zhou XP, Hu XL, Zhu YM, Qu F, Sun SJ, Qian YL. Comparison 
of semen quality and outcome of assisted reproductive techniques 
in Chinese men with and without hepatitis B.  Asian J Androl. 
2011;13(3):465–9.

 11. Leruez-Ville M, Kunstmann JM, De Almeida M, Rouzioux C, 
Chaix ML. Detection of hepatitis C virus in the semen of infected 
men. Lancet. 2000;356(9223):42–3.

 12. Devaux A, Soula V, Sifer C, Branger M, Naouri M, Porcher R, et al. 
Hepatitis C virus detection in follicular fluid and culture media 
from HCV+ women, and viral risk during IVF procedures. Hum 
Reprod. 2003;18(11):2342–9.

 13. Joguet G, Mansuy JM, Matusali G, Hamdi S, Walschaerts M, Pavili 
L, et  al. Effect of acute Zika virus infection on sperm and virus 
clearance in body fluids: a prospective observational study. Lancet 
Infect Dis. 2017;17(11):1200–8.

 14. Nicastri E, Castilletti C, Liuzzi G, Iannetta M, Capobianchi MR, 
Ippolito G. Persistent detection of Zika virus RNA in semen for six 
months after symptom onset in a traveller returning from Haiti to 
Italy, February 2016. Euro Surveill. 2016;21(32)

 15. Deen GF, Broutet N, Xu W, Knust B, Sesay FR, McDonald 
SLR, et  al. Ebola RNA persistence in semen of Ebola virus dis-
ease survivors—final report. N Engl J Med. 2017;377(15): 
1428–37.

 16. Taylor PJ, Gill MJ, Mahadevan M, Pattinson HA. Hepatitis B virus 
in human follicular fluid. Fertil Steril. 1987;48(3):514.

 17. Mansour W, Lemoine M, Neri Pinto F, Llabador de Royer MA, 
Le Gal F, Yazbeck C, et al. Markers of hepatitis delta virus infec-
tion can be detected in follicular fluid and semen. J Clin Virol. 
2014;61(2):279–81.

 18. Kaspersen MD, Bungum M, Fedder J, Bonde J, Larsen PB, 
Ingerslev HJ, et  al. No increased sperm DNA fragmentation 
index in semen containing human papillomavirus or herpesvirus. 
Andrology. 2013;1(3):361–4.

M. B. Yakass et al.



745

 19. Kapranos N, Petrakou E, Anastasiadou C, Kotronias D. Detection 
of herpes simplex virus, cytomegalovirus, and Epstein-Barr virus 
in the semen of men attending an infertility clinic. Fertil Steril. 
2003;79(Suppl 3):1566–70.

 20. Ardizzoni A, Manca L, Capodanno F, Baschieri MC, Rondini I, 
Peppoloni S, et al. Detection of follicular fluid and serum antibod-
ies by protein microarrays in women undergoing in vitro fertiliza-
tion treatment. J Reprod Immunol. 2011;89(1):62–9.

 21. Lupton J, Vernamonti J, McCabe C, Noble J, Yin HZ, Eyre RC, 
et  al. Cytomegalovirus and human immunodeficiency virus in 
semen of homosexual men. Fertil Steril. 2014;101(2):350–8.

 22. Centers fDCaP. Biosafety in microbiological and biomedical labo-
ratories. 5th ed. 2009.

 23. WHO. Guideline on when to start antiretroviral therapy and on pre- 
exposure prophylaxis for HIV. Geneva; 2015.

 24. Siegfried N, van der Merwe L, Brocklehurst P, Sint TT. Antiretrovirals 
for reducing the risk of mother-to-child transmission of HIV infection. 
Cochrane Database Syst Rev. 2011;(7):CD003510.

 25. Jindal SK, Rawlins RG, Muller CH, Drobnis EZ. Guidelines for 
risk reduction when handling gametes from infectious patients 
seeking assisted reproductive technologies. Reprod Biomed Online. 
2016;33(2):121–30.

 26. Mandelbrot L, Heard I, Henrion-Geant E, Henrion R.  Natural 
conception in HIV-negative women with HIV-infected partners. 
Lancet. 1997;349(9055):850–1.

 27. de Vincenzi I.  A longitudinal study of human immunodeficiency 
virus transmission by heterosexual partners. European Study 
Group on Heterosexual Transmission of HIV.  N Engl J Med. 
1994;331(6):341–6.

 28. Barnes A, Riche D, Mena L, Sison T, Barry L, Reddy R, et  al. 
Efficacy and safety of intrauterine insemination and assisted repro-
ductive technology in populations serodiscordant for human immu-
nodeficiency virus: a systematic review and meta-analysis. Fertil 
Steril. 2014;102(2):424–34.

 29. Vitorino RL, Grinsztejn BG, de Andrade CA, Hokerberg YH, de 
Souza CT, Friedman RK, et al. Systematic review of the effective-
ness and safety of assisted reproduction techniques in couples sero-
discordant for human immunodeficiency virus where the man is 
positive. Fertil Steril. 2011;95(5):1684–90.

 30. Palermo GD, Neri QV, Rosenwaks Z. To ICSI or not to ICSI. Semin 
Reprod Med. 2015;33(2):92–102.

 31. Savasi V, Ferrazzi E, Lanzani C, Oneta M, Parrilla B, Persico 
T.  Safety of sperm washing and ART outcome in 741 HIV-1- 
serodiscordant couples. Hum Reprod. 2007;22(3):772–7.

 32. Michou V, Liarmakopoulou S, Thomas D, Tsimaratou K, 
Makarounis K, Constantoulakis P, et  al. Herpes virus infected 
spermatozoa following density gradient centrifugation for IVF pur-
poses. Andrologia. 2012;44(3):174–80.

 33. Fourie JM, Loskutoff N, Huyser C.  Semen decontamination 
for the elimination of seminal HIV-1. Reprod Biomed Online. 
2015;30(3):296–302.

 34. Zamora MJ, Obradors A, Woodward B, Vernaeve V, Vassena 
R. Semen residual viral load and reproductive outcomes in HIV- 

infected men undergoing ICSI after extended semen preparation. 
Reprod Biomed Online. 2016;32(6):584–90.

 35. Hans R, Marwaha N. Nucleic acid testing-benefits and constraints. 
Asian J Transfus Sci. 2014;8(1):2–3.

 36. Pomeroy KO, Harris S, Conaghan J, Papadakis M, Centola G, 
Basuray R, et al. Storage of cryopreserved reproductive tissues: evi-
dence that cross-contamination of infectious agents is a negligible 
risk. Fertil Steril. 2010;94(4):1181–8.

 37. Cobo A, Bellver J, de los Santos MJ, Remohi J.  Viral screening 
of spent culture media and liquid nitrogen samples of oocytes and 
embryos from hepatitis B, hepatitis C, and human immunodefi-
ciency virus chronically infected women undergoing in vitro fertil-
ization cycles. Fertil Steril. 2012;97(1):74–8.

 38. Bielanski A, Nadin-Davis S, Sapp T, Lutze-Wallace C.  Viral 
contamination of embryos cryopreserved in liquid nitrogen. 
Cryobiology. 2000;40(2):110–6.

 39. Nurudeen SK, Grossman LC, Bourne L, Guarnaccia MM, Sauer 
MV, Douglas NC.  Reproductive outcomes of HIV seropositive 
women treated by assisted reproduction. J Womens Health (2002). 
2013;22(3):243–9.

 40. Stora C, Epelboin S, Devouche E, Matheron S, Epelboin L, Yazbeck 
C, et al. Women infected with human immunodeficiency virus type 
1 have poorer assisted reproduction outcomes: a case-control study. 
Fertil Steril. 2016;105(5):1193–201.

 41. Lopez S, Coll O, Durban M, Hernandez S, Vidal R, Suy 
A, et  al. Mitochondrial DNA depletion in oocytes of HIV-
infected antiretroviral- treated infertile women. Antivir Ther. 
2008;13(6):833–8.

 42. Cleary-Goldman J, Pena JE, Thornton MH 2nd, Robinson JN, 
D’Alton ME, Sauer MV. Obstetric outcomes of human immuno-
deficiency virus-1-serodiscordant couples following in  vitro fer-
tilization with intracytoplasmic sperm injection. Am J Perinatol. 
2003;20(6):305–11.

 43. Chappell CA, Cohn SE.  Prevention of perinatal transmission 
of human immunodeficiency virus. Infect Dis Clin North Am. 
2014;28(4):529–47.

 44. Cardona-Maya W, Lopez-Herrera A, Velilla-Hernandez P, Rugeles 
MT, Cadavid AP. The role of mannose receptor on HIV-1 entry into 
human spermatozoa. Am J Reprod Immunol. 2006;55(4):241–5.

 45. Fanibunda SE, Velhal SM, Raghavan VP, Bandivdekar AH.  CD4 
independent binding of HIV gp120 to mannose receptor on 
human spermatozoa. J Acquir Immune Defic Syndr (1999). 
2008;48(4):389–97.

 46. Wang D, Li LB, Hou ZW, Kang XJ, Xie QD, Yu XJ, et  al. The 
integrated HIV-1 provirus in patient sperm chromosome and 
its transfer into the early embryo by fertilization. PLoS One. 
2011;6(12):e28586.

 47. Wang S, Peng G, Li M, Xiao H, Jiang P, Zeng N, et al. Identification 
of hepatitis B virus vertical transmission from father to fetus by 
direct sequencing. Southeast Asian J Trop Med Public Health. 
2003;34(1):106–13.

81 Treating Patients with Blood-Borne Viruses



747© Springer Nature Singapore Pte Ltd. 2020
G. N. Allahbadia et al. (eds.), Textbook of Assisted Reproduction, https://doi.org/10.1007/978-981-15-2377-9_82

Laboratory Aspects of In Vitro 
Maturation Cycles

Weon-Young Son, Sara Henderson, and Jin-Tae Chung

82.1  Introduction

Infertile women with polycystic ovaries have comprised the 
majority of patients undergoing IVM to avoid ovarian hyper-
stimulation syndrome (OHSS) caused by exogenous gonad-
otropins stimulation. However, indications for IVM are 
widened to include various reasons of infertility, especially 
for poor ovarian reserve [1, 2] and fertility preservation [3]. 
The research for improvements in IVM is continuing, and 
improved pregnancy rates have recently been established by 
a number of centers [4, 5]. Nonetheless, the reduced preg-
nancy rates per cycle compared to conventional IVF repre-
sent a major obstacle that needs to be overcome for 
widespread uptake of IVM. This lower efficiency manifests 
at multiple levels: particularly lower metaphase II (M-II) 
rates (typically 40–60%) but also lower subsequent embryo 
development rates [6] and, in some centers, higher miscar-
riage rates.

Therefore, understanding oocyte maturation process and 
the details of human IVM is crucial to improve results. We 
will review oocyte maturation mechanisms and the labora-
tory aspects in IVM cycles.

82.2  Oocyte Maturation

An in-depth understanding of oocyte maturation process is 
required to develop “high-quality oocytes” in vitro. Oocyte 
maturation refers to both nuclear and cytoplasmic matura-
tion. The nuclear maturation in the oocyte implies the 
resumption of the first meiotic division and progression to 
metaphase II (M-II). Cytoplasmic maturation involves meta-
bolic and structural changes in the organelles, which are 
required for fertilization and early embryo development.

Oocytes inside follicles are arrested in prophase I (germi-
nal vesicle (GV) stage) until luteinizing hormone (LH) surge 
even though chromatin configuration and transcriptional 
activity are different between growing follicles. It is well 
established that this meiotic arrest is maintained by high 
cyclic adenosine 3′,5′-monophosphate (cAMP) levels within 
the oocyte. Gap junctions between oocytes and cumulus cells 
(CCs), as well as between cumulus cells themselves, regulate 
cAMP levels. Regulatory molecules for meiotic arrest as 
well as nutrients and metabolites are bi-directionally trans-
ferred through the gap junction. High cAMP levels within 
the oocyte before the LH surge are maintained by three 
mechanisms. Firstly, cAMP enters the oocyte from CCs 
through the gap junctions [7], and it is also produced by the 
oocyte itself via G protein- coupled receptors in the oocyte 
membrane [8]. Finally, guanosine 3′,5′-cyclic monophos-
phate (cGMP), an inhibitor of phosphodiesterase 3A 
(PDE3A: oocyte-specific phosphodiesterase), crosses 
through gap junctions into the oocyte [9], where it prevents 
hydrolysis of cAMP by PDE3A.  The high intra-ovarian 
cAMP concentration inactivates the meiosis- promoting fac-
tor (MPF) and blocks meiotic progression.

After the LH surge, the preovulatory follicle rapidly 
increases in volume, and the CCs in cumulus oocyte complex 
(COC) are expanded physiologically. Hyaluronan (HA) is 
mainly involved in the cumulus cell expansion and is synthe-
sized in the plasma membrane of the CCs [10]. The cumulus 
expansion disrupts the Cx43 gap junction in the COCs which 
inhibits the transport of cAMP from cumulus cells into 
oocytes leading to the activation of MPF and meiotic resump-
tion of oocytes [11]. It has been suggested that the secretion 
of a soluble factor from oocytes is involved in HAS2 (hyal-
uronan synthase 2) mRNA expression, HA synthesis, and 
cumulus expansion in vitro. Probable oocyte- secreted factors 
include growth differentiation factor-9 (GDF-9), bone mor-
phogenetic protein 15 (BMP-15), and BMP-6 [12].W.-Y. Son (*) · S. Henderson · J.-T Chung 
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Figure 82.1 illustrates the signaling pathways involved 
in oocyte maturation in vivo. LH receptor (LHR) expres-
sion is much higher in mural granulosa layers than in CCs. 
Mural granulosa cell (GCs) activation by LH induces the 
expression of EGF-like growth factors, amphiregulin, 
betacellulin, and epiregulin, as second signals [13]. CCs 
are the main target for EGF-induced meiotic resumption. 
The LH surge leads to a drop in follicular and oocyte 
cGMP levels [14]. Mitogen-activated protein kinase 
(MAPK) in CCs is immediately activated following EGF 
administration. Increased activation of MAPK in follicular 
somatic cells may lead to resumption of meiosis by induc-
ing the synthesis of downstream meiosis resumption-
inducing factor(s), as well as phosphorylation of gap 
junction proteins. Altogether, cAMP- mediated meiotic 
arrest is lifted, and oocyte maturation is induced. Therefore, 
both the oocyte itself and the GCs play a role in the regula-
tion of oocyte maturation and development [12].

82.3  Clinical Application of Human 
Immature Oocyte Maturation 
Program

In vivo oocyte maturation is a complex process orchestrated 
by hormonal signals, surrounding somatic cells, and tran-
scription factors. However, immature oocytes retrieved from 
antral follicles start hormone-independent, spontaneous mei-
otic maturation in  vitro. In vitro maturation is associated 
with premature disruption of oocyte-cumulus cell gap junc-
tions, preventing the crossing of beneficial factors, such as 
nucleotides and nutrients from CCs to the oocyte. This may 
impair the composition of oocyte cytoplasm.

Cyclic AMP analogues, kinase, or PDE inhibitors have 
been used to delay spontaneous IVM, by mimicking in vivo 
mechanisms [15, 16]. However, the effect was not signifi-
cant, especially in humans. Recently, an Australian group 
suggested an IVM system called “Simulated physiological 
oocyte maturation (SPOM),” and they reported improved 
outcomes in mouse and bovine models [17]. Whether it 
would be applicable in human IVM system or not remains to 
be determined.

Gonadotropin stimulation of ovaries is widely employed 
to improve the quality and quantity of oocytes in human 
IVM programs [18].

82.4  Laboratory Procedure of IVM

82.4.1  Oocyte Retrieval

The follicular aspirate is collected in collection tubes con-
taining flushing media with 2 U heparin to prevent the for-
mation of blood clots during retrieval. Multiple snap needle 
punctures are needed because follicles are small (2–13 mm) 
and bloody aspirates may block the thin needle lumen with 
lower aspiration pressure. As in direct aspiration of imma-
ture oocytes from ex vivo ovarian tissues or ovaries during 
the cesarean section, the tissues/ovaries are held with one 
hand, and direct aspiration of small follicles containing 
immature oocytes is performed using a simple 5 or 10 mL 
syringe (containing HEPES-buffered IVF media with pro-
teins) and 22-gauge needle.

82.4.2  Oocyte Identification

The follicular aspirate is first examined under a stereomicro-
scope to identify COC. Since the COCs aspirated from IVM 
cycles have a small amount of cells compared to those from 
controlled ovarian hyperstimulation (COH) cycles, they can 
be easily overlooked by embryologists. Therefore, the bot-
tom portion of the tube holds a small volume of follicular 

LH

LHR

Mural Granulosa Cells

MAS

Cumulus Cells

cAMP/PKA, PKC in Mural granulosa cells

EGF-like factors

EGFR
Guanylate

cyclase
PDE

cGMP↓
ERK1/2(MAPK)

C/EBPβ and
Other factors

Gap junction protein
phosphorylation

Gap junction closure

Oocyte

Activate PDE3A in Oocyte

cAMP↓ in oocyte

Meiosis resumption
(GVBD)

Amphiregulin
Betacellulin epiregulin

Fig. 82.1 Signal transduction in follicular somatic cells and oocyte 
regulating oocyte meiosis after LH surge. CAAT-enhancer-binding pro-
tein (C/EBPβ)
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aspirate to facilitate the identification of oocytes since they 
most likely will sink to the bottom of the tube. In hCG- 
primed IVM cycles, the CCs of some of the COCs have 
already started expansion in vivo and thus facilitate detach-
ment from the follicles. It makes oocyte retrieval and COC 
identification for both clinician and embryologist easier than 
non-hCG-primed IVM cycles. This method allows for more 
efficient and timely communicates between clinician and 
embryologist regarding the number and morphology of 
oocytes retrieved during the process.

The other method is to use a cell strainer device made of 
a nylon mesh of 70-μm pores (Fig. 82.2) [19]. The follicular 
aspirates in collection tubes are filtered with the cell strainer. 
After filtering all follicular aspirates, the collected aspirates 
are washed with fresh medium (containing HEPES-buffered 
IVF media with proteins) to remove red blood cells and 
small cells. They are then transferred to a new Petri dish to 
search for COC under a stereomicroscope. This method is 
mainly performed in the IVM cycles without hCG-priming 
such as non-, FSH-primed IVM cycles or follicle aspirates 

from ovarian tissue, since COCs show similar color to mural 
GCs without CCs expansion (Fig. 82.3A).

In order to avoid the expanded COCs block in pores of the 
filter, once oocytes with expanded CCs are identified directly 
under stereomicroscope, only the remaining aspirates are fil-
tered through a cell strainer to facilitate identification of 
those oocytes with a small amount or a compact CCs.

82.4.3  Cumulus Oocyte Morphology 
in Relation to hCG Exposure

COC morphology varies in cycles with and without hCG 
priming [20] (Fig.  82.3). Oocytes with dispersed CC are 
only found in hCG-primed-IVM cycles (Fig. 82.3B). In the 
non- hCG- primed IVM cycles, immature oocytes sur-
rounded by multiple layers of CCs had higher embryo 
developmental potential than oocytes without multilayer 
CCs [21]. In hCG- primed IVM cycles, the oocytes with 
dispersed CCs had higher rate of in vitro maturation and 

a b

c d

Fig. 82.2 Filter method. (a) Filtering of follicular aspirates, (b) washing the filtrate with fresh media, (c) transfer washed filtrates to a new Petri 
dish, (d) cumulus oocyte complexes in the Petri dish (arrow)

82 Laboratory Aspects of In Vitro Maturation Cycles



750

matured faster than oocytes without dispersed CCs [22]. 
Immature oocytes collected in COH cycles had similar 
results [15]. Actually, most of immature oocytes obtained 
from COH cycles have expanded CCs, and more than 80% 
reach in vitro maturation if the CCs are attached and cul-
tured for 24  h (personal experience). In general, oocytes 
that reach maturation faster can produce better develop-
mental potential and less aneuploidy rate than those reach-
ing maturation late in IVM cycles [23–26]. Therefore, 
higher pregnancy rate can be obtained in the IVM cycles 
that had transferred embryos derived from faster in  vitro 
matured oocytes than late ones [27].

82.4.4  In Vivo Matured Oocytes in hCG-Primed 
IVM Cycles

In vivo matured oocytes can be collected alongside immature 
oocytes in hCG-primed IVM cycles. All the oocytes with an 
extruded polar body (PB) have expanded CCs. This implies 
that a few of them have already resumed meiosis and/or 
extruded PB [20, 24, 27, 28]. The number of good quality at 
cleavage or at blastocysts produced from in  vivo matured 
oocytes was significantly higher than that of in vitro matured 
oocytes [20, 25], resulting in higher clinical pregnancy rate in 
the cycles where transferred embryos were derived from 
in vivo matured oocytes [24, 29]. Sometimes in vivo matured 
oocytes can be collected from follicles measuring <10 mm at 
the time of retrieval. Multiple in vivo matured oocytes can usu-
ally be retrieved in hCG-primed IVM cycles [28]. Recently, 
Jeppesen et al. [30] showed that in humans LHR expression 

was maximal in GCs from preovulatory follicles and a major-
ity of antral follicles with a diameter of 3–10 mm expressed 
LHR at approximately 10% of the maximum. This report could 
explain the reason for retrieving mature oocytes even from 
small diameter antral follicles in hCG-primed IVM cycles.

To evaluate oocyte maturity in IVM cycles associated 
with hCG priming, spreading method can be used easily: 
after identifying expanded COC, they are removed from the 
Petri dish, and follicular aspirates in the Petri dish are dis-
carded while keeping a small amount of fluid in the dish. The 
COCs are spread into the Petri dish to observe oocyte cyto-
plasm under the dissecting microscope (Fig. 82.4). This pro-
cedure should be performed quickly before the follicular 
fluid dries out on the Petri dish. It would be difficult to iden-
tify oocytes with the first PB but easy to separate oocytes 
with and without GV in cytoplasm with this method. When 
GV is not observed in the cytoplasm, CCs are removed to 
assess maturity. If M-II oocytes are overlooked at the time of 
retrieval, they will be aged by the time of CC removal (24 h 
later), and their developmental competence might be com-
pensated. Therefore, identification of in vivo matured oocytes 
is very important in hCG-primed IVM cycles. Some IVF 
clinics are removing expanded CCs 6 h after egg retrieval to 
evaluate precise oocyte maturity [31].

82.4.5  IVM Culture Medium and Supplements

Most human IVM media composition is informed by experi-
ences in other mammalian species. Recently, commercial 
IVM media (SAGE or Medi-Cult) became available. 

b

c

ac

b

a b

Fig. 82.3 Cumulus oocyte complex (COC) just after oocyte retrieval (A) from non-hCG-primed IVM cycles. (B) From hCG-primed IVM cycles. 
(a) Oocyte with dispersed cumulus cells (CCs), (b) oocyte with compacted CCs, (c) oocytes with sparse CCs
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However, IVM, fertilization, embryo development, and preg-
nancy rates are found to be similar with TCM 199-based and 
Medi-Cult commercial IVM media [32, 33] or between 
SAGE commercial IVM media and blastocyst IVF media 
[34]. Therefore, despite the availability of commercial 
human IVM culture media, the developmental competency 
of immature oocytes is not improved over complex culture 
medium or regular IVF media. Optimal culture medium for 
human immature oocytes is still to be developed. Regular 
IVF blastocyst culture medium may be a good choice, espe-
cially for clinics where IVM cycles are not routinely done.

Currently, most IVM protocols involve supplement 
serum, FSH, or other additives such as LH/hCG and/or EGF 
into IVM culture medium based on their physiological role 
in oocyte maturation in vivo. Since serum sources from other 

patients or from animals have potential sources of infectious 
agents, the patient’s own serum, human serum albumin 
(HSA), or synthetic serum substitutes have been used as pro-
tein supplementation in IVM media.

FSH is normally added to the culture medium since FSH 
is involved in the development of preovulatory follicles 
in vivo [35], for induction of LH receptors and for inducing 
EGF-like growth factors. FSH and LH have been reported to 
improve human oocyte maturation and embryo cleavage [36, 
37]. hCG and LH are reported to be equally effective in pro-
moting oocyte maturation in vitro [38]. However, hCG in the 
culture medium was not found to improve IVM and embry-
onic development in one study [39]. Therefore, the role of 
gonadotropin and their optimal concentration in culture 
medium still need to be studied. Gonadotropins may not 

PB

GV

a b

c d

Fig. 82.4 The process to assess oocyte maturity with spreading 
method. (a) Removing most of follicular fluid (b) put the identified 
COC with dispersed CCs on the Petri dish. (c) A GV-stage oocyte with 

expanded cumulus cells, (d) metaphase II (M-II)-stage oocyte with dis-
persed cumulus cells. GV, germinal vesicle; PB, 1st polar body
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have the same role in oocyte maturation in vitro due to the 
absence of mural cells, which respond to LH/hCG signals 
involved in upregulation of EGF-like growth factors in vivo. 
EGF itself could help in vitro maturation of oocytes. Indeed, 
EGF supplementation of IVM medium is reported to improve 
nuclear maturation of cumulus-denuded human GV-stage 
oocytes and increase fertilization rate of n cumulus-intact 
immature oocytes [40].

82.4.6  Culture Time for Assessing In Vitro 
Maturation of Immature Oocytes

Separating M-II stage oocytes with extruded first PB from the 
germinal vesicle breakdown (GVBD)-stage oocytes is pretty 
hard without CCs denudation due to variable orientation of the 
first PB on the Petri dish. The GVBD oocytes could become 
M-II and be inseminated on the same day after removing CCs. 
Oocyte maturity would be evaluated again early in the morn-
ing of day 1, and ICSI would be performed immediately if 
there are any M-II oocytes. By the end of day 1, the presence 
of zygotes would be evaluated since aged oocytes could show 
earlier fertilization sign than usual and separated from the 
other oocytes that had been injected at the same time but show 
no sign of fertilization. When zygotes are not observed, signs 
of fertilization would be checked again the next morning.

The maturity status of GV-stage oocytes does not require 
re-assessment on the same day in hCG-primed IVM cycles. 
In the non-hCG-primed IVM cycles, COCs retrieved from 
antral follicles usually have a compact mass of CCs with 
oocytes at GV-stage and therefore do not need to assess 
oocyte maturity on the collection day.

Some of the GV-stage oocytes at collection can reach 
M-II stage oocytes after 24  h of maturation in both hCG- 
primed and unprimed IVM cycles [20, 33, 39]. Most studies 
reported 40–60 % rate of in vitro maturation after day 1 cul-
ture (24–30  h) in IVM cycles [20, 39]. However, oocytes 
were inseminated 48 or 56 h after assessing maturation in 
non-primed IVM cycles, and oocyte maturity was not even 
assessed on day 1 in earlier studies [41, 42]. Therefore, many 
oocytes must have been arrested at the M-II stage for 24–30 h 
before insemination. This places them well past the optimal 
fertilization time and was the one of the main reasons for 
poor clinical outcomes for the first several years after starting 
human IVM program.

It would not be suggested to use M-II oocytes matured 
after day 2 culture unless there are not enough mature oocytes 
on day 1 since the embryos produced from late matured ones 
(day 2) had poor developmental potential and had higher 
aneuploidy rate.

Since time-lapse incubator system (TLS) has been devel-
oped, the time period of oocyte IVM from GV-stage oocytes 
could be observed, although most of CCs at GV-stages are 

removed to see the first PB extrusion in the TLS which may 
act differently than oocytes with intact CC. In the GV-stage 
oocytes retrieved from FSH-hCG-stimulated IVM cycles, 
the average time from GV- to GVBD-stage was 3.3 h (±2.3, 
range: 0.5–9.3  h) and GBVD- to M-II-stage was 12. 5  h 
(±1.5, range: 7.7–15.6  h) after beginning culture in IVM 
media [43].

Therefore, oocyte maturity should be assessed after day 1 
culture in the entire IVM program.

82.4.7  Insemination of Mature Oocytes 
Produced from IVM Cycles

ICSI has been used to increase the chances of fertilization 
whether or not a male factor has been detected as a result of 
the theoretical concern of zona pellucida hardening during 
the in  vitro culture of the immature oocytes [44]. ICSI 
resulted in a higher fertilization rate than IVF insemination 
in several studies [33, 45]. However, Walls et al. [46] recently 
reported similar fertilization rate between IVF and ICSI 
insemination in IVM oocytes. Therefore, whether ICSI is 
beneficial or absolutely necessary to effectively inseminate 
IVM oocytes in the absence of sperm factors is still contro-
versial. Nevertheless, ICSI is the commonly used method of 
insemination to increase fertilization in the majority of IVM 
studies.

82.4.8  ICSI Timing

Asynchronous maturation of the immature oocytes is typical 
of human IVM cycles. Therefore, optimal ICSI timing is 
important to ensure maximal fertilization and embryo 
development.

Balakier et  al. [47] suggested that the IVM oocytes 
obtained from COH cycles needed at least 3  h before 
insemination after extruding the 1st PB to obtain reason-
able fertilization rates. Meanwhile, developmental poten-
tial would be negatively affected if IVM oocytes were 
post-maturation aging. Thus, the optimal interval between 
extrusion of the first PB and ICSI is crucial in human 
IVM. Hyun et al. [48] reported that human oocytes matured 
in vitro needed at least 1 h after the first PB extrusion to 
complete nuclear maturation, and better quality embryos 
were produced when ICSI was done 3  h after 1st PB in 
hCG-primed IVM cycles. Recently, using TLS in FSH-
hCG-primed IVM cycles, Gunasheela et  al. [49] reported 
that ICSI 3–6 h after the 1st PB extrusion was associated 
with higher fertilization rate (83.1%) than < 3 h (40%) or > 
6 h (64 %). Likewise, no good quality morula/blastocysts 
were developed when ICSI was performed < 3 h after the 
1st PB extrusion.
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It is important to note that the time for completing nuclear/
cytoplasmic maturation after the first PB extrusion depends on 
the source of immature oocytes (from COH cycles or IVM 
cycles) as well as on IVM culture system. Practically, how-
ever, it would be easier to remove CCs in the afternoon of day 
1 after culturing for and perform ICSI 3 h after observing the 
first PB, in order to avoid several ICSI times for an IVM cycle.

82.4.9  Culture of IVM Embryos

Once zygotes are formed, the remaining embryology work is 
the same as IVF cycles such as embryo culture and transfer 
and embryo cryopreservation.

82.5  Cryopreservation of Oocytes 
Obtained from IVM Cycles

Based on the success of “oocyte vitrification,” the American 
Society for Reproductive Medicine (ASRM) has endorsed 
oocyte cryopreservation as a fertility preservation strategy 
for women with cancer and other conditions which require 
gonadotoxic treatments [50]. However, COH for IVF is con-
traindicated for women with hormone-dependent cancers. 
Moreover, chemo- or radiation-therapy cannot be delayed to 
do an IVF cycle in many cases. Immature oocyte collection 
can be an alternative under these conditions [51]. A few live 
births have been reported after IVM oocyte cryopreservation 
[52–56], yet live birth using cryopreserved IVM oocytes for 
fertility preservation was not reported at the time of writing. 
Some live births have been reported using vitrified/warmed 
IVM embryos produced from immature oocytes retrieved 
from ex vivo ovarian tissue [57–59].

Immature oocytes can be cryopreserved at the GV-stage 
(before IVM) of after reaching maturation (after IVM). 
Vitrification after reaching M-II-stage seems better than vit-
rification at the GV-stage in terms of survival rate and embryo 
developmental potential after warming [60, 61].

Therefore, IVM- or cryo-technology still needs to be 
advanced for optimal cryopreservation of smaller GV-stage 
oocytes. The results can be improved by (i) improving the qual-
ity of in vitro produced oocytes by optimizing in vitro condi-
tions and/or (ii) adapting cryopreservation methods to the 
cellular properties of oocytes before/after in vitro maturation.

82.6  Conclusion

Manipulation of oocytes collected from IVM cycles is more 
technically demanding and time consuming as compared to 
stimulated IVF cycles. Embryologists should be adequately 
trained by an experienced supervisor before embarking on 

IVM cycles [19]. Laboratory procedure requires optimiza-
tion as well [19]. Recently, 3-D culture systems [62–64], 
addition of EGF-like growth factors (amphiregulin and epi-
regulin) [65] or oocyte secreting factors (GDF-9 and BMP- 
15) [66, 67] to culture medium have been tried to improve 
human IVM culture systems. However, they are still subop-
timal to support IVM of human immature oocytes and fur-
ther research is required to develop the optimal human IVM 
culture medium. It is not only culture media that is important 
but also the physical aspect of culture such as a 3-D culture 
system with proper pressure in order to mimic the inside of a 
follicle. It is also important for the IVM culture media/sys-
tem to be simple to manage to facilitate handling by the 
embryologist in the embryology laboratory.
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Complications of Oocyte Retrieval

Funda Gode, Suleyman Akarsu, and Ahmet Zeki Isik

Oocyte pick-up is one of the cornerstones of the in vitro fer-
tilization (IVF) cycle. The first oocyte was obtained by lapa-
rotomy, resulting in the first IVF human pregnancy, in 1973 
[1]. The laparoscopic approach was typically applied until 
transvaginal ultrasound-guided oocyte pick-up, which was 
first described in 1985 [2–4]. This procedure became the pre-
ferred method worldwide, as it has many advantages over the 
laparoscopic approach, such as ease of learning and applica-
tion, good safety and effectiveness, and a more practical 
daily procedure for clinicians [5].

Although ultrasound-guided oocyte pick-up is a simple 
procedure, some serious complications can occur, including 
hemorrhage, infection, and injury to adjacent pelvic struc-
tures. Furthermore, certain rare complications, including 
ureteral obstruction, ureterovaginal fistula, and vertebral 
osteomyelitis have been observed in some case reports [6–8]. 
Anesthetic complications can also occur, as the procedure is 
often performed under local or general anesthesia. In this 
chapter, we discuss both common and rare complications of 
oocyte pick-up and propose some recommendations for 
making the procedure safer.

83.1  Hemorrhage

Minimal bleeding, which stops spontaneously, is common 
during the transvaginal oocyte retrieval procedure. An esti-
mated 230 ml blood loss within 24 h after a non-complicated 
oocyte retrieval is considered normal [9]. However, bleeding 
can be serious if the aspiration needle directly injures a blood 
vessel in a pelvic organ (uterus, bladder, or ovary) or an iliac 
vessel.

The most common form of bleeding is from the vaginal 
vault, which has been reported to occur in 1.4–18.4% of all 
punctures [10]. Fortunately, this type of bleeding often 

stops spontaneously or can be controlled by local pressure 
and topical hemostatic agents [11]. A speculum should not 
be used, as it may stretch the vaginal walls and prolong 
bleeding [12, 13]. However, suturing of the lesion is neces-
sary in cases of serious bleeding. Therefore, optimal vagi-
nal exploration is helpful for appropriate management in 
these cases [14].

Intra-abdominal bleeding is most often associated with 
damage to the fine vascular network of blood vessels on the 
ovarian surface and theca internal layer and tends to result in 
varying degrees of blood loss [15]. Bleeding related to dam-
aged pelvic organs or pelvic blood vessels might be more 
serious. Severe intra-abdominal bleeding is rare, occurring in 
0–1.3% of oocyte retrieval procedures [12–16]. Most cases 
are diagnosed several hours after oocyte pick-up, with a 
reported interval between oocyte pick-up and surgical inter-
vention ranging from 3 to 18 h [16–18]. Vital signs, symp-
toms, and blood hemoglobin levels should be evaluated 
immediately in cases of suspected intraperitoneal bleeding. 
Ultrasound may be helpful to determine the extent of bleed-
ing and the intra-abdominal fluid level. A prompt drop in 
hemoglobin, hemodynamic instability, or a massive volume 
of fluid in the abdominal cavity requires emergent manage-
ment via blood transfusion and procedures such as laparos-
copy or laparotomy [14]. Alternatively, pelvic arterial 
embolization can be performed in hemodynamically stable 
patients if facilities for interventional vascular radiology are 
available. Kart et al. reported life-threatening intra- abdominal 
bleeding after oocyte retrieval that was successfully man-
aged with bilateral uterine artery embolization. The authors 
mentioned that empiric embolization of the anterior division 
of the internal iliac arteries can be performed if the exact 
source of the bleeding cannot be identified [15].

The most important factor for preventing intraperitoneal 
bleeding is careful performance of the procedure with good 
technique. Ultrasonographic visualization of the ovaries by 
pressing the ultrasonographic probe firmly against the vagi-
nal wall will decrease the distance between the needle and 
ovary. An assistant can help by applying pressure against the 
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abdomen to fix mobile and abnormally located ovaries. One 
needle puncture and sequential aspiration of the follicles 
with the same puncture decreases the bleeding risk. 
Additionally, visualization of all round structures, in both the 
longitudinal and transverse axes, and detection of the iliac 
vessels are important for a safe procedure [13]. Misidentifying 
the iliac vessels as ovarian follicles can lead to serious com-
plications. Color Doppler ultrasound is also recommended to 
distinguish major and minor blood vessels and to minimize 
hemorrhage during follicular aspiration [17]. At the end of 
the procedure, excessive collection of fluid or blood in the 
pelvis should be checked [13].

Needle size can also be a factor, where the smaller size of 
newly designed needles has been associated with less vagi-
nal bleeding in recent reports [18, 19]. Follicular flushing 
with solutions containing heparin is related to bleeding from 
the small intrafollicular blood vessels and can cause a hemo-
peritoneum [16]. Therefore, aspirating the follicles quickly 
without flushing might be helpful to avoid excessive bleed-
ing from follicles.

Retroperitoneal bleeding can be catastrophic, as the 
bleeding may not be detected by ultrasonography after the 
procedure and symptoms can occur later. Azem et al. reported 
massive retroperitoneal bleeding resulting from injury to the 
midsacral vein. The bleeding was controlled with a metal 
clip [20]. A life-threatening hemorrhage from a pseudoaneu-
rysm of the obturator artery has also been reported, success-
fully managed with a covered stent under computed 
tomography angiography guidance. The authors mentioned 
that a retroperitoneal bleed is usually concealed and requires 
specific management [21].

Management of patients with coagulation disorders 
undergoing transvaginal oocyte retrieval is also important. 
The overall risk of complications for patients with bleeding 
disorders is unknown; however, severe intra-abdominal hem-
orrhage has been reported in patients with von Willebrand 
disease, essential thrombocytopenia, and factor XI defi-
ciency [22–24]. Peavey et  al. reported successful prophy-
laxis of a hemorrhage by using fresh frozen plasma, 
recombinant factor, intravenous immunoglobulin, and des-
mopressin in patients with von Willebrand disease and in 
hemophilia carriers before oocyte retrieval [25]. Specific 
attention should be paid to patients with a family history of 
unusual bleeding so that known bleeding abnormalities can 
be corrected prior to transvaginal oocyte retrieval, which can 
minimize bleeding in this population. However, up to 534 
coagulation tests may be needed to detect a single coagula-
tion disorder. Therefore, screening for coagulation disorders 
in all patients undergoing transvaginal oocyte retrieval is 
useless for prediction [26].

It may be necessary to pass the aspiration needle through 
the myometrium and endometrium to retrieve oocytes in 
some patients due to anatomical variations, which can 

increase bleeding and infection risk. Fixing the uterus with a 
tenaculum is recommended in such cases to stabilize the ova-
ries and ensure easier oocyte retrieval [13].

83.2  Pelvic Infection

Infection is another important complication after transvagi-
nal oocyte retrieval. The general incidence of pelvic infec-
tions after transvaginal oocyte retrieval is <1%, with more 
severe pelvic abscesses or tubo-ovarian abscesses occurring 
in <0.3% of cases [27–30]. The severity of infection ranges 
from a minor infection with pyrexia, leukocytosis, and 
abdominal pain to a major medical event, such as a pelvic 
abscess [12, 31]. The potential risk factors for pelvic infec-
tion after transvaginal oocyte retrieval are endometriosis, 
history of pelvic inflammatory disease (PID), pelvic surgery, 
and pelvic adhesions [12, 16, 30].

The microorganisms isolated from pelvic abscesses are 
commonly detected in the vagina [12, 13]. As pelvic infec-
tions have not previously been reported after laparoscopic or 
abdominal oocyte retrieval, direct inoculation of vaginal 
microorganisms has been suggested as the potential cause of 
pelvic infections. Therefore, minimizing the number of vagi-
nal penetrations is generally recommended for decreasing 
the risk of infection [12]. Other preventive strategies include 
disinfecting the probe between use, sterilizing the needle 
guides, using sterile covers on the ultrasound probe and 
machine, and applying sterile drapes to cover the patient’s 
legs and perigenital area [13, 32]. There is no consensus on 
vaginal preparation before oocyte retrieval. Different solu-
tions, including povidone-iodine and chlorhexidine, have 
been used as a preventive strategy. Van Os et al. reported that 
pregnancy rates are lower when iodine-containing solutions 
are used [33]. In contrast, Tsai et  al. reported that vaginal 
douching with aqueous povidone-iodine, followed by irriga-
tion with normal saline immediately before oocyte retrieval, 
is effective in preventing a pelvic infection without compro-
mising the outcome of IVF treatment [34]. The authors sug-
gested that the potential detrimental effects of iodine on 
oocytes can be prevented by irrigating with saline to flush 
away the iodine.

The role of antibiotic prophylaxis for preventing a pelvic 
infection is also controversial. Use of antibiotics does not 
seem to affect pelvic infection rates. The incidence of pelvic 
infection in a study that included 2670 procedures was 0.6% 
without antibiotic prophylaxis [12]. Pelvic infection in donor 
cycles dropped from 0.4% to 0% with the use of prophylactic 
antibiotics; however, the sample size was not large enough to 
detect statistical significance [31]. Tureck et  al. reported a 
1.3% infection rate even though patients received prophylac-
tic antibiotics [10]. Although there is no standard guideline 
for using antibiotics, antibiotic prophylaxis is generally 
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 recommended for patients with risk factors such as history of 
endometriosis, PID, pelvic adhesions, or pelvic surgery [35].

Endometriosis is a significant risk factor by providing 
culture medium for bacteria following oocyte retrieval. 
Moini et al. reported 10 cases of acute PID (0.12%) among 
5958 transvaginal oocyte retrievals. Endometriosis was 
detected in eight of the ten patients, which supports a role of 
endometriosis in increasing pelvic infection rate [36]. No 
pelvic infections were reported in a recent series of 214 IVF 
cycles performed in women with endometriomas. In that 
study, a 4-day prophylaxis plus ceftriaxone regimen was sys-
tematically prescribed, and the endometrial puncture rate 
was 3%. Avoiding aspiration of the endometrioma was rec-
ommended during the procedure [35].

Management of a pelvic infection following oocyte 
retrieval depends on the severity of the condition. Abdominal 
pain, fever, and leukocytosis should be evaluated. 
Hospitalization and intravenous antibiotics might be suffi-
cient in mild PID. However, accurate diagnosis and prompt 
intervention of ovarian abscesses are extremely important, as 
the clinical condition of the patient can deteriorate very 
quickly. Medical treatment alone is successful in only 
34–87.5% of patients with a pelvic abscess [34]. Surgical 
intervention via laparoscopy or laparotomy should be per-
formed when medical therapy is unsuccessful within 72 h. 
Ultrasound-guided drainage of the abscess is another alter-
native to surgery, but a 6.6% incidence of residual abscess 
has been reported in these cases [37].

Another important issue in pelvic infection cases is 
reduced implantation rates. PID at the critical time of implan-
tation results in failed conception [38]. The potential expla-
nations for thaws are endotoxemia, prolonged release of 
prostaglandins, local inflammatory reaction, and an increase 
in body temperature that affects implantation and the con-
ceptus [14]. Therefore, embryo cryopreservation and embryo 
transfer are recommended for subsequent cycles in cases of 
pelvic infection.

83.3  Pelvic Injury

The pelvic anatomical structures, including the bowel, ure-
ters, and blood vessels, can be inadvertently injured by the 
aspiration needle during transvaginal oocyte retrieval. The 
risk of bowel injury appears to be very low, as no cases were 
reported in large series [12, 39]. However, some case reports 
have presented perforated appendicitis following transvagi-
nal oocyte retrieval [27, 40]. Previous surgery and history of 
a pelvic infection, endometriosis, and adhesions might be 
predisposing factors.

Ureteral injury, ureterovaginal fistula, and obstruction 
have also been reported in the literature [7, 41, 42]. The 
anatomic position of the ureters anterolateral to the upper 

fornices of the vagina, changes in anatomical structure due 
to endometriosis or pelvic surgery, mechanical pressure of 
the vaginal probe, and difficulties identifying the ureters 
during oocyte retrieval are potential predisposing factors 
for ureteral injury [41]. Doppler ultrasound and mainte-
nance of the needle guide in a lateral position before punc-
ture are recommended to prevent injury to anterior 
structures [43]. Patients might present with fever, nausea, 
vomiting, lower abdominal and flank pain, suprapubic pain, 
and irritative urinary symptoms [7]. These general symp-
toms are nonspecific to distinguish a pelvic injury from 
oophoritis or ovarian hyperstimulation. Therefore, renal 
ultrasonography and abdominal imaging are helpful for an 
accurate diagnosis. Ureteral injury can be viewed as a result 
of direct needle trauma or secondary to necrosis induced by 
fluid collection and obstruction, which might lead to seri-
ous sequelae, such as ureterovaginal fistula or renal dys-
function. Therefore, persistent fever and vaginal leakage 
should raise suspicion. Most cases can be managed by con-
servative treatment with ureteral stenting or a nephrostomy 
tube, but two cases underwent ureterovesical reimplanta-
tion. Prompt evaluation and early suspicion are helpful for 
less invasive modalities.

Oocyte retrieval can also result in bladder injury. However, 
formation of a vesicovaginal fistula is extremely rare. 
Al-Shaikh et al. reported a vesicovaginal fistula after oocyte 
retrieval. The patient presented with a watery vaginal dis-
charge after embryo transfer. Conservative management in 
the form of bladder catheterization for 3 weeks was initiated. 
The authors stated that early intervention with a Foley cath-
eter cured the condition without long-term morbidity [44].

Some very uncommon complications have been reported 
in the literature. Almog et al. described a case of vertebral 
osteomyelitis treated by antibiotics [45]. Bentov et  al. 
reported two cases of periumbilical hematoma as a result of 
retroperitoneal bleeding [46]. In addition, a pseudoaneurysm 
with massive hematuria was described following transvagi-
nal oocyte retrieval [47].

83.4  Conclusion

Transvaginal oocyte retrieval is a frequently used procedure 
during IVF cycles. Vaginal and intraperitoneal bleeding, pel-
vic infection and abscesses, and injury to pelvic structures 
are the most likely complications following the procedure. 
Although these complications are reportedly rare, they can 
lead to life-threatening conditions. Therefore, preventive 
strategies should be seriously considered, including steriliza-
tion and adequate equipment. Proper training of staff is also 
extremely important. Patients should be informed in detail 
about the incidence of complications and informed consent 
should be obtained before the procedure.
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Follicular Flushing at Oocyte Retrieval 
in Medically Assisted Reproduction

Pinar Caglar Aytac and Bulent Haydardedeoglu

Throughout the 1970s oocyte retrieval has been performed 
via laparoscopy. In the mid-1980s after ultrasound was intro-
duced for oocyte retrieval (OR), initially  transvesical OR 
was performed under  abdominal ultrasound guidance. All 
these efforts were expensive and prone to many complica-
tions. However, development of  transvaginal ultrasonogra-
phy in the late 1980s and 1990s let us retrieve oocytes in an 
easier and more convenient way. Consequently, OR became 
an outpatient procedure. With advances in technology, trans-
vaginal probes provided better resolution, enabling us to 
visualize and collect oocytes from ovaries located further in 
the pelvis, due to adhesions after pelvic infections or 
surgeries.

After the introduction of double-lumen catheters, some 
non-randomized studies suggested that follicle flushing had 
promising results that could increase the numbers of col-
lected oocyte [1–3]. Bagtharia and Haloob suggested that 
flushing follicles up to six times can increase oocyte yield 
up to 97% compared to  aspiration  only for  which oocyte 
yield was 40% [3]. Oocyte retrieval is the harvest of all 
efforts ovarian hyperstimulation in assisted reproductive 
technologies or medically assisted reproduction (MAR). 
Live birth rate, which is the end point of in vitro fertilization 
(IVF), is correlated with the number of oocytes and is opti-
mal around 15 oocytes [4]. A survey showed that more than 
50% of IVF clinics in Australia used follicular flushing to 
prevent oocyte retention in the aspirated follicles in MAR 
[5]. Similarly, many IVF clinics began to flush follicles to 
obtain more oocytes with double-lumen catheters despite 
the controversies.

Nevertheless prospective controlled studies and Cochrane 
analysis were performed which showed that follicular flush-
ing had no benefit compared to standard single-lumen cath-

eters [6–10]. Among these, the only study to report live birth 
rate (LBR), which also had the largest study population, 
showed that flushing follicles did not yield more oocytes dur-
ing OPU and resulted in similar LBRs in IVF [6]. Later, two 
review and meta-analyses reported that follicular flushing 
had no effect in collected number of oocytes and live birth 
rates over traditional single aspiration; moreover, this proce-
dure increased OR procedure time and the cost of IVF by 
increasing flushing medium utilization [11, 12].

84.1  Oocyte Retrieval in Poor Responders

Most of the studies investigating the efficacy of flushing 
involved women with unexplained infertility. However, 
women with poor ovarian reserve or poor response to ovarian 
stimulation have lower oocyte yield, therefore maximizing 
the retrieval of the developed oocytes is even more crucial in 
these populations. The first randomized controlled study in 
poor responders showed no difference in the number 
of  oocytes retrieved, implantation rate and ongoing preg-
nancy rates between the flushing and the control groups [8]. 
Of note, this study had a small sample size with 15 patients 
in each group. It was calculated that at least 162 poor 
responders should be randomized to show an improvement 
of one oocyte retrieved via flushing [13]. Other RCTs failed 
to show superiority of flushing over aspirating only in poor 
responders, with regard to number of oocytes retrieved 
[14–16].

In a study by Von Horn K et al., a modified double-lumen 
needle (17G, Gynetics®) with another double-lumen needle 
(17G, Steiner-Tan Needle®) were compared  for flushing 
oocytes in poor responders, but no difference was shown in 
retrieved numbers of oocytes [16]. However, Mok-Lin E 
et al. demonstrated that quality of oocytes, implantation rate, 
and clinical pregnancy rate were lower in the cycle that had 
follicular flushing with double-lumen needle [14]. They 
speculated that increased intrafollicular pressure during 

P. C. Aytac · B. Haydardedeoglu (*) 
Faculty of Medicine, Department of Obstetrics and Gynecology, 
Division of Reproductive Endocrinology and IVF Unit, Baskent 
University, Adana, Turkey

84

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2377-9_84&domain=pdf
https://doi.org/10.1007/978-981-15-2377-9_84#DOI


764

flushing, increased anesthesia time or aspirating all granu-
losa cells might impair oocyte quality and pregnancy rate. 
Other RCTs did not demonstrate detrimental effect of flush-
ing on oocyte quality or live birth rate in poor responders 
[15, 16]. Flushing oocytes in natural cycle IVF did not impair 
the length of luteal phase or progesterone and estradiol con-
centrationts in von Wollf et al.’s study [17]. Thus, it can be 
thought that  flushing of granulosa cells does  not impair 
implantation and pregnancy rates in natural cycle IVF.  In 
conclusion, the available studies show that follicular  flushing 
in poor responders does not increase oocyte yield, implanta-
tion rate, or live birth rates.

84.2   In Vitro Maturation

Oocyte retrieval  in  vitro maturation  (IVM) cycles, in 
which oocytes that are smaller than 14 mm in diamater are 
retrieved, may be impaired because of problematic detach-
ment of immature oocytes from compact granulocytes. 
However,  there is only one abstract involving only 
four  women, reporting  100% oocyte retrieval rate in 3 
women and 71% in one woman. They also reported 
decreased number of vaginal punctures to achieve these 
rates [18]. Still,  there is not enough data on the role of 
flushing in IVM.

84.3  Natural Cycles and Milder Stimulation 
IVF

In a study by von Wolff M, flushing follicles resulted in an 
increase in oocyte retrieval rate from 44.5% up to 80.5% after 
three times flushing  in monofollicular natural IVF cycles. 
Accordingly, number of transferred embryos increased as 
well [19]. In the another study on milder stimulation in IVF, 
follicular flushing resulted in similar oocyte yield and clinical 
pregnancy rate, whereas oocyte quality and implantation 
rates were improved [20]. These were not RCTs, and in both, 
flushing was performed when no oocyte was detected in the 
initial aspiration. However, this method does not rule out the 
possibility that the oocyte was in the lumen of the needle or 
the tube in the first place. Therefore, well-designed and larger 
trials are required to show if there is any benefit from flushing 
in natural, semi-natural or mild IVF cycles.

84.4  Reproductive Outcomes

Another question regarding flushing is wheher it has a detri-
mental effect on IVF outcomes due to possible damage to 
oocytes or any other impact due to the procedure.  In von 
Wollf et al.’s study, luteal phase length or estrogen or proges-

teron levels in the luteal phase did not change after flushing 
in natural IVF cycles [17]. Lozono Mendez DH et al. [20] 
suggested that follicular flushing increased oocyte quality 
and implantation rates, where as a study by contrary to the 
study of Mok-Lin E et al. denied these findings [14]. Most of 
the RCTs on the subject demonstrated no decrease in oocyte 
quality or pregnancy or live birth rates [6, 7, 15, 16].

84.5  Preparation for Oocyte Retrieval

Generally,  OR  is performed under sedation anesthesia 
under of transvaginal ultrasonography guidance. First, vagina 
is cleansed with saline. If iodine is used for vaginal prepara-
tion in selected patients, it should be followed by a thorough 
application of saline to remove any left over, to prevent toxic 
effects of iodine to oocytes [21, 22]. In our clinic, we rinse the 
vagina with warm saline and clean the cervical secretions 
with gauze. In patients with endometrioma, 2 g cephazoline 
sodium is administered intravenously before ½  h of 
OR.  Routinely oral antibiotic azithromycin 500  mg is also 
given after ORU procedure daily for 3 days for suspected 
infection prevention in our clinic.

84.6  Aspiration Techniques

The technique of OR is universally similar in most IVF cen-
ters. Patients are placed in lithotomy position under anesthe-
sia. The vaginal probe of ultrasound is completely  draped 
with sterile plastic bag. The needle guide is attached over the 
plastic bag on the designated place securely. The needle guide 
can be disposable or reusable. The aspiration needle is con-
nected to sterile tubes, which are placed in an incubator to 
maintain a temperature similar to that of the abdominal cav-
ity. The tubes are plugged and have to outlets, one from the 
plastic tuba connected to the aspiration needle, and the other 
connected to the suction device. Suction device is controlled 
by the clinician, using a pedal.

 We prefer suction pressure to be around 80–100 mmHg 
in our clinic. Higher pressures can be used for removing 
plugs in the aspiration needles. In the single-lumen needle, 
there is one plastic lumen that connects the tube and the nee-
dle. In the double lumen catheter, there are  two plastic 
lumens, one for aspirating and the other for irrigating the 
follicle. The irrigation line is attached to an injector contain-
ing follicular flushing medium (Quinn’s Advantage, Medium 
with HEPES; USA).

Placing the probe so that there is minimal distance 
between the ovary and the lateral fornix reduces complica-
tions. Then, the needle is placed into the guide and inserted 
in the nearest follicle. Follicle is aspirated until it is totally 
collapsed. If using a double-lumen needle for flushing, then 
2 ml medium at 37 C is injected into each follicle manually 
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while the needle is kept in place. The injection-aspiration 
process is repeated three times. Aspiration pressure is strictly 
maintained between 80 and 100 mmHg [15].

In a study by Sasamoto Y et al. rotating the single-lumen 
needle while in the follicle was shown to improve retrieval of 
retained cumulus complex and oocytes in the cattle [23]. In 
our clinic we use 17G (gauge) single-lumen needle (Cook, 
Ireland) and 16.5G double-lumen needle (Vitrolife, Sweden).

While the preferred pressure for aspiration may vary, it is 
generally between  80–220  mmHg.  One study showed that 
oocytes were not affected by aspiration pressure 140 mmHg 
compared to 120 mmHg [24].

Two animal studies showed that while oocyte recovery 
rate was improved by increasing aspiration pressure, oocytes 
retrieved in higher pressures were more likely to be denuded 
of cumulus cells [25, 26].

84.7  Conclusion

In MAR, follicular flushing has no advantage over aspirating 
only in OR. Specific populations, such as poor responders or 
patients undergoing natural IVF, do not benefit from flushing 
either. Moreover, it is prolongs the procedure time and costs 
more due to increased use of medium and prolonged 
anesthesia.
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Handling Unhealthy or Poor-Quality 
Sperm Samples in a Medically Assisted 
Reproduction Laboratory

Sheryl Homa

A significant proportion of men attending for medically 
assisted reproduction (MAR) have poor-quality sperm. 
Although many of the factors contributing to poor sperm 
quality may be addressed through medical intervention and 
lifestyle modifications, there will inevitably be men who 
continue to demonstrate poor semen parameters and will 
need MAR to achieve a family.

The aim of any sperm handling procedure in the MAR 
laboratory is to select the most motile, genetically healthy, 
and functionally active sperm from a given sample, as these 
are the most likely to result in a healthy ongoing pregnancy. 
Routine protocols may have to be adjusted for “difficult” 
samples, and specific protocols implemented to obtain sperm 
from a retrograde ejaculate or a surgically retrieved testicular 
sample.

While there are many step-by-step guides to routine han-
dling and processing of sperm samples [1, 2], this chapter 
focuses on the variety and adaptations of sperm handling 
techniques available for optimizing sperm quality for MAR.

85.1  Handling Samples with Abnormal 
Semen Parameters

The processing of difficult samples relies predominantly on 
variations of the standard discontinuous density gradient 
centrifugation (DGC) technique. However, removal of semi-
nal plasma and the mechanical shearing force of extensive 
centrifugation at speeds of 600  g and above can cause an 
increase in oxidative stress and sperm DNA damage [3], so it 
is important to minimize these steps as much as possible. A 
minimum speed (g force) and length of time of centrifuga-
tion are recommended, as well as a reduction to the number 
of repetitive centrifugation steps.

85.1.1  Increased Viscosity

Viscous samples significantly hamper recovery of sperm 
from semen. There are several procedures that may be 
attempted to reduce viscosity, including:

 1. Incubating the semen for 30 min at 36 ± 1 °C to encour-
age liquefaction and reduce viscosity.

 2. Diluting the semen 1:1  v/v with culture medium. This 
process involves mixing by gently inverting or by draw-
ing the sample up and down with a sterile Pasteur pipette. 
The diluted semen can then be layered directly onto a dis-
continuous density gradient before centrifugation. This 
should always be the method of choice as it is the least 
harmful to sperm.

 3. Treating the semen with proteolytic enzymes such as bro-
melain, α-chymotrypsin, trypsin, or α-amylase to improve 
sample handling [2, 4]. Proteases effectively reduce 
semen viscosity without affecting sperm motility; how-
ever, there is a risk that sperm may be damaged, and there 
is a paucity of evidence to confirm they can be used safely 
in MAR. Although proteases may be helpful in the diag-
nostic andrology laboratory for semen analysis, only 
compounds that have been thoroughly tested should be 
used in MAR.  In Europe, this includes CE-marking for 
clinical use.

 4. Increasing centrifugal force and or time of centrifugation 
may improve the yield of sperm. However, samples 
should not be centrifuged for more than 500 g for 20 min 
(see above).

Please note, mechanical manipulation with a needle and 
syringe should never be used to decrease viscosity due to the 
increased risk of structural and DNA damage to the sperm.

S. Homa (*) 
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85.1.2  Extensive Debris

If a sample has macromolecular debris, including cellular or 
acellular aggregates or gel bodies, it is recommended to 
allow the sample to settle in a 15 ml centrifuge tube for a 
short period of time. The supernatant can then be layered 
onto the gradient, leaving large aggregates and gel bodies 
behind.

Semen with significant debris leads to “raft” formation at 
the interface between density gradients, preventing sperm 
from moving through and resulting in negligible pellet for-
mation after centrifugation.

To mitigate these effects, the following procedure is 
recommended:

• Gently mix the semen with a small amount of “upper 
layer” before centrifuging.

• Layer smaller volumes of semen over the gradient, e.g., 
no more than 1 ml to be layered over a 1 ml 40/45%:1 ml 
80/90% two-step colloid layer (Fig. 85.1b).

• Include an intermediate layer of 60% colloid in the DGC 
(Fig. 85.1c).

• Increase the volume of each gradient layer, e.g., up to 
2 ml (Fig.  85.1d). Longer column lengths or additional 
density layers can help to prevent raft formation, increas-
ing sperm yield.

85.1.3  Poor Motility (Asthenozoospermia) 
and Vitality (Necrozoospermia)

Astheno- or necrozoospermia often results from a toxic envi-
ronment in the epididymis due to male accessory gland 
infection, epididymal dysfunction or partial obstruction, or 
seminal fluid stasis from a lack of sexual activity or spinal 
cord injury (SCI).

As a result, a population of aging, apoptotic sperm accu-
mulate in the epididymis and vas deferens. Ejaculates are 
often characterized by alterations in seminal plasma pH with 
increased debris, polymorphonuclear leukocytes (PMNs), 
and oxidative stress.

Repetitive ejaculation depletes epididymal stores of 
senescent sperm and improves motility and vitality [5, 6]. 
Therefore, asking the patient to ejaculate twice a day for 
several days beforehand will encourage clearance of 
residual older sperm, enhancing the proportion of newly 
formed sperm in the ejaculate. Additionally, providing a 
second sample within 3  h minimizes exposure of newly 
produced sperm to a hostile epididymal environment, 
increasing motility and vitality [5, 6] and reducing reac-
tive oxygen species (ROS) and DNA damage [5, 7]. This 
technique can help even when there is complete astheno-
zoospermia or necrozoospermia. If the patient finds it dif-
ficult to maintain this intense frequency of ejaculation, a 

Semen 

40-45%

80-90%

Semen 

40-45%

80-90%

Semen 

40-45%

80-90%

Semen 

40-45%

80-90%
60%

a b c d

Fig. 85.1 Sperm preparation 
from samples with extensive 
debris. (a) Routine density 
gradient for samples with 
insignificant debris. Layer up 
to 2 ml semen over 1 ml 
upper layer and 1 ml lower 
layer. (b) Reducing semen 
volume. (c) Additional density 
layer. (d) Increased volume of 
density layers
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second sample produced an hour later on the day of treat-
ment should suffice.

Asthenozoospermic samples should be prepared by 
DGC as for sperm with normal motility. Occasionally, 
asthenozoospermia is associated with structural defects. 
Adjusting the lower density layer by diluting it 9:1 v/v with 
culture medium may improve the yield but will most likely 
reduce motility. Alternatively, if immotility is due to anti-
sperm antibodies, then ejaculation into culture medium 
should be advised.

Separation of apoptotic from non-apoptotic sperm can 
be achieved by magnetic-activated cell sorting (MACS) 
(Fig.  85.2). This process involves washing the sperm 
through an affinity column packed with superparamagnetic 
microspheres coated with Annexin V antibodies. Following 
exposure to a magnetic field, the Annexin V binds to phos-
phatidylserine residues that are exposed on the sperm 
plasma membrane surface during apoptosis. MACS is a 
relatively safe method that has been shown to improve 
motility and vitality of the sample, especially when used in 
conjunction with DGC [8], although swim-up after DGC 
may be more effective. However, there is conflicting data 
regarding improvement in clinical outcome using this tech-
nique [9].

For samples with negligible motility, the hypo-osmotic 
swelling (HOS) test can be used to select viable sperm for 
ICSI treatment [10] (Fig.  85.3). Sperm selection by this 
method may improve both fertilization and pregnancy rates. 
However, caution should be taken when using the HOS test 
as it cannot distinguish between dead sperm that already 
have coiled tails.

An alternative method for stimulating sperm motility is to 
add a nonspecific inhibitor of cAMP phosphodiesterase 
(PDE) such as pentoxifylline to the washed sample. PDE 
inhibitors increase both total and progressive motility and 
cervical mucus penetration [4, 10]. However, they may inter-
fere with capacitation and induce premature acrosome reac-
tion [11]. As the safety of these compounds for use in the 
clinic has yet to be fully validated, PDE inhibitors should 
only be used when absolutely necessary for ICSI treatment. 
It is not advisable to use these compounds for IVF or intra-

uterine insemination (IUI) treatment or prior to sperm 
storage.

If sperm remain immotile after all attempts to improve 
motility have failed, a diagnostic vitality test using eosin Y or 
eosin-nigrosin can be performed on a small aliquot of the 
sample that is going to be used for treatment. This will pro-
vide a measure of the extent of vital sperm if the decision is 
made to continue with the ICSI. This may be more accept-
able to the patient than using a sperm donor at the outset. 
However, oocyte cryopreservation should also be considered 
in such extreme instances.

Fig. 85.2 Magnetic-activated cell sorting (MACS). Sperm are passed 
through a column containing colloidal superparamagnetic microspheres 
conjugated with Annexin V antibodies. Apoptotic sperm (red) bind to the 
Annexin V whilst healthy viable sperm (blue) pass through the gradient

Hypo-osmotic stress causes 
the tail of viable sperm to 

swell and coil

Dead sperm will not 
swell and do not 

react to the HOS test

Fig. 85.3 Hypo-osmotic 
swelling test (HOS) to 
determine viability. Sperm 
with coiled tails (blue) are 
viable
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85.1.4  Low Count (Oligozoospermia)

Oligozoospermic samples require processing for ICSI treat-
ment. As long as there are enough sperm for ICSI treatment, 
normal DGC methods are recommended. Sperm reach their 
isopycnic (buoyant density) points following centrifugation 
at 300 g after 20 min [1, 12], so any increase in centrifuga-
tion speed or time past this point may be superfluous to 
increasing yield.

Alternatively, a number of adjustments can be made to 
routine protocols to enhance the recovery of very low num-
bers of sperm for MAR, such as:

• Requesting a 5 days abstinence instead of 2–3, as each 
day may extend the numbers of sperm

• Requesting production of two samples to boost numbers 
of sperm prepared for treatment

• Diluting the lower layer (9:1 v/v with culture medium) to 
encourage recovery of a larger number of sperm. This 
risks reducing the percentage motility in the final prepara-
tion and recovering a higher proportion of abnormal 
sperm

• Reducing the volume of the gradient layers to decrease 
the distance that the sperm travel to increase the motile 
sperm yield

• Layering the sample over a single layer density colloid 
(40%) instead of the standard two-step gradient (if the 
count is very low)

• Only performing one wash of the pellet retrieved from 
DGC

Glass filtration is an alternative method for preparing oli-
goasthenozoospermic samples [4]. This technique separates 

sperm according to the filtration effect of the glass wool and 
the ability of the sperm to self-propel through it. It requires a 
subsequent centrifugation step to remove the seminal fluid. 
Yields have been reported to be high, and the recovered sperm 
have improved DNA integrity [13]; however, glass wool is 
expensive and may fragment during the washing process.

The most difficult cases are inevitably cryptozoospermic 
samples. In such cases, sperm are so scarce that preparation 
through standard DGC risks losing all of the sperm. One 
option is to resort to direct centrifugation of the whole semen 
sample. However, this method is not recommended as 
healthy sperm will become concentrated in the pellet along-
side damaged sperm and polymorphonuclear leukocytes 
(PMNs). This may cause irreversible damage to the healthy 
sperm, detrimentally affecting the ability to fertilize, particu-
larly in samples from men diagnosed with infertility [10]. 
Accepting this risk, in cases where sperm numbers are 
extremely low, may be the only option for finding sufficient 
sperm for treatment.

85.1.5  Poor Morphology (Teratozoospermia)

Morphology (Fig. 85.4) has probably the weakest correlation 
to fertility of all the major parameters that are measured in 
semen. With the exception of monomorphic abnormalities 
such as macrocephaly and globozoospermia, there is no 
direct correlation between teratozoospermia and genetic 
anomalies [14].

DGC is reported to be the optimal technique for enriching 
sperm with normal morphology, utilizing the principle that 
abnormal sperm tend to have a lower density and are less 
likely to pellet.

a b

Fig. 85.4 Normal (a) versus abnormal (b) sperm samples. Semen samples were stained using Papanicolaou stain
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The development of MSOME (motile sperm organelle 
morphology examination) implements real-time high- 
resolution differential interference contrast optics with 
computer- assisted magnification to evaluate nuclear mor-
phology of motile sperm [15]. Sperm are selected at ×6000 
magnification according to the presence of vacuoles present 
on the sperm head. These vacuoles were thought to represent 
abnormal morphology, although this has been disputed [16].

Early studies were encouraging [15], reporting improved 
pregnancy rates and reduced miscarriage rates using 
MSOME in conjunction with ICSI (IMSI—intracytoplasmic 
morphologically selected sperm injection). However, more 
recent studies show conflicting evidence for the benefits of 
IMSI [17, 18]. Furthermore, the technique may compromise 
sperm safety, since sperm can be exposed for up to 5 h during 
the selection process, risking DNA damage and oxidative 
stress.

85.1.6  Cellular Contamination

Polymorphonuclear leukocytes (PMNs) (Fig. 85.5) are a sig-
nificant risk to sperm quality as they are a major source of 
ROS. High ROS are not only the main cause of sperm DNA 
damage but also impair semen parameters and fertilization 
and adversely affect blastocyst development and IVF preg-
nancy rates [19]. All efforts to reduce PMN contamination 
must be implemented before the sperm are used for 
MAR. Typical causes of PMN are infection, inflammation 
(e.g., prostatitis), varicocele, smoking, etc.

If PMNs remain following clinical intervention, it is rec-
ommended to process the semen by DGC centrifugation to 
remove them. Addition of glass wool filtration prior to cen-
trifugation has been shown to remove up to 90% seminal leu-

kocytes [4]. Direct swim-up may also be used; however the 
sperm yield will most likely be much lower than with DGC.

85.1.7  Poor Genetic Integrity

Infertile men contain a significantly higher proportion of 
sperm with damaged DNA [20] or aneuploidy [21]. This has 
been linked to poor embryo development, reduced implanta-
tion and pregnancy rates, and increased miscarriage [22].

Preparing sperm using DGC at 300 g results in an enrich-
ment of a fraction of sperm with improved DNA integrity and 
morphology [23]. Further enrichment of sperm with good 
chromatin quality may be obtained using DGC in conjunction 
with MACS [8]. However, the use of MSOME to select sperm 
with reduced DNA damage remains controversial [17].

Novel methods have recently been introduced to separate 
highly motile, morphologically normal sperm with minimal 
DNA fragmentation using microfluidic sorting [9]. The plat-
form consists of a microchip with two channels separated by 
a membrane composed of a meshwork of micropores 
(Fig. 85.6). The membrane permits migration of functionally 
competent motile sperm while preventing compromised 
sperm from penetrating, mimicking the natural selection pro-
cess for sperm in the female tract. Semen is layered in the 
lower channel beneath the membrane, and culture medium is 
layered in the channel above the membrane. The platform is 
then incubated at 37 °C for 30 min. The motile sperm that 
migrate through the membrane are collected from the top 
layer and are ready for use in MAR. This technique obviates 
the need for DGC and minimizes preparation time, both of 
which may induce exposure to oxidative stress and sperm 
DNA fragmentation. Preliminary results are encouraging, 
demonstrating good recovery rates with sperm that have sig-
nificantly higher motility and reduced DNA damage com-
pared to those prepared by other methods [9, 24]. However, 
it is yet to be established whether the technique is more effi-
cient in improving clinical outcome.

A technique that uses petri dishes coated in hyaluronic 
acid to bind to mature sperm (PICSI) has been used with 
some success to increase the selection of both euploid sperm 
[25] and sperm with reduced sperm DNA fragmentation 
[26]. The principle behind this technique is that immature 
sperm are more likely to be aneuploid with fragmented DNA 
than their mature counterparts and only mature sperm 
express receptors for hyaluronic acid. ICSI is therefore car-
ried out using only sperm bound to the dish. While early 
results for PICSI were promising, two large multicenter ran-
domized controlled studies showed no increase in the rates 
of implantation, clinical pregnancy [27], or live birth [28] 
compared to standard ICSI. However, importantly, there was 
a significant reduction in the incidence of miscarriage [27, 
28] indicating that this technique may be beneficial for cou-

Fig. 85.5 Semen sample containing more than 1 million per ml 
polymorphonuclear leukocytes (PMN). Sample stained with 
Papanicolaou stain
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ples experiencing recurrent pregnancy loss. Clearly more 
studies are required to confirm clinical benefit.

Finally, for sperm samples that are known to have high 
levels of DNA fragmentation, a novel approach is to ask the 
patient to have only 1-day abstinence and then prepare sperm 
for ICSI treatment from a second ejaculate produced within 
3  h of the first, count permitting. This technique should 
reduce levels of DNA damage in the resultant sperm prepara-
tion (see Sect. 85.1.3).

85.2  Handling Compromised Semen

85.2.1  Semen Samples with Infectious Disease

For discordant couples attending for fertility treatment 
where the male partner has infectious disease, there is 
the risk of transferring virus to the partner or any unborn 
child. Although this risk is always present between such 
partners trying to conceive naturally, it is advantageous 
to minimize the risk of viral transmission during 
MAR.  Patients that should be vaccinated against their 
partner’s infection where possible and must continue 
with protected intercourse. As a virus is more likely to 
be present in the seminal fluid rather than adhered to 
sperm, sperm from infected males are subjected to exten-
sive washing and swim-up following DGC to try to 
remove all trace of seminal fluid prior to use [29, 30]. 
Viral load in the fresh semen and subsequent sperm wash 

should be assessed by PCR to determine the efficacy of 
the procedure. The prepared sample can be cryopre-
served for later use, and only the virus-free sample used 
for ICSI. While this protocol may limit the transmission 
of bacterial or viral infection, there is no guarantee that 
the sample will be completely free of infective agents. 
However, to date there are no reported cases of HIV 
transmission to female partners or any resulting child 
using this technique.

85.2.2  Semen Samples from Men with Spinal 
Cord Injury

Spinal cord injury (SCI) often results in neurogenic repro-
ductive dysfunction, manifested by erectile dysfunction, an 
inability to ejaculate and compromised semen quality, spe-
cifically asthenozoospermia accompanied by necrozoosper-
mia [31]. Although spermatogenesis may be affected by SCI, 
sperm count is usually unaffected. Stagnation in the epididy-
mis due to prolonged periods of sexual abstinence and an 
abnormal testicular milieu is thought to be contributing fac-
tors to poor semen quality in SCI men primarily due to semi-
nal plasma factors, including ROS arising from residual 
PMNs [31]. SCI patients exhibit a decrease in sperm mito-
chondrial activity and an increase in sperm DNA fragmenta-
tion [32]. Furthermore, SCI patients may develop bladder 
infections from catheterization that could affect sperm 
quality.

Fig. 85.6 Microfluidic 
sorting chip. Chambers are 
available in two sizes to 
accommodate small volumes 
up to 0.85 ml (a) or up to 3 ml 
(b)
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Ejaculates from SCI men may be obtained using penile 
vibration (PV) or electroejaculation (EEJ) for subsequent 
use with MAR [32]. The quality of ejaculated sperm col-
lected from men with SCI is usually insufficient for IUI 
treatment although there are reports of successful outcome 
using this procedure [33].

Semen quality becomes impaired within 2 weeks of a sus-
tained injury. Hence, if possible, semen should be collected 
and stored within this time frame to ensure maximum qual-
ity. Semen should be processed as soon as it is collected as 
the quality of the sperm will rapidly deteriorate the longer 
they remain in the ejaculate.

Sperm quality collected by PV is considered to be supe-
rior to that collected by EEJ. However, if EEJ is to be used, 
the bladder should be washed with HEPES buffer before-
hand, just in case there is no antegrade ejaculate. The bladder 
can then be catheterized and flushed with additional HEPES 
buffer to collect any retrograde semen.

Depending on the severity of the SCI, an ejaculate may 
not be obtained. In such instances, surgical testicular sperm 
retrieval can be considered.

85.2.3  Retrograde Semen Samples

A major cause of anejaculation or aspermia is retrograde 
ejaculation (RE), rendering the patient infertile. This occurs 
when there is incomplete closure of the bladder sphincter 
muscle at ejaculation, resulting in transport of the ejaculate 
into the bladder. RE results from peripheral nerve injury, 
e.g., diabetes mellitus, or following lumbar spine surgery, as 
well as central nervous system damage following SCI and 
myelodysplasia.

Certain medications are associated with RE, e.g., 
α-blockers, antidepressants, antipsychotics, and antihyper-
tensives. Interestingly, pseudoephedrine (Sudafed) has been 
found to be an effective treatment for many men with RE 
[34]. This can be incorporated into the protocol for sperm 
collection as described in the box below.

RE may be either partial or complete, depending on 
whether there is any antegrade ejaculate. After ejaculation, 
there will always be residual sperm in the post-ejaculatory 
urine washed out from the urethra. As much as 15% of the 
total sperm may occur in the urine following normal ejacula-
tion [35]. If the percentage in the urine is increased, this is 
evidence for RE.

If there are sufficient sperm in the antegrade ejaculate for 
use in MAR, then the amount of sperm in the bladder is irrel-
evant. However, if there are insufficient sperm in the antegrade 
ejaculate or if there is complete RE, then sperm should be pre-
pared from the post-ejaculatory urine for use in treatment.

RE sperm can be used successfully with IUI and ICSI 
treatment [36, 37] with live births reported at around 14% 
[36] and 28% [37], respectively. Prepared RE samples tend 
to have poor recovery rates post-thawing, so it is always pref-
erable to prepare a fresh sample on the day of treatment if 
possible.

There are two essential components to handling sperm 
collected from urine:

• Exposure to urine will potentially harm the sperm as 
many of the components in urine are toxic. The pH is 
acidic which is also deleterious to sperm, so the bladder 
must be neutralized prior to sperm entry.

• Exposure time to urine must be minimized to prevent the 
sperm from dying. The sperm must be retrieved from the 
urine and transferred into culture medium as quickly as 
possible. For practical purposes, it may be helpful to have 
two andrologists processing the sample together.

Recommended Protocol for Retrograde Sample 
Collection
 1. On the day prior to sample production the man 

should:
 (a) Take one tablespoon of sodium bicarbonate 

dissolved in water in the morning and in the 
evening. A urinary alkalizer available from a 
pharmacy may be suitable for use.

 (b) Take 60 mg of pseudoephedrine every 6 h.

 2. On the day of sample production, he should:
 (a) Take two 60 mg doses of pseudoephedrine and 

one tablespoon of bicarbonate, followed by 
breakfast. He may drink a glass of milk with 
breakfast and pass urine.

 3. Upon arrival at the laboratory, he should:
 (a) Wait until he feels the need to urinate again 

before producing his sample.
 (b) Try to ejaculate and collect any semen pro-

duced. He should then proceed to collect a 
urine sample into a separate container immedi-
ately afterward. It is important that he collects 
the entire urine sample.

 4. In the lab, centrifuge the urine as quickly as possi-
ble. Resuspend the combined pellets into culture 
medium and wash before layering over density gra-
dients as usual (see 1).
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85.3  Handling Testicular Sperm

85.3.1  PESA Samples

Sperm aspirated from the epididymis are relatively motile 
and usually not contaminated with other cells. However, they 
do tend to lose their motility quite quickly once removed 
from their physiological environment. It is important there-
fore to process these sperm as soon as possible following 
aspiration. Since the samples should be relatively clean, they 
can be washed by a simple centrifugation and resuspension 
step without risking considerable oxidative stress. 
Alternatively, centrifuge the aspirate through a single layer 
density gradient using 40% colloid.

85.3.2  Testicular Biopsies

Testicular biopsy samples are notoriously difficult to han-
dle. All processing must occur in a buffered medium to 
protect the sample while working in theatre or in a class II 
cabinet.

Performing an initial testicular sperm extraction (TESE) 
procedure on the day of egg collection is not recommended 
due to the physical demands, high cost, and emotional toll 
on a couple of finding no sperm on the day. This should 
only be performed if there are facilities for oocyte 
cryopreservation.

Surgeons may elect to perform a TESE in advance of 
treatment, especially when there is no guarantee of finding 
sperm. These samples may then be frozen for later use. 
There is no significant difference in ICSI outcome using 
fresh or frozen testicular sperm [38]. However, if the num-
ber of sperm is extremely low, there is no guarantee that 
viable sperm will be found upon thawing. Under these cir-
cumstances, patients should be counselled that they may 
require synchronous TESE arranged for the day of egg 
collection.

Alternatively, a repeat sperm retrieval may be performed 
a day or two in advance of egg collection and the samples 
cultured prior to use for ICSI [38]. An advantage of this 
approach is that it may relieve the difficulties encountered 
with coordinating synchronous sperm retrievals. However, 
culturing sperm in medium for any length of time may 
increase the risk of sperm DNA damage [31], although pro-
longed testicular sperm culture does not appear to affect 
ICSI outcome [39]. On the other hand, sperm viability and 
pregnancy rates are significantly reduced if the sperm are 
exposed to prolonged culture prior to cryopreservation [40].

Tips for Performing and Processing Testicular Sperm

• Surgical sperm retrievals may be performed in an 
alternative location to the MAR laboratory. 
Samples should be transported in an appropriate 
buffered culture medium in a temperature-con-
trolled incubator without compromising sperm 
quality [41].

• Testicular temperature ranges between 32 and 
34 °C.  Ideally incubators and warm plates should 
be set at this temperature for handling this sperm. If 
this is not possible, ambient temperature is prefera-
ble [42].

• It is essential to tease out sperm from the seminifer-
ous tubules into a minimal amount of culture 
medium. If sperm numbers are small, teasing into 
large volumes of fluid will dilute the sperm so that 
it may be impossible to find them.

• Always remember to keep the tissue and cell sus-
pensions moist. Working with small volumes of 
fluid exposed to air risks drying out the sample, 
resulting in increased pH and osmolarity due to sol-
ute concentration as the fluid evaporates, causing 
irreparable damage to sperm. Ensure samples are 
always replaced in closed test tubes or into a humid-
ified incubator while teasing the remaining tissue or 
checking for sperm on slides.

• MicroTESE samples should be teased in a shal-
low petri dish, preferably the lid, as this allows a 
shallower angle to work with, affording optimal 
handling conditions with the teasing 
instruments.

• Tease the seminiferous tubules with a sterile small 
gauge needle and use a sterile blunt instrument, 
e.g., the blunt side of a stitch removal blade, mov-
ing the edge over the tubules to tease out the sperm 
(Fig. 85.7).

• Microscope cover slips are not recommended for 
testicular tissue processing as hands are too close to 
the petri dish, risking contamination. The coverslips 
are fragile and prone to breaking, becoming a safety 
hazard.

• Enzymatic digestion of the tissue with collagenase 
or mechanical tissue homogenization should never 
be used as these methods stimulate the production 
of ROS, seriously compromising sperm quality and 
DNA integrity.
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85.3.3  Searching for Testicular Sperm

When searching biopsied tissue, it is essential to carry out a 
thorough examination of the dish or the slide to look for 
sperm. This involves scanning from the corner position 
upward and then moves across one field of view and scans 
downward to the bottom of the coverslip or dish, so that 
everything has been scanned. This process takes a consider-
able amount of time, and it may be preferable for one androl-
ogist to process the tissue, while another microscopically 
examines the cell suspension for sperm (Fig. 85.8). The pres-
ence of sperm should be confirmed with a colleague if 
possible.

If sperm numbers are very low, it may take several hours 
to thoroughly search for sperm. If no sperm are found, it may 
be useful to cryopreserve the cell suspension and request a 
histology report to confirm the findings.

In cases of complete azoospermia, it is extremely impor-
tant to remember that a man’s life can be completely changed 
by how the embryologist relates this information. Telling a 
man that he has no usable sperm for treatment is devastating, 
so it is essential to take all the time necessary to ensure no 
stone is left unturned in the quest for finding usable sperm.

Care needs to be taken when identifying vital sperm for 
use in ICSI.  Clearly, motile sperm are ideal, but testicular 

sperm do not fully acquire the ability to move until they 
arrive in the epididymis, so most are immotile. Motile sperm 
may only exhibit occasional twitching, and, if the slide is 
scanned too quickly, it is easy to miss. If no motile sperm are 
seen, vital sperm may be identified by using the HOS test 
[10] or pentoxifylline [4, 10] to encourage motility as 
described above. Alternatively, TESE samples may be cul-
tured for up to 72 h to improve motility (see Sect. 85.3.1).

85.4  Cryopreservation of Poor-Quality 
Samples

The choice of cryoprotecting agent (CPA) and the method of 
freezing and thawing are essential to good sperm recovery. It 
is crucial to add the CPA very slowly, drop by drop, to pre-
vent osmotic shock. Freezing in TEST-yolk buffer (TYB) 
may be more efficient at protecting sperm motility, vitality, 
and morphology than use of glycerol as the only CPA [43], 
possibly because TYB protects sperm membrane fluidity and 
integrity during the freezing process and protects during the 
thawing process.

However, as egg yolk is derived from birds, there is con-
cern that TYB may harbor viruses or other organisms. For 
this reason, clinics tend to favor CPAs without egg yolk, 
using TYB only when sperm quality is particularly poor and 
there is a risk of very poor post-thaw recovery. If TYB is 
used, it should be derived from certified virus-free flocks, 
heat-inactivated at 56 °C, endotoxin-tested and approved for 
clinical use.

85.4.1  Cryopreservation of Poor-Quality 
Semen

A difficulty with freezing unprocessed cryptozoospermic 
samples is that they require an extended length of time to 
locate the sperm, if at all, following thawing. For such sam-
ples, it may be advantageous to cryopreserve individual 
sperm in a variety of cryopreservation vehicles, e.g., plastic 
microbeads. However, the safety of this technique is ques-
tionable [44]. Alternatively, follow the recommendations in 
1.4 above to concentrate sperm numbers prior to 
cryopreservation.

Men with pathology of the male accessory glands, partial 
RE, or hypogonadism often have severely low volumes. An 
option is to ask the patient to ejaculate into a specimen con-
tainer primed with 1–2  ml buffered culture medium to 
extend the sample, so it can be frozen in multiple straws or 
vials.

As the seminal fluid from an infertile man may contain 
apoptotic sperm, bacteria, and leukocytes (which are a major 
source of ROS), it may be advantageous to perform a sperm 

Fig. 85.7 The blunt edge of disposable scalpels can be used to break 
the seminferous tubules to tease out the sperm

Fig. 85.8 Searching for testicular sperm takes a considerable amount 
of time and it may be preferable for one andrologist to process the tissue 
while another microscopically examines the cell suspension for sperm

85 Handling Unhealthy or Poor-Quality Sperm Samples in a Medically Assisted Reproduction Laboratory
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preparation prior to cryopreservation to remove the seminal 
fluid, thereby protecting the sperm DNA from damage [45].

85.4.2  Cryopreservation of Testicular Sperm

Epididymal sperm are devoid of all proteins, lipids, carbohy-
drates, as well as antioxidants to protect against ROS-induced 
damage. Therefore, these sperm should be frozen in a CPA 
that will offer maximum protection, such as TYB [46]. Using 
this cryopreservation method has shown no significant dif-
ference between fertilization and pregnancy rates using fresh 
versus frozen epididymal sperm.

When freezing surgically retrieved testicular sperm, 
where possible, it helps to maximize the numbers of straws 
stored, to minimize the necessity of a repeat surgical proce-
dure. Sufficient numbers of sperm should be provided in 
each vial/straw to provide a good chance of finding sperm 
following thawing.

It is recommended that a “test thaw” is performed on 
cryopreserved samples, if there are sufficient sperm to do so. 
This provides essential information for the clinician and the 
MAR lab regarding patient management. It helps to deter-
mine if sperm will be found in the thawed sample on the day 
of egg collection and also whether donor sperm should be 
offered as back up.

85.4.3  Cryopreservation of Sperm from Men 
with Cancer

Men diagnosed with cancer may be referred urgently for fer-
tility preservation prior to imminent surgery and or radio- or 
chemotherapy that may make them sterile. Often these 
patients have very limited time to attend the clinic for sperm 
storage and may not be compliant with regard to sample 
production.

There are several ways in which handling of such samples 
can be maximized for subsequent use. The volume of the 
sample per straw can be reduced to allow more straws to be 
frozen. Furthermore, if the patient if able, he can be asked to 
produce more than one sample when he attends: the second 
sample may have a lower count but may still be sufficient for 
ICSI.

On the day of ICSI treatment, another option is to refreeze 
the remainder of the sample for subsequent use [47]. While 
sperm continue to lose motility with each successive round 
of freezing and thawing, sufficient viable sperm may remain 
for subsequent use in another ICSI treatment cycle (Royle 
and Homa, unpublished results). However, it is not known 
whether DNA damage would be increased to a clinically sig-
nificant level in such samples.

85.5  Conclusion

There are a plethora of methods available for improving the 
yield of actively motile sperm from poor-quality samples. 
However, it is very important to ensure that the methods are 
safe to use and do not affect the genetic integrity or the func-
tional capability of the sperm. The method of choice should 
always be the least invasive, with minimal exposure to 
mechanical manipulation. In addition, the time for process-
ing the sperm should be kept to a minimum. Methods to 
improve handling of poor-quality samples may only involve 
simple changes to established protocols. On the other hand, 
the implementation of novel methods may involve exposure 
of sperm to additional biochemicals that must be verified for 
safety. Furthermore, they may require expensive equipment 
which will increase the cost. It is therefore essential that 
there is a clear evidence base for the safety and clinical out-
come of these technologically advanced methods in order to 
justify their use in MAR.
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Conventional IVF

Cornelia G. A. Meyer

Nowadays, IVF is a well-established and effective treatment 
option to help infertile couples throughout the world. The 
clinical technique of conventional IVF (cIVF) was devel-
oped by the British physiologist Robert Edwards and his col-
leagues, Patrick Steptoe and Jean Purdy. Edwards had the 
vision that a human oocyte could be fertilized in vitro and 
that the resulting embryo could enable a pregnancy to ensue, 
after transfer to the uterus. In 1978, his vision was realized 
with the birth of the world’s first cIVF baby, Louise Brown. 
It took a further three decades to pass before Edwards was 
finally awarded the Nobel Prize in Medicine for his outstand-
ing work.

The most important thing in life is having a child.
Nothing is more special than a child. (Robert Edwards)

In 1992, another milestone was reached for medically 
assisted reproduction (MAR), when the technique of intracy-
toplasmic sperm injection (ICSI) was introduced to enable a 
man to father a child, even if he has a very low number of 
poor-quality sperm. In the years since, there has been a trend 
to overuse the ICSI technique to treat all types of infertility, 
even though evidence of the benefit of this approach is ques-
tionable [1]. This is cause for concern, and many consider 
that the method of fertilization should be chosen based on a 
precise indication, rather than an “ICSI for all” approach.

86.1 Indications for IVF

It was in the eighteenth century that the German physician 
and anatomist Martin Naboth recognized the association 
between tubal blockage and infertility, publishing his find-
ings in 1707  in “De Sterilitate Mulierum” (On Sterility in 
Woman). cIVF was originally developed to help women who 
suffered infertility due to problems with their fallopian tubes. 
Tubal infertility is estimated to account for around a third of 

all subfertility cases, and the frequency may be even higher 
in populations where sexually transmitted infections (STIs) 
are more prevalent [2]. Impaired tubal function and patency 
may result from acquiring STIs or surgical damage. Apart 
from helping with peritubal adhesions, tubal surgery usually 
is considered to be less effective for aiding conception than 
cIVF [2].

In contrast to tubal infertility, a standard infertility evalua-
tion may fail to reveal any obvious cause. This occurs for 
15–30% of all infertile couples and is referred to as “unex-
plained” or idiopathic infertility [3]. cIVF may not be the 
most cost-effective therapy for unexplained infertility but can 
be the treatment of choice, particularly if less costly therapies, 
such as intrauterine insemination (IUI), have failed [4].

Endometriosis is another common cause of infertility, 
affecting around 10–15% women during their reproductive 
lifetime [5]. The condition can be detrimental to multiple 
aspects of the reproductive cycle, having adverse effects 
on all stages, from the developing follicle and the resulting 
quality of the oocyte, due to embryo quality and the lining 
of the endometrium which might prevent implantation of a 
hatching blastocyst [6]. Compared to ICSI, performing 
cIVF for severe cases of endometriosis-associated infertil-
ity may result in either complete fertilization failure (12.7 
vs. 1.8%) or an inability to activate the block to poly-
spermy leading to higher rates of triploidy (3.9 vs. 0.9%) 
[7]. A similar situation has been reported for infertility 
patients diagnosed with polycystic ovarian syndrome 
(PCOS), which has led some fertility teams to promote the 
use of ICSI over cIVF if a zona pellucida malfunction is 
suspected [8].

For many couples diagnosed with moderate male factor 
infertility in which the husband’s sperm function is not 
severely deficient but shows moderate oligoasthenoterato-
zoospermia, cIVF can be an option. Tournaye and colleagues 
showed that cases with moderate male subfertility can be 
effectively treated with cIVF [9]. When using a high insemi-
nation concentration (HIC), the fertilization results did not 
significantly differ from those obtained with microinjected 
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sibling oocytes (HIC of 800,000 motile sperm/mL compared 
to standard insemination concentration of 200,000 motile 
sperm/mL) [9].

For male patients with borderline semen quality, it is not 
easy to determine the optimal treatment. The overall aim is to 
maximize the chance of fertilization without resorting to 
ICSI.  In such situations, if several oocytes are collected, a 
more cautious approach could be to allocate half of the 
oocytes to cIVF and half to ICSI [10].

Severe deficits in semen quality are a clear contraindica-
tion for cIVF. Thus, ICSI would be the preferred insemina-
tion method in situations where the original sperm 
morphology is considered suboptimal [11], there are high 
titers of antisperm antibodies [12], or the concentration of 
progressively motile sperm is <1 million/ml after preparation 
of the semen sample [13].

86.2  Cases Where cIVF Versus ICSI Needs 
Consideration

Studies on sibling oocytes have shown that patients with 
increased oocyte immaturity may benefit from cIVF [14]. 
Conventional insemination allows unrestricted oocyte-sperm 
interaction, such that the maturation processes can be com-
pleted whilst the oocytes remain enclosed within the 
cumulus- oocyte-complex (COC), thus optimizing the timing 
for fertilization.

Whilst ICSI may be advised in cases where the number of 
COCs collected is low, it has been demonstrated that the 
rates of fertilization, pregnancy, and miscarriage are no bet-
ter than if cIVF had been used [15].

Oocytes collected from women over 35 years of age have 
shown similar fertilization results to those of younger women 
when undergoing cIVF [16]. Suspected structural defects in 
these “older” oocytes that might have led to impaired fertil-
ization rates have proven false, and thus advanced maternal 
age is not an acceptable contraindication for cIVF.

With regard to fertilization outcome of cryopreserved- 
thawed/warmed oocytes, the results in the literature are 
contradictory, although ICSI seems to be the preferred 
method of fertilization. Cryopreservation may lead to the 
zona becoming hardened, due to the cortical granules 
being released prematurely, and this can deter sperm entry 
with cIVF [17, 18]. However, these findings might depend 
on the cryopreservation protocol and on the composition 
of the cryopreservation medium, rather than on the cryo-
preservation method itself [19]. High fertilization rates 
after vitrification have been reported, but this was influ-
enced by how intact the corona radiata was [20]. For 
oocytes that have undergone slow freezing followed by 
thawing, good fertilization and pregnancy rates have been 
reported after cIVF, on a par with those reported after 
ICSI [21].

Zona hardening has also been postulated for oocytes that 
have been exposed to longer culture periods associated with 
being matured in vitro, and this was thought to negatively 
impact the fertilization outcome with cIVF. However, a dif-
ferent study on sibling in vitro-matured oocytes from PCOS 
patients showed that the fertilization rate was not signifi-
cantly affected by use of cIVF over ICSI [22].

A notable exception, where conventionally inseminated 
oocytes should be avoided, is for ART cycles including pre-
implantation genetic diagnosis (PGD). This is because cIVF 
increased the risk of sample contamination of the biopsied 
cells, due to the extra sperm that are often attached to the 
zona.

86.3 Factors Predicting cIVF Success

The likelihood of success of cIVF treatment is affected by 
the cause of the infertility [23]. This is influenced by the 
period of time that a couple has endured infertility, since the 
duration of infertility has been shown to be inversely corre-
lated to pregnancy rates for couples undergoing cIVF treat-
ment [24]. Female age also impacts on cIVF success, as 
oocyte quality decreases drastically when women reach their 
mid-30s. How a woman responds to ovarian stimulation 
should also be considered, as higher pregnancy rates have 
been linked to treatments where high numbers of COCs are 
collected [24]. Beside the various infertility indications, 
another factor that impacts on the cIVF outcome is the num-
ber of previous unsuccessful IVF attempts, since an inverse 
relationship with cIVF success has been noted [23].

86.4  Conventional IVF Procedure: Bringing 
Sperm and Eggs Together

86.4.1  Options for Semen Sample Preparation

Several factors have a major impact on the fertilization out-
come when conventional insemination is being used. 
Obtaining an adequate number of selected functional sperm 
is one of them. To do this, various sperm preparation tech-
niques have been established, such as simple washing proce-
dures with subsequent resuspension of sperm, swim-up 
migration, density gradient centrifugation, or microfluidic 
sperm sorting ([25, 26]; Figs. 86.1 and 86.2).

All of these techniques have been developed in order to 
purify viable sperm away from the seminal plasma, non- 
motile or damaged sperm, sperm fragments, leukocytes, bac-
teria, and other decapacitating factors. The overall aim is to 
protect and improve sperm function and prevent damage. At 
the same time, sperm preparation techniques aim to reduce 
the percentage of dysfunctional sperm and reduce the detri-
mental effects from sperm that may be producing reactive 
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oxygen species (ROS). Each method of sperm preparation 
varies in efficiency, depending on the semen sample quality. 
Thus, technique selection requires a careful and specific 
choice in every individual case. Prior to treatment, it is advis-
able to perform a test sperm preparation in order to propose 
the most adequate preparation technique “on the day.”

To avoid prolonged sperm exposure to seminal plasma, 
the semen analysis and preparation should be initiated within 
60 min of production. In general, for a semen sample with 
initial normal semen parameters, the final prepared sample 

should ideally have a high proportion of sperm that are the 
optimal shape with >1 million motile sperm per ml [11]. 
Typically, a total motile count ranging between 0.2 and 
0.5  ×  106/ml is used [9, 27]. The final sperm suspension 
should provide sufficient progressively motile sperm to opti-
mize the chance of normal fertilization. At present, no reli-
able cut-off values are available that allow a precise prediction 
of the fertilization outcome.

Prior to insemination, the purified and concentrated 
motile sperm should be transferred to a special fertilization 

Simple Washing (from left to right):

Swim-up (from left to right):

Semen sample/ Wash/ Pellet/ Overlay
and tilt 45º/ Aspirate

Density Gradient (from left to right):

Semen sample/ Gradient/ Pellet/ Wash/
Pellet/ Resuspend

Semen sample/ Wash/ Pellet/ Resuspend

Fig. 86.1 Frequently used 
sperm preparation techniques 
and their characteristic 
purification steps

Fig. 86.2 Microfluidic sperm sorting; Fertile Plus® sperm sorting chip (left); application of semen sample (middle); subsequent overlaying with 
sperm preparation medium (right)

86 Conventional IVF



782

medium, which needs to be compatible with oocyte culture 
in terms of buffering system and pH.

86.4.2  Grading Oocyte Maturity

Oocytes at various stages of meiotic maturity can be obtained 
during follicle aspiration, as they are retrieved prior to ovula-
tion [28]. Oocyte maturation is a complex process whereby 
contemporaneous changes to the cytoplasm and genome 
must take place. However, in superovulation cycles for cIVF 
treatment, cytoplasmic maturity is sometimes asynchronous 
with nuclear maturity [29]. To allow oocytes to complete 
their maturation process after follicle aspiration, in order to 
reach the maximum fertilization potential, a preincubation 
prior to cIVF has been recommended [30–32].

Following COC retrieval, oocyte maturity is initially eval-
uated from the visual characteristics of the COC, incorporat-
ing assessment of the oocyte (if visible), the corona radiata, 
and the cumulus oophorus (Table 86.1). Microscopic COC 
assessment may provide valuable information about when to 
perform the insemination and also about the likelihood of 
fertilization outcome (Fig.  86.3). For example, a dense 
corona radiata layer has been correlated with a decreased 
oocyte maturity [33, 34]. In such instances, in order to opti-
mize the likelihood of fertilization of mature oocytes, it may 
be worth considering a delay to the time of insemination.

As well as cumulus maturation and expansion, other mor-
phological anomalies may provide useful information regard-
ing the developmental potential of oocytes. For example, a 
lower rate of fertilization and development to the blastocyst 
stage has been linked to oocytes originating from COCs where 
blood clots were observed within the original cumulus matrix 

Table 86.1 Predicted oocyte maturity grading based on morphological characteristics in terms of the cumulus-oocyte-complex

Morphological characteristics

Grade 1
Mature or 
preovulatory

Grade 2
Approximately 
mature

Grade 3
Immature

Grade 4
Postmature

Grade 5
Atretic

Cumulus mass Very expanded Expanded Dense and 
compact

Very expanded; 
often having 
clumps

Rarely present

Corona radiata Very radiant, 
revealing a distinct 
zona pellucida

Slightly compact If present:
Very adherent, 
compact layer of 
corona cells

Radiant; yet often 
clumped and 
irregular or 
incomplete; zona 
pellucida visible

If present:
Clumped and very 
irregular; zona 
pellucida very 
visible

Ooplasm Clear If visible:
Revealing the 
presence of the 
germinal vesicle

Either slightly 
granular or dark

Dark and 
frequently 
misshapen

Detached membrane granulosa 
cells

Expanded and well 
aggregated

Expanded and well 
aggregated

Compact and 
non- aggregated

Small and 
relatively 
non-aggregated

Very small clumps 
of cells

Adapted from Lin YC, Chang SY, Lan KC, Huang HW, Chang CY, Tsai MY, et al. Human oocyte maturity in vivo determines the outcome of 
blastocyst development in vitro. J Assist Reprod Genet. 2003; 20: 506–12, with permission
The grading takes into account the cumulus compactness, corona density, and cytoplasm granularity of the oocyte if visible

Fig. 86.3 Expanded cumulus-oocyte-complex (left); MII oocyte with radiant corona radiata and distinct zona pellucida (right)
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(Fig. 86.4) [33]. Whilst it could be useful to dissect blood clots 
from COCs, this may not actually improve the oocyte quality, 
as the COCs may simply have originated from poor-quality 
follicles and be adversely affected as a result. However, for 
cIVF it is still advisable to dissect away any blood inclusions, 
in order to remove any potential source of ROS.

86.4.3  Oocyte Insemination

The insemination time depends on the timing of the ovula-
tion induction (e.g., the trigger injection) and follicle aspira-
tion. An incubation period for freshly collected COCs of 
2–6 h in vitro prior to cIVF has been recommended to opti-
mize fertilization and pregnancy outcome [31].

After this time, a defined volume of the prepared sperm is 
added to the droplet that already contains the COCs, using a 
sterile pipette (Fig. 86.5). The actual final concentration of 
motile sperm may depend on several factors such as whether 
the COCs are cultured in droplets overlaid with oil or in open 
culture without oil. The number of COCs in each droplet is 
also worth considering. The final sperm concentration in the 
media with the COCs should be around 100,000 progres-

sively motile sperm/ml. However, the insemination concen-
tration can be reduced, for example, if a previous cycle with 
cIVF resulted in a high rate of polyspermy.

For conventional insemination, typically a fertilization 
medium is used, since this contains a higher concentration of 
glucose than normal culture medium in order to optimize the 
sperm motility and movement characteristics.

86.5  Co-incubation Period

In standard cIVF insemination protocols, uninterrupted co- 
culture of sperm and COCs is performed up to the time of the 
fertilization check the following morning. However, it has 
been suggested that exposing the COCs to sperm for this long 
period of time could potentially may be harmful to the oocytes 
[35]. An extended co-incubation time may lead to suboptimal 
culture conditions, since sperm metabolic waste products 
may accumulate, e.g., ROS. Satisfactory fertilization results 
have been reported following a shorter co- incubation time of 
just 2 h [35], whilst some even consider a very brief exposure 
of 30 s to be sufficient [36]. Before a change to standard pro-
tocols takes place, further studies are needed to ascertain how 

Fig. 86.4 Cumulus-oocyte-complexes with blood inclusions (left and middle); COC with postmature oocyte and amorphous clumps (right)

Fig. 86.5 Cumulus-oocyte-complex (left); cumulus cells-spermatozoa interaction (middle and right)
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relevant the co-incubation period is, in terms of final out-
comes such as the rates of miscarriage and live birth.

86.6  Assessing Fertilization

After completion of the insemination procedure, the COCs 
are carefully dissected to observe the oocytes in detail. This 
process usually takes place 16–18 h after the insemination 
and involves denudation of any cumulus cells, prior to trans-
fer of the oocytes from the fertilization medium to fresh 
embryo culture medium (Fig.  86.6). Each oocyte must be 
microscopically examined to confirm if the cytoplasm con-
tains two pronuclei (PN) and if the perivitelline space 
 contains two polar bodies (PBs). If so, it is accepted that the 
oocyte has been successfully fertilized by a single sperm. If 
only one PN is observed, a second evaluation of the PN sta-
tus is recommended to be performed 4 h later, in case a sec-
ond PN develops.

86.6.1  Total Fertilization Failure

cIVF is a well-established technique and in general achieves 
high fertilization rates of around 67%, within a competency 
value of ≥60% for the “normal IVF fertilization rate” [37]. 
However, fertilization failure can still take place for couples 
undergoing both cIVF and ICSI (cIVF 5–10% vs. ICSI 
2–3%, [38]).

The possible etiologies of total fertilization failure (TFF) 
are complex, but it is accepted that for the majority of cases, 
the oocyte has failed to be penetrated by the sperm. Analysis 
of failed fertilized oocytes revealed that the majority of these 
oocytes contained no sperm tail and chromatin after conven-

tional insemination [39]. Despite these sperm-related fac-
tors, a defect in the PN formation or oocyte activation might 
be another cause for fertilization failure [38] as well as an 
inability of the chromatin to undergo the required changes 
within the cytoplasm [39].

Additionally, cycle-specific parameters have to be consid-
ered. This occasionally contributes to unexpected TFF after 
cIVF in a second treatment cycle, even though fertilization 
may have been achieved in a first treatment cycle.

Semen quality is usually assessed in line with the proce-
dures and lower reference limits described by the World 
Health Organization [40]. This assessment can help fertility 
specialists to predict the likelihood of fertilization with cIVF, 
accepting that some men may be infertile due to defects in 
sperm function that cannot be ascertained from a basic semen 
analysis [41].

Depending on the infertility indication, the risk of TFF 
after cIVF has been estimated to be around 13% in cases 
where the man has normal semen parameters and tubal factor 
infertility and around 17% if there is unexplained infertility. 
However, if there are problems with sperm progressive 
motility, then the TFF risk can be up to 50% [42–44]. 
Elucidating the etiology of TFF is necessary in order to opti-
mize patient counseling and future treatment outcomes.

For couples with unexplained infertility, the incidence 
of TFF with cIVF may be higher. Although the precise eti-
ology for these incidences is not fully understood, the most 
likely explanations are an inability of the sperm to enter the 
oocyte and defective sperm chromatin [45]. Whilst ICSI 
can decrease the risk of TFF, there remains an inability to 
foresee which couples may benefit most from having ICSI 
rather than cIVF.  When considering which insemination 
technique to undertake, it is important to consider the pos-
sible improvement ICSI can offer against the procedural 

Fig. 86.6 Denuded MII oocyte post-insemination showing good (left) and fair (middle) sperm interaction with the zona pellucida; sperm reaching 
the perivitelline space (right)
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hazards and additional costs that may come with 
micromanipulation.

86.7  Half Conventional cIVF: Half ICSI

To avoid making the choice in favor of cIVF or ICSI, there 
is an alternative approach referred to as “split” or “half-
half” cIVF-ICSI. Using this practice, half of the cohort of 
COCs is allocated to cIVF, whilst the remaining COCs are 
denuded and subjected to ICSI. The strategy of split cIVF-
ICSI may also be a possible policy in cases where a mild 
male factor is suspected and may prevent TFF in one out of 
four cycles [46].

86.8  The Future

This chapter has considered various aspects linked to 
cIVF. Whilst advances have taken place in the way cIVF is 
performed, the process continues to be suboptimal com-
pared to in  vivo fertilization. Further improvements are 
therefore needed. For example, it may be useful to include 
techniques such as microfluidics that mimic more closely 
the natural sperm selection processes in the tubal-uterine 
environment [47].

A take-home message from this chapter is that rather 
than succumbing to the temptation of performing 100% 
ICSI for all cycles to avoid the risk of TFF, it is worth con-
sidering cIVF as a treatment option where this more natural 
method of fertilization could be possible. cIVF should con-
tinue to have a prominent role in ART, and future develop-
ments in the cIVF laboratory can only improve success 
rates further.
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ICSI: Yesterday, Today, and Tomorrow

Henry E. Malter

Intracytoplasmic sperm injection (ICSI) is a cumbersome 
name for a seemingly simple technique that has remained a 
major pillar of human-assisted reproductive medicine prac-
tice for over 20 years. Is there anything further to write about 
ICSI? Embarking on this chapter, I’m not really sure. 
However, it is always worthwhile to take stock and not accept 
a potentially erroneous or even detrimental status quo. I will 
do my best to present a current and up-to-date review of ICSI 
and its proper place within assisted reproductive technology 
(ART). Hopefully this will be of some immediate value and 
also utility as we move forward into the fourth decade of 
assisting patients in achieving their goal of realizing the birth 
of healthy offspring. We will begin with a historical discus-
sion of the work leading up to ICSI and then examine the 
current clinical situation and the expansion of the use of ICSI 
beyond male factor patients. We will briefly go over the his-
tory and current status of follow-up and criticism of ICSI 
followed by a look at the potential future for the technique. 
Figure 87.1 provides a visual summary on some of the topics 
under discussion.

87.1  Historical Perspective

The interaction between egg and sperm was always a tanta-
lizing biological scenario to examine, and the specifics of 
this process still remain to be fully elucidated. It is also of 
primary importance in both human and agricultural/research 
animal reproduction.

Sperm-egg fusion leading to subsequent fertilization is a 
highly complex biological process involving unique cell–cell 
interaction, recognition, signal transmission, membrane 
fusion, activation, chromatin remodeling, and other molecu-
lar components. It culminates the long journey of the sper-
matozoa from its site of production in the testes, through the 

male reproductive tract, through the female tract, and then 
through the outer cellular investments of the mature egg. The 
idea of circumventing all of this complexity and simply forc-
ibly inserting a sperm cell into an egg seems questionable but 
has been a perennial developmental biology and animal 
research activity.

The first reported instance of successfully injecting a 
sperm cell into a mammalian egg was reported by Lin in the 
mouse [1]. Later this work was repeated and expanded in the 
golden hamster in the laboratory of Ryuzo Yanagimachi in 
1976 [2]. Their experiments established that apparently nor-
mal sperm decondensation and pronuclear (PN) formation 
could occur following injection into the cytoplasm. This was 
quite a surprising landmark result considering that appar-
ently normal fertilization occurred with testicular hamster 
and even freeze-dried human sperm via a physical scenario 
that circumvented most aspects of the normal fertilization 
process.

The first mammalian offspring from ICSI occurred in the 
rabbit reported in essentially simultaneous publications by 
Carol Keefer in the USA and Iritani and Hosoi in Japan [3, 
4]. Their work was actually concurrent with the first human 
report of direct sperm injection leading to PN formation by 
Susan Lanzendorf and colleagues [5]. Unfortunately the 
results of that study were not promising causing a dampen-
ing of interest in direct injection.

In human clinical ART, male factor fertility due to low 
sperm number and low motility had been a recognized issue 
going back to the first days of IVF [6]. Early attempts 
involved various techniques to isolate motile sperm and con-
centrate them in the vicinity of the egg in microdrop culture. 
Considering the complex and difficult animal injection pro-
tocols and disappointing direct injection human results, 
alternative concepts for promoting sperm-egg fusion were 
proposed and had a modest clinical vogue.

Simply opening the zona pellucida or injecting sperm 
under the zona and adjacent to the oolemma provided minor 
improvements in mild male factor cases [7–12]. However, 
the clinical application of these techniques did forever 
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change the human ART lab by proving that the microma-
nipulation of human eggs and embryos was compatible with 
good outcome and the birth of healthy children [13].

Zona opening protocols also demonstrated some interest-
ing aspects of the human fertilization process in that poly-
spermy (not observed when the mouse zona is opened) was 
a major issue and made those techniques essentially unus-
able [14]. Embryonic zona opening has of course continued 
to be an important technique in promoting hatching and 
biopsy [15, 16].

Zona opening and subzonal sperm insertion continued for 
a brief period, but in the early 1990s, Gianpiero Palermo and 
coworkers in Brussels fortuitously observed successful via-
ble fertilization when the plasma membrane of human eggs 
was apparently pierced during attempts at subzonal injection 
[17]. The Brussels team pursued and refined the technique to 
create a working direct injection protocol that led to the first 
human births. They somewhat ponderously termed the tech-
nique intracytoplasmic sperm injection (ICSI) to delineate it 
from the subzonal injection procedure [18].

Using direct injection of single sperm, excellent rates of 
fertilization and embryo development were achieved making 
even the most severe male factor cases clinically treatable. 
Using ICSI, almost all manifestations of male factor infertility 
can be addressed down to a female to male gamete ratio of 1:1.

87.2  Current Laboratory Aspects

In surveys of ICSI, wide variation in sperm and egg quality 
do not seem to result in much variation in outcome [19, 20]. 
There are some critical factors including proper sperm cell 
immobilization and confirmation of oocyte membrane break-
age resulting in true intracytoplasmic injection.

ICSI, by design, can obviously achieve fertilization with 
individual viable spermatozoa, and so even severely compro-
mised ejaculates from extreme male factor patients can be 
used with good success. Very quickly the technique was also 
used with success in the most challenging azoospermic cases 
where very limited epididymal or testicular sperm were 
obtained via surgery and biopsy [21, 22]. Even in cases 
where fully mature spermatozoa are not available, surgically 
obtained immature spermatids can be injected and result in 
terms of development though at a greatly reduced rate of suc-
cess [23, 24].

One obvious characteristic of ICSI is that the embryologist 
becomes the sperm selector bypassing millions of years of 
coevolution between the sperm and female reproductive tract. 
In the original procedure, sperm were observed at approxi-
mately 200 to 400× magnification on a standard inverted 
microscope. Sperm with overtly normal morphology and 
motility were chosen for injection. Results using this level of 
“selection” were quite good, and fertilization/development 
could be achieved with highly compromised samples including 
those with zero normal forms on a standard semen analysis. 
However, over the years, a variety of potential improvements to 
the sperm selection process have been proposed.

A first question concerns sperm viability. Motile sperm 
are preferably chosen, but in some cases, particularly surgi-
cally retrieved samples, such cells may be few and far 
between or apparently absent. Initially immotile viable 
sperm can be stimulated into motility via administering vari-
ous pharmacological agents affecting cellular energy metab-
olism such as methylxanthines (phosphodiesterase 
inhibitors), intracellular Ca modulators, or ATP itself [25–
27]. It should be noted that all of these agents have poten-
tially serious negative effects on the oocyte and subsequent 
development so that care must be taken [28].

≤Past≤
Zona dissection (Malter and Cohen, 1989)

Subzonal injection (Laws-King et al, 1988)

First ICSI mammals - rabbits - (Iritani et al, 1988)

ICSI (Palermo et al., 1992)
 Surgical sperm (Schoysman et al, 1993)
   Oocyte activation (Tesarik et al, 1994)
  IMSI (Bartoov et al, (2002)
Biochem sperm selection (Cayli et al, 2003)

Robotics ICSI (Lu et al, 2011)

Oocyte augmentaion (Cohen et al, 1997)
(woods and Tilly, 2015)

≤Present≤

≤Future≤

Fig. 87.1 A limited 
schematic representation of 
the past, present, and future of 
ICSI
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Immotile viable sperm can apparently be identified sim-
ply by gentle probing with the injection needle to confirm 
tail flexibility and vitality [29]. Probably the most common 
technique is hypoosmotic treatment using diluted 50% media 
which delineates cells with intact viable membranes by their 
characteristic swelling behavior. A more modern alternative 
challenges individual cells with a “shot” of laser energy 
directed at the terminal portion of the sperm tail [30].

Of course, sperm motility itself makes ICSI somewhat of 
a challenge were it not reduced via the use of viscous media. 
The large majority of ICSI is performed using commercial 
media containing polyvinylpyrrolidone (PVP). However, 
there is some evidence of toxicity and detrimental effects in 
both sperm and embryos [31, 32]. An alternative is to use a 
media containing hyaluronic acid as the viscosity increasing 
agent which would seem to provide a more physiological 
option [33].

Among viable sperm, it would be desirable to select cells 
which would have the greatest chance of achieving fertiliza-
tion and normal term development. A variety of schemes 
have been proposed in this area although a complete under-
standing of what constitutes such a “perfect” or at least 
developmentally competent sperm cell is certainly still 
lacking.

Obviously the selection process itself must be benign to 
subsequent sperm function. One idea is to simply “look” 
more carefully at each sperm cell to identify morphological 
abnormalities that might be associated with function or 
downstream developmental issues. High magnification 
(6000×) sperm observation using a complicated and expen-
sive video microscopy setup forms the basis of several clini-
cal techniques originally described as motile sperm organelle 
morphology examination (MSOME) or intracytoplasmic 
morphologically selected sperm injection (IMSI) by Bartoov 
and colleagues [34, 35]. Several individual morphological 
aspects have been connected with sperm dysfunction. 
Defects in the head/neck piece area have been associated 
with subsequent centriolar dysfunction and early develop-
mental abnormalities although high magnification observa-
tion is not necessarily required [36].

The presence of sperm head vacuoles is another morpho-
logical indicator associated with downstream developmental 
issues [37]. Sperm head abnormalities (head geometry and 
vacuoles) revealed by high magnification observation and 
image analysis have been correlated with DNA fragmentation 
[38]. Clinically, high magnification sperm selection against 
such abnormalities has been reported to increase implantation 
rates [39]. While other studies have failed to demonstrate any 
real positive effect, a recent meta-analysis did support 
improved implantation and pregnancy rates and reduced mis-
carriage rates in the treatment of male factor couples [37, 40, 
41]. The very high cost in both equipment and time has kept 
this promising technique in limited clinical use.

Biochemical selection of sperm for ICSI has been sug-
gested based on a determination of the presence of the 
HspA2 hyaluronic acid receptor protein on the sperm sur-
face. The presence of this protein is associated with sperm 
maturity, while its deficit is associated with maturation arrest 
and chromosomal abnormality [42, 43]. This concept has 
been incorporated into clinical tests for HA binding activity 
as well as a selection device for identifying motile sperm for 
injection that will bind HA. However, a major 2016 meta- 
analysis of this concept demonstrated that its clinical appli-
cation yielded no improvement in fertilization or pregnancy 
rates with some evidence of improvement in embryo devel-
opment and concluded that further study was warranted [44].

Another biochemical sperm selection technique involves 
identifying sperm that bind to annexin V—a marker of mem-
brane phosphatidyl serine and apoptosis [45]. However, it is 
unclear that this cumbersome technique involving magnetic- 
activated cell sorting of live sperm provides benefit over 
standard sperm preparation techniques [46, 47].

As discussed below, oocyte activation defects arising 
from obvious sperm deficits such as 100% globozoospermia 
can be successfully proactively addressed via ICSI followed 
by artificial egg activation protocols [48]. An excellent 
review addressing sperm-specific issues involving ICSI is 
provided by Neri and coauthors [26].

87.3  Clinical Aspects of ICSI: Moving 
Beyond Male Factor Patients

Over the past 20 years, ICSI has clearly expanded out from 
this initial indication of male factor infertility. According to 
the 2014 Centers for Disease Control summary of over 
200,000 ART cycles in the USA, male factor issues played a 
role in perhaps 50% of cycles, while ICSI was used in 69% 
of cycles. This preponderance of ICSI cycles above the level 
of male factor infertility is observed to greater and lesser 
degrees elsewhere around the world [49].

Considerable debate has occurred over whether there are 
non-male factor reasons to apply ICSI though many clinics, 
including in full disclosure, the author’s, currently perform 
ICSI on essentially all cycles [50]. Anecdotally, some very 
large clinics operate in highly regimented fashion in terms 
of staff and resources, and ICSI seems to logistically allow 
for tighter control over the flow and timing of daily opera-
tions. One obvious reason is to avoid fertilization failure 
which is known to occur spontaneously in between 5 and 
15% of ART cycles but also in 3–5% of initial ICSI cycles 
[51, 52].

Some data backs up the idea that ICSI will consistently 
result in a spontaneous reduction of such failed cycles. For 
example, in one study on cycles following a complete fertil-
ization failure insemination cycle, ICSI did provide a 
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significant increase in subsequent fertilization of 48% per 
retrieved oocyte compared with 11% for subsequent insemi-
nation [53]. Idiopathic fertilization failure would be particu-
larly troublesome in poor-responding patients with few 
mature oocytes available.

However, in a randomized trial involving non-male factor 
cycles with fewer than six eggs, embryo yield, implantation, 
and pregnancy rate was no different between ICSI and 
insemination [54]. In couples with idiopathic infertility 
(another potential ICSI indication), a meta-analysis demon-
strated that ICSI did result in higher fertilization with an 
established higher risk of fertilization failure in insemination 
cycles [55].

One aspect of ART failure that ICSI has revealed, and per-
haps provides a partial solution to, is the failure of oocyte 
activation which could theoretically occur from either sperm 
or egg deficits. This has no doubt been a ubiquitous, though 
fortunately rare, occurrence in all treatment cycles, but par-
ticularly revealed by ICSI when the introduction of a viable 
sperm cell into a mature egg can be strictly confirmed.

Various strategies have been proposed to artificially acti-
vate eggs following ICSI, usually in a subsequent cycle fol-
lowing fertilization failure from suspected activation failure. 
These include mechanical, electrical, and direct chemical 
stimulation to trigger intracellular Ca2+ oscillations [56–58]. 
Many pregnancies and healthy term deliveries have been 
achieved by these invasive protocols, and follow-up studies 
on the resulting offspring are reassuring [53, 59].

The American Society of Reproductive Medicine (ASRM) 
produced an excellent practice committee opinion on the use 
of ICSI in non-male factor infertility in 2012 [60].

87.4  Follow-Up and Criticism

Considering its invasive nature, ICSI has properly been the 
subject of analysis, follow-up on the resulting offspring, and 
associated criticism. The technique was adopted quickly 
based on proven clinical success and some early follow-up 
studies. However, ICSI obviously bypasses many cellular 
aspects of the fertilization process which could potentially 
result in cryptic aberrations and downstream effects on 
development.

Follow-up basic research in captive nonhuman primates 
demonstrated several differences in sperm decondensation 
behavior and timing between injected sperm and natural 
sperm-egg fusion-mediated fertilization [61]. While demon-
strating that spindle formation was essentially identical to 
that observed in inseminated oocytes, various sperm cell 
components are abnormally present and persistent inside the 
egg including the tail, acrosomal contents, and the perinu-
clear theca. Despite these early distinctions, at 20 h postfer-
tilization, ICSI and inseminated macaque oocytes are 

ultrastructurally indistinguishable [62]. Obviously the non- 
vital microscopy required to fully elucidate post-ICSI ultra-
structure is highly problematic in human clinical material.

In a minor study on the ultrastructure of human in vitro 
mature oocytes post-ICSI, some injection-associated plasma 
membrane damage and possible unique events such as the 
acrosome reaction occurring within the ooplasm were 
observed. However, sperm components did not obviously 
persist in the cytoplasm, and sperm DNA decondensation 
and pronuclear formation appeared relatively normal. In 
general, the timing of early post-ICSI development in the 
human seems unremarkable.

It is worth noting that despite these observed ultrastruc-
tural aspects, healthy offspring (with some follow-up work) 
have been produced from ART using ICSI in both rhesus 
macaques and baboons [63, 64]. It must also be noted that 
human eggs and embryos are developmentally distinct from 
other model systems in often profound ways. From the 
author’s personal experience in research and large animal 
reproduction, compared with other mammalian species, 
cytoplasmic sperm injection does seem to be a much more 
straightforward and “forgiving” technique in the human.

A basic question obviously concerns the possible effects 
of ICSI on the associated conceived offspring. A large num-
ber of well-performed follow-up studies have taken place 
from the first year following adoption to the present day—on 
young adults conceived from the first clinical applications—
and only a limited subset of these can be discussed.

A 2012 meta-analysis identified 24 studies comparing 
over 27,000 ICSI-conceived children with over 46,000 chil-
dren conceived by standard insemination and demonstrated 
no increased risk of birth defects when ICSI was applied 
[65]. Many such follow-up studies, performed essentially 
every few years since the inception of the technique, have 
demonstrated no differences or only minor differences in 
ICSI offspring compared with similar selected cohorts of 
naturally conceived children in a wide range of growth and 
developmental markers, chromosomal aspects, and physio-
logical aspects [66–68].

This brings up the issue of true “controls” for such studies 
since the genetic background of children conceived in cou-
ples experiencing infertility issues, particularly severe male 
factor couples, could be quite unique from those conceived 
in fertile couples in the general population. This issue chal-
lenges the majority of such follow-up studies.

Nevertheless, evidence from some studies has shown 
unique apparent deficits in ICSI offspring. A major prospec-
tive study conducted 10 years after the first ICSI use and 
monitored over 3000 ICSI pregnancies beginning at 
16 weeks. The rate of major malformations (8.6%) was in 
fact significantly increased with a relative risk of 1.25 com-
pared with a large similar cohort of naturally conceived 
children [69]. A study on 300 5-year-old ICSI children 
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(again compared with matched controls from the general 
population) showed no effect on growth and general health 
though interestingly ICSI-conceived children in this study 
did have higher rates of surgical and therapeutic medical 
interventions [70].

A specific area of concern comes directly from the basic 
success of ICSI in facilitating the birth of children for men 
with severe male factor abnormalities and potentially associ-
ated underlying genetic lesions. The incidence in sex chro-
mosome abnormalities and general structural abnormalities 
does seem to be slightly increased in ICSI offspring com-
pared again to the normal population rate [71, 72]. Also, 
severe male factor patients have an increased incidence of 
micro-deletions in the azoospermia factors region of the Y 
chromosome, and these can definitely be transmitted to 
resulting male offspring, in most cases arguably uniquely, 
via ICSI [73, 74].

Young men conceived from ICSI had normal pubertal 
development and comparable levels of most reproductive 
hormones in comparison to spontaneously conceived coun-
terparts, though mild aberrations in both inhibin B and folli-
cle stimulation hormone levels were observed [75, 76]. Very 
recently, the same group has reported on the semen quality of 
young men conceived via ICSI finding that they had lower 
median sperm concentrations and total motile sperm counts 
(both essentially halved) compared with naturally conceived 
controls. Interestingly, no direct correlation could be identi-
fied in semen quality between fathers and ICSI-conceived 
sons.

In conclusion, there have been a variety of minor differ-
ences observed in ICSI offspring but in most cases only in 
comparison to naturally conceived children—a questionable 
control. For the most part, no significant differences in a 
wide range of developmental metrics have been observed. 
The severe male factor-associated issues would seem to pres-
ent more of a population-based counseling aspect than sug-
gesting caution in application. Male factor patients deserve 
to have the chance to be fathers, and, in many cases, ICSI 
provides the only possibility of achieving this. The birth of 
millions of healthy ICSI babies at this point is reassuring in 
all regards, and no doubt further follow-up studies perhaps 
with more subtle metrics will be continued as the first ICSI 
offspring enter adulthood.

87.5  The Future

The future of ICSI can be considered both from the per-
spective of potential “improvements” to the technique itself 
and in its potential application. The basic ICSI technique 
has been unchanged for almost 20 years. However, it is a 
time- consuming activity requiring considerable training 
and skill.

Robotic automation of assisted reproduction laboratory 
aspects is no doubt on the near horizon. In fact, experimen-
tally, an essentially automated ICSI system has already been 
developed which included video-guided sperm capture and 
immobilization, vacuum-driven positioning of multiple eggs, 
and successful injection using live video image-directed 
robotic micromanipulation units [77].

No doubt with further advancement in image analysis, 
microfluidics, and robotics, new systems with improved out-
come and utility can be developed. Potential improvements 
in sperm selection for ICSI will continue to be pursued. 
While current variations such as high magnification or hyal-
uronic acid binding selection have failed to completely cap-
ture mainstream clinical capture, these or similar techniques 
might show clinical importance if better targeted based on a 
better understanding of genetic and other patient variations.

Perhaps there are ways to facilitate other sperm selection 
methods involving synthetic cumulus cells or zona surfaces 
as shown from prior experimental work [78, 79].

Ultimately, one concept I feel could be pursued is a sys-
tem for the video, perhaps “artificial intelligence” driven, 
identification of screened sperm cells with desired “normal” 
physical or other selection characteristics to the injection 
system through microfluidics [80].

Also in ICSI’s future, and in fact already being pursued, 
are clinical protocols using the basic ICSI technique to 
actually modify and theoretically “augment” patient eggs. 
Manipulation of ooplasm has been pursued via research 
attempting to alter cytoplasmic developmental determi-
nants or manipulate the ooplasmic mitochondrial make-up 
[81, 82].

Based on evidence of efficacy and positive effects from 
ooplasmic manipulation in these and other experiments, the 
augmentation of human ooplasm was attempted in a clinical 
trial using a modified form of ICSI [83]. A small amount of 
cytoplasm from a healthy young donor egg was first aspi-
rated and then injected along with the sperm cell into theo-
retically compromised patient eggs. In a preliminary trial in 
carefully selected couples exhibiting consistent total failure 
in prior assisted reproduction attempts, the technique resulted 
in considerable success [84, 85]. Unfortunately, since the 
ooplasmic transfer resulted in a limited instance of mito-
chondrial DNA transfer between individuals, it was deter-
mined to fall under the regulatory purview of the US Food 
and Drug Administration who requested an extensive 
 investigative new drug protocol be performed prior to contin-
ued application. This protocol was well beyond the capabil-
ity of the team involved, and further application of the 
technique was voluntarily terminated.

A version of the technique termed autologous germline 
mitochondrial energy transfer (AUGMENT) was pursued in 
which a proprietary preparation supposedly containing 
mitochondria derived from the patient’s own “ovarian stem 
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cells” was injected, essentially via ICSI, into their eggs to 
improve outcome during subsequent ART procedures [86, 
87]. Despite promising initial clinical trial results, contin-
ued evaluation of the technique suggested that it failed to 
improve outcome in patients with prior failure using stan-
dard ART and was associated with a reduction in euploid 
embryos [88, 89]. However, the preliminary results, gath-
ered at multiple clinics, did suggest that a practically work-
able solution in addressing ooplasmic deficits might still be 
obtained via intracytoplasmic injection. Obviously mito-
chondrial augmentation cannot address every possible 
source of potential deficits which could arise from a variety 
of other ooplasmic sources, and nuclear transfer experi-
ments—providing a complete cytoplasmic exchange—have 
also been recently reported [90, 91]. If further, perhaps 
patient-specific ooplasmic deficits could be identified and 
proper augmentation material developed perhaps from stem 
cell-derived sources, direct injection via ICSI would seem to 
offer the least invasive and potentially most efficacious 
method for introduction.

87.6  Conclusion

ICSI has made a tremendous impact on the utility and suc-
cess of human-assisted reproduction. Through ICSI, fertil-
ization and subsequent healthy human offspring can be 
facilitated in essentially all manifestations of male gamete 
deficit and dysfunction. Many of these couples would never 
have been able to conceive healthy children without ICSI.

The technique may be providing further utility in making 
ART a more efficacious and successful process beyond male 
factor issues, but this concept will continue to be evaluated. 
In general, despite some identified concerns in the resulting 
offspring, particularly related to severe male factor patients, 
ICSI would seem to be fully compatible with normal human 
development particularly when considered with other less 
invasive forms of treatment required by infertile couples. 
Comparisons with the fertile population will always be prob-
lematic, and with proper, current counseling ICSI should 
remain a valid treatment option. The future of ICSI is of 
course the subject of speculation, but already the technique 
has provided utility in attempts to “improve” human oocytes, 
and no doubt advancements in ICSI as a male infertility 
treatment will also occur.
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Sperm Selection Techniques for ICSI

Necati Findikli, Ciler Celik-Ozenci, 
Munevver Serdarogullari, and Mustafa Bahceci

Although there are species-specific differences regarding the 
timing of sperm-oocyte fusion during natural fertilization, 
conception can occur only near the time of ovulation, and 
only a few sperm cells reach the ampulla or the site of fertil-
ization in humans. Out of many millions of sperm ejaculated, 
only a few sperm reach the fertilization site. When compared 
to other species, human sperm seem to have poor quality and 
a significant degree of heterogeneity in terms of structure 
and function. However, human sperm can achieve successful 
fertilization, probably due to less sperm competition when 
compared to other species [1].

Intracytoplasmic sperm injection (ICSI) has challenged 
the evolutionary paradigm of “survival of the fittest” [2]. 
Many of the currently available ICSI-associated techniques 
(e.g. testicular sperm retrieval) “force” gametes to meet, 
when this could never occur with natural fertility.

During natural conception, sperm first enter the female 
reproductive system near the anterior vagina and then rapidly 
pass through the cervical canal where they have to traverse 
the cervical mucus. They then enter the uterus and quickly 
move to the fallopian tubes to fertilize the oocyte. Unique 
molecules modulate all these events, and their presence and 
specific function ultimately affect early embryonic develop-
ment [3, 4]. With ICSI, sperm bypass nearly all biological 
barriers and filtering steps that would potentially eliminate it 
from reaching the oocyte.

Current sperm preparation techniques, such as simple 
wash (SW), swim-up (SU), or density gradient centrifuga-
tion (DGC), essentially aim at ameliorating overall quality 
by eliminating immotile and morphologically abnormal 
sperm from the initially heterogeneous population found in 

semen. However, these methods have already been docu-
mented as being far away from natural selection that takes 
place in vivo [5–7].

Besides basic morphologic and viability parameters such 
as motility, these techniques do not specifically eliminate 
sperm with DNA fragmentation. Multiple centrifugation 
steps may also generate oxidative stress themselves, which 
may inadvertently increase DNA fragmentation levels 
in vitro [8]. There is a clear need to implement novel sperm 
selection technologies into our current clinical practice in 
order to use mature sperm with optimal membrane/organelle 
structure and healthy genetic/genomic content.

88.1  Success of Current ICSI Applications

Although ICSI is a successful technology, there is major con-
cern when “poorer quality” sperm are selected for microin-
jection. Defective spermatogenesis may lead to chromosomal, 
nuclear, membrane, and mitochondrial abnormalities. Sperm 
may acquire these abnormalities either during production in 
the testis or during postproduction transport through the tes-
tis and storage in the epididymis. Spermatogenesis-related 
apoptosis, spermiogenesis-related DNA strand breaks due to 
chromatin remodelling, and post-testicular sperm transport- 
related DNA fragmentation induced by reactive oxygen spe-
cies (ROS) can create profound negative effects on sperm 
health [9].

Currently available robust sperm diagnostic tests are use-
ful to evaluate several morphological or genetic abnormali-
ties, but they cannot yet select functional sperm to use for 
ICSI.  Therefore, indirect markers are mostly taken as the 
main selection criteria, and this may result in microinjection 
of poor quality sperm in clinics worldwide [10].

For many years, the success of natural conception has 
been associated with sperm morphology, and use of morpho-
logically normal sperm is linked to successful pregnancy 
after ICSI [11]. However, selecting sperm with normal mor-
phology may not necessarily exclude sperm with nuclear 
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defects. The prepared motile sperm fraction may contain a 
high proportion of sperm with normal morphology, but some 
of these sperm may still have a high level of DNA fragmenta-
tion [12, 13]. One study showed that the absence of normal 
morphology does not eliminate the chance of getting preg-
nant, as 29.2% of such cases can achieve pregnancy via natu-
ral conception, indicating that morphology per se may not be 
a strong and effective selection criterion for successful con-
ception in vivo [14].

ICSI has now become the most widely used mode of 
ART.  Establishment of successful pregnancies, even with 
poor quality sperm, may indicate a corrective role of select-
ing a single sperm for ICSI from ejaculated, as well as tes-
ticular biopsy samples [15–17]. However, whenever a poor 
sperm with high DNA fragmentation and aneuploidy is 
microinjected into an oocyte, the risk of potential miscar-
riage and possible defects in the progeny are increased.

In a recent review by Pereira et al. [18], the long-term 
safety of ICSI was analyzed, based on data from the past 
25  years. Outcomes included congenital malformation 
rates, cognitive development, and the reproductive health 
of neonates, children, adolescents, and adults [18]. 
According to this extensive review, no difference in perina-
tal outcomes or congenital malformation risks was found 
when comparing ICSI-conceived and spontaneously con-
ceived (SC) children.

While there are studies reporting adverse side effects of 
ICSI in perinatal outcomes, the major confounder seems to 
be the transfer of more than one embryo. Only a few studies 
report higher malformation rates linked to ICSI children, via 
national registries [19, 20]. Overall, the growth, develop-
ment, cognitive function, and general medical and reproduc-
tive health (small study populations only) of ICSI children 
seem to be similar to their SC counterparts. Importantly, 
however, a possible relationship between increased imprint-
ing defects and autism in ICSI children needs further 
research.

88.2  Advanced Sperm Selection 
Techniques

As mentioned previously, currently available diagnostic tests 
to analyze sperm DNA integrity, aneuploidy, and histone/
protamine content involve assessment of the whole semen 
sample and hence cannot be useful in selecting individual 
sperm during “live” ICSI.  In other words, although these 
diagnostic tests may be useful in understanding key sperm 
features in a given sample, these analyzed sperm cannot be 
later used for ICSI, since analysis requires fixation of the 
initial material, resulting in loss of viability. In order to over-
come this problem, several novel approaches based on anti-
genic, electric, optic, ultrastructural, and mechanic/dynamic 

properties of sperm have been developed to help select sperm 
with the highest genetic integrity as possible.

88.2.1  Electrophoretic/Electrostatic 
Separation Systems

These systems are mainly based on the fact that mature 
sperm acquire a negative charge (around −16 to −20 mV) 
through binding of negatively charged glycoproteins on the 
sperm surface, as it passes through the epididymis. This is 
termed the “zeta potential.”

Electrophoretic sperm separation was first proposed by 
Dr. John Aitken, with the first successful pregnancy reported 
by the same group in 2007 [21]. When utilizing this method 
in ejaculated, testicular, and frozen sperm samples, the DNA 
damage was reduced. However, a prospective controlled 
clinical trial failed to show statistically significant differ-
ences in rates of fertilization, embryo cleavage, top quality 
embryo production, and clinical pregnancy between electro-
phoretically separated sperm and sperm after DGS [22]. 
More research is therefore necessary to outline any benefits 
in selecting sperm based on the zeta potential for contempo-
rary ART applications.

Chan and colleagues have developed a simple “zeta test” 
for selection of mature sperm [23]. In this method, a sperm 
sample is washed with serum-free medium and placed into 
a conical centrifuge tube with positive charge, allowing 
mature sperm with negative charge to attach on the walls of 
the tube. The attached sperm cells are then washed with 
serum- supplemented medium [24, 25]. Two recent studies 
have showed that this method could be superior in terms of 
selecting against sperm with DNA fragmentation and 
improving the fertilization and clinical outcome over con-
ventional DGC [26, 27]. Use of the “zeta test” is easy and 
appears to be low cost. However, in order to ascertain the 
beneficial effects, more randomized controlled clinical tri-
als (RCTs) are needed [28].

88.2.2  Magnetic-Activated Cell Sorting

Apoptosis is a programmed cell death which is characterized 
by specific cellular morphological characteristics and 
energy-dependent biochemical mechanisms including struc-
tural changes in membranes and DNA fragmentation [29]. 
During apoptosis, loss of membrane integrity leads to phos-
pholipid phosphatidylserine externalization, which has high 
affinity for annexin V [30].

Annexin V, when combined with magnetic microspheres, 
can be used as a sperm marker to isolate apoptotic sperm 
from non-apoptotic ones via a procedure known as magnetic- 
activated cell sorting (MACS) [31]. Utilization of annexin 
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V-MACS and DGC has been shown to be effective in sepa-
rating non-apoptotic sperm with higher motility, viability, 
and fertilization potential, resulting in an improved clinical 
pregnancy rate in ICSI cycles [31–33].

However, when utilizing combined DGC and MACS, no 
statistically difference was found in the live birth rate in 
ICSI couples using their own or donor gametes with mod-
erate to high sperm DNA fragmentation. Also, use of 
MACS did not show any reduction in miscarriage rates 
[34]. Another study confirmed that the MACS-assisted 
sperm selection approach did not significantly affect the 
outcome (live birth rate) in couples undergoing ICSI in an 
oocyte donation program [35].

Besides a technical need to perform several centrifugation 
steps in order to purify non-apoptotic sperm, the possibility 
of injecting foreign particles (magnetic microspheres) into 
the oocytes by microinjecting MACS-sorted sperm has also 
raised some concerns.

Currently, although reports of successful deliveries are 
encouraging, this approach also awaits validation by large 
prospective RCTs in order to find wider clinical application 
worldwide [36, 37].

88.2.3  Hyaluronic Acid (HA) Binding

Oocytes are surrounded by cumulus cells which contain a 
high amount of hyaluronic acid (HA) in their extracellular 
matrix [38]. The sperm plasma membrane contains 
HA-binding sites that indicate that sperm have achieved a 
specific development and maturity [25, 39, 40]. Furthermore, 
sperm that bind to HA have been shown to have more intact 
or slightly capacitated acrosomes, less DNA deterioration, 
decreased chromosomal aneuploidy, as well as high motility 
and viability [39].

Currently, there are two commercially available methods 
in order to use sperm that binds to HA, namely, “physiologi-
cal intracytoplasmic sperm injection” (PICSI™) and “Sperm 
Slow™” (Origio). It is worth noting that both methods 
require conventional sperm preparation techniques before 
they are used to select the HA-bound sperm.

In the last decade, several studies have been performed to 
analyze the efficiency of HA-selected sperm in a clinical set-
ting, although contradictory results have been reported. One 
study showed that while fertilization rates increased with use 
of HA-sperm selection, its effect on pregnancy rate was only 
marginal [40]. Parmegiani and colleagues suggested that 
HA-sperm selection increases the number of sperm without 
DNA fragmentation resulting in improvement of embryo 
quality, while fertilization and pregnancy rates were not 
affected [41, 42]. However, in 2015, Huang and coworkers 
found that the sperm DNA integrity ratio did not differ sig-
nificantly between sperm selected for ICSI from PVP or HA 

and that a well-trained embryologist can select sperm with-
out DNA abnormality via conventional microscopy [43].

In 2013, a multicenter, double-blinded RCT suggested 
that the selection of sperm by its binding ability resulted in 
significant improvements in clinical outcomes and reduced 
pregnancy loss [44]. In this study, 802 couples were allo-
cated to treatment according to the HA-binding capacity 
ratio of their sperm, with a low-binding group (<65% bound) 
and a high-binding group (>65% bound). With regard to 
implantation rates and clinical pregnancy rates, couples with 
low HA-binding showed a “promising” but “nonsignificant” 
increase, whereas the miscarriage rate was significantly 
lower when HA-bound sperm were used for ICSI.

A meta-analysis of both retrospective and prospective 
studies showed that when HA-selected sperm was used, 
while embryo quality and implantation rates improved, fer-
tilization and pregnancy rates did not [45]. In a more recent 
study, HA-ICSI was demonstrated to improve fertilization 
rates and the live birth rate, but the difference was not statis-
tically significant since the sample size was small [46].

By contrast, Erberelli and colleagues compared conven-
tional morphology sperm selection and PICSI for male factor 
couples and found that PICSI achieved a considerably higher 
chance (almost fivefold) of pregnancy. Moreover, teratozoo-
spermic patients benefited most from PICSI [47].

At this present time, it can be concluded that in order to 
further evaluate the useful effect of utilizing HA-selected 
sperm, multicenter RCT studies with a larger sample size in 
selected patients with male infertility and live birth rate as a 
primary endpoint are still needed.

88.2.4  Motile Sperm Organelle Morphology 
Examination

The motile sperm organelle morphology examination 
(MSOME) technique utilizes high magnification (×6600) of 
sperm in order to evaluate their nuclear morphology in real 
time and thus determine sperm with normal chromosomal 
content, chromatin condensation, and/or DNA integrity [48]. 
Via this technique, the sperm neck, tail, mitochondria, acro-
some, post-acrosomal lamina, and nucleus can be evaluated. 
Figure 88.1 shows the sperm selected for ICSI under high 
magnification power.

The MSOME criteria define normal sperm nucleus as 
smooth, oval, and symmetrical without vacuoles (at most 
<4% of the nuclear area). However, in different years other 
MSOME classifications were introduced into the literature:

 1. Based on the presence and size of vacuoles: four grades 
[49].

 2. Based on the head shape, vacuoles, and head base: three 
classes [50].
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 3. Five grades [51].
 4. Three types [52]. Different classification methods were 

highly subjective for producing reproducible results.

Only one study has reported the reproducibility of 
MSOME evaluation which is based on the existence of vacu-
oles >50% of sperm head [53]. It has been found that small 
human sperm vacuoles utilizing high magnification tech-
nique reflect abnormal chromatin condensation [54]. Sperm 
defects-associated vacuoles include abnormalities with the 
acrosome and chromatin compaction [55–57]. However, no 
increase in DNA fragmentation and in chromosomal aneu-
ploidy has yet to be shown [56, 58].

In patients with at least two previous ICSI failures, 
Bartoov et  al. used MSOME criteria to select motile 
sperm for ICSI and named the process as “intracytoplas-
mic morphologically selected sperm injection” (IMSI) 

[59]. It has been suggested that IMSI technique may 
eliminate sperm with multiple, small vacuoles which is 
frequently seen in asthenozoospermic patients, thus 
allowing the selection of sperm with better chromatin 
condensation.

According to a systematic literature review, IMSI contin-
ues to divide opinion [54]. It may be that only patients with 
recurrent implantation failure may benefit from this tech-
nique, but for now, it can be concluded that routine use of 
IMSI to increase clinical pregnancy rates and live birth rates 
and to decrease miscarriage and congenital abnormalities is 
not supported by current evidence. On the other hand, in 
patients with high rate of sperm aneuploidy and DNA frag-
mentation, as well as repeated ICSI failures, IMSI could be 
beneficial. Prospective RCTs are necessary in order to 
approve the benefits of utilizing IMSI for other clinical 
indications.

a b

c d

Fig. 88.1 Sperm being selected under high magnification. (a) Unselected sperm, (b) sperm showing large head-based vacuoles, (c) morphologi-
cally normal sperm selected for IMSI, (d) microinjection of IMSI-selected sperm
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88.2.5  Birefringency (Double Refraction)

This method utilizes polarized light microscopy and is based 
on birefringency produced by directing polarized light onto 
longitudinally oriented protein filaments on the post- 
acrosomal region of the sperm. By using this technique, 
sperm concentration, motility, and viability have been shown 
to correlate with sperm birefringency [60]. Furthermore, the 
technology can also differentiate acrosome-reacted sperm.

Although the technique still needs further evaluation, 
sperm selected via a combination of birefringence and 
MSOME may have reduced DNA fragmentation. In theory, 
this combination may increase the rate of selecting sperm 
with intact DNA, by the use of a single microscope [61].

88.2.6  Microfluidics-Based Sperm Selection

Microfluidics-based devices have been gaining importance 
for sperm selection to mimic the in vivo sperm selection pro-
cess. Microchannels sort sperm according to density, shape, 
and motility, thereby eliminating the need for centrifugation 
steps [62–64].

Microfluidics can be advantageous over conventional 
sperm preparation methods by offering lower levels of DNA 
damage and circumventing production of reactive oxygen 
species (ROS) that can be generated through centrifugation 
steps during swim-up or density gradient separation 
[63–65].

However, despite these promising results, current 
microfluidics- based sperm selection approaches face two 
important challenges:

 1. Although selection efficiency in the proof-of-concept 
studies is high, quantities are generally too small to be 
applicable in current clinical practice.

 2. Comprehensive validation is still needed for the methods. 
Further research and extensive RCTs are required to eval-
uate the safety and usefulness of these approaches.

88.2.7  Selecting Immotile but Viable Sperm 
for ICSI

For ICSI, viable sperm should be used, with motility being 
the primary indicator of viability. During ICSI, immotile 
sperm is a challenge for patients with genetic-based 
Kartagener’s Syndrome and almost all testicular sperm asso-
ciated with nonobstructive azoospermia.

The World Health Organization (WHO) describes viabil-
ity testing via eosin-nigrosin staining and the hypoosmotic 
swelling (HOS) test [66]. With regard to immotile sperm “on 
the day of ICSI,” laser-assisted immotile sperm selection 

(LAISS) is a possibility [67]. This is an alternative to the 
HOS test and the sperm tail flexibility test (STFT), but fur-
ther RCTs are needed to support its application.

Chemical motility enhancers, such as pentoxifylline or 
theophylline, can also be used, but the long-term effect of 
potential harm to the gametes requires further research.

88.3  Development of New Technologies 
for Sperm Selection

This section looks at recent developments in ART using new 
technologies in addition to conventional and advanced sperm 
preparation techniques.

88.3.1  Raman Spectroscopy

Raman spectroscopy is based on the principle that every 
atomic particle produces a unique change or shift in fre-
quency and wavelength (Raman effect) when a photon is 
directed onto it. It has been recently reported that sperm with 
intact DNA can be identified by using this innovative nonin-
vasive technology.

Since sperm with normal morphology may have high lev-
els of DNA fragmentation, Raman spectrometry may pro-
vide important knowledge about the sperm chromatin and 
nucleus [24, 68, 69]. Reproducible detection of certain pat-
terns associated with DNA fragmentation have been reported 
[69]. However, since the analysis has to be performed on 
fixed sperm samples, the clinical use of such novel sperm 
selection technique has not yet been reported.

88.3.2  Confocal Light Absorption 
and Scattering Microscopy

Confocal light absorption and scattering microscope 
(CLASS) combines confocal microscopy with light- 
scattering spectroscopy (LSS) [70, 71]. This technology pro-
vides an opportunity to examine internal cell structures with 
highly specific contrast using a physical parameter that dif-
fers from other microscopy techniques [24, 71]. Furthermore, 
the CLASS technique allows individual organelles in living 
cells to be noninvasively observed [71]. However, CLASS 
microscopy has not yet been use to analyze sperm ultrastruc-
ture [24].

88.3.3  Sperm Chemotaxis

Recent studies show that there are two active sperm guidance 
mechanisms in mammals. Sperm chemotaxis is known as a 
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cell transport mechanism where sperm is guided towards the 
egg in natural conception. Sperm thermotaxis, which can be 
termed as movement of sperm cells along a temperature gra-
dient, may also play an important role [24, 72, 73].

Sperm chemotaxis has been showed in various species 
including humans, with heat-stable peptides and progester-
one as potential attractants [72, 74, 75]. Xie’s group has 
developed a microchannel-based device to monitor sperm 
motility and chemotaxis which aims to mimic the mamma-
lian female reproductive tract [75]. However, so far there are 
no reports on the effect of chemotaxis-selected sperm on 
ART outcomes.

88.4  Conclusion and Future Directions

Our current approaches on selecting the most compatible 
sperm for ICSI are progressing slowly, from morphology- 
based approaches to systems involving noninvasive detection 
of molecular properties that discriminate between healthy 
and abnormal sperm. Each approach has its own advantages 
and limitations. While improved clinical outcomes have 
been reported, nearly all of currently available sperm selec-
tion approaches lack properly designed large prospective 
RCTs to validate their potential in routine clinical use.

Coupled with techniques that mimic natural sperm selec-
tion in vivo, there is no doubt that future research will con-
tinue to devise and improve novel methods to detect 
physiologically competent, morphologically normal, and 
genetically healthy sperm that can be validated for clinical 
use.
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Selecting Sperm with Hyaluronic Acid: 
Evidence Base for Efficacy and Practical 
Applications

David Miller

Since the first reported successful birth in 1978, assisted 
reproduction technology (ART) or medically assisted repro-
duction (MAR) has become a major clinical service for the 
treatment of infertility, which is estimated to affect 15% of 
those couples seeking to reproduce. The most recent aggre-
gate figure for the years between and including 2008–2010 
indicated that globally, almost 4.7 million treatment cycles 
were carried out resulting in the birth of over 1.14 million 
babies [1]. Simple arithmetic shows that the success rate per 
treatment cycle is approximately 24%, a figure that has 
remained relatively static in the last 10 years.

Natural cycle success rates among younger women are 
thought to be similar to those encountered with MAR, and 
both natural and MAR failures have many common causes 
(including life-incompatible congenital abnormalities [2]). 
However, a significant but poorly defined proportion of 
losses are of unknown cause [3]. If we could better identify 
and avoid these causes, there is no biological reason prevent-
ing improvements in MAR success rates overall. Quality 
considerations for both sperm and egg are clearly important 
in this regard, and much research is aimed at understanding 
how to assess gamete quality and aid the identification and 
selection of better quality gametes for MAR.

For IVF and IUI, sperm must have the capacity for swim-
ming and fertilizing the egg; hence, good progressive motil-
ity is an acceptable quality indicator. Although ICSI removes 
the need altogether, sperm motility continues to be a good 
qualitative indicator for most embryologists. While success 
rates for the two principle interventions (IVF and ICSI) are 
reasonably well-matched [4], as embryologists have only 
one chance per egg of choosing the best sperm for injection, 
alternative, non-destructive methods of quality assessment 
for ICSI remain desirable. Overall pregnancy rates per treat-
ment cycle estimated at ~35% need to rise if success rates are 

to increase concomitantly. In addition to this rise, there needs 
to be a corresponding fall in the rates of pregnancy loss esti-
mated to affect ~8% of all ART cycles [5] and up to 20% of 
all clinical pregnancies [6].

This chapter focuses on one promising, non-destructive, 
physiological method for selecting better quality sperm and 
increasing success rates based on the hypothesis, supported 
by good evidence, that sperm binding to the naturally occur-
ring polysaccharide, hyaluronic acid (HA) are of better qual-
ity than sperm unable to bind to this natural polymer [7–9]. 
Evidence suggests that a reduction in pregnancy loss appears 
to be the main clinical improvement arising from sperm cap-
tured by this procedure and used for ICSI [8, 10–12]. 
Although further confirmatory work is needed, in this writ-
er’s opinion, the procedure works and, with further optimisa-
tion, could bring useful benefits to patients.

89.1  Hyaluronic Acid (HA) 
and HA-Interacting Proteins

Hyaluronic acid (HA) is a non-sulphated glycosaminoglycan 
(GAG) composed of repeating disaccharide units of d- 
glucuronic acid and N-acetyl d-glucosamine (Fig. 89.1). In 
common with the sulphated GAGs, dermatan, keratan and 
chondroitin sulphates, HA is widely distributed throughout 
the body and is an important component of extracellular 
matrix including those of the cervix and the glycocalyx of 
the cumulus oophorus complex [13, 14].

Sperm express two distinct classes of HA-interacting pro-
teins: hyaluronidases, which as the name signifies are 
enzymes that digest or degrade HA [15, 16], and HA-binding 
proteins (HABPs), which can recognise and ‘tether’ sperm to 
HA-rich, supporting scaffolds [17, 18]. These two types of 
proteins have mutually exclusive modus operandi, and while 
some of the sperm hyaluronidases have been characterised, 
including PH20/SPAM1 [19], little is known about sperm 
HABPs.
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Two such proteins, CD44 [20] and RHAMM [21], have 
been described in sperm with evidence for additional sperm 
HABPs reported recently [22]. CD44 is thought to be an 
important mediator of orchestrated somatic cell migration, 
which depends on the protein’s interaction with HA. While 
strong, this interaction needs also to be temporary, permit-
ting cell movement to take place and, as importantly, in an 
organised manner. Disorganised or otherwise abnormal 
binding (or lack thereof) to HA is thought to confer or pro-
mote pathological phenotypes, including malignancy [23]. 
The precise roles of sperm HABPs, however, remain rela-
tively unclear although their expression in relation to sperm 
maturity and quality may be physiologically related to the 
ability of sperm to temporarily ‘park’ during ascent of the 
female reproductive tract [24].

Quality indices relating to their HA-binding potential 
originate from morphological aspects of sperm recovered 
from the HA-rich endocervix, which correspond most 
closely with Tygerberg strict criteria [25, 26]. Although the 
most recent WHO guidelines on semen analysis ‘down-
graded’ the lower reference limit for sperm morphology to 
≤5% normal forms [27], sperm shape remains a useful 
indicator of ‘normality’ because shape is closely related to 
density, which is the main physical property responsible for 
the sedimentation of sperm in a differential density gradi-
ent [28].

Early work reported that sperm ‘captured’ on HA-coated 
surfaces resemble those enmeshed in and recovered from the 
endocervical mucus [29]. HA-captured sperm, for example, 
have less residual cytoplasm, more compact chromatin with 
fewer aneuploidies and lower levels of DNA fragmentation, 
all thought to be important indicators of functional fertile 
sperm [26]. Hence, HA-binding sperm appear to be physi-
cally equivalent to, or at least similar to, sperm sedimenting 
into the 80–90% fraction of a typical discontinuous density 
gradient [30].

Experimental evidence for this connection has come from 
several sources. Using a cytogenetic approach, Huszar 
reported differences in the frequencies of aneuploid sperm 
recovered from semen and 80% Percoll fractions [31]. He 

later showed that sperm binding to HA-coated surfaces had 
lower levels of aneuploidy than sperm in the original unpre-
pared semen samples [32]. Lower levels of DNA fragmenta-
tion, more condensed DNA and less residual cytoplasm are 
encountered among HA-binding sperm [33, 34].

We recently provided further corroborative evidence for 
these findings by concurrently assaying for DNA fragmenta-
tion and DNA compaction levels in density-gradient frac-
tionated and HA-binding/non-binding sperm populations 
[30]. These experiments showed that the routine differential 
density gradient preparation of sperm for ART as developed 
originally in the early 1990s is reasonably good at enrich-
ment of better quality sperm, which are also more motile, 
presumably because such sperm are more physically mature 
[28]. Higher motility also confers a greater chance of sperm 
interacting with and binding to HA, a feature used by the 
clinically relevant commercial products developed to exploit 
sperm HA-binding properties for ICSI intervention [35].

89.2  HA-Dependent Products 
and Processes Developed Specifically 
for MAR

Being highly hygroscopic, HA-based formulations are in 
much demand by the cosmetics industry as important addi-
tives to moisturising creams and other potions [36]. HA is 
also widely used to relieve symptoms of mechanically 
derived inflammation arising from arthritic conditions, often 
by direct injection to the affected joint [36]. The ability of 
more mature and motile sperm to recognise and bind HA and 
the evidence indicating that such sperm are molecularly 
more competent and therefore more likely to support suc-
cessful fertilization and subsequent development has spurred 
efforts leading to its clinical use and commercial exploitation 
for ART.

At its most basic, this exploitation has led to the develop-
ment of highly viscous, HA-containing products composi-
tionally similar to EmbryoGlue™. Two such products, 
‘Sperm Catch’ and ‘Sperm Slow’, are marketed as a more 
physiological and hence ‘safer’ alternative to polyvinylpyr-
rolidone (PVP) commonly used to slow sperm down suffi-
ciently for easier capture prior to ICSI procedures [37]. PVP 
is a biologically inert compound with no reported toxicity 
that long before its use in ART practice and procedures was 
being (and still is) widely used by the food and pharmaceuti-
cals industry [38].

‘Sperm Catch’ was developed in response to concerns 
about the potential toxicity of PVP following its unavoidable 
introduction to eggs and to embryos [37]. In addition to its 
motility retarding properties, ‘Sperm Slow’ is also described 
as a product capable of aiding the embryologist select better 
quality sperm for potential injection by their dynamic 

Fig. 89.1 The basic disaccharide repeating subunit of hyaluronic acid. 
d-glucuronic acid and N-acetyl-d-glucosamine are drawn from left to 
right. The number of repeats (n) varies from hundreds to millions, 
depending on source and location (courtesy of Wikipedia Commons)
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 interaction with HA. By adding a droplet of the product to a 
culture dish and placing it in contact with a droplet of suit-
ably prepared sperm suspended in a typical wash or holding 
medium, the embryologist can pick from those sperm swim-
ming towards and then contacting the wash buffer/‘Sperm 
Slow’ interface (Fig. 89.2). Sperm remaining in contact with 
the interface are thought to have similar properties to the 
HA-binding sperm described above. While this may be so, 
this writer is of the opinion that the sperm/HA interaction 
observed with ‘Sperm Slow’ and related products is more of 
an effect of differential viscosity than physiological 
HA-binding per se [39].

The ‘physiological ICSI’ (PICSI) dish is a more engi-
neered product that uses drops or plaques of HA, physically 
bonded and sitting at one end of a narrow channel cut into the 
plastic surface of a typical ART-type culture dish (Fig. 89.3). 
After rehydrating the plaque with a suitable culture medium, 
a prepared sperm suspension is introduced to the channel, and 
sperm are given sufficient time to swim towards and interact 
with the HA plaque. The embryologist can then select teth-
ered sperm for potential injection (see https://fertility.cooper-
surgical.com/dishes/picsi-dish-for-sperm-selection/).

A related but separate development of the PICSI platform 
enables estimates of the percentage of HA-binding sperm in 
a sample to be determined in a manner similar to that used 
for conventional counting (e.g., using a counting chamber 
such as a Cell-Vu; Fig. 89.4). A prepared sperm suspension 
is introduced to the slide chamber, with a micrometre grid 
etched into its surface and on which HA is bonded. Sperm 
contacting the substrate either bind to the HA or continue to 
swim unimpeded. Counting tethered and total sperm allows 
the proportion of bound sperm to be calculated.

Empirically derived data has shown that most fertile (by 
the WHO criteria) normozoospermic men have HA-binding 
scores (HBS) ≥65%. Oligozoospermic and asthenozoosper-
mic men, on the other hand, have lower scores (<65%) with 
particularly low scores seen in oligoasthenozoospermic men 
[40–42]. Although, in general, men with lower sperm counts 
tend to have lower values, being a frequency estimate, HBS 
has to be considered in the context of the background sperm 
count and motility measure. Due to the high variation 
observed in sampled populations, the 65% cut-off for nor-
mal/low HBS is somewhat arbitrary. Nevertheless, published 
data has shown a straightforward positive correlation 

*HA-bound

HA-unbound
a b

*

CULTURE
DISH

Sperm
suspension

Clean
medium

Sperm
Slow™

b

a

Fig. 89.2 Use of Sperm Slow in clinical practice. (a) Droplets of a 
sperm suspension and Sperm Slow are brought into contact with each 
other and allowed to interact. Sperm at the interface is selected for 
injection. (b) Close-up view of a sperm interacting with Sperm Slow. 
Interacting sperm have straightened tails and are relatively immobile 
(α), while free-swimming sperm have beating tails with a high ampli-

tude (ß) (from Parmegiani L, Cognigni GE, Bernardi S, Troilo E, 
Taraborrelli S, Arnone A, et al. Comparison of two ready-to-use sys-
tems designed for sperm-hyaluronic acid binding selection before intra-
cytoplasmic sperm injection: PICSI vs. Sperm Slow: a prospective, 
randomized trial. Fertil Steril. 2012 Sep;98(3):632–7, with 
permission)
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between increasing sperm concentration and motility and 
increasing HA-binding score [40–42], with studies support-
ing [11, 41] or not supporting [40, 42, 43] a connection with 
reported ART outcomes.

89.3  Evidence for Clinical Efficacy of MAR 
Using HA-Binding Sperm

As ICSI is clearly the target ART for HA-based selection 
strategies and HA-binding sperm are thought to be of 
higher overall quality, clinical assessment of HA-binding 
efficacy in the context of ART is fully justified. Ideally, 
assessment should be in the form of randomised clinical 
trials (RCT) of sufficient power. Unfortunately, most 
reports to date have been insufficiently powered or were not 
RCTs [7, 11, 12, 35, 44].

Data from four RCTs are available [10, 44–46], one of 
which [46] was adequately powered from the outset. 
Parmegiani et al. [45] reported statistically higher numbers 
of Grade 1 embryos following ICSI using ‘Sperm Slow’ 
rather than PVP in the sperm selection process and a signifi-

cantly improved implantation rate. Parmegiani also reported 
on the relationship between sperm DNA fragmentation, 
nuclear morphology and HA-binding capacity [47]. Although 
sample sizes were small, statistically significant differences 
in DNA fragmentation and morphology were reported 
between sperm from the initial sample with swum-up sam-
ples, sperm held in PVP or in ‘Sperm Slow’. Parmegiani 
et al. [35] later reported on a small RCT comparing ‘Sperm 
Slow’ with PICSI indicating no particular advantage of using 
either, but this study did not compare with a standard PVP- 
based procedure.

In a much larger, multicentre RCT of PICSI versus ICSI, 
Worrilow et al. [10] reported a statistically significant reduc-
tion in miscarriage rates in the PICSI arm. The study pro-
spectively stratified and split their cohort into low and normal 
HBS subgroups prior to the intervention with an equivalent 
cohort in the normal HBS subgroup not participating in the 
RCT (to control for seasonality and inter-site variations). 
The observed lowered miscarriage rate was confined to cou-
ples with lower HBS, determined from both the original 
semen sample and the sperm samples prepared by density 
gradient centrifugation (the 90% fraction used for ICSI). 

Fig. 89.3 The PICSI platform showing one of the three plaques of HA 
at one end of the three channels cut into the plastic base. Sperm suspen-
sions placed in the channels swim towards and interact with the HA 
substrate where they can be selected for injection. (Reproduced with 
permission of Biocoat Incorporated)

Fig. 89.4 The Hydak HA-binding scoring slide showing the two 
counting chambers with the grid used to aid sperm counting and assess-
ment of bound versus unbound sperm. (Reproduced with permission of 
Biocoat Incorporated)
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There were no differences in other outcomes and live birth 
was not reported.

Following a retrospective stratification of couples by 
HBS, Mokanski et  al. reported a statistically significant 
improvement in terms of LBR in their lower (≤60%) HBS 
subgroup, with a small reduction in LBR reported following 
PICSI in their >60% HBS subgroup. These data suggested 
that PICSI could be mildly detrimental to those with a nor-
mal semen profile (also indicated by Worrilow’s group, who 
reported a small drop in clinical pregnancy in their PICSI 
subgroup). Miscarriage rates were also significantly reduced 
in the PICSI arm but, in this study, confined to the >60% 
HBS subgroup. Hence, the reported increase in LBR and the 
reduction in miscarriage may have been mutually exclusive 
effects of PICSI.  The clinical pregnancy rate was signifi-
cantly higher in Mokanski’s PICSI group irrespective of 
HBS.

In the largest trial of PICSI efficacy undertaken to date, 
Miller et al. also reported a statistically significant reduction 
in miscarriage in the PICSI arm (HABSelect [48]). This 
study’s design did not include stratification of couples before 
or allocation for randomisation by HBS, thus avoiding the 
potential for patient preselection bias. Taking into account 
frequently ignored treatment effects and interactions [49], 
this RCT’s primary outcome measure reported a small clini-
cal but statistically insignificant improvement in LBR fol-
lowing PICSI.  Of the secondary outcome measures, 
miscarriage rates were significantly reduced in the PCISI 
group, and there was no significant difference reported in 
clinical pregnancy rates. A post-hoc analysis in relation to 
clinical pregnancy pushed the increase in term live birth into 
statistical significance.

HABSelect obtained HBS from prepared samples, where 
higher scoring sperm populations might be expected; how-
ever, processed sperm samples could still be stratified into 
normal and subnormal binding groups. Unlike previous stud-
ies from the groups led by Mokanski and Worrilow, where 
benefits of PICSI appeared to lie with couples with a lower 
HBS, HABSelect reported no clear clinical benefit or statisti-
cally significant differences between PICSI and ICSI arms 
for any of the HBS subcategories. There was also no statisti-
cally significant association between HBS and miscarriage 
rates reported in this study, although a trend for PICSI 
favouring those with low HBS was apparent, in agreement 
with the study by Worrilow et al. [41].

The HABSelect study was unusual in reporting beyond 
the main clinical findings on some mechanistic aspects, asso-
ciated with patient age and sperm DNA integrity. The mech-
anistic analysis differed from the clinical analysis by 
including a hierarchical classification tree interrogation of 
the trial outcomes [50] and showed (not surprisingly) that 
older females had generally poorer outcomes and the highest 
miscarriage rates. The analysis, however, also showed that 

the protective effects of PICSI manifesting as reduced mis-
carriage rates fell primarily among those older patients.

Sperm DNA compaction measured by a combination of 
the sperm chromatin dispersion test [51] and aniline blue 
staining [52] was also associated with clinical pregnancy, 
with better compaction statistically more likely to support 
clinical pregnancy, regardless of PICSI. Sperm DNA frag-
mentation measured by TUNEL [53], acridine orange [54] 
and comet [55] assays was only marginally higher in sam-
ples associated with miscarriage outcomes, suggesting that 
PICSI had selected against sperm with higher rates of DNA 
fragmentation and so potentially incompatible with continu-
ing pregnancy.

HABSelect’s mechanistic outcomes indicated that if mea-
sures of sperm DNA integrity are sought, original semen as 
well as processed samples should be tested. This recommen-
dation harks back to the main objective of processing, which 
is to enrich for higher quality sperm [30], and indicates the 
need to be cautious in the choice of sperm sampling for use 
in DNA integrity tests [56].

A few additional, small studies, mainly using PICSI, have 
reported either a lowered rate of miscarriage [7, 44] or no 
differences between interventions and controls [12] leaving a 
general consensus that sperm selection by HA-binding is 
most effective at reducing pregnancy loss. The intervention 
most likely selects for sperm with lower DNA fragmentation 
although this explanation is tentative and in need of further 
clarification.

The apparent paradox of HABSelect, where a significant 
reduction in miscarriage was not translated to a significant 
increase in live births, can be resolved when considering the 
relative population sizes and respective frequencies of these 
clinical outcomes. Miscarriage (~8% of all treatment cycles 
started [5]) is a relatively infrequent outcome compared with 
term live births (~25%), so a similar change in their frequen-
cies will have a disproportionately greater and so statistically 
stronger impact on the smaller population. This effect was 
reported in the HABSelect study, where reducing the sample 
population size by only considering established clinical 
pregnancies, pushed the modest difference in term live birth 
rate favouring PICSI into statistical significance.

89.4  About the Future

In general, recent systematic reviews and data meta-analyses 
of the relevant literature highlight the deleterious effects of 
sperm DNA damage on ART outcomes [57–61] but are more 
equivocal over the beneficial effects of sperm selection 
aimed at counteracting it [12, 62]. In almost all cases consid-
ered by these reports, the highly variable nature of the stud-
ies themselves, in terms of design and outcomes, makes their 
conclusions less robust with the need for further studies.

89 Selecting Sperm with Hyaluronic Acid: Evidence Base for Efficacy and Practical Applications
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It is this writer’s view that the clinical evidence to date 
unequivocally supports the efficacy of selecting sperm by 
HA-binding for reducing miscarriage risk (particularly with 
older couples). The PICSI platform provided the main evi-
dence for this effect, but there is no reason in principle why 
alternative HA-binding platforms or processes could not per-
form similarly if appropriately set up and assessed. The 
modus operandi appears to be the straightforward selection 
of sperm for injection with lower levels of DNA fragmenta-
tion (perhaps a specific type), and the most likely reason that 
this has the greatest benefit for older couples is that the 
capacity for sperm DNA repair by the eggs of older women 
is weaker [63]. With couples increasingly delaying their 
attempts to start a family, finding appropriate ways of coun-
teracting their reduced fertility is likely to become more 
urgent.

The rise of ICSI in the past decade or so has been relent-
less, and there is justified clinical resistance to its use beyond 
that for which it was originally intended. On the assumption 
that conventional IVF offers some protection against 
fertilization with compromised sperm, there is an argument 
for restricting the use of ICSI to only those who truly need it 
[64]. Nevertheless, the trend is clear, and some centres have 
now abandoned IVF altogether [65].

The relationship between sperm DNA fragmentation and 
adverse ART outcomes is stronger for failed IVF than for 
ICSI where the experienced embryologist is relatively com-
petent at avoiding compromised sperm [58] and IVF fails 
because the oocyte is either not fertilized or implantation of 
the transferred embryo does not occur. Despite the experi-
ence of the embryologist, however, miscarriage associated 
with higher burdens of sperm DNA fragmentation still occurs 
following ICSI [60, 61, 66]. Hence, the development of 
novel, more robust processes for augmenting sperm selec-
tion for ICSI is fully justified [12, 67]. Sperm HA-binding 
for ICSI is the only process that has been rigorously (and 
realistically) tested to date in a clinical setting and shown to 
have some efficacy. Compared with the alternatives, 
HA-based processes like PICSI are relatively inexpensive 
and unlikely to add much to the cycle cost even taking into 
account the embryologist’s time taken to undertake the addi-
tional intervention, although a cost-benefit analysis would be 
necessary to confirm this prediction.

All gamete selection methods are aimed at overcoming 
the three major levels of attrition holding back a clinically 
significant boost in term live birth rates arising from 
ART. The first level is fertilization, which determines subse-
quent egg activation and early embryogenesis; the second is 
implantation and clinical pregnancy which determine the 
chances of having a live birth or not, and the third is miscar-
riage which ultimately determines the final birth rate (includ-
ing stillbirth). Focusing on miscarriage, only HABSelect 
was a large enough study to show a miscarriage rate match-

ing the generally ART-encountered rates recorded by clinics 
[5]. Miscarriage is a relatively uncommon outcome of 
ART.  However, unless steps are taken to counteract age- 
related increases in its risk, the incidence of miscarriage is 
likely to rise with an increasingly older reproducing 
population.

Neither of the largest studies on HA-binding reported sig-
nificant increases in fertilization or clinical pregnancy rates, 
and we can assume, therefore, that the form of compromised 
sperm DNA integrity counteracted by HA binding has little 
influence at these ‘lower’ levels of progression. HABSelect 
did provide some evidence that DNA packaging, specifically, 
better compaction was important for establishing a clinical 
pregnancy (~35% of all treatment cycles). Taking age-related 
effects into account and assuming miscarriage rates are 
reduced as far as possible by interventions like HA selection; 
increasing the frequency of successful clinical pregnancies is 
the only route in increasing live birth rates overall.

In its defence, therefore, this writer is of the view that 
ICSI best ensures that male factors are overcome. Increased 
ART success rates will then depend on egg quality and a bet-
ter understanding of the uterine environment into which 
embryos are ultimately transferred and the culture conditions 
in which they were maintained.
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Sperm Separation Protocols

Rajesh K. Srivastava

Developing an efficient method of sperm separation tech-
nique is essential for the successful fertilization using 
assisted reproductive technologies. Human semen sample is 
a complex mixture of variable amount of cellular debris, 
germ cells, and leukocytes and does not have the capacity to 
fertilize the oocyte instantly after ejaculation. It has to 
acquire the capacity to be acrosome reacted and fertilize the 
oocytes in the female genital tract by undergoing a series of 
complex physiological and biochemical changes termed 
capacitation [1–2]. It involves the removal of sterols (e.g., 
cholesterol) and non-covalently bound glycoproteins from 
sperm cell surfaces. This renders the sperm cell surface 
receptors to be accessible with an increase in the fluidity of 
sperm membrane and permeability of Ca++. Due to increased 
permeability of Ca++, there is an increase in intracellular 
cAMP which aids sperm to undergo hyperactivation [1–4]. 
In vivo sperm undergoes the process of capacitation after 
ejaculation by swimming out from seminal plasma into cer-
vical mucus, but in vitro, to acquire capacitation, sperm has 
to be removed from seminal plasma by washing it out using 
different protocols as described in this chapter. It has been 
shown that prolonged exposure of sperm to seminal plasma 
(>60 min) is detrimental and hampers the fertilization poten-
tial [5] and traces of seminal plasma present in the re- 
suspended sperm in the media can be harmful [6].

Therefore, when sperm sample has to be used for clinical 
purposes, like intrauterine insemination (IUI), therapeutic 
donor insemination (TDI), in  vitro fertilization (IVF), or 
intracytoplasmic sperm injection (ICSI), it is important to 
remove the semen from the seminal plasma as soon as sam-
ple liquefies using different washing protocols with an effort 
to put least trauma to the sample during preparation. 
Processed sperm sample has to be re-suspended in a suitable 
culture medium which is capable of sustaining capacitation.

90.1  Simple Wash Procedure

This is one of the earliest methods to prepare sperm, where 
semen samples are diluted with Hepes-HTF medium con-
taining 5  mg/ml of human serum albumin (HSA) using 
centrifugation.

Procedure
 1. Mix the semen sample well.
 2. Dilute the entire semen sample (1:2) with Hepes-HTF 

medium with serum to dilute seminal plasma.
 3. Transfer diluted sample into more tubes, if total volume is 

more than 3 ml. There should not be more than 3 ml of 
sample per tube.

 4. Centrifuge at 300–500 × g for 5–10 min.
 5. Carefully aspirate and discard the supernatants.
 6. Re-suspend the combined sperm pellets if more than one 

tube was used into one tube in approximately 1  ml of 
medium by gentle pipetting.

 7. Centrifuge again at 300–500 × g for 3–5 min.
 8. Carefully aspirate and discard the supernatant.
 9. Resulting pellet can be re-suspended in 0.3–0.50  ml of 

medium depending upon the pellet size.

Although this procedure tends to have a good recovery, 
other cells, dead spermatozoa, and leucocytes can also accu-
mulate and generate copious amount of reactive oxygen spe-
cies [7] that can compromise sperm function and DNA 
integrity. It is therefore not a method of choice. However, 
where recovery of a few motile sperm is required for achiev-
ing fertilization using intracytoplasmic sperm injection 
(ICSI), it can be useful.

90.2  Direct Swim-Up Method

This method is devised based on the motile sperm’s ability to 
swim out of seminal plasma into the sperm wash buffer, typi-
cally Hepes-buffered HTF with 5  mg/ml HSA.  Liquefied 
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sample can be washed once by diluting it with sperm wash 
buffer, and resultant pellet can be layered under medium in a 
culture tube or medium can be gently layered over the pellet 
and left for 30–45 min, so that motile sperm can swim into 
the medium. However, wash and centrifugation prior to 
swim-up is not recommended due to the possibility of per-
oxidative damage to the sperm membranes and due to accu-
mulation of leukocytes and cellular debris in the resultant 
pellet after centrifugation [8]. Therefore, a direct swim-up 
method using liquefied semen is recommended [9, 10]. We 
describe here the direct swim-up technique:

 1. Put 2.5 ml of Hepes-HTF medium with 5 mg/ml HSA in 
three to four 12 × 75 mm 5 ml sterile tubes.

 2. Place approx. 0.5 ml aliquots of liquefied semen into the 
bottom of these tubes. Semen with normal to high counts 
may require several tubes.

 3. Mark the meniscus on the surface of the tube where 
semen sample meets with the media with a permanent 
marker.

 4. Place caps tightly on the tubes, and incubate for 60 min at 
37 °C in an incubator. Tube should be tilted at 45°. This 
helps in good recovery of motile sperm.

 5. Time of incubation should be varied between 30 and 
90 min due to the initial count and motility of the speci-
men, i.e., normal specimens usually only require 30 min 
to achieve a good concentration in the media layer.

 6. Remove the upper layer of media above the meniscus—
take care not to aspirate any semen into the pipette. Place 
the aspirate into a sterile 15 ml conical tube. Repeat for all 
tubes. Put approximately 4  ml of Hepes-HTF medium 
with 5 mg/ml HSA.

 7. Centrifuge 300–500 × g for 10 min. Remove the superna-
tant using a sterile Pasteur pipette. Gently dislodge the 
pellet by tapping. Add 3  ml of medium and centrifuge 
again for 5 min at 300–500 × g.

 8. Re-suspend final pellet to 0.2–0.5  ml with media and 
assess count and motility.

There is a simple variant of this method where organ cul-
ture dish (OCD) can be used successfully and duration of the 
swim-up can be reduced to 15 min [11]. 0.7 ml of unwashed 
liquefied semen was transferred under the 2.5 ml of Hepes- 
HTF medium with HSA in the center well of organ culture 
dish and incubated at 37 °C for 15 min. Approximately 2 ml 
of the medium containing motile sperm was removed by a 
fine tip pipette directed against the edge of the center well. 
The aspirated medium is centrifuged at 300 × g for 7 min, 
and the resulting pellet was re-suspended in 1 ml of media 
and washed again for 5 min at 300 × g, and pellet is reconsti-
tuted in 0.5  ml, and then count and motility are assessed. 
This method works well with good recovery and with frozen 

sperm as well. It is less time-consuming as compared to mul-
tiple tube incubation.

Direct swim-up technique yields good recovery of motile 
sperm if sperm count and motility are adequate and semen 
sample is free from cellular contaminants and leukocytes and 
is successfully used for sperm preparation for IVF and IUI.

90.3  Sperm Preparation Using 
Discontinuous Density Gradients

This method is most popular and widely used in ART labora-
tories. It provides best and clean separation of spermatozoa 
from other cellular debris and contaminants of semen. It is 
easy to standardize and results are consistent. This method 
separates spermatozoa based on the density and specific 
gravity. Mature and morphologically normal spermatozoa 
have a density of >1.12 g/ml, whereas immature and mor-
phologically abnormal spermatozoa density varies between 
1.06 and 1.09 g/ml. Several years ago a commercially avail-
able gradient Percoll which was available from Pharmacia 
Biotech, Uppsala, Sweden, was extensively used for sperm 
preparation. Percoll is colloidal silica coated with polyvinyl-
pyrrolidone, and 80% (v/v) of it is about 1.10 g/ml. Due to 
this density, only highly mature spermatozoon could pene-
trate through the 80% layer which allowed the separation of 
most mature and morphologically normal spermatozoa. 
However, Percoll is not recommended anymore for clinical 
use, and since then various commercial gradients are avail-
able now that can be safely and successfully used. Some of 
the most popular name brands are Isolate from Irvine 
Scientific (Santa Ana, CA) and PureSperm from Nidacon 
International, Göteborg, Sweden. These products are tested 
and found to be as good as Percoll [12]. Here we describe the 
method of sperm separation using this method [10]:

 1. Perform sperm count and motility assessment on the 
semen sample after 30 min after liquefaction.

 2. Transfer 2  ml of 80% PureSperm gradient in a Falcon 
polystyrene (#2095) 15 ml tube. Do not use polypropyl-
ene tube as it may be toxic to sperm.

 3. On top of it, layer 2 ml of 40% gradient gently.
 4. Pipette same volume of liquefied semen on top of the gra-

dients by touching the semen pipette tip to the top of the 
40% gradient. If semen volume is more than 2 ml, make 
another tube with 80%:40% gradient.

 5. Centrifuge at 400 × g for 15 min using a swinging bucket 
rotor.

 6. Aspirate the gradient part without disturbing the pellet. 
Remove the pellet using a wide bore sterile pipette to a 
clean tube containing 4 ml of sperm wash buffer, and cen-
trifuge it for 10 min at 200 × g.

R. K. Srivastava



813

 7. Remove the supernatant using a fine tip aspiration pipette. 
Add 2 ml of sperm wash buffer and repeat the centrifuga-
tion at 200 × g for 5 min.

 8. Re-suspend the washed pellet with 500–1000 μl of sperm 
wash buffer.

For viscous sample it is difficult to obtain good yield of 
motile spermatozoa. It is recommended therefore to take few 
measures to reduce the viscosity before proceeding to sperm 
preparation. Specimen viscosity can be reduced to some 
extent by diluting the sample with an equal volume of sperm 
wash buffer and mixing it using sterile pipette. Let the sam-
ple to sit for 5–10 min, and remove the settled debris from 
the bottom using a sterile Pasteur pipette. Any viscous mass 
that is still floating in the medium can be carefully removed 
using a fine bore Pasteur pipette.

In recent years growing attentions are directed to apop-
totic markers as indicators of sperm integrity [12–17]. Some 
studies have compared apoptosis in prepared sperm by 
swim-up and density gradient centrifugation [18]. Hence, 
there is a quest to develop sperm preparation protocols that 
involve minimum trauma because the shearing forces 
inflicted due to centrifugation stimulate ROS generation in 
human sperm samples [8, 19].

90.4  Sperm Selection Based 
on Electrostatic Charges

Some novel methods of sperm selection were developed uti-
lizing the electrokinetic properties of sperm surface mem-
brane. Mature sperm typically exhibit a net negative charge 
of −16 to −20 mv [20]. This high negative charge on the 
sperm surface is due to high levels of sialic acid residues 
which play a role in sperm capacitation and the formation of 
binding bridges between sperm membrane proteins and 
oocytes [21]. A procedure of sperm selection based on this 
property of net negative charge on sperm surface membrane 
will result in the isolation of more mature, viable, motile, and 
morphologically normal sperm which are free of DNA dam-
age [22, 23]. Based on these characteristics, two methods 
have been developed for sperm separation. A simple version 
is Zeta method [24–26] and a more complex method that 
separates sperm electrophoretically [27, 28].

90.5  Zeta Method of Sperm Selection

This method is described in detail in [26]. It is recommended 
that this method should be carried out immediately after 
semen liquefaction because as more time progresses sperm 
starts to lose its electrostatic charges. In order to perform 
this, use polystyrene 15 ml centrifuge tube. It will be better if 

tubes are checked before to have adequate positive charge 
and volt meter read 204 kv per square inch. Sperm should be 
washed using a double density gradient method. Put 0.1 ml 
of prepared sperm into the tube, and dilute it with 5  ml 
Hepes-HTF medium without serum. Hold the tube using the 
cap (never touch anywhere else), and put inside a latex glove 
with the cap part exposed only. Rotate the tube two to three 
times gently by holding the cap in clockwise direction, and 
then let it incubate for a minute which will allow the charged 
sperm to adhere on the wall of the tube. After the incubation 
slowly invert the tube to drain off all non-adherent sperm. 
Centrifuge the tube at 300 × g for 5 min, and then place the 
tube upside down on a tissue paper to blot off the excess 
liquid at the mouth of the tube. Put 0.2 ml of Hepes-HTF 
medium containing 3% or more of serum slowly so that it 
can trickle down at the bottom detaching the adherent sperm. 
Pour the medium again on the side wall using a fine tip 
pipette, and collect the medium at the bottom which has 
detached sperm. Estimate the count and motility. Sperm 
selection using zeta methods has increased higher probabil-
ity in fertilization, implantation, and pregnancy [29, 30].

90.6  Electrophoretic Sperm Separation

Sperm is separated based on the size and charge using electro-
phoresis [27]. A special device consisting of four chambers is 
used. There are two inner and two outer chambers. Two poly-
acrylamide membranes with a pore size of 15 kDA separate the 
inner and outer chambers. Although free flow of water, small 
molecules, and ions can occur between the inner and outer 
chambers, the cell suspension is retained within the inner 
chamber. A platinum-coated titanium mesh electrode is present 
in the outer chambers. Two 12 v pumps in each electrode 
chamber circulate the buffer at 1.6 l/min. Each inner chamber 
has a capacity of 400 μl. One is an inoculation chamber into 
which semen is deposited, and the other is a collection chamber 
containing only the buffer. The two inner chambers are sepa-
rated by a 5 μM polycarbonate membrane. The pore size allows 
movement of sperm but not the larger leukocyte and precursor 
germ cells that are commonly present in the semen sample.

Semen sample and buffer are loaded in the two reservoirs 
and allowed to equilibrate for 5 min before the electric field 
is applied. The separation and electrode buffer is comprised 
of 10 mM Hepes, 30 mM Nacl, and 0.2 M sucrose. pH of the 
buffer was adjusted to 7.4 with an osmolarity of 310 osm/l. 
The samples were run at the constant applied current of 
75  mA and a variable voltage of between 18 and 21  V at 
room temperature. Purified sample is collected and count, 
motility, and progression are estimated. Isolated sample col-
lected after this method contained motile, morphologically 
normal sample and exhibited reduced level of DNA damage. 
It is also free from contaminating leukocytes and germ cells. 
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This is a quick method that does not require any centrifuga-
tion and recovery which is similar to commonly applied 
methods like density gradient separation or swim-up.

90.7  Sperm Separation Using Microfluidic 
Sperm Sorter

In recent years microfluidic sperm sorters (MFSSs) are 
developed that can be used to separate motile sperm from 
immotile sperm and from other cellular debris based on fluid 
dynamics [31–33]. This device has sample inlets, outlets, 
and sorting channels and a novel passively driven pumping 
system that provides a steady flow of liquids. These well- 
designed two parallel laminar flow channels separate motile 
spermatozoa from immotile spermatozoa. It has been shown 
that sperm motility and morphology can be increased two-
fold using this method [32]. It requires no external power or 
controls. This system does not require any centrifugation and 
can sort out motile sperm without DNA damage [34].

90.8  Sperm Preparation Using Magnetic- 
Activated Cell Sorting

The principle behind this method is to bind sperm showing 
apoptotic marker proteins using Annexin V.  Consequently, 
sperm prepared by this method show reduced level of apop-
totic marker proteins, e.g., Fas, phosphatidylserine, Bcl-XL, 
p53, etc., as compared to routine sperm preparation proto-
cols that require centrifugation [35, 36]. Density gradient- 
separated sperm is incubated with Annexin V-conjugated 
microbeads (Miltenyi Biotec, Auburn, CA) for 15  min at 
room temperature (100 μl microbeads for every ten million 
sperm) to form a suspension. The suspension is then loaded 
on a separation column containing a coated-cell matrix con-
taining iron balls which are in turn fitted in a magnet 
(MiniMACS, Miltenyi Biotec). The spermatozoa with apop-
totic markers get retained in the separation column (Annexin- 
positive fraction), and those with intact membranes are 
eluted through the column (Annexin-negative). Fluorescence- 
labeled dye and flow cytometry have confirmed that these 
sperm have significantly reduced levels of apoptotic markers 
[37]. It is suggestive therefore that with the use of this 
method, there is high probability of increase in fertilization 
potential as revealed in some trials [38, 39].

90.9  Sperm Selection Using Hyaluron 
Binding

Sperm selection based on its ability to bind hyaluron has 
shown improved implantation [40] and clinical pregnancy 
[41]. This technique is based on the concept that spermato-

zoa bind to hyaluron has completed spermatogenesis. During 
the process of spermiogenesis, there are alterations in plasma 
membrane and appearance of hyaluron binding sites. Human 
sperm that bind to hyaluron appeared to have low DNA frag-
mentation and normal morphology and exhibit least aneu-
ploidies and are compared to the sperm that bind to zona 
pellucida which is important for successful fertilization [42]. 
This sperm selection method can be successfully performed 
in conjunction with ICSI in specially designed dishes with 
hyaluron droplets. Sperm head can bind to the hyaluron dots 
and can be easily picked up for injection in the oocytes.

90.10  Retrograde Ejaculation Sperm 
Processing

Azoospermia with severely reduced semen volume can be 
associated with retrograde ejaculation, which is a condition 
where the sperm are pushed into the bladder (retrograde 
ejaculation), rather than out through the urethra (antegrade 
ejaculation). If large numbers of sperm pass into the bladder, 
then the sperm can be harvested from the urine and used for 
ART procedures [10]. Patient should abstain from ejacula-
tion for 2–3 days.

 1. For 2 days prior, patient should start taking sodium bicar-
bonate (Alka Seltzer) 650 mg by mouth four times per 
day and pseudoephedrine (Sudafed) 60 mg by mouth two 
times per day with an 8 oz of glass before collection of 
specimen. No alcohol or other drugs (other than those that 
are necessary) should be taken.

 2. On morning of test, patient should urinate, and then take 
two sodium bicarbonate tablets, and drink one to two 
glasses of water.

 3. The bladder should be emptied approximately 1 h prior to 
collecting the specimens.

The patient should use masturbation to produce an ante-
grade semen specimen (if possible). Within 5  min after 
orgasm, the patient should urinate into another specimen 
cup(s). Both the antegrade ejaculate (if any) and the post- 
ejaculatory urine should be presented to the lab. These 
patients should collect all specimens at the laboratory, so that 
the sperm can be isolated from the urine quickly.

 1. Aliquot all urine into 15 ml sterile conical tubes—approx-
imately 10–15 ml per tube.

 2. Record total volume of urine specimen.
 3. Centrifuge tubes at 550  ×  g for 10  min. Discard 

supernatant.
 4. Re-suspend pellets in sperm wash buffer approximately 

1–2 ml per tube, depending upon the size of pellet (large 
pellet, 2–3 ml). Consolidate all aliquots into one 15 ml 
conical centrifuge tube. If motility is adequate, it can be 
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processed using density gradient. Remove 10 μl and do a 
sperm count, and assess the motility and progression fol-
lowing semen analysis method.

If an antegrade specimen is obtained, 10 μl of the semen 
specimen is assessed for count, motility, and progression as 
per standard semen analysis protocol.

90.11  Sperm Preparation from Epididymal 
Aspirates and Testicular Biopsies

Since the advent of ICSI, it is now possible to obtain sperm 
from men using epididymal sperm aspiration or testicular 
biopsy, if there is no sperm in the ejaculate due to obstructive 
or nonobstructive azoospermia. Epididymal aspirates are the 
suspension of cells usually obtained with fine needles from 
the epididymis. If epididymal aspirates contain some motile 
spermatozoa, it can be processed using double density gradi-
ent successfully [43]. However, if majority of spermatozoa 
in the epididymal aspirates are immotile, density gradient 
separation will be inefficient, and then a simple wash tech-
nique will be useful. Often these samples have very poor 
motility, and incubating sperm with pentoxifylline (2 mg/ml) 
in sperm wash buffer is quite helpful.

90.12  Sperm Preparation from Testicular 
Biopsies

Testicular biopsies should be transported to laboratory in a 
sterile container containing sufficient amount of sperm wash 
buffer (Hepes-HTF with 5 mg/ml HSA).

 1. The biopsy is removed from the container it comes in, 
using sterile forceps, thoroughly rinsed in sperm wash 
buffer to remove the blood, placed on the lid of a 60 mm 
dish in a small drop of sperm wash buffer, and thoroughly 
minced with a pair of disposable scalpels. Sometimes 
using a pair of 26 gauge needles bent to an angle of 90° 
attached with 1 ml disposable syringe is very helpful in 
finely teasing the seminiferous tubules [10, 44]. Once the 
tissue is thoroughly minced, use the bottom portion of the 
60 mm dish, and place it over the minced tissue, and using 
fingers inside the lid, press it over at several places to 
squeeze out the sperm from the tubules. A twisting motion 
should not be used, as this may break the sperm head 
from the tail.

 2. Once the tissue is well squashed, the lid is rinsed with 
sperm wash buffer; the sample is collected into a 15 ml 
centrifuge tube and centrifuged at 800 × g for 5 min.

 3. The supernatant is removed and discarded and the sample 
is suspended in 0.5–1 ml of sperm wash buffer depending 

on sample size. Vortex the suspension for 20–30 seconds 
to dislodge spermatozoa from the cells. Take an aliquot 
(5–10 μl), and put it in 20–30 μl of pentoxifylline solution 
(2  mg/ml in Hepes-HTF  +  HSA) in a dish lid covered 
with oil and kept at 37 °C. Thoroughly examine the drop-
let under inverted microscope under high power for the 
presence of a motile sperm. If motile sperm is seen, then 
sperm preparation can be successfully used. It is always 
recommended to cryopreserve the sample for future use.

90.13  Conclusions

Routine sperm separation protocols have evolved from sim-
ple wash to gradient separation over the years, and the gen-
eral consensus is that both swim-up and gradient protocols 
work equally well, although gradient protocol is preferable 
due to efficient separation of motile sperm even from sub-
optimal samples [45, 46]; nevertheless, a Cochrane data-
base system review has not found any difference on the 
clinical outcome by different sperm preparation protocols 
[47]. There have been several advances made in sperm sep-
aration utilizing electrostatic potential and some novel 
microfluidic procedures with sperm showing significantly 
reduced apoptotic markers. However, these technologies 
are still not in routine use. In future, knowledge gleaned 
from varying DNA methylation patterns of spermatozoa 
that affect embryo development [48] and sperm RNA anal-
ysis [49] may be helpful in devising specific protocols that 
may help in selecting spermatozoa for better clinical 
outcome.
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Embryo Development: From Zygote 
to Blastocyst

Amy Barrie

91.1  Introduction

The purpose of this chapter is to delineate embryo preim-
plantation development from the zygote stage to the blasto-
cyst stage. This will begin with defining the critical 
developmental milestones, a discussion regarding novel 
methods of determining embryo viability (e.g. morphoki-
netics and metabolomics), and will conclude with a com-
parison between how embryos develop in vitro and in vivo. 
During this chapter each pivotal stage in embryo develop-
ment will be addressed including events such as the activa-
tion of the embryonic genome, as well as the concept of cell 
allocation and polarity. As technology plays a major part in 
the culture of human embryos in current practice, there will 
be particular focus throughout on the morphokinetic ele-
ments of embryo development made possible by time-lapse 
imaging (TLI).

91.2  Developmental Milestones

91.2.1  Pronuclear Formation, Breakdown 
and Scoring

The zygotic stage of preimplantation development is well 
studied, due to the proliferative work performed in the first 
few decades of assisted reproductive technologies (ART). A 
zygote (fertilized oocyte) consists of an oocyte containing 
two pronuclei (2PN). The presence of 2PN indicates normal 
fertilization with one pronucleus of paternal origin and one 
of maternal origin. PN have three main components: a lipid 
bilayer, a haploid chromosome complement and multiple 

nucleoli. The nucleoli are small, spherical structures pre-
dominantly composed of protein and RNA. They drive the 
production of ribosomal RNA and participate in the forma-
tion of ribosomes. Ribosomes are responsible for translating 
maternally derived mRNAs into proteins during the G1 and 
G2 phases of the cell cycle in preparation for DNA replica-
tion and mitosis [1].

PN appearance is often asynchronous, whilst their disap-
pearance is usually synchronous. The male PN forms close 
to the site of sperm entry, whilst the female PN originates at 
the ooplasmic pole of the meiotic spindle [2]. Once formed, 
the PN become opposed to one another, usually centrally 
within the zygote (Fig. 91.1). In mammals, this movement is 
regulated by the sperm aster, which coordinates a radiating 
matrix of endoplasmic reticulum bundled with microtubules 
and separated by clusters of yolk bodies, mitochondria and 
lipid droplets [3]. This was confirmed by the use of chemi-
cals used to destroy microtubular structures preventing the 
movement and association of PN [4].

One of the first TLI observations of fertilization used 
Nomarski differential interference contrast (DIC) optics 
and a purpose-built switching box allowing an image to be 
captured every minute [5]. This detailed analysis revealed 
a defined course of events. Firstly, circular waves of granu-
lation within the cytoplasm were observed (termed a cyto-
plasmic flare), followed by the extrusion of the second 
polar body (PB). The formation of the male PN then 
occurred centrally with the female PN forming at the same 
time, or shortly afterwards, adjacent to the extrusion site of 
the second PB. The PN appearance was seen as early as 2 h 
post- insemination. The PN then became abutted, increased 
in size, the nucleoli moved within the PN and some amal-
gamated. The organelles then shrank from the cortex of the 
ooplasm leaving an obvious cortical zone. Finally, the 
oocyte decreased in diameter by 6 μm during the course of 
the observation. The male PN was significantly larger in 
diameter than the female PN and contained fewer 
nucleoli.
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Embryo quality has been shown to be related to fertiliza-
tion events and the periodicity of cytoplasmic waves. For 
example, good quality embryos arise from oocytes that have 
more uniform timing and longer cytoplasmic waves. An ear-
lier investigation, not utilising TLI, found that 80% of 
oocytes had 2PN by 8 h post-ICSI and 99% after 16 h, with 
some appearing as early as 6 h post-ICSI [6]. This study was 
repeated with similar results but also found that 100% of 
IVF-derived embryos had visual PN 14 h post-IVF [7].

Following PN formation, there are approximately 13 h of 
‘rest’ when various stages of the cell cycle are completed. 
Once complete, the PN membranes disassemble, allowing 
the maternal and paternal chromosomes to align on the 
 metaphase plate. Timing of PN fading has been linked to 
embryo quality and viability. This followed a report of 1782 
zygotes, where transferred embryos that had undergone early 
PN fading resulted in a significantly higher cell number and 
clinical pregnancy rate [8]. However, it should be noted that 
this study did not utilise TLI and therefore the observations 
are less precise.

A more recent TLI analysis of fertilization events revealed 
that, of 1448 embryos, simultaneous PN appearance occurred 
in 96.4% of zygotes. Optimal ranges for second PB extru-
sion, PN fading and length of S-phase were also defined. 
However, there were no significant differences between 
implanted and non-implanted embryos in the average length 

of the time taken for the second PB to be extruded or for PN 
abuttal. A higher implantation rate was observed in zygotes 
where PN fading took place at 22.2–25.9  h post-ICSI and 
shorter S-phases were observed (5.7–13.8 h) [9]. Further to 
this, no embryo with PN fading earlier than 20 h 45 min post- 
ICSI resulted in a live birth [10].

Before the advent of TLI, and in the early years of IVF 
treatments, embryologists used the number, size and align-
ment of nucleoli (also known as nuclear precursor bodies) 
within the PN to score embryo quality and relate this to the 
chance of pregnancy. There were two scoring systems devel-
oped in conjunction with one another (Table  91.1 and 
Fig. 91.2).

Observations relating nucleoli distribution, PN size and 
orientation to embryo morphology, chance of pregnancy and 
chromosomally normal embryos were then corroborated by 
others [13]. With the introduction of blastocyst culture 
media, other embryo morphological features became better 
able to predict implantation [14–16]. PN scoring was all but 
forgotten, and when TLI was introduced to clinical practice, 
it became clear that both the PN and nucleoli are mobile 
within the zygote and a score given using a static observation 
could vary on an hourly basis.

In the absence of TLI, a single observation between 16 
and 18 h post-insemination/injection is made to identify nor-
mal fertilization and PN scoring may be of value, regardless 

a b c d
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Fig. 91.1 A diagrammatic representation of pronuclei appearance. (a) 
An unfertilized oocyte 2.9 h post injection (hpi). (b) The extrusion of 
the second polar body can be seen (indicated by an arrow) at 3.7 hpi. (c) 
The initial signs of the two pronuclei can be seen at 7.4 hpi. One pro-
nucleus can be seen appearing from the site of polar body extrusion and 

the other from opposite the polar body extrusion site. (d) The abuttal of 
the two pronuclei begins at 7.9 hpi. (e) Pronuclei are abutted at 8.2 hpi. 
(f, g) The pronuclei then move within the cytoplasm for over 12 h and 
by 22.6 hpi the pronuclei have faded (h)
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of literature contesting its use. PN are usually scored 
into three groups: symmetrical, non-symmetrical and abnor-
mal. However, there is now TLI evidence that the morphoki-
netic timeline of fertilization events in oocytes post-ICSI 

may vary considerably from those post-IVF [17]. Therefore, 
a standardisation of timings for embryo observation may not 
be applicable in a program that utilises both IVF and ICSI as 
fertilization methods.

91.2.2  Embryo Cleavage and Grading

Following PN fading, the embryo undergoes a series of 
cleavage events (Fig. 91.3). Arguably, the inaugural method 
for determining embryo implantation potential is to assess 
early cleavage. Shoukir et  al. [18] first demonstrated that 
human zygotes cleaving by 25  h post-insemination had a 
higher viability than those that cleaved later.

More recently, early cleavage has been shown to have less 
predictive power in terms of implantation [19] likely owing 
to the advances in embryo selection and the plethora of 
embryological features that can now be assessed for embryo 
viability. As far as the link between early cleavage and 
embryo quality is concerned, there is little literature offering 
a reason for this. It is reasonable to assume that as early 
development is under control of the maternal genome [20], it 
is likely to be an indication of oocyte quality and the ability 
of maternal RNA to transcribe the necessary tools to allow 
the embryo to undergo cytokinesis in a timely manner.

Table 91.1 Description of two pronuclear grading schemes

Scott et al. [11] Tesarik and Greco [12]
Score Description Score Description
Z1 NPBs (between 3 and 7)

Both PNs polarised
P0 NPBs in both PN

Polarised if 3 and 7 
NPBs
Non-polarised if ≥7 
NPBs

Z2 NPBs (between 3 and 7)
Both PNs non-polarised

P1 >3 NPBs difference 
between PN

Z3 Alterations in NPB 
number and/or one 
polarised PN and one 
non-polarised PN

P2 <7 NPBs, without 
polarisation in at least 
one PN

Z4 PNs asymmetrical and/
or PNs separated

P3 >7 NPBs in at least one 
PN

P4 <3 NPBs in at least one 
PN

P5 One PN polarised and 
one PN non-polarised

These scoring schemes were used from static observations of human 
zygotes and embryo, prior to the routine use of clinical time-lapse 
imaging. Observations were based on the number and distribution of 
nucleoli (nuclear precursor bodies, NPBs)

Z1 Z2

Z3Z3

Z4 Z4

Fig. 91.2 A schematic 
representation of the 
pronuclear scoring system 
(adapted from Scott et al. 
[11]). Z1 represents 3–7 
NPBs with both PN polarised. 
Z2 is characterised by 3–7 
NPBs and both PNs 
non-polarised. PNs graded as 
Z3 exhibit alterations in the 
number of NPBs and/or one 
polarised and one non- 
polarised PN. Finally, a Z4 
score indicates that the PNs 
are asymmetrical and/or the 
PNs are separated
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Further cleavages then take place during Day 2 and Day 3 
of embryo development until the embryo reaches 8–16 cells, 
where the next phase of embryo development begins. The 
gold standards for determination of embryo quality and via-
bility should be considered here: fragmentation and cell 
evenness. These features of embryo development have long 
been understood to strongly reflect an embryo’s ability to 
create a pregnancy [21, 22]. A variation in blastomere size 
has also been shown to be linked to increased aneuploidy 
rates and reduced implantation potential [23, 24]. These 
 critical criteria are described in the UK’s national grading 
scheme [25].

91.2.3  The Cell Cycle

The cell cycle can be broadly split into two phases: inter-
phase and mitotic phase (M-phase). Interphase can then be 
split into three further stages: the first gap phase (G1), syn-
thesis phase (S-phase) and the second gap phase (G2) 
(Fig. 91.4).

During the G1-phase the cell physically grows and repli-
cates organelles. The G1-phase takes 5–6 h to complete. A 

a b c d

e f g h

Fig. 91.3 A series of time-lapse images of in vitro embryo develop-
ment. (a) PN formation and abuttal have completed at approximately 24 
hpi. (b) The embryo should have two distinct, evenly sized blastomeres 
with less than 10% fragmentation. (c) Each blastomere should then 
cleave to produce four blastomeres on Day 2 of embryo development. 
(d) Each of the four blastomeres should cleave again in close succes-
sion to form an eight-cell embryo on Day 3. (e) The blastomeres begin 

compaction where cell membranes begin to breakdown. (f) Cavitation 
should begin at approximately 94 hpi as the embryo begins to form a 
blastocyst. (g) The cavity begins to enlarge and two cell lines are visi-
ble; the inner cell mass (ICM) and the trophectoderm. The ICM is indi-
cated by an arrow. (h) The embryo should be fully expanded by 118 hpi, 
the zona thins as the embryo prepares to hatch and implant

G2

G1 G0

M

S

Fig. 91.4 A schematic representation of the mammalian cell cycle 
(adapted from Collins et al. [26]). In each cell division cycle, chromo-
somes are replicated during the S-phase and separated to create two 
genetically identical daughter cells during the M-phase. These events 
are spaced by intervals of growth and reorganisation (gap phases G1 
and G2). Cells cease the cell cycle process following division and can 
enter a state of quiescence (G0)

A. Barrie



823

complete copy of the DNA in the nucleus is then made in the 
S-phase, taking 3–5  h. The G2-phase then constitutes the 
reorganisation of cytoplasmic contents in preparation for the 
cleavage event and takes 4–6 h to complete. The cell divides 
its copied DNA and cytoplasm to make two daughter cells 
during the M-phase and cytokinesis [27, 28]. Cytokinesis 
involves specification of the cleavage plane, microtubule 
structure rearrangement and assembly of the contractile ring, 
followed by ring ingression [29].

Conversely, karyokinesis is well understood occurring in 
four distinct stages: prophase, metaphase, anaphase and telo-
phase (Fig.  91.5). Broadly, the process of karyokinesis 
involves the appearance of the spindle apparatus and disinte-
gration of the nuclear membrane (prophase); the movement 
of the chromosomes towards the centre of the cell arranged 
on the equatorial plane (metaphase); the splitting of the chro-
matids to form sister chromosomes (anaphase); and finally, 
the chromosomes reaching opposite poles, the nuclear mem-
branes reappearing and the spindle disappearing (telophase). 
The eventual aim of karyokinesis is, following DNA replica-
tion, the division into two equal parts each within a daughter 
cell resulting from cytokinesis.

It should be noted that during oocyte maturation and fer-
tilization, the process of PB formation also involves both 
karyokinesis and cytokinesis.

91.2.4  Embryonic Genome Activation

The initial stages of embryonic development are dependent 
on proteins and transcripts that have accumulated in the 
oocyte during prophase I arrest [30]. Embryonic genome 
activation (EGA) is necessary for continued development to 
the blastocyst stage, and three main requirements are needed 
to be met for this to occur successfully: maternal mRNA 
degradation, embryonic gene transcription activation and 
epigenetic changes [31].

Although believed to occur at the four-cell stage for many 
years [32], interestingly, EGA has been suggested to be inde-
pendent of cell number, creating speculation that EGA 
occurs on Day 3 of preimplantation embryo development 
rather than when a specific cell number is reached [33].

EGA was first brought to light in 1988 [34] following 
the discovery of distinct aspects of protein synthesis linked 
to transcriptional activation evident around the four- to 
eight- cell stage. Others then supported this through the 
detection of paternal transcripts at the three- and four-cell 
stages [35].

It is now largely accepted that EGA is a stepwise process 
[36] with the mouse having at least four periods of major 
gene transcription [36]. In humans, there is also evidence of 
a multilevel gene induction process [35, 37, 38].

There have been a number of investigations scrutinising 
the differential expression of various genes at the early 
embryonic development stage compared to the blastocyst 
stage. One of the more recent of these confirmed that 
human oocytes are well-equipped with transcripts and pro-
teins to support preimplantation development [39]. Further 
to this, and in corroboration with other investigations, it 
has been demonstrated that during EGA, the maternal gene 
downregulation far outweighs the embryonic gene upregu-
lation where 147 maternal genes were depleted and just 6 
genes of embryonic origin were upregulated [31, 33]. 
Using TLI, some researchers believe that development to 
the blastocyst stage can be predicted from morphokinetics 
observed up to the four-cell stage [40] suggesting that suc-
cessful implantation is highly influenced by maternal fac-
tors [41].

91.2.5  Compaction, Cell Allocation 
and Polarity

The process of compaction is the first evidence of embryo 
differentiation. Little is known about the details of compac-
tion in humans including the underlying mechanisms and 
processes controlling it.

Much of the insight into the process of compaction in 
humans has been extrapolated from the well-studied mouse 
model. Compaction commences with flattening of the blasto-
meres and redistribution of microvilli [42, 43]. Cell adhe-
sions, gap and tight junctions appear, with cytoplasmic 
polarisation. As a consequence, the blastomeres resulting 
from the next cleavage round segregate to inside (apolar) and 
outside (polar) cells [44–46] to form the inner cell mass and 
trophectoderm, respectively [47].

Using scanning electron microscopy (SEM), it was 
found that noncompacted cells on Day 4 had considerably 
fewer microvilli compared to compacted counterparts. 
Polarisation was also seen as a flattened microvilli-free 
area with distinct borders at the sites of contact between 
cells, which frequently contained small, cytoplasmic blebs. 
The free surfaces of the blastomeres were covered by 
microvilli of an increased density compared to that of 
cleavage-stage embryos. In addition, it was shown that 
compaction was related both to total blastomere number 
and embryonic age; Day 3 embryos with 10–12 blasto-
meres demonstrated some polarisation, but none of them 
were classified as compact. However, in contrast, most Day 
4 embryos were compact, including some with only ten 
blastomeres [48].

SEM has since demonstrated that the human embryo does 
not develop surface polarity before the eight-cell stage [49], 
confirmed by others [50].
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In the human, embryos that have not yet compacted by 
Day 4 have been shown to have reduced developmental 
capacity [51–53]. Embryos that compact earlier than 
expected (eight-cell stage) have also been shown to have a 

higher implantation potential [54, 55], and early compaction 
could be a positive indicator of embryonic potential where 
20% embryos are considered good quality compacted earlier 
compared to 12.5% considered to be poor quality [56].

Interphase

The nuclear enveloped
is distinct and the
chromosomes are in
the form of chromatin.

Prophase

The chromosomes are
condensed and the
nuclear envelope
begins to breakdown.

Metaphase

Condensed
chromosomes, each
with two chromatids
become aligned on the
metaphase plate.

Anaphase

The chromatids of
each chromosome
separate and move to
the poles of the cell.

Telophase

The nuclear envelope
begins to reform and
the cytoplasm begins
to cleave.

Cytokinesis
The cell has cleaved
into two daughter
cells.

Fig. 91.5 A schematic 
representation of 
karyokinesis. The cell 
progresses through the stages 
from interphase to cytokinesis 
with the resultant cells 
carrying a diploid 
chromosome complement. 
For illustration purposes, the 
images are shown with two 
chromosomes only
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TLI has revealed that 22.6% embryos commenced com-
paction at the eight-cell stage, 13.9% initiated compaction 
before the eight-cell stage and 86.1% initiated compaction at 
the eight-cell stage or later [54, 55]. Of these, 49.5% 
 developed into good quality blastocysts, whereas, and con-
versely to reports from Desai et al. [54] and Skiadas et al. 
[55], just 18.8% embryos initiating compaction before the 
eight-cell stage developed into good quality blastocysts [57]. 
In addition, 93.8% embryos initiating compaction before the 
eight- cell stage had a significantly higher proportion of mul-
tinucleated blastomeres.

The fate of cells within the preimplantation embryo has 
been largely investigated in the mouse model. As a result, the 
following two hypotheses exist for cell fate:

 1. Polarity predetermination takes place prior to the two-cell 
stage, where cells adopt positions depending on the cell 
division orientation along the animal-vegetal axis [58].

 2. The embryo is entirely symmetrical and has no animal- 
vegetal axis and no predisposition to a pattern [59].

A gene profiling investigation has shown a common tran-
script pattern in blastomeres analysed in five-, six- and eight- 
cell stage embryos [31], supporting the latter of these 
hypotheses. However, TLI allows for subtle morphological 
features of embryos undergoing compaction to be investi-
gated, and it could also be possible to build on the hypothesis 
presented by Edwards and Hansis through observations of 
cleavage planes.

91.2.6  Blastocoel Formation and Expansion

Following completion of compaction, the formation of the 
blastoceol cavity is initiated (Fig. 91.6).

There is a significant increase in ATP production as the 
embryo develops into blastocyst stage [60]. This is reflected 
by the increase in oxygen consumption between the morula 
and blastocyst stages [61, 62]. One of the two major consum-
ers of ATP is the Na+/K+ ATPase pump [63] which allows, 
through the transport of Na+ and K+ through the cell 

a b c

d e f

Fig. 91.6 Time-lapse images detailing blastocyst formation. (a) The 
embryo becomes a morula on Day 4 where cell membranes are lost. (b) 
Cavitation begins, indicated by an arrow, through the influx of water via 
the Na+/K+ ATPase. (c) The zona pellucida (ZP) begins to thin as the 
cavity increases in size and the two cell lines are formed. (d) The 

embryo is fully expanded, the ZP is barely visible, and the inner cell 
mass and the trophectoderm are well formed. (e) In vitro, some embryos 
are seen to undergo a collapsing process; in this image, the embryo 
undergoes a rapid collapse and re-expansion. (f) After a series of col-
lapses, the embryo breaches the ZP to begin hatching
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membrane, the transport of water into the cell and blastocoel 
cavity formation [64] (Fig. 91.7).

The contribution of the Na+/K+ ATPase pump to the 
production of the blastocoel cavity in human embryos was 

demonstrated via the relationship between pump activity and 
the expansion stages. Pump activity was similar at the 
morula and early blastocyst stages (27.7 pmol/embryo/h to 
24.5  pmol/embryo/h, respectively) and then increased to 

Extracellular

Key

Potassium ions (K+)

Sodium ions (Na+)

Intracellular

Fig. 91.7 A schematic representation of the sodium-potassium 
(Na+/K+) ATPase pump (adapted from Castillo et al. [65]). By using 
ATP, this protein-bound transporter is able to move sodium and potas-
sium ions across the membrane against their concentration gradients. 

This activity causes the movement of water through osmosis dictated by 
the concentrations of sodium and potassium ions in the intra- and extra-
cellular compartments
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94.5 pmol/embryo/h at the expanding blastocyst stage before 
decreasing to 33.5  pmol/embryo/h at the expanded blasto-
cyst stage [66].

During expansion, some embryos pass through a series 
of ‘collapses’, the purpose of which are largely unknown. It 
has been suggested that these collapses, and subsequent 
expansions, are to aid in hatching [67]. There is a paucity of 
research regarding the importance of this phenomenon; 
however, a TLI investigation of 277 embryos found that 
54% embryos underwent no collapse, 22% underwent a 
single collapse and 24% underwent multiple collapses 
(average 2.9, range 2–9 contractions). In terms of the sig-
nificance of these contractions, the live birth rate decreased 
progressively from no, single and multiple contractions 
(36%, 31%, 14%) indicating that the presence of multiple 
collapses is correlated with a reduction in live birth rate 
[68].

91.2.7  Blastocyst Hatching

Blastocyst hatching is a crucial event in preimplantation 
embryo development necessary to achieve implantation. 
However, the exact molecular processes underpinning the 
hatching mechanism remain unclear [69].

Hatching is primarily initiated by the exertion of hydro-
static pressure caused by blastocoel cavity growth, aided by 
the secretion of proteases to digest the zona pellucida (ZP) 
[70–72]. Human blastocysts hatch in a fully distended state, 
and the ZP remains largely intact and undigested [69]. In 
other species, such as the hamster, the ZP completely dis-
solves, and the blastocyst hatches in a collapsed state [73]. 
Common factors for mammalian blastocyst hatching are that 
the process involves dynamic actin-based trophectodermal 
projections together with a variety of autocrine and paracrine 
molecules [71].

The process of mammalian hatching remains a topic of 
keen interest. A recent review highlighted that both pro- 
and anti-inflammatory cytokines are potentially required 
to maintain normal embryo development and blastocyst 
hatching [69]. There may be functionally critical and 
indispensable cytokines, such as LIF [74], and cytokine 
receptors, such as IL-11R [75, 76] that orchestrate hatch-
ing and could be important indicators of embryo 
viability.

With TLI, hatching can be visualised with a greater degree 
of interest. There have been numerous reports in the litera-
ture of monozygotic twinning due to potential atypical 
hatching [77–79]. TLI can highlight embryos with atypical 
hatching patterns, and this could then be related to embryo 
quality or viability and potentially lead to the deselection of 
these embryos for transfer [80].

91.3  Morphokinetics

The first application of TLI in embryology was recorded in 
1968, when chick embryos exposed to teratogenic doses of 
hypoxia were analysed [81]. Following this, studies relating 
to preimplantation embryonic development were published 
[82–84].

One of the earliest clinical applications of TLI was 
reported in 1997 regarding PB extrusion and PN formation 
[5]. Subsequently, two further TLI studies reported fragment 
internalisation in human embryos [85] and blastocoel col-
lapse in mouse embryos [86].

From 2008 onwards, there have been numerous TLI stud-
ies of human preimplantation embryonic development to 
help determine embryo viability [17, 87, 88]. Whilst TLI for 
clinical application is now used worldwide, a Cochrane 
review showed there was no conclusive evidence of a differ-
ence in clinical pregnancy, miscarriage, live birth and still-
birth rates per couple randomised using TLI compared to 
standard incubation without TLI [89].

Basic embryo grading (blastomere number/size/evenness 
and proportion of fragmentation) remains the gold standard 
for embryo selection. However, static observations inevitably 
expose the embryo to suboptimal temperatures and gas con-
centrations when observations take place (out of the incuba-
tor) and restrict the overview of embryo development.

91.3.1  Identification of Useful Morphokinetic 
Parameters

TLI observations of embryo development have been termed 
morphokinetics and relate to the time an embryo reaches cer-
tain cell stages. For example, the time an embryo reaches two 
cells would be termed t2, and the time to reach three cells 
would be termed t3, four cells t4 and so on. Many morphoki-
netic parameters have been correlated with the embryo’s abil-
ity to create a pregnancy both in humans (reviewed by [90]) 
and animals. These include the following:

• Appearance and disappearance of PN and nuclei at each 
cell stage [5, 10, 17, 91]

• Length of time between early cytokineses [92–94]
• Initiation of blastulation [95]

91.3.2  The Development of Embryo Scoring 
Algorithms

Following the identification of various morphokinetic param-
eters that could predict an embryo’s ability to implant, these 
parameters were used to develop embryo scoring algorithms 

91 Embryo Development: From Zygote to Blastocyst



828

(ESAs). ESAs incorporate a set of instructions for the user 
where, depending on the answers to the questions asked, a 
result is given that will aid in the selection of the best embryo 
for transfer.

Many ESAs have been published, each incorporating dif-
ferent morphokinetic parameters and optimum timings of 
morphokinetic parameters [40, 94, 95]. Since many clinics 
record morphokinetics differently, it became clear that a con-
sensus was required—this was published in 2014 [96]. 
However, it has been suggested that the use of these ESAs in 
laboratories other than those in which they were developed 
may cause them to lose their diagnostic capabilities. 
Furthermore, this may be due to subtle environmental, treat-
ment and patient-specific parameters such as differing stimu-

lation regimes and varying treatment types (IVF or ICSI), a 
patient’s endogenous hormone levels and also their age. This 
is now the direction many are taking in terms of research 
where it is becoming clear that ESAs to be used for all 
patients are ineffective.

91.3.3  Identification of Abnormal Embryo 
Development Using TLI

Further embryological phenomena have been observed 
using TLI, including direct cleavage from one to three cells 
([97], see Fig.  91.8) and reverse cleavage ([98], see 
Fig. 91.9). The ability of such embryos to create a pregnancy 

a b c

d e

Fig. 91.8 Time-lapse images of an embryo undergoing direct cleav-
age. (a) A timeline of the embryo from 22.9 to 112 hpi. The final image 
indicates the stage that the embryo reaches after 5 days of culture. (b) 
Enlarged image of 28.9 hpi. (c) Enlarged image of 0.2 h later (29.1 hpi) 

where the cleavage furrow of the division into three cells can be seen. 
(d) Enlarged image of 29.4 hpi where three clear cells can be seen. (e) 
Enlarged image of 33.1 hpi where the division event has completed and 
three cells can be seen clearly
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has been shown to be significantly reduced [99]. Strangely, 
embryos exhibiting cleavage anomalies, such as reverse 
cleavage, have been reported to have a 40% utilisation rate 
[100].

Other morphokinetic phenomena that might gain more 
attention due to TLI include the following:

• Absent cleavage (the process by which a blastomere 
undergoes a pseudo division (seen as a ‘roll’) that does 

not produce two discernable blastomeres but a single 
blastomere containing multiple nuclei) (Fig. 91.10)

• Chaotic cleavage (apparent cleavage not creating distinc-
tive blastomeres but what appears to be many fragments) 
(Fig. 91.11)

• Cell lysis

All of these could give the embryologist more informa-
tion regarding the most viable embryo in a patients’ cohort.

a b c

d e

Fig. 91.9 Time-lapse images of an embryo undergoing reverse cleav-
age. (a) Timeline from 43.3 to 121.8 hpi. The final image indicates the 
stage that the embryo reaches after 121.8 hpi of culture. (b) Enlarged 
image of 43.3 hpi where the embryo has two blastomeres. (c) Enlarged 
image of 49.4 hpi where one blastomere has cleaved to produce a three- 

cell embryo. (d) Enlarged image of 51.6 hpi, 2.2 h after image (c), two 
blastomeres can be seen reverse cleaving. (e) Enlarged image of 60.3 
hpi, 8.7 h after image (d), the two blastomeres have now completely 
fused and the embryo has two blastomeres
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91.4  Embryo Metabolism

Metabolism is arguably one of the most studied areas of pre-
implantation embryo development getting substantial and 
continued attention since the early 1970s. It has long been 
known that metabolism changes from anaerobic to aerobic in 
line with the EGA [101] and that the substrate requirements 
change accordingly [60, 102]. Pyruvate uptake exceeds that 
of glucose in early developmental stages, with glucose 
becoming a dominant substrate in the blastocyst [103] most 
likely due to the energy demands of the Na+/K+ ATPase 
pump required to form the blastocoel cavity [104]. Amino 

acids are also important for embryo metabolism not only as 
precursors for protein synthesis but as cell membrane trans-
porters, among others [105, 106].

The ‘quiet’ embryo hypothesis, proposed in 2002, denotes 
that embryos with a relatively low metabolism have a higher 
embryo viability [107]. This hypothesis was then developed 
to give the idea of a ‘quiet range’ [108] where categories of 
quietness were considered owing to the fact that a metabo-
lism that is too quiet may represent an embryo about to arrest. 
This was further developed into the ‘Goldilocks principle’. 
This states that, rather than a quiet metabolism, embryo 
metabolism must fall within certain margins, as opposed to 

a b c

d e

Fig. 91.10 Time-lapse images of an embryo undergoing an abnormal 
division event termed absent cleavage. (a) Timeline from 26.6 hpi to 
139.1 hpi. The final image indicates the stage the embryo reaches after 
139.1 hpi of culture. (b) Enlarged image of 26.6 hpi where two pronu-
clei can be seen indicating normal fertilization. (c) Enlarged image of 

29.9 hpi where it appears that two blastomeres have been formed; how-
ever, just 1 h later in image (d) these two blastomeres are no longer 
evident. (e) Enlarged image at 39.9 hpi where only one clear blastomere 
can be seen with multiple nuclei indicating that effective cleavage has 
not occurred
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reaching extremes, much like the Goldilocks fairy tale. The 
existence of a ‘Goldilocks zone’ has been proposed (insinuat-
ing ‘just the right amount’) within which embryos with maxi-
mum developmental potential can be categorised [104].

91.4.1  Using Metabolomics to Determine 
Embryo Viability

It is an attractive principle to be able to quantify an embryo’s 
substrate use and waste production and relate this to likeli-
hood of implantation. As such, there have been a number of 

studies of the embryo metabolome, using spent culture media 
samples, each finding a significant correlation between 
implantation potential and the embryo’s metabolomic profile 
or ‘viability score’ (VS) [109, 110].

More specifically, nuclear magnetic resonance spectros-
copy (NMRS) has been used to deduce relationships between 
specific metabolites, such as amino acid turnover, and an 
embryo’s implantation potential. It has been concluded that:

• An increase in asparagine and decreased glycine and leu-
cine in spent embryo culture media correlated with viable 
pregnancies [111].

a b c

d e

Fig. 91.11 Time-lapse images of an embryo undergoing an abnormal 
division event termed chaotic cleavage. (a) Timeline of embryo devel-
opment from 21.9 hpi to 138.6 hpi where the final image indicates the 
stage that the embryo reaches at the end of its culture period. (b) 
Enlarged image of 27.4 hpi showing the frame immediately prior to the 

cleavage event. (c) Enlarged image of 29.1 hpi where three blastomeres 
are observed. (d) Enlarged image of 30.9 hpi where up to five blasto-
meres can be seen. (e) Enlarged image of 35.0 hpi, where the embryo 
has completed its division event and settled with four blastomeres of 
uneven size
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• The ratio between glutamate and alanine/lactate was 
higher for implanted embryos [112].

A significant correlation between five oxidative metab-
olism biomarkers and implantation potential has also been 
proposed [113, 114]. However, it transpired that morphol-
ogy scores did not correlate with the embryonic metabolic 
activity, in terms of oxidative metabolism, and pregnancy 
 outcome, with >85% of transferred embryos classed as 
top morphological grade but only 27% resulting in preg-
nancy [114].

Whilst metabolomic profiling as a method of embryo 
selection continues to be a hive of research activity, there 
have not yet been any significant developments for the clini-
cal implementation of this embryo selection method.

91.5  The In Vitro Versus In Vivo 
Environment

It is logical that for successful embryo development, the 
in vitro environment should mimic that of the in vivo situa-
tion as closely as possible. However, in practice it is not 
always possible to, firstly, know specific in vivo environmen-
tal factors and, secondly, to implement them. Osmolality is a 
classic example of this disparity.

Commercially available culture media have a range of 
osmolality from 255 to 298 mOsm/kg, yet the in vivo envi-
ronment may have an osmolality as high as 360 mOsm/kg 
[115]. Interestingly, an in vitro osmolality >300 mOsm/kg 
has been shown to cause severe developmental retardation in 
the resulting offspring [116, 117].

Oxygen concentration is a further example of the differ-
ence between the in  vitro and in  vivo environment. 
Historically, embryos were cultured at atmospheric oxygen 
concentrations (20%). However, it has been shown that the 
oxygen concentration in  vivo is considerably lower (5%) 
than the atmospheric level [118]. There is a wealth of evi-
dence, including a Cochrane review, showing that culturing 
embryos at low oxygen concentration (using a trigas system) 
provide a clinical benefit [119].

91.6  Conclusion

The purpose of this chapter was to delineate embryo devel-
opment from the zygote to the blastocyst. It is clear that there 
remains much to learn regarding preimplantation embryo 
development and not only is there a lack of basic scientific 
knowledge in some areas but the significance of various 
embryonic processes is yet to be elucidated. With the intro-
duction of new technologies such as TLI and noninvasive 
metabolics, some of the less clear phenomenon can be 

addressed, such as the processes underpinning compaction, 
hatching and blastocyst collapse. A large part of the success 
of reproductive technologies lies with the preimplantation 
embryo, and the more information that can be gathered about 
these first few crucial days of development, the more likely it 
is that successful treatment will follow.
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Time-Lapse Monitoring

Csaba Pribenszky and Peter Kovacs

92.1  Background

Almost 40 years have passed since the first successful in vitro 
fertilization (IVF) treatment [1]. Since then many aspects of 
IVF have continued to evolve and undergone significant 
changes. These have included controlled ovarian hyperstim-
ulation (COH) protocols to augment oocyte and embryo 
yield. Culture conditions have improved to allow extended 
culture to the blastocyst stage, and cryopreservation of super-
numerary embryos has enabled patients to have multiple 
embryo transfers while undergoing one cycle of COH and 
oocyte retrieval.

Unfortunately, IVF outcomes still remain relatively low 
with live birth rates ranging from 54.4% per retrieval under 
35 years to 3.9% among those over 42 years according to the 
Society of Assisted Reproductive Technology (SART) 2014 
report and a 23.7% delivery rate per retrieval in women all 
ages combined based on the European Society of Human 
Reproduction 2012 report. Clearly, the desire to increase the 
number of cycles that result in successful outcomes is of 
paramount. Success can be measured in many ways, but 
most consider the birth of a healthy, full-term singleton as 
the ultimate measure [2]. However, to further optimize out-
comes, the transfer of multiple embryos is often entertained 
resulting in a multiple gestations. Furthermore, pregnancy- 
related maternal, fetal, and neonatal complications are more 
frequent with multiple gestations [3, 4]. Neonatal outcome 
can be expected to be ideal following a singleton pregnancy. 
Thus, the transfer of a single embryo (SET) at a time pro-
vides the highest chance for a singleton gestation.

SET, however, is still not uniformly accepted. According 
to the 2014 SART data report, the mean number of embryos 
transferred was 1.6 under the age of 35 and 2.6 over 42, 
while only 1/3 of cycles under the age of 35 involved elective 

SET [5]. According to 2012 ESHRE data, only approxi-
mately 30% of cycles involved SET [6].

There are several potential explanations for this trend in 
practice. Many couples feel that they can improve their 
chances if multiple embryos are replaced, while some can 
only afford one treatment and wish to maximize their 
chances. Furthermore, IVF clinics compete with each other 
and usually report intermediate outcome parameters such as 
pregnancy rate (PR) but not perinatal outcomes to attract 
potential patients [7]. Finally, the current embryo evaluation 
methods that rely on once-a-day evaluation of cleavage rate 
and morphology are ineffective in identifying the embryo 
with the highest implantation potential [8].

The call for identifying a better assessment tool for 
embryo quality has the potential to mitigate the transfer of 
multiple embryos. Time-lapse monitoring (TL) is a labora-
tory tool that has attempted to respond to the need for 
improved embryo evaluation. Its use provides significantly 
more data on embryo development kinetics and morphology 
without the need to remove embryos from their optimal cul-
ture conditions. This additional information has the potential 
to be used for optimal embryo selection. This chapter will 
review our current knowledge on the clinical application to 
TL monitoring and discuss future directions with the use of 
this technology.

92.2  Time-Lapse Technology

In order to achieve optimal fertilization and embryo devel-
opment, embryos are cultured under tightly controlled con-
ditions (temperature, pH, culture medium composition, gas 
concentration, etc.) [9–12]. Whenever they are removed 
from the incubator, the optimal environment is compro-
mised. According to current standards, embryos are 
assessed daily or every other day for cell cleavage and mor-
phology under light microscopy [8]. This allows the 
embryos to spend as much time as possible undisturbed in 
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the incubators but, on the other hand, limits the information 
that can be ascertained.

The past two decades have seen various technologic inno-
vations aimed to learn more about early in  vitro embryo 
development including metabolomics, proteomics, preim-
plantation genetic screening (PGS), and now most recently 
TL monitoring [13]. TL monitoring relies on the analysis of 
digital images taken by a camera that is either part of the 
incubator or is placed into a standard incubator. Images are 
taken at preset 5–20  min intervals. Time-lapse units now 
come with custom-made software that creates a short film 
based on the images and allows analysis by fast-forwarding, 
rewinding, blow-up images as well as the analysis of embryos 
in multifocal planes. Some programs provide algorithms that 
help the embryologist with optimal embryo selection for 
transfer. Computer-aided analysis of the images enables one 
to measure the precise timing of kinetic events and to observe 
transient morphologic changes and their dynamics. This is 
all achieved without the need to remove the embryo from 
incubators, potentially even during the entire duration of 
embryo culture [14].

92.3  Time-Lapse Parameters

As a starting point, time of fertilization is typically defined as 
the midpoint of the time interval of the injection of the oocyte 
cohort with intracytoplasmic sperm injection (ICSI) or the 
time when the semen droplet is added to the oocyte cohort 
during IVF. Then various parameters can be evaluated and 
annotated during analysis. These include time to pronuclear 
fading/breakdown and appearance of the 2, 3, 4, 5, … 8 cell 
stages (tpnf, t2, t3, t4, t5, … t8) from the time of fertilization. 

Duration of the cell cycles (CC; CC1: 2PN → 2 cell; CC2: 
2 → 3 cell, CC3: 4 → 5 cell cleavage), as well as the syn-
chronicity of the divisions (S1: cleavage furrow → 2 cells, S2: 
t4–t3; S3: t8–t5), can be calculated. Furthermore, timing of the 
morula stage, start of blastulation, and time to reach the 
expanded blastocyst stage can be measured. These kinetic 
events as well as any mathematical formula based on them 
can be used to build algorithms for embryo selection [15–
19]. Beyond the precise timing of kinetic parameters, tran-
sient or permanent morphologic changes (fragmentation, 
vacuolization, blastocyst pulsation) can also be followed by 
TL monitoring. This includes abnormal early embryonic 
events including multinucleation, direct cleavage, or uneven 
blastomere size that could be missed by the traditional daily- 
once observation (Fig. 92.1a, b) [16, 20].

92.4  Time-Lapse Equipment

There are various commercially available TL units. While 
they utilize the same concept of embryo observation, there 
are important differences as well. Some units are incubators 
with a built-in camera (e.g., Embyoscope, Geri, ESCO Miri), 
while others have to be placed into larger incubators (Primo 
Vision). Some units require single embryo culture, while 
others allow group culture in special dishes (“well-of-the- 
well”) that still allows individual embryo observation with 
the added benefit of communication between embryos 
(Fig. 92.2a–c) [21]. Some equipment utilizes dark field tech-
nology, while others use bright field illumination. The num-
ber of embryos that can be monitored simultaneously differs 
as well. The technical differences of the currently available 
TL units are compared in Table 92.1.

a b

Fig. 92.1 (a and b) Beyond the precise timing of kinetic parameters, 
transient or permanent morphologic changes (fragmentation, vacuol-
ization, blastocyst pulsation) can also be followed by TL monitoring, 

including abnormal early embryonic events including multinucleation, 
direct cleavage, or uneven blastomere size that could be missed by the 
traditional daily-once observation
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a b c

Fig. 92.2 (a–c) Some units require single embryo culture, while others allow group culture in special dishes (“well-of-the-well”) that still allows 
individual embryo observation with the added benefit of communication between embryos

Table 92.1 Comparison of the technical parameters of the commercially available time-lapse systems

Illumination Microscope incubator Culture dish Embryo culture Software
Primo Vision Evo
http://www.vitrolife.com/en/
Products/Primo- 
Vision-Time-Lapse-System/

Bright field Microscope placed in 
standard incubator

9–16 well 
Primo Vision 
embryo 
culture dishes

Group culture, 
evaluation in 11 
focal planes, up to 
96 embryos

Comes with software, 
universal embryo 
evaluating algorithm

Embryoscope/Embryoscope+
http://www.vitrolife.com/en/
Products/
EmbryoScope-Time-Lapse-
System/

Bright field Incubator with 
integrated time-lapse 
system

Embryoslide 
(12–16 
embryo/slide); 
simultaneous 
evaluation of 
up to 15 
patients

Single culture, seven 
focal planes, 6 × 12 
or 15 × 16 embryos

Comes with software, 
universal embryo 
evaluating algorithm

GERI Genea Bright field Incubator with 
integrated time-lapse 
system, six chambers 
each equipped with a 
camera

Multi- well 
Geri dish

Single culture Comes with software

ESCO Miri
http://www.escoglobal.com/
product/art-equipment/
time-lapse-incubator/MRI-TL/

Bright field Incubator with 
integrated time-lapse 
system; 6 individual 
chambers, up to 84 
embryos

Culture coin 
dish

Culture coin dish 14 
embryos in 
individual wells 
(single culture)

Comes with software

EEVA Dark field Microscope placed in 
standard incubator

EEVA dish Group culture, 
single focal plane 
evaluation

Automated, software 
scores blastocyst 
formation potential

92.5  Safety

It is important to establish the safety of any new technology. 
One concern raised is the periodic light exposure when 
images are taken. With that said, light exposure is signifi-
cantly lower with all available units when compared to stan-
dard out-of-incubator evaluation, and the use of detrimental 
short wavelength is also avoided [16, 22]. Other issues 
include possible electromagnetic effects, fumes from lubri-
cants, and heat accumulation from the moving parts of the 
equipment. Various equipment on the market likely differ 
regarding these aspects due to technical differences.

To date, studies have not found any detrimental effects of 
TL technology on fertilization rates, cleavage or blastocyst 
stage morphology, and implantation or pregnancy rates [16, 
22–26]. The following is a review of the existing literature.

92.6  Prospective and Retrospective 
Observational Data

Early work using TL technology was purely descriptive [23, 
27]. More recent studies have collected information on mor-
phologic changes and measured timing of certain cleavage 
events. Data collected from multiple cycles has led to the 
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Table 92.2 Prospective and retrospective cohort studies evaluating time-lapse technology

Type of study Outcome studied Parameter studied Outcome TL system
Wong et al. 
[15]

Cohort study of 
frozen- thawed embryos 
(cryopreservation at 
zygote stage)

BC development 
(embryos not 
transferred)

S1, CC2, S2 Studied parameters when in 
optimal range predictive of 
BC development

EEVA

Meseguer 
et al. [16]

Retrospective analysis, 
normal responder 
patients using own 
oocytes and donor 
oocyte cycles; 247 
embryos with known 
implantation

Implantation rate CC2 < 5 h, 
multinucleation and 
uneven blastomere size 
excluded, t5, CC2, S2 
(Meseguer decision 
tree based on in and 
out of range kinetic 
parameters)

Studied parameters when in 
optimal range predictive of 
implantation

Embryoscope, 21% 
O2

Rubio et al. 
[28]

Retrospective study, 
donor oocytes and own 
oocytes (N = 1659 
transferred embryos)

Implantation rate Direct cleavage: 
CC2 < 5 h

Embryos with CC2 <5 h min 
chance (1.2%) to implant

Embryoscope, 21% 
O2

Cruz et al. 
[29]

Retrospective analysis, 
donor oocyte 
treatments, ET on D5

BC development
Implantation rate 
(embryos with 
known 
implantation)

t5, S2 (four categories 
based on in and out of 
range values); uneven 
blastomeres at two-cell 
stage, direct cleavage 
one to three cells

Symmetric blastomeres and 
no direct cleavage predictive 
of BC development, t5/S2 
categories not predictive of 
implantation

Embryoscope, 21% 
O2

Conaghan 
et al. [30]

Prospective study to 
predict usable blastocyst 
formation by D3

Blastocyst 
development rate

S1, CC2, S2 CC2 and S2 when in optimal 
range predictive of usable 
blastocyst development

EEVA, O2 conc. not 
specified

Meseguer 
et al. [24]

Retrospective study, 
own and donated 
oocytes, TL incubation 
vs. standard incubation

Clinical 
pregnancy rate

Standard morphology 
vs. t5, CC2, S2 
(Meseguer decision 
tree) in TL cycles

20.1% average improvement 
in CPR

Embryoscope, 21% 
O2

Azzarello 
et al. [31]

Prospective cohort 
study of 159 zygotes 
from women under 
39 years

Live birth 
(embryos with 
known 
implantation data)

Pronuclear fading, 
pronuclear breakdown 
(PNB)

PNB is higher when transfer 
results in live birth; no live 
birth when 
PNB < 20 h:45 min

Embryoscope, 5% O2

Chamayou 
et al. [32]

Retrospective analysis, 
patients <40 years

Implantation, 
clinical pregnancy

Various kinetic 
parameters

Predictive of BC 
development: t1, t2, t4, t7, t8, 
time to visible pronuclei, S3 
parameter predictive of 
implantation: CC3

Embryoscope, 5% O2

Different parameters 
predict BC 
development and 
implantation

Dal Canto 
et al. [33]

Retrospective analysis 
of TL data, women 
27–42 years, D3 and D5 
ET (n = 71 cycles)

Cleavage times BC development Up to six cells no difference; 
t7 and t8 are shorter in 
embryos that reached BC 
stage; t8 − t4 and t8 − t5 are 
shorter in embryos that 
reached BC stage; t8 shorter 
in embryos that implanted 
but t5 did not differ

Embryoscope, 5% O2

Basile et al. 
[34]

Two- phase study (I: 
algorithm building 
N = 765 cycles), II: 
algorithm testing 
(N = 885 cycles); donor 
oocytes, own oocytes; 
D3 ET

Direct cleavage, 
multinucleation, 
uneven 
blastomeres; t2, t3, 
t4, t5, CC2, S2, 
only embryos 
with known 
implantation data

Implantation Phase I: t3, CC2, and t5 most 
relevant (based on in and out 
of range eight categories 
created)
Phase II: sig. decline in 
implantation as moving from 
all three parameters in range 
to none in range

Embryo scope, 21% 
O2

accumulation of large databases where laboratory and clini-
cal outcomes have been correlated with TL parameters. In 
order to best assess these data sets, only the correlation with 
specific markers and embryos with known implantation data 
(KID) should only be considered.

With that said, various groups have tested different end-
points in their studies (Tables 92.2 and 92.3). Wong et al. 
tested the embryos’ ability to turn into a good quality blas-
tocyst. Frozen pronuclear stage embryos were observed 
using the EEVA system, but embryos that reached the blas-
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Table 92.2 (continued)

Type of study Outcome studied Parameter studied Outcome TL system
Siristatidis 
et al. [35]

Prospective cohort 
study of 239 ICSI 
cycles (169 standard 
culture and morphology 
based selection vs. 
70 cycles using TL 
culture and selection 
based on kinetic 
markers

Clinical and 
ongoing PR; live 
birth rate

t2, CC2, t3, S2, t4, CC3, 
t5, S3, t8 (in TL group 
the embryo(s) with the 
most in range 
parameters was 
selected for transfer)

Clinical pregnancy rate TL 
vs. control: 65.7% vs. 39.0% 
(p < 0.001)
Ongoing pregnancy TL vs. 
control: 55.7% vs. 31.3% 
(p < 0.001)
Live birth TL vs. control: 
45.7% vs. 28.4% (p = 0.01)

Primo Vision, 
atmospheric O2

Motato 
et al. [36]

Retrospective analysis, 
three phases: 1 
algorithm building to 
predict BC, 2 algorithm 
building to predict 
implantation, 3 
validation of 
implantation algorithm
Own and donated 
oocytes

BC development t2, t3, t4, t5, t6, t7, t8, t9, 
tM, tBC, t expand BC, 
t hatching BC, t3 − t2, 
t5 − t3, t5 − t2, t8 − t5

For BC development best 
model is based on tM and 
t8 − t5 (four categories based 
on in and out of range) but 
little utility to predict BC
For IR best model is based 
on tEB and t8 − t5 (four 
categories based on in and 
out of range) poor 
performance

Embryoscope O2 not 
specified

VerMilyea 
et al. [37]

Retrospective analysis 
based on data from 6 
clinics, 331 embryos 
with known 
implantation data; fresh 
IVF, ICSI cycles

Clinical 
pregnancy, 
implantation

CC2, S2

CC2 9.33≤ and 
≤11.45 h and S2 
≤1.73 h
Two category results: 
EEVA high when both 
in range and EEVA 
low when one or both 
out of range
Three category 
outputs: high, CC2 and 
S2 in range; EEVA 
medium, CC2 9.33≤ 
and ≤12.65 h and S2 
≤4 h; EEVA low, out 
of the above ranges

Two category results: EEVA 
high vs. low IR: 37% vs. 
23% (p = 0.003)
Three category results: high 
vs. medium vs. low IR: 37% 
vs. 35% vs. 15% (p: sig. 
between high vs. low and 
medium vs. low)

EEVA system
Different clinic 
specific protocols, 
culture medium, O2 
concentration

Milewski 
et al. [38]

Retrospective analysis 
of embryos that 
developed to BC stage 
(n = 156) vs. those that 
did not (n = 276)

BC development t2, t3, t4, t5; CC2; S2 A score created based on t2, 
t5, and CC2 is predictive of 
BC development

Embryoscope, 5% O2

Petersen 
et al. [17]

Retrospective analysis; 
data from 24 clinics

Implantation t3 − tPNf; t3; (t5 − t3)/
(t5 − t2); cell count at 
66 h

Five scores assigned based 
on time- lapse parameters and 
cell count at 66 h; sevenfold 
increase in implantation rates 
from score 1 to score 5; 
model is predictive 
regardless of IVF vs. ICSI or 
low O2 vs. atmospheric O2

TL system not 
specified; both 5% 
and atmospheric O2 
concentration

From Kovacs P. Time-lapse embryoscopy: do we have an efficacious algorithm for embryo selection? Journal of Reproductive Biotechnology and 
Fertility. 2016;5:1–12. Reprinted with permission from SAGE Ltd.
BC blastocyst, ET embryo transfer, D5 day 5, D3 day 3, CPR clinical pregnancy rate

tocyst stage were not transferred [15]. The IVI group lead 
by Marcos Meseguer tested early kinetic and morphologic 
markers to various clinical outcomes (implantation rate, 
pregnancy rate, live birth rate) in a number of clinical trials 
[16, 28, 29, 39]. Others relied more on the analysis of late, 
blastocyst stage markers and correlated kinetic events with 
aneuploidy [18, 19]. A combined analysis of available data 
is further complicated by the different patient populations 
(own vs. donor oocytes, fresh vs. frozen oocytes), the day 

of transfer (day 2 vs. day 3 vs. day 5 transfers), the type of 
equipment used (dark field vs. bright field evaluation, 
incubators with built-in cameras vs. TL unit placed into 
incubators), and different culture conditions (atmospheric 
vs. low oxygen concentration, culture media used). Thus, 
it is not surprising that various studies have identified dif-
ferent kinetic and morphologic markers to be associated 
with various degrees of predictive ability for the selected 
outcome.
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Thus, the predictive ability of the markers can be increased 
if multiple markers are analyzed creating algorithms for 
embryo selection. Research groups have proposed different 
algorithms based on their own data sets, obtained from their 
patient population using clinic specific embryology and 
transfer protocols. The three best-known models are the 
Wong model, Meseguer hierarchical model, and Petersen 
KID score (for details see Table  92.2). The Wong model 
relies on three early markers (S1, S2, CC2) that are predictive 
of blastocyst formation using dark field TL technology [15]; 
the Meseguer model is based on in and out of range (t5, CC2, 
and S2 time ranges), and in addition abnormal early morpho-
logic parameters are used as exclusion criteria [16], while the 
Petersen model (KID score) is based on five kinetic and one 
morphological event [17]. The data for the Petersen model 
was collected from several clinics with local laboratory pro-
tocols in a heterogeneous patient population and therefore is 
considered universally applicable. The other models are 
clinic specific, and prior to introduction into daily practice, 
local evaluation and/or adjustments are recommended. This 
however requires the collection of data on hundreds of KID 
embryo observations, and this is not practical for smaller 
clinics.

External validation of these models (different clin-
ics, different patient populations, different culture condi-
tions) is imperative prior to implementing such algorithms. 
Unfortunately, none of the external validation attempts have 
been successful to date [41, 42]. To date, there are many 
reviews and observational studies discussing the value of 
time-lapse monitoring in routine laboratory practice [22, 
41, 43–45]. Some suggest that investing in time-lapse and 
changing the daily routine would not lead to clinical ben-
efits [25, 46].

92.7  Prospective Randomized Studies, 
Meta-analysis

It has been suggested that any new technology should be 
verified and tested by randomized controlled trials (RCT) 
before general implementation into routine clinical use [47]. 
A 2015 Cochrane review based on three randomized trials 
[28, 48, 49] with 994 patients concluded that there was insuf-
ficient evidence for the benefit of time-lapse imaging [50]. 
Since its publication, another four RCTs have been published 
examining the effect of TL intervention on clinical outcomes 
suggesting as best evidence to support changes in clinical 
practice. The conclusions were that TL embryo monitoring 
offers undisturbed culture conditions and provides signifi-
cantly more morphokinetic data compared to the standard, 
daily-once out-of-incubator evaluation and needs to be con-
sidered [35, 51–54] (Table 92.4). A review of these studies 
considering the utilization of the full benefits is as follows.

Table 92.3 Results of studies evaluation aneuploidy and time-lapse technology

Type of study Outcome studied Parameter studied Outcome TL system
Campbell et al. [18] Retrospective 

analysis, patients 
undergoing 
ICSI-PGS

Aneuploidy tSC (initiation of 
compaction), tSB (start 
of blastulation), tB (full 
blastocyst development)

All parameters delayed in 
aneuploidy embryos

Embryoscope, 
5% O2

Campbell et al. [19] Retrospective 
analysis using 
aneuploidy risk 
model based on 
tSB and tB

Implantation 
(embryos with 
known 
implantation)

Low risk: tSB < 96.2 h, 
tB <122.9 h
Medium risk: 
tSB ≥ 96.2 h, tB 
<122.9 h
High risk: tB ≥122.9 h

High risk: none implanted
Low risk: 74% increase in 
implantation rate when compared 
to all three risk categories

Embryoscope 
5% O2

Basile et al. [39] Retrospective 
analysis of 
patients 
undergoing PGS

Euploidy–
aneuploidy risk 
based in TL 
parameters

t5 − t2 and CC3; four 
categories established 
based on in and out of 
range values

The proportion of euploid 
embryos decreases across the 
categories (highest when t5 − t2 
and CC3 are in range and lowest 
when both out of range)

Embryoscope

Chavez et al. [40] Cohort of 
frozen- thawed 
zygotes cultured 
to D2

Aneuploidy S1, CC2, S2 Majority of aneuploidy embryos 
display time intervals outside the 
normal range; aneuploid embryos 
more likely to be fragmented

EEVA, 5% O2

From Kovacs P. Time-lapse embryoscopy: do we have an efficacious algorithm for embryo selection? Journal of Reproductive Biotechnology and 
Fertility. 2016;5:1–12. Reprinted with permission from SAGE Ltd.

Table 92.4 The number of randomized patients and those who have 
completed the protocols in the seven RCTs potentially eligible for the 
meta-analysis

Randomized controlled 
trials

No. of 
randomized 
patients

No. of patients 
completed the 
protocol

Included in 
the analysisa

Kahraman et al. [49] 76 64 Yes
Rubio et al. [28] 856 843 Yes
Park et al. [53] 364 361 No
Siristatidis et al. [35] 244 239 Yes
Goodman et al. [51] 300 235 Yes
Wu et al. [52] 49 31 No
Kovacs et al. 2017 161 139 Yes

aUndisturbed culture and TL imaging information is used for evaluation
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Kahraman et al. performed a single-center RCT with a 1:1 
randomization at oocyte retrieval. Embryoscope TL unit was 
used with 5% O2, and fresh elective SET was performed on 
day 5 (D5). Good responder patients under the age of 35 
were recruited. Embryo selection in the TL group was 
according to D5 morphology and the Meseguer hierarchical 
model vs. D5 morphology in controls (ongoing PR: 60.6% 
TL vs. 61.3% control) [49] (results shown in Table 92.5).

Rubio et al. performed a multicenter RCT with a 1:1 ran-
domization on the day before oocyte collection. They also 
used the Embryoscope but with atmospheric 21% O2 con-
centration. These transfers involved fresh and frozen eSET 
or double embryo transfer (DET) on day 3 (D3) or D5. 
Patients under the age of 38  years using own oocytes or 
undergoing donor oocyte treatment were included. Selection 
in the TL group was according to the Meseguer hierarchical 
model vs. D3 or D5 morphology in the control group (ongo-
ing pregnancy rate: 51.4% in TL vs. 41.7% in control 
groups). However, culture conditions differed between the 
TL and control groups not just based on different, undefined 
standard incubators used in the control group but also 
because of different volumes of culture media used between 
the groups. One might also criticize the study as the embryos 
in the control group were removed from the incubator for 
morphology checkups at least twice, while in the time-lapse 
group, out-of-incubator evaluation did not occur, but this 
feature is an inherent benefit with TL systems that minimize 
embryo handling [28] (results shown in Table 92.5).

Park et al. reported in a single-center RCT with a 2:1 ran-
domization ratio after retrieval. In this study, the Embryoscope 
was used for incubation in the “time-lapse” group at 21% O2, 
and eSET or DET were performed on day 2 (D2). Patients 
under the age of 40 were eligible. Out of 364 randomized 
participants, 361 completed the protocol. Embryo selection 
was based on morphology in both groups, so visual informa-

tion provided by TL was not used for embryo evaluation 
[53]. Results favored conventional culture over TL. However, 
there are several weaknesses in this study that have to be 
considered carefully including the transfer of embryos on 
D2. A short, 2-day culture period is inadequate to show ben-
efit of an undisturbed culture concept. Furthermore, there 
was an unexplained, exceptionally high early pregnancy loss 
rate reported (33.3% vs. 10.2%) in the TL group. Finally, 
embryo evaluation was based on morphology alone, and no 
advantage of any morphokinetic algorithm was taken for 
embryo selection. Since this study did not take advantage of 
the full benefits of the TL system, it was excluded from the 
most updated meta-analysis detailed later.

Siristatidis et  al. published a single-center RCT, with a 
randomization after oocyte retrieval in a 3:7 allocation ratio. 
Primo Vision time-lapse monitoring system was used for the 
study, at 21% O2. Fresh eSET, DET, or triple embryo transfer 
(TET) was performed on D2 or D3. Patients under the age of 
42 years were eligible for the study. Embryo selection in the 
TL group was based on in and out of range kinetic markers 
(t2, CC2, t3, S2, t4, CC3, t5, S3, t8), whereas D2 or D3 morphol-
ogy was used in the control group (ongoing PR: 55.7% TL 
vs. 31.3% control) [35] (results shown Table 92.5).

Goodman et al. performed a single-center RCT, with a 1:1 
randomization at retrieval. Embryoscope was used at 5.5% 
O2, and eSET or DET was performed on D3 or D5. Patients 
under the age of 43 were eligible for the study. Embryos in 
the TL group were primarily evaluated using standard mor-
phologic assessment, and then further ranking was applied 
based on TL markers (CC2, t5, and S2, S3, tSB) plus cleavage 
abnormalities, while standard morphology was assessed in 
the control group (ongoing PR: 68% TL vs. 62.9% control) 
[51] (results shown in Table 92.5).

Wu et al. randomized (1:1) patients at retrieval to embryo 
culture in Embryoscope at 5% O2 and ET on D3 versus con-

Table 92.5 Clinical outcome achieved in the individual studies and the cumulative results (OR) with respect to ongoing pregnancy rate and live 
birth

Ongoing pregnancy rate
Study Intervention (event/total) Controls (event/total) Odds ratio 95% CI Weight (%)
Kahraman et al. [49] 20/33 19/31 0.97 0.36–2.65 6.82
Rubio et al. [28] 226/438 169/405 1.49 1.13–1.96 42.80
Siristatidis et al. [35] 39/70 53/169 2.75 1.55–4.88 17.60
Goodman et al. [51] 81/119 73/116 1.26 0.73–2.15 19.28
Matyas et al. [54] 34/68 26/71 1.73 0.88–3.41 13.50
Total 400/728 340/792 1.59 1.21–2.10 100.00
Live birth

Study Intervention (event/total) Controls (event/total) Odds ratio 95% CI
Weight (%)
Random

Kahraman et al. [49] 18/33 17/31 1.00 0.64–1.55 27.41
Siristatidis et al. [35] 32/70 48/169 1.61 1.13–2.28 38.84
Matyas et al. [54] 34/68 26/71 1.37 0.93–2.01 33.75
Total 84/171 91/271 1.33 1.02–1.74 100.00
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Table 92.6 Analysis of cumulative results by Chi-square test

Absolute numbers (event/total) Mean Absolute numbers (event/total) Mean (%) p-value
Ongoing pregnancy 400/728 54.9 340/792 42.9 <0.001
Early pregnancy loss 72/472 15.3 92/432 21.3 0.02
Stillbirth 9/171 5.3 7/271 2.6 0.14
Live birth 84/171 49.1 91/271 33.6 <0.00

trols using standard incubators for embryo culture. Embryo 
selection for transfer was based on morphology in both TL 
and control groups [52]. The study was considered a RCT; 
however, it was a pilot study, ultimately underpowered, and 
it did not take TL information into consideration at embryo 
evaluation and selection and thus was not considered for the 
updated meta-analysis evaluating the full benefits of TL 
systems.

Kovacs et al. reported a multicenter RCT with randomiza-
tion in 1:1 ratio prior to the start of COH for IVF. Primo Vision 
time-lapse system was used at 5% O2, and eSET was per-
formed on D5. Good prognosis patients under the age of 36 
were eligible for the study. Embryo selection was performed 
based on a composed score consisting of kinetic parameters 
(CC1, CC2, S1, S2, t5) and scores for blastocyst morphology in 
the TL arm vs. D5 morphology in the control group (ongoing 
PR: 50% TL vs. 36.6% control) (results shown in Table 92.5).

92.7.1  Analysis of the Cumulative Outcome 
and Synthesis of Results

In an up-to-date meta-analysis, which excluded 2 of the 7 
identified RCTs, data from 1637 randomized patients who 
completed the protocol (in total 1528 cycles) were included. 
Outcome measures were pregnancy rate (PR) defined as a 
rise in β-human chorionic gonadotropin (βhCG) and ongoing 
pregnancy rate (OPR) as presence of gestational sac or fetal 
heartbeat detected by ultrasound observed between weeks 5 
and 16. Early pregnancy loss was defined as positive βhCG 
that did not continue into a clinical pregnancy. Live birth 
data were evaluated where available. A random effect model 
was applied when appropriate, and pooled results were pre-
sented as odds ratio (OR). Categorical variables were pre-
sented as percentages. Results of the cumulative analysis are 
shown in Tables 92.5 and 92.6.

The results which utilized both TL culture- and TL 
algorithm- based embryo evaluation in the intervention arms 
showed an increase of the OPR from 42.9% to 54.9% by 
using TL for continuous embryo assessment compared to 
conventional daily embryo evaluation at fixed time points 
(OR: 1.59; CI: 1.208–2.096; p < 0.001). In addition, early 
pregnancy loss was significantly reduced from 21.3% to 
15.3% (OR: 0.66; CI: 0.469–0.935; p = 0.019). In the three 
studies that reported pregnancy outcome, stillbirth rates did 
not differ between the groups (2.6% vs. 5.3%; OR: 2.388; 

CI: 0.694–8.215; p = 0.167); however there was a significant 
difference in live birth rates in favor of the use of TL sys-
tems: 33.6% vs. 49.1% (OR: 1.741; CI: 1.165–2.600; 
p = 0.007).

92.8  Concluding Remarks and Future 
Directions

There appears to be growing evidence for the clinical benefit 
of using imaging systems in human IVF.  The combined 
effect of higher chance of ongoing pregnancy, reduced risk 
of early pregnancy loss, and higher live birth rate after 
embryo assessment by TL suggests a benefit on clinical out-
comes and may warrant a change of routine practice of 
embryo assessment. External validation of any new algo-
rithm for day 3 or 5 transfer is needed. Furthermore, other 
needs include the automatization of the annotations making 
time-lapse a robust and universal tool for undisturbed culture 
and embryo evaluation in human IVF treatments. Beyond 
these clinical benefits, TL also simplifies and makes the daily 
workload in an embryology lab more flexible and can be 
used for quality control, training, and patient education.
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