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   Preface 

    In vitro fertilization (IVF) gained recognition as a realistic treatment for 
infertility with the birth of Louise Brown in 1978. Since then, the evaluation 
of male and female infertility has been re fi ned and the  fi eld has made tremen-
dous strides. Commercial development of human menopausal gonadotropins 
greatly improved the ef fi ciency of ovarian stimulation, and puri fi cation of 
FSH products and continued advancements, including the use of GnRH ana-
logs, has led to the development of a variety of ovarian stimulation regimens. 
Improvements in ultrasound technology allowed ultrasound-guided oocyte 
retrievals to replace the laparoscopic approach, decreasing the invasiveness of 
the technology. Improvements in embryo transfer catheters and techniques 
led to improved overall treatment ef fi cacy. Intracytoplasmic sperm injection 
was developed and then rapidly adopted, effectively bypassing even the most 
severe male factor infertility. Advances in the IVF laboratory led to increas-
ingly ef fi cient culture of embryos to day 2, 3, and  fi nally day 5/6, with culture 
to the blastocyst stage of development. Micromanipulation technology led to 
the ability to perform embryo biopsy, with preimplantation genetic diagnostic 
methods assessing the normality of an entire embryo through analysis of even 
a single cell; these technologies are currently in rapid phases of development. 
Throughout, adjunctive treatments, such as acupuncture, to enhance IVF out-
comes have continually been studied. 

 The future of IVF is exciting. Embryo cryopreservation has slowly moved 
from slow freezing as established in the early 1990s to vitri fi cation, with 
increasingly successful survival and pregnancy rates. This has led to the abil-
ity to successfully cryopreserve oocytes, allowing fertility preservation to 
move closer to standard of care treatment for women facing loss of ovarian 
function due to surgery and cancer treatment. Increasing maternal age has led 
to increased utilization of donor oocytes, and combined with improvements 
of cryobiology, the  fi eld may be moving slowly towards the establishment of 
oocyte banks. In addition, the increasing acceptance of third-party reproduc-
tion has led to increasing utilization of gestational carriers for women with 
abnormal or absent uteri, or those at high risk of carrying a pregnancy. 

 The economics of assisted reproductive technology (ART), restrictive 
ART regulation in some countries, globalization of the world economy, and 
widespread availability of information through the Internet has led to increas-
ing cross-border reproduction, with individuals or couples obtaining care in 
countries other than their own. While ART procedures too often result in 
multiple gestations and high levels of stress in some patients, great efforts are 
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being made to move more aggressively towards elective single embryo trans-
fer and to provide emotional support for patients. 

 It is truly incredible how rapidly the  fi eld of assisted reproductive tech-
nologies has developed and grown over the last 20 years; many of the authors 
of the chapters of this book have been part of this evolution. The goal of this 
book is to provide a practical resource for clinical and laboratory staff of 
in vitro fertilization programs, and to provide a thorough understanding of 
ART for those beginning to familiarize themselves with these procedures. We 
look forward with anticipation to the future. 

Boston, MA, USA Elizabeth S. Ginsburg
Boston, MA, USA Catherine Racowsky  
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         Introduction 

 A thorough but focused history, physical exam, 
and evaluation of the infertile female patient is 
paramount before proper counseling regarding 
treatment options can be offered. The initial 
consultation aims to collect the information 
needed to guide appropriate testing but is also an 
important step in establishing a relationship with 
the patient which, in turn, supports the demanding 
nature of infertility care. This is crucial as the 
patient proceeds through stressful and potentially 
time-consuming treatment, disappointment from 
unmet expectations, and often  fi nancially burden-
some choices. The decision to proceed to in vitro 
fertilization (IVF) may result after the complete 
evaluation or when simpler and less expensive 
fertility treatment has failed. In both situations the 
patient may not be psychologically, emotionally, 
or  fi nancial prepared for IVF and this dilemma 
underscores the importance of establishing a posi-
tive rapport as a component of the pre-IVF evalu-
ation of the infertile woman or couple.  

   Clinical Approach to the Infertile 
Woman 

 History taking is directed at identifying 
 contraindications to pregnancy, risk factors for 
infertility guiding laboratory and imaging assess-
ment, and the need for referral to other services 
such as social work or anesthesia consultation. 
After a complete evaluation, the cause of infertil-
ity for most patients will fall into one of several 
diagnostic categories which have remained stable 
over the past decade (see Fig.  1.1 )  [  1  ] . The infer-
tility specialist is in the ideal position to optimize 
the health of the patient prior to pregnancy and to 
offer preconception screening for potentially 
devastating diseases that can occur in the off-
spring such as cystic  fi brosis, spinal muscular 
atrophy, and other genetic conditions. While 
there are standard guidelines for minimum pre-
conception counseling and testing, recommenda-
tions regarding management options for speci fi c 
reproductive conditions including recurrent preg-
nancy loss or endometriosis are less clear. When 
possible, both partners of a couple should be 
present for the initial consultation, especially 
when treatment decisions may be made.  

   Risk Factors for Infertility 

 Obtaining medical history directed at causes for 
infertility is imperative as it can easily identify 
risk factors for infertility and lead to an ef fi cient 
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evaluation. Age alone is one of the major risk 
factors for infertility. Ovulatory dysfunction can 
be suspected from a history of irregular menstrual 
cycles. When accompanied by symptoms of 
hyperandrogenism, polycystic ovarian syndrome 
(PCOS) may be suspected. Signs of hyperpro-
lactinemia such as nipple discharge, headache, 
and visual changes should be considered in the 
review of symptoms. Uterine, cervical, or tubal 
risk factors may be assessed with a history of pel-
vic infection or recurrent miscarriages, prior sur-
gical intervention such as curettage and cervical 
cryotherapy or conization, intrauterine device use 
for contraception, or ectopic pregnancy. Exposures 
to tobacco smoking, excessive alcohol use, stress, 
poor diet, intensive exercise, and extremes of 
weight are all risk factors that should be screened 
for in the initial consultation. 

 Women presenting with signs and symptoms 
consistent with endometriosis, or endometrial 
implants outside the uterus, may have more 
dif fi culty achieving pregnancy. While staging 
endometriosis standardizes the description and 
severity of disease, it does not predict fecundity 
and does little to guide management in the setting 
of the infertile patient  [  2  ] . IVF is considered the 
most effective fertility treatment in patients with 
endometriosis  [  3  ] . The role of laparoscopic abla-
tion or resection of implants and cystectomy of 
endometriomas is often reserved for cases of 
repeated IVF failures and could improve IVF 
outcomes. 

 Celiac disease is an enteropathic immune dis-
order of gluten intolerance. Approximately 1 in 
133 persons have this condition and are unable 
to digest foods containing or coated with gluten 

  Fig. 1.1    Causes of infertility among couples who had assisted reproductive technology cycles using fresh autologous 
eggs or embryos in 2009.  Source : Adapted from the Centers for Disease Control and Prevention  [  1  ]        
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such as wheat, rye, barley, medicines, and lip 
balms  [  4  ] . When ingested, an immune-mediated 
destruction of the intestinal villi prevents proper 
absorption of nutrients into the bloodstream 
causing typical nonspeci fi c symptoms of con-
stipation, diarrhea, abdominal pain, vomiting, 
and weight loss. As a multifactorial genetic 
condition, manifestations of this disease are 
highly variable between persons and through-
out a lifetime even among families. It is associ-
ated with HLA-DQ2 and HLA-DQ8 and 
coexisting autoimmune disease is common. It is 
often chronically present but can be activated 
by stressful events such as surgery, pregnancy, 
or infections. Celiac disease may present in 
conjunction with unexplained infertility or 
recurrent miscarriage. The National Institutes 
of Health has recommended testing patients 
presenting with these reproductive problems 
for anti-tissue transglutaminase (tTGA) or anti-
endomysium (EMA) IgA antibodies  [  4  ] . 
Presence of these antibodies should be followed 
by referral to a gastroenterologist, with endo-
scopic con fi rmation of villous atrophy and 
treatment with nutrition counseling and diet 
modi fi cation.  

   Contraindications to Pregnancy 

 Contraindications to pregnancy may be ascer-
tained in the review of the medical, surgical, and 
social history. Conditions which may place the 
patient at unacceptably high risk for pregnancy-
related complications, such as morbid obesity, 
history of cardiac malformation, and recent expo-
sures to infectious diseases, should be screened 
for in the history. Undiagnosed or undertreated 
diseases such as hypertension, diabetes, autoim-
mune disorders, abnormal uterine bleeding, and 
malignancy should also be considered in the 
patients’ answers to review of systems. A careful 
review of current medications may uncover those 
drugs known to cause human fetal toxicity or 
adverse effects in animal studies. The decision to 
continue any medication should consider the 
bene fi ts and risks of continuing treatment in a 
woman planning conception. 

 In many circumstances, these contraindications 
may be overcome with timely diagnosis and 
appropriate treatment or monitoring to allow sub-
sequent fertility treatment. This may require a 
multidisciplinary approach with maternal fetal 
medicine, oncology, and other medicine or surgi-
cal specialists.  

   Preconception Counseling 

 The American College of Obstetricians and 
Gynecologists (ACOG) has published complete 
guidelines for preconception counseling and 
antepartum care for all women  [  5  ] . The annual 
routine female health assessments such as medi-
cal history, screening for adult disease, Pap smear, 
breast exam with or without mammogram (rec-
ommended in women aged 40 and higher or ear-
lier with a positive family history), and physical 
exam including vital signs should be up-to-date. 
In addition, several areas of assessment deserve 
special attention in the setting of IVF. 

 Women with body mass index (BMI) of 30 kg/
m 2  or more are at increased risk of having medi-
cal and obstetrical complications such as 
increased risk of gestational diabetes, preeclamp-
sia, large or small for gestational age fetuses, sur-
gical delivery, and children with neural tube 
defects. For these reasons, morbidly obese women 
must undergo maternal fetal medicine consulta-
tion during preconception planning and prior to 
IVF treatment. Supplementation with 1.0 mg 
folic acid daily (routine dose is 0.4 mg daily) may 
be considered although the bene fi t of this dose in 
non-diabetic obese patients is not established  [  6  ] . 
Multiple studies have shown that addressing 
nutritional issues and improving obesity result in 
better pregnancy outcomes and live birth rates in 
IVF  [  7  ] . In a retrospective review of 4,609 women 
undergoing their  fi rst IVF cycle, those with a 
BMI greater than 30 kg/m 2  had signi fi cantly 
lower odds of clinical pregnancy and live birth 
 [  8  ] . Obesity appears to be related to higher 
gonadotropin requirements during stimulation, 
poor oocyte quality and lower fertilization rates 
 [  9,   10  ] . Weight reduction supervised by a nutri-
tionist as well as more aggressive approaches 
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such as bariatric surgery may be indicated before 
starting IVF treatment. The delay in conception 
attempts that will occur when awaiting poten-
tially bene fi cial weight loss must be weighed 
against the lower pregnancy rates expected as 
women age. A delay of at least 12 months after 
bariatric surgery is recommended prior to 
pregnancy. 

 Screening for genetic and familial conditions 
is part of a routine history review but, for several 
reasons, is especially important in patients under-
going IVF. A family history of premature ovarian 
insuf fi ciency or mental retardation can prompt 
Fragile X carrier screening by FMR1 gene pre-
mutation analysis and consideration of expedit-
ing IVF treatment, or counseling on donor oocyte 
for IVF. Offering carrier screening for cystic 
 fi brosis and spinal muscular atrophy is recom-
mended by ACOG and the American College of 
Medical Genetics (ACMG) for all women con-
sidering conception  [  5  ] . Patients of Ashkenazi 
Jewish ethnicity may also choose screening for 
common genetic diseases in this population such 
as Gaucher disease and Tay-Sachs disease  [  11  ] . 
If the patient or her partner is found to be a carrier 
for a genetic condition, there is opportunity to 
offer preimplantation genetic diagnosis (PGD). 

 The presence of multiple family members 
having blood clots at young ages without surgery 
or unrelated to trauma can reveal those patients 
who should be screened for thrombophilia dis-
eases and who are at high risk of thrombosis dur-
ing ovarian stimulation and pregnancy as well as 
being at risk for recurrent pregnancy loss (RPL).  

   Prenatal Panel 

 The following tests are considered routine prena-
tal testing for all women planning pregnancy or 
already pregnant: hemoglobin levels, blood group 
and Rhesus type, antibody screen, urinalysis with 
microscopic examination (in pregnancy), immu-
nity to rubella, rapid plasma reagin (RPR) for 
syphilis, hepatitis B virus surface antigen, and 
hepatitis C antibody. When indicated due to eth-
nicity or risk factors, hemoglobin electrophoresis 
(for sickle cell anemia and thalassemias), testing 

for immunity to varicella, chlamydia, and 
 gonorrhea screening, antibody screen for toxo-
plasmosis due to cat feces exposures, and 
Mantoux test for tuberculosis should also be per-
formed. Physicians should be educated on the 
local regulations regarding testing and reporting 
human immunode fi ciency virus (HIV). 
Preconception immunization is preferred when a 
patient is found to be susceptible to rubella. 
However, the inactivated in fl uenza, tetanus, hep-
atitis B, and pneumococcus vaccines are consid-
ered safe in pregnancy and should be administered 
to patients at risk. 

 All patients should be offered carrier screen-
ing for gene mutations in CFTR (cystic  fi brosis) 
and gene dosage of SMN1 and 2 (spinal muscu-
lar atrophy, or SMA). Because detection levels 
vary among different ethnicities and depend on 
the type of molecular genetic test performed, 
residual risk should be discussed in counseling 
and interpretation of results. For example, 
ACOG recommends a 23-mutation panel for 
the CFTR gene based on prevalence of those 
mutations in the Caucasian population. 
However, the same panel has a sensitivity of 
only about 50% when used in the Asian patient 
population. Results obtained from standard 
SMA screening report only whether a patient 
has two genes for SMN detected for example 
and a reduced risk. There is still a 2% chance 
that those two genes are present in  cis , or on the 
same chromosome. In these situations, the 
patient would be a carrier for SMA and there is 
a possibility of transmitting the other chromo-
some which has no SMN1 genes. 

 Other ethnicity-based genetic testing includes 
Tay-Sachs disease, Canavan disease, and familial 
dysautonomia in Ashkenazi Jews. Additional 
carrier testing for other genetic diseases common 
in this ethnic group is available; however, pretest 
genetic counseling is imperative prior to extended 
panel screening to determine residual risk, man-
age patient expectations, and to discuss implica-
tions of a positive carrier status  [  11  ] . French 
Canadians, Old Order Amish and Cajuns in 
whom speci fi c mutations exist with high carrier 
frequency should also be offered screening for 
Tay-Sachs disease.  
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   Indications for Additional Referrals 

 Patients with chronic illnesses should undergo 
maternal fetal medicine consultation prior to 
undergoing fertility treatment. Such consulta-
tions will prepare them for any particular risks of 
pregnancy related to their condition, as well as 
the risks their condition may confer on the preg-
nancy and fetus (e.g., hypertension, diabetes). 
The consultation is also helpful to alert the IVF 
physician as to whether a  fl are in the condition 
may be expected, and when during pregnancy 
monitoring for the condition should begin. 

 Any patient with obesity, history of narcotic 
use, malignant hyperthermia, or history of anes-
thesia complications should be referred to an 
anesthesiologist prior to the day of the oocyte 
retrieval. Oocyte retrievals are typically done 
under intravenous general or monitored anesthe-
sia care and are generally safe procedures unless 
there is a question of airway dif fi culty or ability 
to provide adequate anesthesia; in situations 
where there is concern about a dif fi cult airway, 
use of spinal anesthesia may be considered. 

 As of 2008, the Centers for Disease Control 
(CDC) estimates that approximately 25% of 
Americans have some form of acute situational 
or chronic psychiatric illness  [  12  ] . In particular, 
antidepressants are most frequently used by those 
in reproductive age (18–44 years old) and women 
are more likely than men to be taking antidepres-
sants. Women taking medications for psychiatric 
disorders require speci fi c preconception consul-
tation with a psychiatrist regarding management 
during pregnancy and risks of those medications 
on the developing fetus. Although untreated 
maternal psychiatric illness is not advocated, 
known risks of drugs like lithium (congenital 
heart malformations), valproic acid (neural tube 
defects), and benzodiazepine ( fl oppy infant syn-
drome) should be discussed as well as the 
unknown risk of other birth defects and long-term 
neurocognitive de fi cits in less-studied drugs. 

 Referral to a mind body center or support 
group can accomplish both the goals of stress 
management and well-balanced lifestyle. 
Nutrition and appropriate levels of exercise can 
be addressed and is important for all women 

planning conception, and are especially important 
in the setting of obesity and metabolic conditions 
such as PCOS.   

   Laboratory and Imaging Assessment 

 While the approach is slightly different when the 
infertile female patient presents as a single 
woman, as a partner in a same sex couple, or as a 
partner in a heterosexual relationship, three basic 
components of the female patient workup are 
essential: ovarian reserve testing, uterine and 
tubal evaluation, and appropriate preconception 
screening. As the evaluation has evolved over 
time, some tests such as the post-coital test to 
assess cervical mucus and endometrial biopsy for 
histological dating have proven to be unreliable 
measures of fertility  [  13,   14  ] . Likewise, laparos-
copy is no longer routine since it rarely provides 
additional information that would change treat-
ment. Figure  1.2  represents the clinical algorithm 
we recommend for evaluation of the infertile 
woman.  

   Ovarian Reserve Testing 

 Once oogonia are established in the ovaries, they 
undergo the dramatic process of atresia through-
out the woman’s lifetime from a maximum num-
ber of six to seven million at 20 weeks gestational 
age to less than a million at the time of puberty 
 [  16  ] . After reproductive maturity, recruitment of 
cohorts of follicles containing developing oocytes 
occurs continuously with only one dominant fol-
licle containing a mature oocyte released for fer-
tilization each month, with the remaining follicles 
in each cohort undergoing atresia. Ultimately the 
number of follicles available, or the “ovarian 
reserve,” becomes limited over time as the woman 
approaches transition into menopause when there 
is an end of follicular recruitment and 
development. 

 Tests of ovarian reserve are used to determine 
the quantity of oocytes that may be present in 
ovaries. Although some have suggested that they 
predict oocyte quality, this has not been found to 
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be true. It is now clear that these tests are rather 
poor predictors of pregnancy outcomes and are 
simply better indicators of how well the ovaries 
may respond to gonadotropin stimulation in IVF. 
They provide the physician with prognostic infor-
mation to counsel patients on reasonable expec-
tations from IVF treatment including number or 
quality of oocytes and embryos, resulting preg-
nancy rates, and possibly cancelation of ovarian 
stimulation or when IVF with autologous oocytes 
would be futile in the case of premature ovarian 
insuf fi ciency  [  17  ] . 

 Obtaining follicle stimulating hormone (FSH) 
and estradiol (E2) levels on menstrual day 2–4 is 
a relatively simple blood test of ovarian reserve, 
and such testing is available in virtually all com-
mercial laboratories. Clinical interpretation of 
the values depends on reference ranges estab-
lished for each assay given inherent intra- and 
inter-assay variability  [  18  ] . An FSH level of 
10 mIU/mL or less with an E2 level less than 
70 pg/mL is generally considered normal and 
re fl ective of ovaries that should respond well to 
ovulation induction. When E2 is greater than 
70 pg/mL, the negative feedback effect on the 
hypothalamus and pituitary gland can spuriously 
lower the FSH level which can be misinterpreted 

as low or normal. Thus, measuring both hormones 
on the same blood sample is important. 

 As with other tests of ovarian reserve, basal 
FSH levels are associated with ovarian response 
to stimulation, especially when stratifying by age 
which, in turn, correlates much better with oocyte 
quality  [  19  ] . Thus when the patient is young (less 
than 35 years old) with a high basal FSH level, 
fewer oocytes may be expected at retrieval and 
higher cancelation rates are expected. However, 
because those oocytes are likely to be chromoso-
mally normal, or “good quality,” implantation 
and ongoing pregnancy rates are generally better 
than for a patient older than 35 who also has nor-
mal FSH levels  [  20  ] . Furthermore, regardless of 
the variability in FSH levels in different men-
strual cycles in a single patient, a single elevated 
FSH is a poor prognostic indicator, and when 
found in an infertile patient, aggressive ovarian 
stimulation should be planned. 

 The clomiphene citrate challenge test (CCCT) 
is a provocative test to assess ovarian reserve. 
Cycle day 3 serum levels of FSH and estradiol 
are determined. Clomiphene citrate 100 mg per 
day is then taken orally by the patient from cycle 
days 5–9. A repeat FSH level is determined on 
cycle day 10. It is believed that as a weak estrogen 

  Fig. 1.2    Clinical algorithm for evaluation of the infertile woman.  Source : Adapted from  [  15  ]        

 



71 Pre IVF Evaluation of the Infertile Woman

agonist and antagonist, clomiphene citrate blocks 
estrogen receptors in the hypothalamus inducing 
increased release of GnRH and subsequently of 
FSH and luteinizing hormone (LH) from the 
pituitary gland. In women with normal reserve 
and the ability to produce robust levels of E2 and 
inhibin B from the follicular cohort, clomiphene 
citrate is competitively blocked from the estrogen 
receptors allowing the FSH levels to remain at a 
low level on day 10. In contrast, when the ovarian 
reserve is low with inadequate E2 and inhibin B 
production, FSH levels remain elevated on day 
10. The CCCT is considered abnormal with FSH 
levels >10 mIU/mL on either day, or an E2 level 
of >70 pg/mL on day 2–4. Further, in women 
under age 40 undergoing IVF, the presence of 
only one elevated FSH level in the CCCT pre-
dicts that the live birth rates will be only half of 
those of women with normal CCCT  [  21  ] . In the 
setting of advanced age, or a family history of 
premature ovarian insuf fi ciency, prior ovarian 
surgery, or short cycle lengths, the CCCT may 
reveal reduced ovarian reserve in 75% of these 
women who otherwise had normal basal FSH 
levels. 

 Follicular levels of inhibin B alone have been 
shown to be lower in poor responders compared 
to normal responders during the CCCT  [  22  ] . 
However, this test has limited routine clinical 
value because it does not appear to correlate with 
pregnancy outcomes in IVF and there is marked 
assay variability  [  23,   24  ] . 

 Other provocative tests of ovarian reserve 
include exogenous FSH ovarian reserve test 
(EFORT, described by Fanchin et al.  [  25  ] ), EFORT 
with inhibin B, and gonadotropin releasing hor-
mone (GnRH) agonist stimulation test. Similar to 
the CCCT, they all measure the ability of the ovar-
ian follicular cohort to respond to stimulation with 
an appropriate rise in E2 and inhibin B with nor-
mally suppressed FSH release. 

 Ultrasound for antral follicle count (AFC) may 
provide information regarding the number of pos-
sible follicles in a cohort that may be recruited dur-
ing exogenous gonadotropin stimulation for IVF. 
This requires a transvaginal ultrasound examina-
tion performed between cycle days 2–4, or ran-
domly in an amenorrheic patient. Follicles 2–3 by 

10 mm in diameter are measured and included in 
the count. A young patient with PCOS or hypotha-
lamic amenorrhea would be expected to have a 
very high AFC and robust response to ovarian 
stimulation. There is no universally recognized 
threshold for an abnormal AFC (less than 6 is typi-
cally considered poor), but it does allow planning 
of gonadotropin dosing and choosing protocols 
that have better success in poor responders and 
result in a lower likelihood of cycle cancelation 
 [  26,   27  ] . Total AFC appears to directly correlate 
with number of oocytes retrieved, pregnancy rate, 
and live birth rate  [  28  ] . Meta-analysis of multivari-
ate model studies on ovarian reserve testing show 
AFC alone is equivalent to or better than other 
tests for this purpose  [  17  ] . 

 Measuring serum anti-Mullerian hormone 
(AMH) has become more popular recently due to 
the ease of determining levels regardless of men-
strual cycle day, concurrent use of oral contra-
ceptives, existing pregnancy, and reasonable 
inter-assay correlation. Because it is secreted by 
the granulosa cells of the preantral follicles (an 
AMH level greater than 1 ng/mL is considered 
normal), it is a reliable surrogate for the number 
of follicles available for stimulation  [  29,   30  ] . 
Patients with PCOS and abundant preantral fol-
licles have higher AMH levels (>3 ng/mL). As 
expected, AMH levels decrease with age and 
antral follicle count  [  31  ] . 

 No one test of ovarian reserve is clearly supe-
rior, as shown in an extensive review of all studies 
on ovarian reserve testing by Broekmans et al.  [  32  ] . 
Abnormal laboratory testing, low antral follicle 
count, or documented poor response to aggressive 
ovulation induction, regardless of ovarian reserve 
testing results, are all considered consistent with 
the diagnosis of reduced ovarian reserve. When the 
diagnosis includes diminished or poor ovarian 
reserve, several adjunctive treatments in ART may 
be considered in preparation of an IVF cycle. These 
options are covered in Chap.   5    .  

   Uterine Cavity and Tubal Evaluation 

 Assessment of intrauterine cavity and tubal pat-
ency is fundamental to the pre-IVF evaluation. A 

http://dx.doi.org/10.1007/978-1-4419-9848-4_5
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hysterosalpingogram (HSG) is routinely accom-
plished during the follicular phase by X-ray imag-
ing after intrauterine instillation of a water-based 
radiocontrast media. Occlusion of both fallopian 
tubes on HSG with or without distal dilation rep-
resenting a hydrosalpinx account for roughly 20% 

of infertile women and is a major age-independent 
reason for treatment with IVF. The rate of infec-
tion after an HSG procedure is low (1–3%) but 
can be as high as 11% with a documented hydro-
salpinx which warrants post-procedure prophy-
lactic antibiotic treatment  [  33  ] . Further, the 
American Society of Reproductive Medicine 
(ASRM) recommends removal of hydrosalpinges 
by salpingectomy when diagnosed prior to IVF to 
improve implantation and live birth rates  [  34  ] . 
Improvement in IVF pregnancy rates are more 
likely after salpingectomy when hydrosalpinges 
were evident as  fl uid- fi lled structures on ultra-
sound, rather than mildly dilated tubes seen only 
during dye instillation during the HSG. 

 HSG can be used to diagnose intrauterine 
pathology that may contribute to infertility and 
which should be treated prior to IVF. Endometrial 
polyps,  fi broids with cavitary involvement, adhe-
sions, Asherman’s syndrome, and anatomical 
Mullerian variants such as uterine septa, fusion 
anomalies (unicornuate and bicornuate), and 
T-shaped cavity, caused by in-utero exposure to 
diethylstilbestrol (DES) in the past, are easily 
seen. These abnormalities can be further de fi ned 
by saline infusion sonogram (SIS), 3D ultrasound, 
or magnetic resonance imaging (MRI) which 
allow improved multidimensional appraisal of the 
intrauterine cavity before proceeding to surgical 
intervention if indicated. Figures  1.3 ,  1.4 ,  1.5 ,  1.6 , 
 1.7 , and  1.8  provide examples of uterine and tubal 
pathologies diagnosed with these imaging modal-
ities. Finally, the process of instilling radiocon-
trast media during the HSG may have some 
therapeutic effect in the setting of a normal uter-
ine cavity and fallopian tubes. About one-third of 
patients with normal HSG  fi ndings will become 
pregnant over the subsequent 6 months, suggest-
ing that small but signi fi cant adhesions or mucus 
plugs may have been freed during HSG allowing 
proper fertilization and implantation  [  35  ] .       

 Endometrial biopsy is no longer a part of the 
routine evaluation of the infertile female patient 
unless it is indicated for other clinical reasons such 
as dysfunctional uterine bleeding or concern for 
endometrial carcinoma in a persistently anovula-
tory patient with PCOS. Initially, the histological 
dating of the endometrium with biopsy was deemed 
physiologically appropriate since progesterone-

  Fig. 1.3    Abnormal HSG: Irregular endometrial cavity 
and bilateral blocked fallopian tubes. A smooth endome-
trial contour is expected in a normal uterus in the early or 
mid-follicular phase but may be subject to lining irregu-
larities when the HSG is performed in the late-follicular 
or luteal phase. No radiocontrast media in fi ltrated into the 
fallopian tubes may represent either tubal occlusion from 
adhesion, mucous plugs, prior pelvic infectious disease or 
tubal spasm       

  Fig. 1.4    Abnormal HSG: Arcuate uterine fundus and left 
hydrosalpinx       
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induced maturation of the endometrial lining is 
important to document the adequacy of luteal phase 
changes necessary for implantation. An endome-
trial biopsy was considered abnormal and “out of 
phase” when there was greater than 2 days’ 
discrepancy in the histologic and chronologic 
dating. Unfortunately, chronological dating was 
often inaccurate especially in irregular cycles and 
those with variability in luteal phase length. There 
was signi fi cant incongruous histology interpreta-
tion even among well-experienced pathologists. 

Most importantly, the results did not correlate with 
ability to achieve pregnancy and, interestingly, was 
abnormal more frequently in fertile women  [  13  ] . 

 Operative hysteroscopy is not typically a part 
of the initial infertility evaluation and is reserved 
for treatment of uterine or tubal pathology. For 
example, some centers have started to use hyst-
eroscopic placement of Essure ®  for tubal occlu-
sion and treatment of hydrosalpinges prior to 
IVF, though care must be taken to ensure that the 
coils do not protrude into the endometrial cavity 

  Fig. 1.5    Abnormal HSG: Persistent  fi lling defect in the center of the endometrial cavity with normal patent fallopian tubes       

  Fig. 1.6    Abnormal SIS: Follow-up of the persistent  fi lling defect noted in Fig.  1.5  by SIS reveals an anterior endome-
trial polyp       
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 [  36  ] . In patients planning IVF, of fi ce hysteroscopy 
may be used for cavity assessment; however, it is 
appropriate to ensure that there is no ultrasound 
evidence of cystic adnexal masses consistent with 
possible hydrosalpinges prior to starting ovula-

tion induction. In patients with recurrent preg-
nancy loss or recurrent implantation failure after 
IVF, hysteroscopic evaluation may be considered 
to evaluate occult pathology that is not otherwise 
visible on conventional imaging  

   Other Laboratory Testing 
and Evaluations 

 When ovulatory dysfunction is suspected, further 
evaluation is warranted to determine the underlying eti-
ology. For example, the infertile woman presenting 
with irregular menstrual cycles may or may not have 
symptoms of hyperandrogenism. However, underly-
ing PCOS may be diagnosed by laboratory assess-
ment of total and free testosterone, androstenedione, 
and dehydroepiandrosterone sulfate (DHEAS) com-
bined with ultrasound evaluation of the ovaries based 
on the revised Rotterdam criteria established in 2003 
 [  37  ] . Patients with PCOS are at risk of metabolic 
syndrome, with attendant long-term health sequelae, 
emphasizing the need to optimize their health prior 
to IVF and pregnancy. Further testing for glucose 
intolerance, fasting lipid panel, blood pressure, and 
occult endometrial carcinoma should be performed. 

 It is important to evaluate the patient speci fi cally 
for other conditions that can present with ovulatory 
dysfunction such as thyroid disorders, Cushing’s 
disease, adrenal or ovarian tumor, nonclassical 

  Fig. 1.7    Normal SIS       

  Fig. 1.8    Abnormal 3D ultrasound: 3D ultrasound clearly 
delineated a broad-based uterine septum extending from 
the fundus to the vagina with two cervices. This imaging 
modality was useful in differentiating a uterine didelphys 
versus uterine septum which could not be de fi ned by other 
methods such as HSG or SIS. The implications of the cor-
rect diagnosis in this case could lead to different treatment 
recommendations and management. Appropriate tools 
should be considered when evaluating uterine pathology       
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adrenal enzyme de fi ciency, insulin resistance, or a 
prolactin-secreting tumor. Testing should include 
thyroid stimulating hormone (TSH), possibly anti-
peroxidase antibodies (as positive antibodies pre-
dict future hypothyroidism in a patient currently 
euthyroid), morning 17-hydroxyprogesterone level, 
and prolactin. Prolactin may be elevated in a 
patient with a history of head and neck trauma, 
hypothyroidism, breast stimulation, or in those tak-
ing medications known to increase prolactin secre-
tion. Head imaging is important to rule out a 
pituitary tumor or compression tumor that may 
cause elevated prolactin levels. When to treat sub-
clinical hypothyroidism in pregnancy and whether 
a target TSH level should be maintained to titrate 
medical therapy is controversial among guiding 
national societies with most groups leaning towards 
early treatment given the relative low risk and pos-
sible bene fi t to fertility and fetal neurocognitive 
development  [  38  ] . Recent data suggest that levels 
should be less than 3.0  m U/mL. 

 When the evaluation of ovulatory dysfunction 
leads to the diagnosis of eugonadotropic ovarian 
dysfunction, relatively simple and noninvasive 
approaches to fertility treatment can be explored 
such as weight reduction (when obesity is pres-
ent), insulin-sensitizing agents (metformin), and/
or ovulation induction with clomiphene citrate or 
letrozole prior to proceeding to IVF. The diagnosis 
of hypogonadotropic ovulatory dysfunction is sup-
ported when there is low or normal cycle day 3 
FSH (suggestive of hypothalamic dysfunction) or 
low body weight. Although normal BMI can be as 
low as 18.5 kg/m 2 , many patients diagnosed with 
hypothalamic hypogonadotropic ovulatory dys-
function have a BMI < 20 kg/m 2 . MRI assessment 
of the head is warranted in this clinical situation to 
rule out hypothalamic or pituitary tumors. 

 A history of recurrent pregnancy loss may 
prompt karyotype analysis of both partners to 
determine the presence of balanced translocations 
and inversions known to increase risk of this com-
plication. As mentioned earlier, all patients with 
recurrent pregnancy loss and unexplained infertil-
ity should be tested for celiac disease by the pres-
ence of positive serum anti-TTG and anti-EMA 
antibodies. Because the association between inher-
ited thrombophilias and adverse pregnancy out-
comes such as recurrent early pregnancy loss, fetal 

loss, preeclampsia, fetal growth restriction, and 
placental abruption is unclear, there are no guide-
lines currently for screening. Likewise, large ran-
domized clinical trials examining bene fi ts of 
treatment in the setting of the infertile patient 
undergoing IVF are lacking. Consideration of 
treatment with aspirin or low molecular weight 
heparin should be individualized to each patient.   

   When IVF Is the Next Step 
in Treatment 

 Preparing the infertile woman for IVF involves a 
detailed discussion and consent process which 
must be documented and should include:
    1.     Steps of an IVF cycle including how the ova-

ries will be stimulated, side effects of medi-
cations, control of follicular maturation, 
monitoring, and expected length of gonado-
tropin stimulation  

    2.    Alternatives to IVF  
     3.     Oocyte retrieval process and risks of surgery 

and anesthesia  
     4.     Risk of ovarian hyperstimulation syndrome 

and ovarian torsion  
     5.     Current data on risk of cancer from treat-

ment, if any  
     6.     Risk of genetic disease and congenital anom-

alies or other disorders in the baby poten-
tially related to IVF  

     7.     Expected pregnancy rates and failure rates 
based on age-related decreased fecundity 
and increased aneuploidy  

     8.     Pregnancy complications seen after IVF 
including ectopic pregnancy, premature 
delivery, lower birth weight, and placenta-
tion abnormalities  

    9.     Regular insemination or intracytoplasmic 
sperm injection (ICSI)  

    10.     Length of culture and number of embryos to 
transfer  

    11.     When other treatment should be considered 
such as assisted hatching and preimplanta-
tion screening  

    12.    Risk of multiple pregnancy  
    13.    No guarantee of success  
    14.     If IVF is futile or when donor oocyte for IVF 

is indicated  
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    15.     Disposition of the unused embryos including 
freezing, donation, discarding, or use for 
research  

    16.     Supplementation with progesterone when 
prescribed      

   Setting Expectations 

 Age is overall the most signi fi cant prognostic fac-
tor in a woman’s ability to become pregnant. It is 
also important in predicting response to ovarian 

     Fig. 1.9    Cumulative live births over six IVF cycles using 
optimistic and conservative models in 6,164 patients 
undergoing 14,248 cycles strati fi ed by ages <35 years, 35 
to <38 years, 38 to <40 years, and  ³ 40 years. Panel A rep-
resents optimistic Kaplan-Meier curves assuming women 
who did not return for subsequent IVF cycles have the 
same chance of live birth as those who did return for IVF 
treatment. Panel B represents the same patients assuming 

women who did not return for subsequent IVF had no 
chance of live birth. Log rank test comparing these two 
curves showed statistically signi fi cant difference for every 
age strata ( p  < 0.001)  [  40  ] . Reprinted, with permission, 
from Elsevier. Malizia BA, Hacker MR, Penzias AS. 
Cumulative live birth rates after in vitro fertilization.  N 
Engl J Med  2009; 360(3): 236–43, Fig. 2   
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stimulation and outcomes after IVF, affecting the 
rate of positive pregnancy test, clinical pregnancy, 
and live birth. IVF has been shown to overcome 
age-related effects of infertility especially in the 
less than 39 year-old age strata but is less likely to 
be effective in those older than age 40 (Fig.  1.9 ). 
Beyond age 43, the live birth rate falls dramati-
cally to approximately 5% compared to 20% per 
cycle start in a 40 year-old woman (Fig.  1.10 ). It is 
important to give patients reasonable expectations 
with each IVF cycle based on their age, reason for 
infertility, ovarian reserve test results, and quality 
and number of embryos being transferred. The 
ASRM has established clear guidelines on the 
number of embryos to transfer based on age and 
the presence of excess embryos to cryopreserve in 
order to balance reasonable chances of pregnancy 
against risks of high-order multiple pregnancy 
 [  41  ] . Physicians have an ethical obligation to 
counsel those patients with futile chances of preg-
nancy using their own oocytes and to potentially 
offer a closure cycle after risks, bene fi ts, and alter-
natives have been thoroughly discussed  [  39  ]     

   Summary 

 With a comprehensive and directed evaluation 
prior to infertility treatment, which includes 
proper preconception counseling, and a discus-

sion of risk factors related to infertility and pre-
natal health, the infertile woman can be guided 
to optimize her chance of conceiving. In many 
circumstances, these steps alone can improve 
inherent fertility. IVF offers additional advan-
tages for patients with speci fi c reproductive 
issues such as tubal factor, diminished ovarian 
reserve, and known carrier status of a genetic 
disease. IVF can also help overcome nonspeci fi c 
reasons for infertility when all evaluative testing 
is normal in the woman or when the male partner 
has poor semen parameters. Finally, additional 
information can be gained from each stimulated 
cycle for IVF such as oocyte yield, fertilization 
ef fi ciency, and embryo development which 
should be considered in the pre-IVF evaluation 
for the subsequent cycle.      
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         Introduction 

 Azoospermia and severe oligospermia are found 
in approximately 1% of all men and 15% of infer-
tile men  [  1  ] . Men with azoospermia should 
undergo a comprehensive medical history, physi-
cal examination, and one or more semen analyses 
 [  2  ] . Depending on the presumptive diagnosis, 
further evaluation including genetic testing, hor-
monal assays, and/or imaging tests may be war-
ranted. If at all possible, approaches to initiate, 
restore, or preserve natural fertility are attempted. 
When these methods fail, assisted reproductive 
technologies (ART) including in vitro fertiliza-
tion and intracytoplasmic sperm injection 
( IVF-ICSI) may then be employed as primary or 
adjunctive therapies. The latter technology can 
effectively bypass the natural process of fertiliza-
tion allowing for a single viable sperm to fertilize 
a single oocyte outside of the reproductive tract 
 [  3  ] . Previously considered sterile men can now 
father healthy children. As a result, it is important 
to have a  fi rm understanding of which etiologies 
of azoospermia and severe oligospermia would 

bene fi t from these technologies and the work-up 
and surgical techniques involved before proceed-
ing. One of the most important reasons for exam-
ination of the infertile male prior to any in vitro 
interventions being initiated is to identify any 
underlying medical conditions, diseases or syn-
dromes that had not heretofore been recognized 
and/or treated. This information will not only 
best position couples in trying to achieve a suc-
cessful pregnancy but also focus on the health of 
the male patient and future offspring.  

   Medical and Surgical History: What 
Can Be Learned? 

 Medical history begins with questioning regard-
ing the duration of infertility, frequency, and tim-
ing of sexual intercourse, prior conceptions by 
either partner, and whether the couple has had 
prior fertility evaluation. Additionally, for the 
male speci fi cally, erectile function/dysfunction 
and ejaculatory ability should be ascertained as 
prior illnesses such as transverse myelitis may 
lead to failure of the emission phase of the ejacu-
latory re fl ex without having other recognizable 
neurological consequences. Longstanding insulin-
dependent diabetes can adversely affect vasal 
peristalsis, seminal vesicle contraction, and blad-
der neck closure eventuating in low-volume oligo-
asthenic semen specimens, retrograde ejaculation, 
or complete failure of the ejaculatory process  [  4  ] . 
Past medical and surgical history including onset 
of puberty, childhood conditions like viral orchitis 
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and cryptorchidism, genetic conditions, past genital 
and perineal trauma, and past retroperitoneal or 
inguinal surgery should be fully elucidated. 
Patients may have a genetic condition, e.g., adult 
polycystic kidney disease, von Hippel Lindau dis-
ease, and cystic  fi brosis, that may not only impact 
the couple’s fertility potential but have implica-
tions on the health of the offspring. In these 
instances, the couple may bene fi t from genetic 
counseling in combination with preimplantation 
genetic diagnosis  [  5  ] . A history of chronic respi-
ratory illness or sinusitis may suggest a diagnosis of 
primary ciliary dyskinesia or cystic  fi brosis  [  6  ] . 

 Cryptorchidism is present in 1–3% of 
 newborns. Although future fertility in cases of 
unilateral cryptorchidism is the norm, consequent 
infertility in adulthood is not unusual, even when 
orchiopexy is performed within the  fi rst few years 
of life—a helpful but not completely protective 
strategy  [  7–  10  ] . At the extreme, azoospermia 
may be found in 10% of patients with a history of 
unilateral cryptorchidism and 32% of men born 
with bilateral undescended testes  [  11  ] . Of these 
men with resultant severe oligospermia, it is 
unlikely that semen parameter improvement can 
be obtained with any speci fi c or empirical maneu-
ver as this is generally a re fl ection of baseline 
poor spermatogenic capability  [  12  ] . If the patient 
is azoospermic, TESE oftentimes leads to sperm 
retrieval (see below). Patients with cyrptorchid-
ism have an increased risk of testicular cancer 
above the normal population, so history and 
physical examination in these patients is para-
mount  [  13  ] . 

 A history of unilateral testicular torsion can be 
found in 0.025% of males. Although semen 
parameters when compared to controls are nor-
mal, correctable contralateral testis pathology 
(perhaps an obstructive process) may be present 
and may lead to severe oligospermia or azoo-
spermia  [  14–  16  ] . 

 Although vasectomy is the most common rea-
son for obstruction of the ductal system, congeni-
tal and/or iatrogenic causes may be present. Up 
to 40% of men with obstructive azoospermia may 
have a reversible pathology  [  17–  19  ] . Prior 
epididymitis, hernia repair (especially with 
mesh), and hydrocele repair are all historical 

clues that may suggest vasal or epididymal 
obstruction. As microsurgical reconstruction is 
often successful in restoring sperm to the ejacu-
late with resultant natural conception when per-
formed by a fully trained urologist with an interest 
and expertise in male reproductive medicine and 
surgery, the proper diagnosis should always be 
made prior to simply resorting to sperm aspira-
tion coupled with ART  [  20,   21  ] . The same holds 
true for couples in whom the male partner has 
had a vasectomy in the past, when reconstruction 
is successful and sperm are present in the ejacu-
late, then each and every month the couple has a 
chance for pregnancy achievement  [  22–  24  ] . Thus 
vasectomy reversal should be the  fi rst option for 
these couples as it maximizes the opportunity for 
attainment of pregnancy. 

 Anabolic steroid use, whether illicit or pre-
scribed (topical gels), is on the rise in men of all 
ages  [  25  ] . The spermatogenic process requires 
that testosterone is produced by Leydig cells that 
are located in the interstitium, immediately adja-
cent to the seminiferous tubules. When circulat-
ing exogenous androgen is present, it suppresses 
pituitary elaboration of LH thereby sti fl ing tes-
ticular generation of testosterone. In consequence, 
spermatogenesis is reduced or abolished  [  26,   27  ] . 
Historical clues to current or past use include a 
history of body building and/or weight lifting (see 
below for typical endocrine pattern). Men should 
be encouraged to discontinue usage because a 
rebound of spermatogenesis will occur, sperma-
tozoa will return to the ejaculate, and natural con-
ception is likely. Most often, assisted reproduction 
will not be required. Every male should be asked 
speci fi cally whether he is taking illegal anabolic 
steroids or legally prescribed testosterone. It is 
interesting that physicians that prescribe testos-
terone replacement or supplementation are not 
always aware of the deleterious effects on the cre-
ation of spermatozoa. In a recent study by Ko 
et al. which surveyed 387 urologists regarding 
their practice patterns in evaluating and treating 
the infertile male, 25% of those responding would 
continue patients on testosterone therapy even if 
they were actively pursuing pregnancy  [  28  ] . 

 In patients with a prior malignancy, the type of 
cancer as well as the surgical, chemotherapeutic 
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or radiation treatment protocols employed are all 
important determinants of future and/or present 
spermatogenic potential. If the patient is severely 
oligospermic several years later, as a corollary to 
his primary end point of cure, it is unlikely that 
any treatment, medical or surgical, will be effec-
tive in enhancing spermatogenesis. If the patient 
is persistently azoospermic years after chemo or 
radiotherapy for either benign or malignant dis-
ease, individual spermatozoa may be found at the 
time of TESE in up to 70% and serve as the 
source of sperm in combination with ICSI (see 
below)  [  29  ] . 

 Patients should be questioned regarding their 
habit history as smoking has been shown to cause 
abnormal semen parameters, lower fertilization 
rates and increased embryo and pregnancy loss 
 [  30–  32  ] . Additionally, studies have shown that 
offspring from men who smoke have an increased 
chance of developing certain childhood malig-
nancies such as brain tumors and acute lympho-
blastic leukemia.  [  33–  35  ]  As Santos et al. stated, 
“It is concluded that physicians should strongly 
advise their patients to quit smoking before 
undergoing medical treatment or assisted repro-
duction techniques to achieve pregnancy”  [  36  ] . 

 Other lifestyle factors like food intake, obe-
sity, medications and alcohol use should always 
be explored in the infertile male. Even though 
there are con fl icting reports about these issues, it 
is always best to optimize general health, diet, 
exercise, and sleep  [  37–  39  ] . Even though there is 
no consensus on the impact of obesity on semen 
parameters, the rapid weight loss and metabolic 
derangements that occur after bariatric surgery 
may signi fi cantly impair sperm production 
capacity  [  40  ] .  

   The Physical Examination: What Can 
the Eyes and Fingers Tell Us? 

 On initial inspection of the patient, the general 
appearance should be noted, including height, 
weight, dysmorphic features, and level of viriliza-
tion  [  2  ] . Is the patient undervirilized with lack of 
beard growth, decreased muscle mass, and 
eunichoid body proportions which may indicate a 

hypothalamic or pituitary endocrinopathy? Is the 
patient overvirilized with an excessive muscular 
bulk, possibly a clue to anabolic steroid use? Are 
there surgical scars that hint at hernia repair, 
hydrocele repair, or orchidopexy for cryptorchid-
ism? On genital examination, is the penis of nor-
mal length, without curvature, and are there 
meatal anomalies such as hypospadias or epispa-
dias? Is the testis size >20 cm 3  with a  fi rm but not 
hard consistency  [  41  ] ? Since the seminiferous 
epithelium makes up the bulk of the testis volume, 
when spermatogenic failure is present, the overall 
testis size will be reduced. Are there testicular 
masses, areas of induration, or tenderness? 

 Attention is then turned to the reproductive 
ductal structures, including the vasa deferentia 
and epididymides. If there is dilation or fullness 
felt on careful palpation, an obstructive process 
may be present as seen post vasectomy, after 
bilateral inguinal hernia repairs or possibly after 
an in fl ammatory process of the genitourinary 
tract. This is an incredibly important  fi nding as 
microsurgical reconstruction can restore sperm to 
the ejaculate and allow the couple to achieve a 
natural conception  [  42  ] . Congenital bilateral 
absence of the vas deferens (CBAVD) is identi fi ed 
when the vasa are unable to be palpated. In 
CBAVD, there is always at least the caput of the 
epididymis but occasionally the corpus and tail 
can be present as well. The spermatic cord is 
inspected for varicoceles, hydroceles, spermato-
celes, or lipomas. Varicoceles are found in 14% of 
healthy men but in 40% of infertile males  [  43  ] .  

   The Semen Analysis, Azoospermia, 
and Severe Oligospermia 

 At least two semen analyses should be done, 
according to the World Health Organization 
Laboratory Manual for Examination and 
Processing of Human Semen  [  44  ] . No single 
parameter should be used in isolation to deter-
mine fertility or infertility. Slightly substandard 
semen parameters do not suggest a particular or 
speci fi c diagnosis such as varicocele or certain 
medication usage. However, in severe oli-
gospermia or azoospermia, an algorithmic 
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approach can be used to de fi ne the etiology in 
many cases. 

 Azoospermia can be classi fi ed as Nonobstructive 
Azoospermia (NOA) due to failure of spermato-
genesis or Obstructive Azoospermia (OA) due to 
blockage/occlusion of the reproductive ductal 
system (epididymides, vasa deferentia, seminal 
vesicles, and ejaculatory ducts). The etiology of 
NOA can either be “primary” at the level of semi-
niferous tubules or “secondary” at the level of the 
hypothalamus and pituitary. In the former, FSH is 
elevated as a compensatory response due to 
reduced spermatogenesis and in the latter, FSH 
output is markedly reduced or absent and a poten-
tially normal spermatogenic compartment is not 
stimulated. This distinction usually can be made 
either anatomically and physiologically, or via 
clinical parameters (history, testis size and consis-
tency, semen volume/pH) and serum follicle-
stimulating hormone (FSH) levels  [  45  ] . 

 A novel way to begin to think about and deter-
mine the etiology of azoospermia in an infertile 
male is based on semen volume and semen pH 
 [  45  ] . There are three main contributors to the 
ejaculate: alkaline seminal vesicle  fl uid which 
comprises 70%; acidic prostatic  fl uid which con-
stitutes 20%; the remaining 10% is sperm-rich 
 fl uid from the vas and epididymis. The seminal 
vesicle and vas discharge their contents via the 
ejaculatory duct—one trio on each side. Typically, 
the alkaline seminal vesicle  fl uid overwhelms the 
prostatic contribution such that the end result of 
a normal semen specimen is a pH >7.2 and vol-
ume >1.5 ml  [  46  ] . Azoospermic semen speci-
mens can, therefore, be de fi ned as low volume, 
low pH (approximately 0.6 cm 3  and a pH of 6.5; 
consisting of only prostatic  fl uid) or normal vol-
ume, normal pH (approximately 1.5 cm 3  and a 
pH >7.2; consisting of testicular  fl uid via the vas, 
seminal vesicle secretions, and prostatic  fl uid) 
(Figs.  2.1  and  2.2 ). In the low volume, low pH 
azoospermic male, there are two diagnostic pos-
sibilities: the seminal vesicles are absent, aplastic 
or dysfunctional (e.g., CBAVD) or unable to 
empty (e.g., complete bilateral ejaculatory duct 
obstruction; EDO). In the normal volume, nor-
mal pH azoospermic male, the seminal vesicles 
are anatomically and functionally adequate and 

empty through patent ejaculatory ducts. In these 
situations, either the testes do not produce sper-
matozoa due to spermatogenic failure or sperm 
production is adequate but there exists a block-
age to sperm  fl ow at the level of the scrotal or 
inguinal vas (“proximal” to the ejaculatory ducts 
such that the seminal vesicles are able to dis-
charge their  fl uid through the ejaculatory ducts 
but there is no sperm arriving into the vasal 
ampulla). History and physical examination are 
often all that are needed to elucidate the exact 
diagnosis. In CBAVD, the semen volume and pH 
are low and the vasa are not palpable  [  47  ] . In 
complete EDO, the semen volume and pH are 
low and careful scrotal examination reveals that 
both the vas and epididymis are full and  fi rm, 
indicative of an obstructive process downstream 
to the site of palpation  [  48  ] . In spermatogenic 
failure, the semen volume and pH will be normal 
and the  testes may be small and soft while the 
ductal  structures are palpably without abnormal-
ity. In an epididymal blockage secondary to prior 
in fl ammation, the semen volume and pH will be 
normal and the testes will be natural in terms of 
size and consistency while the proximal 
epididymis will be full and  fi rm (indicating 
downstream obstruction) and the vas distal to the 
blockage will be palpably delicate and normal. 
Just the combination of mind and  fi ngers can 
make the vast majority of diagnoses in azoosper-
mic males. Scrotal ultrasound is neither neces-
sary nor helpful—all that needs to be known is 
easily able to be palpated.    

   Hormonal Assays: When, in Whom, 
and How Do They Help 

 The initial endocrine evaluation begins with 
serum follicle-stimulating hormone (FSH), 
luteinizing hormone (LH) and total testosterone. 
Indications to obtain these studies include: sperm 
concentration <10 million/ml, impaired sexual 
function, and/or clinical concern for an endo-
crinopathy  [  1  ] . But not all patients require hor-
monal studies. For example, the male with 
CBAVD and normal testis size, as determined by 
physical examination, will not bene fi t from 
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History and PE suggestive of OA
(testis size normal; vas and/or epididymis

feel full and firm)

Algorithm for evaluation of normal volume azoospermia
(>1cc, pH >7.0)

History and PE equivocal

History and PE suggestive of NOA
(small, soft testes)

Low FSH, low LH, high T

Anabolic steroid
(illicit or prescribed)

Low FSH, low LH, low T

Hypogonadotropic hypogonadism
(e.g kallmann syndrome)

Spermatogenic failure:
karyotype

Y chromosomal microdeletion assay

high FSH, +/- LH, +/- T

Normal FSH

Microsurgical Reconstruction
(+/- TESE)

TESE if microsurgical reconstruction
not possible

Low / high FSH

  Fig. 2.1    Algorithm for the evaluation of the male with a 
normal volume, normal pH azoospermic semen analysis. 
Coupled with the history and physical examination, the 
etiology can often be determined as either obstructive or 
nonobstructive. When history and physical examination 

alone are not de fi nitive, hormonal assays and, on occa-
sion, genetic assays can be used as supplemental diagnos-
tic tools.  FSH  follicle-stimulating hormone,  LH  luteinizing 
hormone,  NOA  nonobstructive azoospermia,  OA  obstruc-
tive azoospermia,  TESE  testicular sperm extraction       

Algorithm for evaluation of low volume azoospermia
(<1cc, pH <7.0)

Directed physical examination

Palpation: Vasa absent bilaterally Palpation: Vasa present bilaterally

Suspected ejaculatory duct obstruction

Transrectal ultrasonography
(TRUS)

Transurethral laser incision
of the ejaculatory ducts

(if possible based on anatomy and location)

Congenital Bilateral Absence of the Vas Deferens
(CBAVD)

Cystic Fibrosis mutation analysis
(patient and partner)

Surgical sperm harvesting
(fresh or cryopreserved)

(multiple surgical approaches)

  Fig. 2.2    Algorithm for the evaluation of the male with a 
low volume, low pH azoospermic semen analysis. The 
physical examination is the key to diagnosis. When the 
vasa are not palpable bilaterally, by de fi nition the diagno-
sis is Congenital Bilateral Absence of the Vas Deferens 
(CBAVD). Both partners require CF mutation analysis 
and ultimately surgical sperm harvesting coupled with 

ICSI will be the treatment plan. If the vasa are palpable, 
they may also feel full and  fi rm and Bilateral Ejaculatory 
Duct Obstruction would be suspected which can be 
con fi rmed with transrectal ultrasonography. Transurethral 
laser ablation may be accomplished as de fi nitive treat-
ment if a dilated ejaculatory duct or midline cyst is avail-
able for surgical entry       
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 endocrinological evaluation. To review brie fl y, 
under stimulation by hypothalamic GnRH, the 
anterior pituitary releases FSH and LH. In the 
adult, FSH is regulated via negative feedback by 
inhibin B (the alpha subunit produced by Sertoli 
cells and the beta subunit secreted by the  germinal 
epithelium)  [  49  ] . As spermatogenesis decreases, 
inhibin B decreases and FSH increases in com-
pensatory fashion. In a male with optimal sper-
matogenesis, the amount of FSH normally 
produced by the pituitary is most often in the low-
est aspects of the assay’s “reference range.” When 
FSH levels began to rise out of these lower reaches 
up to the mid or high levels of the “reference 
range,” or even beyond, this is a clear indication 
of reduced spermatogenic potential, decreased 
testicular inhibin secretion and consequent com-
pensatory pituitary elaboration of FSH. The “ref-
erence range” upper limit value is of no biological 
signi fi cance. In other words, to make the diagno-
sis of spermatogenic compromise or failure, the 
absolute value of measured FSH does not need to 
“exceed the upper levels of normal”  [  50,   51  ] . 

 In hypogonadotropic hypogonadism, e.g., 
Kallmann syndrome, FSH, LH and testosterone 
are extremely low, if not undetectable. This diag-
nosis is usually con fi rmed in the teenage male 
who is not virilizing  [  50  ] . At that time, these 
young boys often receive testosterone supplemen-
tation simply to stimulate tanner stage progres-
sion. In adulthood, when fertility is desired, they 
must be taken off of exogenous androgen and 
intratesticular testosterone secretion and sper-
matogenesis induced via a sequenced combina-
tion of hCG and FSH injection therapy  [  52  ] . In the 
adult male with 47, XXY Klinefelter syndrome, 

LH and FSH are both elevated while testosterone 
is in the low/normal range re fl ecting abnormalities 
in both the spermatogenic and androgenic com-
partments of the testes. In anabolic steroid users, 
or those men on testosterone supplementation, 
pituitary LH and FSH output is suppressed result-
ing in poor or absent intratesticular testosterone 
manufacture. As described above, this leads to 
consequent diminished or absent spermatogene-
sis. Opiate usage may also suppress hypothalamic 
GnRH secretion resulting in blunted pituitary LH 
and FSH output and, therefore, poor testicular tes-
tosterone and sperm production. Coupled with 
history and physical examination, in the appropri-
ate circumstances, a directed endocrinological 
panel can be of great help (Table  2.1 ).   

   Genetic Assays: When, in Whom, 
and How Do They Help 

 It is recommended that patients with NOA or 
severe oligospermia (<5 × 10 6 /cm 3  of spermato-
zoa) undergo genetic testing with Y chromosome 
microdeletion and karyotype  [  45,   53  ] . All patients 
with CBAVD should undergo cystic  fi brosis 
mutation analysis  [  54  ] . 

 Anomalies of chromosome number and/or 
structure are found in 10–15% of men with non-
obstructive azoospermia and 5% of oligospermic 
men  [  45,   55,   56  ] . These include numerical abnor-
malities such as 47, XXY Klinefelter syndrome 
or 46, XX male syndrome. Structural abnormali-
ties including Robertsonian translocations, recip-
rocal translocations, and pericentric inversions 
may be found in a small percentage of these men. 

   Table 2.1    Hormonal parameters expected based on clinical condition/disorder   

  Hypogonadotropic circumstances    FSH    LH    Testosterone  
 1.  Congenital (e.g., Kallmann syndrome)  Reduced  Reduced  Reduced 
 2.  Anabolic steroid (illicit or prescribed)  Reduced  Reduced  Elevated 
 3.  Opiate (oral or injectable; illicit or prescribed)  Reduced  Reduced  Reduced 
  Hypergonadotropic conditions    FSH    LH    Testosterone  
 1. 47, XXY Klinefelter syndrome  Elevated  Elevated  Reduced/Normal 
 2. Bilateral cryptorchidism  Elevated  Elevated/Normal  Reduced/Normal 
 3. Prior ablative chemotherapy  Elevated  Normal  Normal 
 4.  Spermatogenic failure: Y microdeletion  Elevated  Normal  Normal 
 5. Spermatogenic failure: unknown  Elevated  Normal  Normal 
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Depending on the chromosomal abnormality, 
some patients may produce ejaculate sperm or 
only small amounts of testicular sperm that can 
be surgically harvested to use in IVF-ICSI. For 
example, when testis tissue is extracted from 
males with 47, XXY Klinefelter syndrome, sper-
matozoa can be found in 50–60% of cases  [  57  ] . 
Over 100 chromosomally healthy babies have 
been conceived in this manner  [  58  ] . In 46, XX 
male syndrome, no sperm are present within the 
testes of these patients and so surgical explora-
tion in an attempt to harvest spermatozoa is not 
warranted. However, in patients with chromo-
somal translocations, preimplantation diagnosis 
can be used to achieve a healthy pregnancy  [  59  ] . 

 Within the Y chromosome, there are eight pal-
indromic stretches on the long arm (P8–P1) 
 [  60–  62  ] . Each palindrome is itself comprised of 
repetitive and duplicate subregions termed ampli-
cons. This molecular geography predisposes to 

non-allelic homologous recombination (NAHR: 
intrachromosomal recombination between 
homologous repetitive sequences)  [  63  ] . NAHR 
may result in deletion of the intervening, variably 
sized pieces of the long arm of the Y chromosome 
(Fig.  2.3 ). These regions on the Y chromosome 
are the home for genes involved in spermatogen-
esis (DAZ, BPY, CDY1, etc.)  [  62  ] . As such, a 
PCR-based Y chromosomal microdeletion assay 
is used to search for microdeletion possibilities 
including (as they are known clinically):  AZFa , 
 AZFb ,  AZFb/c , and  AZFc . For patients with an 
 AZFa ,  AZFb , or  AZFb/c  microdeletion, there will be 
no sperm found in the ejaculate or in the testis tis-
sue due to a complete absence of  spermatogenesis 
 [  64–  68  ]  (Table  2.2 ). Since the Y chromosomal 
microdeletion assay, in these particular circum-
stances, is prognostic, the patient will not bene fi t 
from microsurgical TESE and should not be sub-
jected to an invasive operative procedure nor 

   Table 2.2    Potential for spermatogenesis depending on karyotypic/genetic etiology   

 Assay  Result  Spermatogenic potential 

 Karyotype  Translocation: 
 Balanced 
 Reciprocal 

 Presence of spermatogenesis depends upon chromosomes involved 

 46 XX male syndrome  Absent spermatogenesis: no bene fi t from micro-TESE 
 47, XXY Klinefelter 
 syndrome 

 50% chance of  fi nding spermatozoa on micro-TESE 

 Y Chromosomal 
Microdeletion 

  AZFa  microdeletion  Absent spermatogenesis: no bene fi t from micro-TESE 
  AZFb  microdeletion  Absent spermatogenesis: no bene fi t from micro-TESE 
  AZFb/c  microdeletion  Absent spermatogenesis: no bene fi t from micro-TESE 
  AZFc  microdeletion  Severe oligospermia; 70% chance of retrievable sperm on micro-TESE 

 Cystic Fibrosis 
Mutation Analysis 

 CBAVD  Normal spermatogenesis 

     Fig. 2.3    The most common clinically relevant microdeletions that occur within the expanse bordered by the P5 and P1 
palindromes. The  AZFa  microdeletion is located upstream on Yq closer to the centromere       
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should his partner undergo a planned simultane-
ous stimulation cycle in anticipation of IVF-ICSI 
(as some programs routinely do).   

 Conversely, in the setting of an  AZFc  microde-
letion, if small numbers of sperm are not seen in 
the ejaculate, 70% of men undergoing TESE will 
have retrievable spermatozoa capable of generat-
ing pregnancy  [  69–  71  ] . However, all sons con-
ceived by either ejaculate or testicular spermatozoa 
will inherit that same  AZFc  microdeleted Y chro-
mosome and their future spectrum of spermato-
genic de fi ciency when they reach reproductive 
adulthood will be either severe oligospermia or 
azoospermia  [  72  ] . Couples need to be informed 
of this prior to undergoing ART so that, with this 
knowledge in hand, they can decide whether to 
use preimplantation genetic screening for the 
identi fi cation and transfer of only female 
embryos. Such an approach will prevent this 
anomaly from continuing on in that couple’s fam-
ily tree and burdening their sons with reproduc-
tive de fi ciency or sterility. 

 Cystic  fi brosis (CF) mutation analysis is 
required in all patients with CBAVD, a disorder 
which is found in 2–3% of infertile Caucasian men 
 [  47,   73  ] . The genetic basis of CBAVD is the same 
as that which underlies CF: mutations in the genes 
encoding for the cystic  fi brosis  transmembrane 
conductance regulator (CFTR) on chromosome 
7q31.2. CFTR is responsible for proper epithelial 
transmembrane sodium/chloride balance and is 
regulated by cAMP  [  74  ] . In CF, defective CFTR 
eventuates in viscous respiratory and pancreatic 
secretions leading to the known clinical manifesta-
tions and sequelae of the disease. The ultimate 
clinical expression of CFTR dysfunction is depen-
dent on the combination of paternally and mater-
nally inherited CFTR mutations. The two most 
common CFTR mutations found in men with 
CBAVD are delta F508 and 5T  [  54,   75  ] . If both 
mutations are deemed “severe,” the patient will be 
on the more affected end of the phenotypic spec-
trum (profound pulmonary and pancreatic disease 
as well as bilateral vasal absence) while those 
whose mutations, in combination, affect the total 
CFTR pool to a much lesser degree will be located 
on the less severely affected end of that spectrum, 
perhaps with CBAVD as the only recognizable 

clinical consequence. If the combination of muta-
tions impairs CFTR function somewhere in 
between those two endpoints, the clinical presen-
tation may be intermediate as well (e.g., CBAVD 
and some mild, life-long sinus issues)  [  76  ] . Since 
the seminal vesicles are generally atrophic, aplas-
tic or small and nonfunctional, the semen volume 
is low and the pH is acidic—the ejaculate com-
prised of just prostatic  fl uid. This is why men with 
CBAVD will have a low volume, low pH azoo-
spermic semen specimen, an instant clue to the 
diagnosis. 

 Partners of patients with CBAVD should 
undergo cystic  fi brosis mutation analysis and the 
couple should be referred to a genetic counselor 
 [  1  ] . If she is a carrier, then PGD should be used in 
combination with IVF/ICSI to prevent offspring 
from inheriting any form of CF mutation disease, 
the most concerning being clinical cystic  fi brosis 
with its devastating pulmonary and pancreatic 
manifestations (   Fig.  2.4 ).  

 A small percentage of men with CBAVD will 
not have a CFTR mutational basis. However, 
these patients often have unilateral renal agenesis 
thought to be due to a genetic anomaly affecting 
mesonephric duct development (responsible for 
both the reproductive ductal and ureteral deriva-
tives). Couples should be aware that it is possible 
that their offspring could inherit a more severe 
bilateral renal agenesis phenotype  [  77  ] . The exact 
genetic anomaly is unknown.  

   Surgical Therapy: What Procedures 
Are Helpful in the Oligospermic 
or Azoospermic Male 

  Severe oligospermia or azoospermia with a vari-
cocele : In the setting of reduced semen parame-
ters and a large, clinically palpable varicocele, 
microsurgical varicocelectomy should be offered 
as the  fi rst option  [  78  ] . Many men will experi-
ence an improvement in sperm density and 
function (70%) and approximately 60% of cou-
ples will go on to conceive on their own without 
additional intervention  [  43  ] . Small varicoceles or 
ones detected only by scrotal ultrasonography 
and not by palpation should not be surgically 
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corrected as the bene fi ts are minimal, if at all. In 
men with an obvious varicocele and nonobstruc-
tive azoospermia (without a genetic anomaly that 
precludes sperm production such as an  AZFb/c  
microdeletion), varicocelectomy should be per-
formed 3–4 months prior to any anticipated 
adjunctive procedures. Approximately 30% of 
men will have an improvement in their overall 
level of spermatogenesis such that sperm return 
in small quantities to the ejaculate  [  79,   80  ] . It is 
not truly the anticipation (although possible) that 
the degree of spermatogenic recovery will be so 
dramatic that natural pregnancy will be likely; 
rather, varicocelectomy provides a way to maxi-
mize whatever reproductive potential exists. If 
spermatozoa are subsequently seen in the ejacu-
late, they can be used as the source of sperm for 
an ICSI cycle. If, 4 months later, the male is still 
azoospermic and requires microsurgical TESE, 
then whatever potential he has within his semi-
niferous tubules will have been maximized and, 
thereby, the possibility of  fi nding sperm on TESE 
will have been optimized. If no sperm are eventu-
ally found on well-performed TESE, at least the 
couple will know and understand that every pos-
sible way to augment spermatogenesis was car-
ried out prior to the de fi nitive and  fi nal operative 
intervention of TESE. 

  Azoospermia in the setting of vasal or epididymal 
occlusion : If the azoospermic male has normal 
spermatogenesis but has a blockage of the ductal 
system from prior epididymitis or, more com-
monly vasectomy, microsurgical reconstruction 
should be carried out. This procedure should be 
performed by urologic surgeons practiced in that 
surgical discipline as rates of success are indeed 
linked to expertise and ability of the surgeon  [  23  ] . 
The intent is to return sperm to the ejaculate and 
allow the couple the opportunity to achieve con-
ception naturally each and every month  [  18,   20, 
  42  ] . The patency rates following vasectomy 
reversal are approximately 95% and the naturally 
conceived pregnancy rates are approximately 
50%, although multiple factors in fl uencing these 
 fi gures may result in even better results in sub-
groups of couples  [  81–  83  ] . If the couple chooses 
to utilize ICSI if the reconstruction is technically 
not possible (as determined at the time of sur-
gery), or is unsuccessful in returning sperm to the 
ejaculate, testis tissue can be harvested and cryo-
preserved at the time of surgery as a future source 
of sperm if the need arises. 

  Azoospermia in the setting of Congenital Bilateral 
Absence of the Vas Deferens : After appropriate 
genetic evaluation of both partners with CF muta-

  Fig. 2.4    Punnett square demonstrating the possible out-
comes if the male with CBAVD has two recognizable 
Cystic Fibrosis mutations (e.g., delta F508 and 5T) and 
the female partner is a carrier (simple heterozygote; e.g., 

delta F508). In this circumstance, preimplantation diagno-
sis can be used to transfer only embryos that are simple 
heterozygotes and to prevent the transfer of embryos that 
will be delta F508 homozygous       
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tion analysis, microsurgical  epididymal sperm 
aspiration can be accomplished  [  84–  87  ] . The caput 
of the epididymis is always present in cases of 
CBAVD and the efferent ducts can be microsurgi-
cally opened as they travel immediately underneath 
a thin layer of tunical tissue that bridges the testis 
and caput epididymis. Fluid obtained can be com-
pletely free of red blood cells and frequently pro-
vides the “newest” sperm that have been produced 
as the  fl uid that exists comes from the rete testis 
(intratesticular ductal system that collects the 
ef fl uent from each seminiferous tubule). 
Cryopreservation of the sample into numerous cry-
ovials is often possible, each serving as the source 
of sperm for a future cycle of ICSI. Percutaneous 
approaches have been used as well but may limit 
the sperm quantity and quality obtained. 

  Azoospermia in the setting of impaired spermato-
genesis : In the patient with nonobstructive azoo-
spermia, microsurgical testis sperm extraction, 
also known as micro-TESE, can be employed in 
hopes of  fi nding individual spermatozoa that can 
be used in conjunction with ICSI (as reviewed by 
Schlegel  [  88  ] ). Certainly, prior genetic evaluation 
is mandatory with a karyotype and Y chromo-
somal microdeletion assay (as described above) 
prior to any operative intervention being carried 
out. If the patient has an  AZFa  or  AZFb  microde-
letion, for example, no spermatozoa will be pres-
ent as surgery will be fruitless, unnecessary, and 
inappropriate. Depending upon the etiology of 
the NOA, spermatozoa can be retrieved in 
30–70% of patients but the details of the individ-
ual’s circumstance can in fl uence that signi fi cantly 
in both directions. Men with  AZFc  microdele-
tions, unknown genetic bases, prior cryptorchid-
ism, prior chemotherapy, and prior in fl ammatory 
conditions are all candidates  [  29,   70  ] . Depending 
upon the circumstance, the actual TESE proce-
dure may be performed prior to an ICSI cycle 
with the tissue cryopreserved if sperm are present 
or the TESE can be performed coincident with an 
ICSI cycle and oocyte harvesting. This decision 
is made based upon etiology (e.g., 47, XXY 
Klinefelter males are most often operated on at 
the time of ICSI in a combined approach) and 
other aspects of the couple’s situation (e.g., has 

the couple chosen to have donor sperm back-up) 
 [  57,   58,   89  ] . As is true for just about any surgical 
procedure, the experience and expertise of the 
urologist is a critically important element in the 
success or no success equation. Interestingly, the 
babies born from 47, XXY men have all been 46, 
XY or 46, XX as it appears that the only sper-
matogonia that are capable of completing meio-
sis and generating haploid sperm are themselves, 
46, XY  [  90  ] . So far, the data are encouraging that 
the use of testis sperm does not confer an increase 
in congenital anomalies in the offspring.  

   Conclusions 

 A proper evaluation in every male with reproduc-
tive compromise or failure is necessary prior to 
employing adjunctive advanced reproductive tech-
niques or surgical sperm harvesting. Reversible 
causes may be found (e.g., anabolic steroid use or 
a clinically palpable varicocele) that, when “cor-
rected,” help the couple achieve pregnancy natu-
rally, reduce the intensity of intervention to a 
simpler strategy, or maximize the success of ICSI. 
The genetic basis may help determine the path of 
treatment for a couple and inform them of risks to 
their offspring that need to be understood before 
embarking on therapy to achieve pregnancy. In 
well-educated hands, microsurgical reconstruction 
can be quite successful and help the couple avoid 
the rigors and intensity of an ICSI cycle while 
helping them become pregnant naturally. TESE 
has been a remarkable advance in the male fertility 
specialist’s armamentarium and has allowed men 
with NOA to experience biological paternity.      
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         Introduction 

 The goal of ovarian stimulation is to induce ongo-
ing development of multiple dominant follicles and 
to mature many oocytes to improve chances for 
conception. Ovarian stimulation enables the 
retrieval of many cumulus–oocyte complexes, and 
this allows for inef fi ciencies in subsequent oocyte 
maturation, fertilization in vitro, embryo culture, 
embryo selection for transfer, and implantation. 
However, in order to prevent premature luteiniza-
tion and spontaneous ovulation, co-treatment with a 
GnRH agonist or antagonist is normally required. 

 Fresh embryo(s) can be transferred in the great 
majority of patients, and spare embryos may be 
cryopreserved to allow for subsequent chances of 
pregnancy without the need for repeated ovarian 
stimulation and oocyte retrieval. This paradigm 

has formed the basis of clinical practice since the 
early days of IVF. However, increased under-
standing of the intricacies of the follicular devel-
opment and selection processes has been critical 
to many of the new developments in ovarian 
stimulation in clinical practice.  

   Preparations Used for Ovarian 
Stimulation 

   Gonadotropins 

 In the 1960s, human urinary preparations of LH 
and FSH (Human Menopausal Gonadotrophin, 
hMG) were used for ovarian stimulation. The ini-
tial preparations were very impure but by the early 
1980s, improved puri fi cation techniques enabled 
the production of puri fi ed urinary FSH (uFSH) by 
the use of monoclonal antibodies. With the advent 
of recombinant DNA technology in the 1990s, 
pharmaceutical companies were able to produce 
large commercial quantities of human recombi-
nant FSH (rFSH) thereby bypassing dependence 
on the variable supply of human postmenopausal 
urine and also addressing concerns about batch-
to-batch consistencies. Because of its purity, rFSH 
can now be administered by protein weight rather 
than bioactivity, and the so-called “ fi lled-by-mass” 
preparations are now in clinical use. The use of 
gonadotrophins has therefore developed over a 
number of decades from preparations with hMG 
(containing both LH and FSH bioactivity), fol-
lowed by puri fi ed uFSH and more recently rFSH, 
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rLH, and rhCG. For a complete review of the 
development of gonadotropins in ovarian stimula-
tion see Macklon et al.  [  1  ]  and the American 
Society for Reproductive Medicine (ASRM) 
Educational Bulletin on this topic.  

   GnRH Analogs 

 Pituitary downregulation can be induced by the 
continued administration of GnRH which induces 
an initial stimulation of gonadotrophin release 
(the so-called  fl are effect) followed by a down-
regulation due to the clustering and internalization 
of the pituitary receptors. Without downregula-
tion, a premature LH peak occurs in 20–25% of 
FSH or hMG stimulated cycles due to the positive 
feedback activity by high serum E 

2
  levels during 

the mid-follicular phase of the stimulation cycle 
 [  1  ] . In the 1980s, induced pituitary downregula-
tion resulted in a signi fi cant reduction in the can-
celation rate and improved the overall IVF 
outcome. Furthermore, the introduction of GnRH 
agonist (GnRHa) co-treatment facilitated schedul-
ing of IVF and timing for oocyte retrieval. 

 Although GnRH antagonists (GnRHant) were 
developed soon after GnRHa, the low potency of 
the  fi rst two generations of drugs, and associated 
anaphylactic responses due to histamine release, 
delayed their clinical introduction until a third 
generation was shown to be safe and ef fi cacious 
in IVF. Whilst the widely employed GnRHa long 
protocol requires a prolonged period of downreg-
ulation (usually 2 weeks) followed by high-dose 
FSH stimulation to induce multiple follicular 
growth, the immediate action of GnRHant means 
that it can be administered during the mid-to-late 
follicular phase to prevent premature luteiniza-
tion. This avoids unpleasant “menopausal” side 
effects associated with pituitary downregulation, 
and allows the endogenous inter-cycle FSH rise 
to be utilized for follicle stimulation. The cyclic 
recruitment and the initial stages of dominant fol-
licle selection can proceed within the natural 
cycle and the use of exogenous FSH for inducing 
multiple follicle growth can be restricted to the 
mid-to-late follicular phase, as in certain mild 
stimulation protocols  [  2  ] . Hence the overall length 

of stimulation is shorter than with conventional 
IVF. Other advantages of the GnRHant over ago-
nist include the absence of the “ fl are effect” which 
may cause ovarian cyst formation and, in turn, 
lower oocyte quality, fertilization rate, number of 
oocytes retrieved and embryo quality  [  3  ] .   

   Current Protocols in Ovarian 
Stimulation 

   GnRH Agonist Protocols 

 The long ovarian stimulation protocol combines 
the use of GnRHa with exogenous gonadotropin 
administration. This treatment regimen has 
remained popular since its introduction some 
20 years ago. In the long protocol, the GnRHa is 
usually administered during the luteal phase in 
the preceding cycle and is continued until hCG 
administration (Fig.  3.1 ). In contrast, the so-
called “short GnRH agonist protocol” or “ fl are” 
protocol delays administration of GnRHa until 
day 1–2 of the stimulation cycle, with the aim of 
utilizing the “ fl are” effect of the GnRHa as an 
additional initial stimulus for follicular recruit-
ment. However, an early meta-analysis of studies 
comparing the long versus the short protocol for 
good prognosis patients revealed that although 
the long protocol required more gonadotrophins, 
it yielded more eggs and a higher pregnancy rate, 
and this perceived advantage served to restrict 
use of the antagonist  [  4  ] . Moreover, the long pro-
tocol was considered to be advantageous in that 
initiation of gonadotropin stimulation can be 
delayed, allowing scheduling of IVF cycles with 
no clear adverse effect on outcomes. However, 
the burden of treatment duration associated with 
this approach has been shown to be a signi fi cant 
cause of dropout from IVF treatment  [  5  ] .   

   GnRH Antagonist Protocols 

 GnRHant protocols entered clinical practice after 
many years of re fi ning of the GnRHa long proto-
col, with initial comparative studies indicating 
that a similar re fi nement of this new approach 
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was required. In the GnRHant protocol, ovarian 
stimulation with gonadotropins is begun on cycle 
day 2, and GnRHant administration is typically 
started on cycle day 6, when leading follicles are 
approximately 14 mm in diameter, and LH levels 
are increasing (Fig.  3.2 ). Oral contraceptive pills 

are often used as a lead-in prior to beginning the 
GnRHant cycle; indeed the early studies that lead 
to FDA approval of the GnRHant used OCPs. 
OCPs can be administered from 1 to 3 weeks, 
starting prior to menstrual cycle day 5 of the 
 previous menstrual cycle, and can be helpful in 

  Fig. 3.1    Schematic diagram of the GnRH agonist (GnRHa), or “long” protocol       

  Fig. 3.2    Schematic diagram of the GnRH antagonist (GnRHant) protocol       
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“programming” the likely day of hCG triggering 
to assist in scheduling. It must be made clear to 
the patient that if she uses only a week or two of 
OCPs the endometrium may be quite thin and she 
may not have a withdrawal bleed; in this case, the 
baseline scan is performed the fourth day after the 
last OCP (as discussed later in the chapter). Other 
potential bene fi ts are suppression of potential 
stimulation of a persistent corpus luteum cyst.  

 There are few well done RCTs of hormonal 
pre-treatment prior to GnRHant cycles. However, 
a meta-analysis reported that the number of 
oocytes and embryos, fertilization and ongoing 
pregnancy rates are comparable but dose of 
gonadotropins are higher and treatment is effec-
tively prolonged  [  6  ] . There is therefore no appar-
ent medical indication for pretreatment of OCPs 
in GnRHant cycles.  

   GnRHa Versus GnRHant Protocols 

 The  fi rst meta-analysis that was published, com-
paring outcomes following co-treatment with 
antagonist versus agonist (involving  fi ve multi-
center RCTs), concluded that the GnRHant was 
as ef fi cient as GnRHa for preventing a premature 
LH surge. However, clinical pregnancy rates were 
shown to be lower in the GnRHa group. Although 
the reported 5% lower clinical pregnancy rate 
was thought to be of marginal clinical signi fi cance, 
these studies were not powered to show superior-
ity of one product over the other; the data gener-
ated a signi fi cant amount of concern which 
resulted in a lower acceptance of GnRHant in 
ovarian stimulation in IVF  [  7  ] . Data from the 
German national IVF registry suggested that in 
reporting programs, this regimen was only used 
in patients with a poorer prognosis—those who 
were older and who had undergone more unsuc-
cessful IVF cycles  [  8  ] . 

 Recent systematic reviews which have 
included data from studies using more re fi ned 
protocols have shown no differences in the live 
birth rate  [  9,   10  ] . The nonsigni fi cant difference in 
the live birth rate should not be unexpected, 
because no clear difference between the two 

 analogs has been demonstrated in terms of qual-
ity of either embryo  [  11,   12  ]  or endometrium 
 [  13  ] . It has been proposed that early studies also 
revealed the presence of a “learning curve” asso-
ciated with adoption of GnRH antagonist regi-
mens, which could account for the relatively poor 
performance of the antagonist protocol in the 
early years. More recent randomized studies 
comparing the agonist and antagonist protocol 
have shown no signi fi cant differences in preg-
nancy outcomes in GnRHant despite fewer 
oocytes being obtained at retrieval than following 
a GnRHa protocol. 

 In addition to the markedly reduced burden of 
treatment, GnRHant protocols result in a lower 
risk of developing OHSS associated with hospital 
admission  [  10  ] . Moreover, the use of GnRHant in 
a stimulation cycle offers the possibility of replac-
ing hCG used for triggering  fi nal oocyte matura-
tion with a single bolus of GnRHa  [  14  ] . This 
approach, which has been shown to effectively 
eliminate the risk of developing severe OHSS, is 
discussed later in this chapter. 

 While more may still be learned regarding the 
optimal protocol for GnRHant, current evidence 
supports the use of this protocol  [  14  ]  particularly 
for patients who are expected to be normal 
responders: i.e., patients with 5–9 antral follicles 
per ovary, age <35 years, no PCOS, normal men-
strual cycle, no history of poor responses and no 
pelvic pathology.  

   Which Gonadotropin Preparation: 
Urinary or Recombinant? 

 Preparations of gonadotrophins available for 
ovarian stimulation were initially urinary hMG 
(containing both LH and FSH bioactivity, with a 
“75 IU” vial containing 75 IU of FSH and 75 IU 
of LH activity), followed by highly puri fi ed hMG 
(HP-hMG), puri fi ed urinary FSH (FSH-P), highly 
puri fi ed FSH (FSH-HP) and more recently, rFSH 
and rLH. Several randomized controlled trials 
(RCTs) comparing IVF outcomes in patients 
treated with hMG versus rFSH during the long 
GnRHa protocol have been summarized in the 
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most recent Cochrane systematic review and 
meta-analyses  [  15  ] . Of the 28 trials with live birth 
data, 11 trials compared rFSH versus hMG/
HP-hMG, 5 trials compared rFSH with FSH-P 
and 13 trials compared rFSH with FSH-HP. There 
were signi fi cantly fewer live births after rFSH as 
compared to HMG (OR 0.84, 95% CI 0.72–0.99; 
11 trials,  N  = 3197), implying that for a live birth 
rate of 25%, use of rFSH instead would be 
expected to result in a live birth rate between 19 
and 25%. There was no evidence of a statistically 
signi fi cant difference in live birth between rFSH 
and FSH-P (5 trials,  N  = 1430; OR 1.26, 95% CI 
0.96–1.64; I2 of 0%;) and between rFSH and 
FSH-HP (13 trials,  N  = 2712; OR 1.03, 95% CI 
0.86–1.22; I2 of 0%). The pooled data comparing 
rFSH versus all urinary products (HMG/HP-HMP/
FSH-P/FSH-HP) showed no evidence of a statis-
tically signi fi cant difference in the likelihood of 
live births or pregnancies ongoing beyond 20 
weeks (28 trials,  N  = 7339; OR 0.97, 95% CI 
0.87–1.08). This latest review also showed no 
evidence of a difference in the OHSS rate (32 tri-
als, 7740 couples, OR 1.18, 95% CI 0.86–1.61). 

 Only two RCTs have thus far evaluated IVF 
outcome stimulated with hMG versus rFSH in 
GnRHant cycles  [  16,   17  ] . In one study ( n  = 280 
women), the number of oocytes retrieved was 
signi fi cantly reduced in patients treated with hMG 
compared with those treated with rFSH (11.3 ± 6.0 
versus 14.4 ± 8.1 oocytes; mean ± SD). However, 
live birth rates were not signi fi cantly different 
between patients randomized to receive hMG ver-
sus those randomized to receive rFSH (34.3% 
versus 31.4%, respectively, 95% CI: −8.1 to 
+13.7). In the more recent MEGASET (Menopur 
in GnRH antagonist cycle with single embryo 
transfer) study, again there was no difference in 
the ongoing pregnancy rate shown by intention to 
treat analysis (OR 2.2; 95% CI: −4.2 to 8.6). 

 Of continuing concern is the further consider-
ation that urinary derived gonadotropins may 
pose the theoretical risk of transmission of prion 
proteins. Although the risk is now considered 
very low, and transmission has never been docu-
mented, it has in fl uenced policy regarding the use 
of urinary versus recombinant gonadotropins in 
certain countries.  

   Exogenous LH During Ovarian 
Stimulation? 

 Studies treating women with hypogonadotropic 
hypogonadism with recombinant gonadotropins 
lacking LH activity demonstrated that LH is not 
required for follicular development to the pre-ovu-
latory stage  [  18  ] . However, the debate continues 
regarding the bene fi ts of LH for oocyte maturation 
and quality. LH activity can be provided in the 
form of: (i) hMG (as urinary-derived LH activity), 
(ii) rLH, (iii) hCG, and (iv) rhCG. A recent meta-
analysis assessed the bene fi ts of the addition of 
rLH to rFSH during ovarian stimulation in IVF 
cycles  [  19  ] . No statistically signi fi cant differences 
in live birth rates were observed between patients 
who received rLH and those who did not. Based 
on these data, the addition of rLH during the fol-
licular phase does not seem to increase the proba-
bility of pregnancy in patients treated with rFSH 
and GnRH analogs for the general population 
undergoing IVF. However, a Cochrane systematic 
review suggested that certain subgroups of patients 
with very low endogenous LH activity may bene fi t 
from the addition of LH  [  20  ] . 

 It has been suggested that LH-induced andro-
gen production prior to ovarian stimulation might 
lead to an increased follicular recruitment as 
intra-ovarian follicular androgens can promote 
the aromatase activity of antral follicles  [  21  ] . The 
potential role of LH activity in this context during 
early folliculogenesis was investigated in a 
recently published RCT  [  22  ] . In this randomized 
study, 146 women were treated in a long course 
high-dose GnRHa triptorelin acetate (Decapeptyl, 
Ferring Inc, Lausanne Switzerland, 4.2 mg s.c.) 
protocol and were randomized to receive rLH 
(Luveris, Serono Inc, Rockland MA; 300 IU/day) 
for a  fi xed 7 days, or no rLH treatment. This was 
followed by a standard rFSH stimulation regime 
(Gonal-F, 150 IU/day). The LH treatment was 
associated with increased number of small antral 
follicles prior to FSH stimulation ( P  = 0.007), and 
an increased yield of normally fertilized (2 PN) 
embryos ( P  = 0.03) but no difference in the ongo-
ing pregnancy rate. Although more studies are 
required, at present rLH pretreatment of patients 
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undergoing ovarian stimulation with the use of 
GnRH agonists and rFSH does not seem to 
increase the probability of ongoing pregnancy.  

   Endogenous LH During Ovarian 
Stimulation 

 In recent years, several groups have focused on 
the potential signi fi cance of late follicular phase 
LH levels for clinical IVF outcome. Based on 
classical principles, both LH and FSH are required 
for adequate ovarian estrogen biosynthesis and 
follicle development. Theca-cell derived andro-
gen production (under LH control) is mandatory 
as a substrate for the conversion to estrogens by 
FSH-induced aromatase activity in the granulosa 
cells. It has been shown that during the mid-to-
late follicular phase, FSH induces LH/hCG 
receptor expression in granulosa cells of large 
follicles  [  23  ] . A number of studies have indicated 
that excessively suppressed late follicular phase 
LH may be detrimental to IVF outcome. In a 
meta-analysis of six studies which evaluated the 
association between endogenous LH levels dur-
ing ovarian stimulation and the likelihood of 
ongoing pregnancy in normo-ovulatory patients 
treated for IVF with GnRH analogs, there was no 
evidence that low LH levels on day 8 of stimula-
tion reduced ongoing pregnancy rates  [  24  ] .  

   hCG Supplementation During Ovarian 
Stimulation 

 The demonstration of expression of LH receptors 
by follicles in the late follicular phase has led to a 
number of investigators advocating the substitu-
tion of FSH with the administration of hCG dur-
ing the mid-to-late follicular phase of ovarian 
stimulation for IVF  [  25–  28  ] . In one study, hCG 
(200–300 IU) was administered concurrently 
with a discontinued or reduced dosage of FSH 
(75 IU) when the leading follicle reached approx-
imately 12–14 mm in diameter. Final oocyte mat-
uration was then triggered when the follicles 
reached 18 mm. Although these studies did not 
show any differences in clinical pregnancy rate 

with and without hCG supplementation, the total 
dose of rFSH required for ovarian stimulation 
was signi fi cantly decreased in the low-dose hCG 
group. Evidence thus far suggests that hCG could 
partially or completely substitute the role of FSH 
during mid-to-late stages of the follicular phase 
in an ovarian stimulation cycle, without compro-
mising pregnancy rates and leading to a signi fi cant 
reduction in the cost of IVF cycles.   

   Follicular Monitoring During Ovarian 
Stimulation 

   The Baseline Ultrasound 

 A baseline transvaginal ultrasound is typically 
performed in all ovarian stimulation cycles to 
ensure not only that there are no large cysts on 
baseline that could potentially undergo signi fi cant 
enlargement in response to gonadotropin stimu-
lation, but also that small baseline simple cysts 
are not counted as developing follicles during 
stimulation. At Brigham and Women’s Hospital 
(BWH) ovarian stimulation is not started if there 
is a simple cyst >5 cm or a complex cyst >3 cm, 
unless the patient has a known history of endo-
metriosis. If a simple cyst >5 cm is present, it is 
aspirated and the  fl uid sent for cytologic evalua-
tion prior to stimulation starting. Complex cysts 
 ³ 3 cm in maximal diameter, which are persistent, 
undergo cystectomy prior to start of ovarian stim-
ulation, to ensure that there is no chance of ovar-
ian malignancy. At the Complete Fertility Centre 
(CFC) evidence of a functional ovarian cyst such 
as thickened endometrium or a high estradiol 
level is a further indication to delay ovarian stim-
ulation until the cyst has resolved.  

   Baseline Blood Testing 

 In GnRHa cycles, baseline estradiol and proges-
terone are often evaluated to ensure pituitary 
downregulation. The desired results depend on 
the assays used; at BWH the estradiol must be 
<50 pg/mL and the progesterone <1.0 ng/mL for 
downregulation to be con fi rmed. Alternatively, at 
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the CFC, a thin endometrium evident at baseline 
scan at least 2 weeks after commencing GnRHa 
treatment and following menstrual bleeding is 
taken to con fi rm pituitary downregulation.  

   Follicle Monitoring 

 In most ART programs, unless a patient has a 
history of rapid or exuberant response, ovarian 
stimulation is begun the day of the baseline ultra-
sound with blood testing, and continued for 
4 days prior to the patient returning for testing. 
From that point on, at the BWH, estradiol mea-
surements and ultrasound monitoring are per-
formed, expecting follicular growth at 1–2 mm in 
mean diameter per day. Follicles are measured by 
placing calipers at right angles to each other in 
the longest follicular diameter  fi rst, and then at 
right angles to that. A mean of the two measure-
ments is then taken. Generally testing to monitor 
the response is performed every 2 days, although 
less frequently in women with slow responses 
and daily in patients with high responses who 
require decreases in gonadotropin dosing. In 
cycles using only FSH as the follicle stimulation 
agent, particularly when GnRHa is used, estra-
diol levels will typically be lower than 100 pg/
mature follicle. When LH is supplemented, the 
estradiol:follicle ratio is typically higher due to 
LH stimulation of ovarian theca cell androgen 
production. The added of value of routine estra-
diol monitoring in addition to ultrasound has 
been questioned in recent literature, and is not 
employed at the CFC unless the trajectory of fol-
licle development is abnormal, or there is con-
cern of developing hyperstimulation.  

   Adjusting Ovarian Stimulation Dosing 
Medications 

 There are no data to support increasing gonado-
tropin dosing during follicle monitoring, or after 
day 6 testing begins. It is tempting to increase 
dosing when faced with a few follicles, or a stim-
ulation that appears to be moving excessively 
slowly. However, as oocyte recruitment is com-

plete by cycle day 5; there is no evidence to sup-
port an improvement in outcomes  [  29  ] . In 
contrast, withholding or lowering gonadotropins 
during stimulation withdraws support to develop-
ing follicles and appears to reduce continued fol-
licular recruitment and, in high responders, OHSS 
risk (see avoiding OHSS section)  

   Decision Making Regarding 
the Ovulatory Trigger 

 There is a great deal of inter-program variation, 
and even variation within programs, as to which 
ovulatory trigger to use, and at what point during 
ovarian stimulation to trigger. At the Complete 
Fertility Centre, hCG or GnRHa triggering is 
used when at least two follicles have a mean 
diameter of at least 17 mm. At BWH, two folli-
cles with a mean diameter of 18 mm and an estra-
diol of >500 pg/mL are typically the goal (except 
when letrozole is used during stimulation as it 
maintains a low estradiol—see Chap.   13    .) In a 
randomized trial, no difference in pregnancy rates 
were observed when hCG was administered a 
day later than the standard when at least three fol-
licles with >16 mm mean diameter were present 
 [  30  ] . In a recent study, it was demonstrated that 
either delaying hCG or bringing it forward by 
1 day had no impact on outcomes  [  31  ] . The 
 fl exibility this implies means that scheduling to 
avoid weekend retrievals is possible when co-
treating with GnRH antagonist. 

 However, if a patient has a greater than 
expected response, hCG or GnRHa triggering 
may be done at smaller follicle diameters, in the 
hopes of reducing OHSS risk by triggering prior 
to recruitment of more follicles, albeit with an 
anticipated reduction in the average percentage 
of mature oocytes retrieved.   

   Contemporary Concepts in Ovarian 
Stimulation 

 The objectives of ovarian stimulation in ART are 
evolving, with more focus being placed on qual-
ity of the patient’s experience. Whilst the end 
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point of traditional IVF was previously “preg-
nancy at any cost,” there is a shift in modern ART 
towards achieving the optimal balance between 
treatment burden and effectiveness. The follow-
ing section will highlight some of the new emerg-
ing approaches to ART, particularly regarding the 
trend towards milder stimulations used in Europe 
versus the more aggressive stimulations per-
formed in the United States. 

   A European Approach: Milder 
Treatment Regimens 

 Increasing recognition of the detrimental effects 
of conventional profound stimulation regimens 
has led to a trend in Europe toward changes in the 
paradigm for ovarian stimulation in IVF. Milder 
regimens are being adopted as they reduce patient 
burden, risk of hyperstimulation and costs, and as 
the need for fewer embryos as single embryo 
transfer becomes more accepted in clinical prac-
tice. Moreover, possible additional bene fi ts on 
embryo and endometrial quality are cited  [  32  ] . 

 Key to the development of milder stimulation 
protocols has been the introduction of GnRHant, 
which allows for the initiation of the IVF treat-
ment cycle in a normal menstrual cycle with an 
undisturbed recruitment of a cohort of follicles 
during the early follicular phase. This approach 
enables the endogenous inter-cycle FSH rise to 
be utilized rather than suppressed, resulting in a 
reduction of gonadotropins required. The treat-
ment cycles are thus shorter and not associated 
with hypoestrogenic side effects related to 
GnRHa downregulation and reduced cancelation 
rates  [  33  ] . Cost analysis studies have also sug-
gested these cycles to be overall cheaper and 
more cost effective  [  34  ] . 

 Traditional IVF stimulation regimes are asso-
ciated with aggressive use of gonadotrophins to 
stimulate the development of a large number of 
follicles. These regimens are often complex, 
expensive, extend over a prolonged period of time 
and require intensive monitoring. In recent years, 
it has become apparent that milder approaches 
aimed at generating the “optimum” rather than 
“maximum” number of oocytes are of bene fi t. 

 A retrospective analysis of 7,422 women who 
underwent oocyte retrieval after long protocol 
IVF (GnRHa) showed that overall the highest 
pregnancy rates per embryo transfer and per 
started cycle were observed when 13 oocytes 
were obtained (31 and 28% respectively)  [  35  ] . In 
a larger study of 400,135 IVF cycles performed 
in the United Kingdom from 1991 to 2008, the 
median number of oocytes obtained was 9, the 
overall live birth rate per cycle was 21.8%, and 
there was a strong association between the num-
ber of oocytes obtained and live birth rate. Live 
birth rate increased with oocyte yield up to 15, 
plateaued between 15 and 20, and declined after 
40. Hence, using large doses of gonadotrophins 
to stimulate the development of more than 15 
oocytes does not increase the pregnancy rate and 
may, in fact, increase patient discomfort, side 
effects and serious complications such as OHSS. 
Moreover, several randomized controlled trials 
have failed to demonstrate improvements in out-
come when higher doses of FSH are used, even in 
poor response patients  [  36–  39  ] . In a recent meta-
analysis of studies comparing starting doses 
between 100 and 225 IU, 150 IU was found to 
provide the best balance of oocyte numbers ver-
sus risk of OHSS  [  40  ] . There is also evidence that 
ovarian stimulation and excessive response may 
be detrimental to oocyte and embryo quality. 
Furthermore, profound stimulation also has a det-
rimental effect on luteal phase endocrinology and 
in turn potentially impacts endometrial receptiv-
ity  [  41,   42  ] . 

 Despite the increasingly recognized bene fi ts 
of mild stimulation for some patients, one of the 
concerns for some IVF practitioners is that such a 
regimen has a lower oocyte yield and thus poorer 
pregnancy rates. A recent meta-analysis combin-
ing three studies with a total of 592  fi rst treatment 
cycles, showed that the mild stimulation protocol 
resulted in a signi fi cant reduction of retrieved 
oocytes compared with conventional ovarian 
stimulation (median 6 versus 9, respectively; 
 P  < 0.001)  [  43  ] . Optimal embryo implantation 
rates were observed with  fi ve oocytes retrieved 
following mild stimulation (31%) versus ten 
oocytes following conventional stimulation 
(29%) ( P  = 0.045). It would appear that in this 
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study the modest number of oocytes obtained 
after mild ovarian stimulation was not a re fl ection 
of poor ovarian response and the authors claimed 
that “the fear of reducing the number of oocytes 
retrieved following mild ovarian stimulation 
appears to be unjusti fi ed.” Milder stimulation 
regimens have been shown to produce propor-
tionally more chromosomally normal embryos. 
The increased chromosomal abnormalities 
observed after conventional IVF are mainly due 
to an increased incidence of mitotic segregation 
errors resulting in chromosomal mosaicism  [  44  ] . 

 It can be argued that the older patient with 
reduced ovarian reserve should be stimulated 
harder in order to achieve a higher egg yield to 
enable enhanced embryo selection which may 
potentially translate into a higher live birth rate. 
Several observational studies have suggested that 
“minimal stimulation of the older patient” has a 
high cancelation rate and a low pregnancy rate 
 [  45,   46  ] ; one study including 250 cycles of “mini-
mal stimulation” IVF found that 39.6% of cycles 
never underwent embryo transfer, compared to a 
cancelation rate of 13.7% for standard IVF. If 
embryo transfer was performed, ongoing preg-
nancy rates were 27.2% and 34.3%, respectively 
 [  45  ]  and a further study of a series of 7,244 infer-
tile women undergoing 20,244 cycles had a 22% 
rate of no retrieval, although the authors showed 
that if oocytes were obtained and fertilized, and 
transfers were performed, pregnancy rates were 
consistent with patient age  [  46  ] . However, it is 
crucial to note that these studies are observational 
and none are randomized or controlled. Decreased 
ovarian reserve, whether in the younger or older 
patient, despite the stimulation regimen, is associ-
ated with a lower delivery rate per initiated cycle.  

   “Minimal Stimulation” and Natural 
Cycle IVF 

    Key to an understanding of what constitutes “min-
imal stimulation” and “natural cycle,” are 
clari fi cations of what constitutes a modi fi ed natu-
ral cycle versus “minimal” or “mild”stimulation. 
The recent de fi nitions proposed by the International 
Society for Mild Approaches in Assisted 

Reproduction (ISMAAR)  [  47  ]  are helpful in this 
regard: Natural and modi fi ed natural cycles aim to 
achieve monofollicular development, whereas the 
“minimal” stimulation protocols, exempli fi ed by 
clomiphene citrate or letrozole use, target 2–3 fol-
licles. The “mild” protocols involving either low-
dose or late-start gonadotropin regimes are 
focused on producing 6–8 oocytes. 

 The use of natural cycle and “minimal” stimu-
lation protocols has been re-gaining some sup-
port in recent US clinical practice. However, it is 
important to acknowledge that true natural cycle 
IVF does not employ any ovulation induction 
medications, is associated with a high spontane-
ous ovulation rate, a high rate of obtaining no 
oocytes, and low pregnancy and delivery rates 
 [  48  ] . Given the time and cost involved with mon-
itoring a natural cycle, and the expected low 
delivery rate per cycle, it is not currently consid-
ered to be a cost effective therapy for the patient 
in most settings.  

   A US Approach to Ovarian Stimulation: 
BWH Experience 

 A concern related to universal adoption of mild 
stimulation stems from studies suggesting that, 
particularly in older patients, it is bene fi cial to 
have a larger number of embryos as this affords 
the opportunity for improved embryo selection. It 
can be argued that the older patient with reduced 
ovarian reserve should be stimulated with higher 
doses of gonadotropins in order to attempt to 
achieve a higher egg yield, better embryo selec-
tion which potentially translates into a higher live 
birth rate. Low dose stimulation in women with 
decreased ovarian reserve is unlikely to result in 
production of more than a few eggs and/ or 
embryos  [  45  ] . Thus, using a regimen with a high 
cancelation rate, and low pregnancy rate in older 
women who have a closing reproductive window 
would seem to be questionable. 

 For the young patient, transfer of one or two 
embryos can still result in reasonable pregnancy 
rates, though it is clear that decreased ovarian 
reserve is associated with lower delivery rates per 
initiated cycle even in young patients  [  49  ] . In 
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women of advanced maternal age, i.e. 40 or older, 
the increase in the proportion of oocytes with 
age-related chromosomal abnormality results in 
embryos with lower implantation, pregnancy and 
delivery rates. Experience at BWH has shown 
that patients in this age group who had  fi ve or 
more embryos transferred had signi fi cantly 
increased pregnancy and live birth rates, and 
signi fi cantly decreased miscarriage rates with no 
difference in the multiple birth rate compared 
with those patients with less than  fi ve embryos 
transferred  [  50  ] . Additionally, a SART data study 
showed that pregnancy, delivery, and multiple 
birth rates increased when up to three embryos 
were transferred in 38-year-olds and four in 
39-year-olds but over this number only multiple 
birth rates increased. In women  ³ 40, both deliv-
ery rates and multiple rates increased with 
increasing numbers of transferred. Multivariate 
analysis con fi rmed the statistically signi fi cant 
effect of age, number of oocytes retrieved, and 
embryo cryopreservation on delivery and multi-
ple rates  [  51  ] . 

 Practice in Europe differs markedly; the num-
ber of embryos transferred is dictated by legisla-
tion in some European countries; for example, in 
the UK, transfer of three embryos is only permit-
ted in women over 40 (see Chap.   15     for a more 
extensive discussion). The trend from the three to 
two embryo transfer practice was in fl uenced by a 
study showing that transferring more than two 
embryos increased the multiple pregnancy rate 
without signi fi cantly impacting the pregnancy 
rate  [  52  ] . However, pregnancy rates were higher 
when 5–6 as compared to 3–4 eggs fertilized. 
This indicates the importance of using an ovarian 
stimulation protocol that will result in retrieval of 
enough eggs to allow for embryo selection.   

   Reducing the Burden of IVF Treatment 

 As covered in Chap.   16    , the stress associated with 
IVF can be severe, and is often cited as the reason 
for couples electing not to proceed with treatment 
after initial failure  [  5  ] . The introduction of a long-
acting FSH preparation that reduces the number 
of injections required during an IVF treatment 

cycle reduces the burden of ovarian stimulation. 
Corifollitropin  a  is a recombinant fusion protein 
composed of FSH and the carboxy terminal pep-
tide (CTP) of the hCG  b -subunit which has a two-
fold longer elimination half-life and an almost 
fourfold extended time interval to peak serum 
concentration than rFSH preparations. This allows 
a single injection of corifollitropin  a  to initiate 
and sustain multiple follicular growth for up to 
7 days. Furthermore, after its injection, peak FSH 
activity is reached in 2 days compared to that of 
rFSH in 4–5 days. A recent multicentre “double-
blind double dummy” randomized controlled 
study comparing corifollitropin  a  and rFSHin a 
GnRH antagonist protocol reported no difference 
in the pregnancy rate of the corifollitropin  a  treat-
ment group compared to the rFSH treatment 
group  [  53  ] . This preparation will become avail-
able for the treatment of women with an antral 
follicle count (AFC) of less than 20, who are co-
treated with GnRHant, as data from GnRHa co-
treatment studies remains sparse. A recent 
uncontrolled phase III study found that the cumu-
lative ongoing pregnancy rate after three cycles of 
corifollitropin  a , including frozen-thawed embryo 
transfer cycles and spontaneous pregnancies, was 
61% (95% CI: 56–65%) [  54  ] , consistent with 
expected outcomes in the literature using other 
preparations (see Chap.   1    , Fig.   9    ). 

 Clomiphene citrate starting day 2–3 of the 
menstrual cycle for 5 days and followed by 
gonadotropins, or concurrently with low-dose 
gonadotropins has also been shown to reduce the 
cost of ovarian stimulation in IVF in good prog-
nosis patients, albeit with pregnancy rates that 
appear somewhat lower than with standard regi-
mens  [  55,   56  ] .  

   Luteal Phase Support 

 For many years progesterone has been adminis-
tered for luteal phase support during IVF cycles. 
The mechanisms underlying the abnormal luteal 
phase after ovarian stimulation have long been 
debated. It has been proposed that luteal support 
is necessary in GnRHa cycles because endoge-
nous progesterone is decreased due to GnRH 
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downregulation and to disruption of mural gran-
ulosa cells at oocyte retrieval  [  1–  4  ] . However, 
recent studies have demonstrated that the key 
mechanism causing suppression of gonadotropin 
and thus progesterone in the luteal phase is the 
high level of negative feedback to the pituitary 
caused by supraphysiological sex steroid levels 
at the end of the follicular phase  [  1  ] . Concerns 
remain however that the oocyte retrieval itself, 
which results in removal of mural granulosa cells 
as well as the oocyte and coronal complex, could 
theoretically result in suboptimal ovarian pro-
gesterone secretion, and thereby cause a detri-
mental effect on development of a secretory 
endometrium that is in phase with the develop-
ing embryo. 

 A Cochrane review restricted to randomized 
trials concluded that pregnancy rates in IVF are 
indeed higher after progesterone supplementa-
tion compared to no supplementation or placebo. 
HCG administered for luteal support also led to a 
higher pregnancy rate than no treatment or pla-
cebo, but also, and not surprisingly, it resulted in 
a high rate of OHSS due to the long half-life of 
hCG and its stimulatory effect on follicular 
VEG-F production. 

 There is no consensus about whether intra-
muscular progesterone results in higher preg-
nancy rates than does intravaginal progesterone. 
However, there is good evidence that oral proges-
terone undergoes extensive hepatic metabolism 
and therefore has poor bioavailability  [  57  ] . 

 Randomized trials required by the FDA to 
bring new products to market are powered to 
show equivalence, and not superiority between 
a new product and an established one. Older 
data support vaginal progesterone suppositories 
200 mg pv tid being comparable to intramuscu-
lar progesterone 50 mg IM qd for luteal support 
 [  58  ] . A retrospective, multivariate analysis 
compared IM progesterone 50 mg per day start-
ing the day after oocyte retrieval to crinone gel 
8% (Serono Inc, Rockland MA) and found a 
lower live birth rate after crinone: 24.5% versus 
39.4%, OR 2.00, 95% CI 1.10–3.70  [  59  ] . The 
authors theorized that as the nonpregnant 
patients using crinone bled  several days earlier 
than the patients on IM progesterone, this might 

be due to high drug delivery between the vagi-
nal mucosa and the endometrium, advancing 
the endometruim too rapidly. To test this pos-
sibility, a prospective randomized trial was then 
performed using crinone 8% starting 2 days 
(rather than 1 day) following the oocyte retrieval 
and compared this to IM progesterone (50 mg) 
starting the day following oocyte retrieval. This 
study found equivalent pregnancy rates between 
patients randomized to crinone and those ran-
domized to IMP: 45.2% for Crinone versus 
42.2% for IMP, OR 1.1, 95% CI 0.8–1.7  [  59  ] . 
 Indeed  early evidence suggests that the timing 
of progesterone administration may be of 
importance; a prospective randomized trial 
assigned 282 IVF patients to 12.5 mg IM pro-
gesterone starting the day prior to oocyte 
retrieval, or 25 mg starting the day of oocyte 
retrieval. The clinical pregnancy rate was 12.9% 
in the  fi rst group and 24.6% in the second  [  60  ] . 
Administration of progesterone before oocyte 
retrieval negatively impacts the implantation 
rate. No formulation was clearly better than any 
other  [  61  ] . Patients prefer vaginal progesterone 
formulations for ease of use, and reduction of 
systemic absorption  [  62  ] . 

 In summary, there is considerable heterogene-
ity concerning progesterone utilization between 
IVF programs, with no clear bene fi t from any 
speci fi c regimen. At Brigham & Women’s 
Hospital, patients start Crinone 8% once per day 
starting 2 days after oocyte retrieval, or IM pro-
gesterone 50 mg starting the day after oocyte 
retrieval. Both are continued until the tenth week 
of gestation when the luteal placental shift should 
be complete. Many centers continue luteal sup-
port for a similar period. However, two random-
ized controlled trials comparing treatment for 
2 weeks with prolonged treatment have shown no 
signi fi cant impact on pregnancy rates  [  30,   63  ] . It 
is important to counsel patients using vaginal 
progesterone that it is messy and that vaginal dis-
charge will persist until after the progesterone is 
discontinued. Patients using IM progesterone 
must be carefully taught IM injection technique 
to ensure that they do not hit a major nerve, such 
as the sciatic, and to watch for signs of allergy or 
infection at the injection sites.  
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   Ovarian Hyperstimulation Syndrome 

 The most important and sometimes life-threaten-
ing complication of IVF treatment remains the 
risk of developing severe ovarian hyperstimula-
tion syndrome (OHSS). Mild hyperstimulation 
may be dif fi cult to differentiate from ovaries still 
enlarged status post oocyte retrieval, but in the 
literature has been de fi ned as ovarian enlarge-
ment up to 5 cm without ascites. Moderate ovar-
ian hyperstimulation has been de fi ned as ovarian 
enlargement with ovaries >5 to <10 cm in diam-
eter, and severe hyperstimulation de fi ned as ovar-
ian enlargement (ovaries >10 cm) with ascites or 
pleural effusions, signi fi cant hemoconcentration 
(hematocrit >50), and/ or elevated liver transami-
nases  [  64,   65  ] . 

 OHSS is moderated by vascular endothelial 
growth factor secreted from the ovaries in 
response to hCG. The syndrome typically appears 
7–10 days following oocyte retrieval, but can 
occur earlier. Patients with severe OHSS typi-
cally present with abdominal distension, weight 
gain due to intraperitoneal  fl uid accumulation, 
and if ascites is tense, shortness of breath and 
pain when walking. 

   Treatment of Ovarian Hyperstimulation 
Syndrome 

 Patients with mild and moderate OHSS should be 
monitored, and remain in contact with the clinic 
to ensure that their condition is not worsening. 
Pelvic rest is sometimes recommended to avoid 
potential trauma to enlarged ovaries with dis-
tended capsules during intercourse. Treatment of 
severe OHSS is largely supportive but should be 
prompt for patients with weight gain of >2 lbs in 
a day or decreased urine output or shortness of 
breath; hemoconcentration can lead to intravascu-
lar coagulation and pulmonary embolism in rare 
cases. Care must be taken to avoid intravascular 
 fl uid depletion, so patients must be encouraged to 
drink solute-rich  fl uids such as Gatorade; if hemo-
concentration becomes severe, hospitalization for 
intravenous  fl uids and thromboprophylaxis is 

prudent, and plasma expansion with albumin may 
be helpful. Though not commonly employed, 
diuretics may be used after intravenous  fl uids are 
replaced, but serum chemistries must be followed 
to avoid hyponatremia and hyperkalemia, and 
worsening intravascular depletion avoided. If 
patients are uncomfortable, but hemodynamically 
stable, outpatient paracentesis is easy to perform 
with ultrasound guidance in the outpatient set-
ting, either transvaginally or transabdominally 
 [  66  ] . Transvaginally, an oocyte retrieval needle 
may be used; abdominally, at BWH we generally 
use a thoracentesis kit; a large bore angiocatheter 
may also be used. It is safe to remove as much 
 fl uid as will drain; using intravenous line tubing 
connecting the paracentesis needle to negative 
pressure bottles facilitates removal of  fl uid. 
Ascites is exudative, so it is common to see a low 
serum albumin in patients with signi fi cant ascites. 
In the absence of pregnancy, symptoms generally 
abate within a week. In pregnant patients, how-
ever, the production of hCG 7–10 days post oocyte 
retrieval often increases symptoms and in severe 
cases ascites may persist for several weeks before 
spontaneously resolving.  

  Avoiding OHSS; GnRHa Trigger 
in GnRHant Cycles 

 It is clearly best to avoid OHSS risk altogether. 
Less aggressive stimulation protocols provide the 
opportunity to reduce the rate of this complica-
tion  [  67  ] . However, occasionally it can arise even 
when milder regimens are used. The introduction 
of GnRHant has enabled the use of GnRHa for 
triggering oocyte maturation by inducing an 
endogenous LH surge. This more physiological 
approach promises to reduce the risk of OHSS 
known to be associated with the administration of 
hCG to trigger  fi nal oocyte maturation. The 
GnRH agonist displaces the GnRH antagonist 
from the receptor and initiates a “ fl are up effect” 
seen typically in the use of GnRH long protocol. 
Moreover, the luteal phase steroid concentrations 
may approximate more closely to the physiologi-
cal range with possible bene fi ts for improving 
endometrial receptivity  [  68  ] . Initial studies 



433 Ovulation Stimulation and Cycle Management in IVF

showed the resultant LH peak to be short lived 
 [  69  ]  raising concerns that the early luteal phase 
may be inadequately supported by this regimen. 
A recent systematic review compared the effec-
tiveness of a GnRHa with HCG for triggering 
 fi nal oocyte maturation in IVF and ICSI patients 
undergoing controlled ovarian hyperstimulation 
in a GnRHant protocol followed by embryo trans-
fer; 11 RCTs ( n  = 1055) were identi fi ed. Eight 
studies assessed fresh IVF cycles and three stud-
ies assessed donor-recipient cycles. In the fresh 
cycles, GnRHa was less effective than hCG in 
terms of the live birth rate per randomized woman 
(OR 0.44, 95% CI 0.29–0.68; 4 RCTs). Moderate 
to severe OHSS incidence per randomized woman 
was signi fi cantly lower in the GnRH agonist 
group compared to the hCG group (OR 0.10, 95% 
CI 0.01–0.82; 5 RCTs). In donor recipient cycles, 
there was no evidence of a statistical difference in 
the live birth rate per randomized woman (OR 
0.92, 95% CI 0.53–1.61; 1 RCT)  [  70  ] .   The 
decreased clinical pregnancy rate observed was 
likely due to a luteal phase defect and poorer 
endometrial function despite luteal phase support 
with progesterone and estradiol due to the shorter 
half-life (24–36 h) and lower amplitude of the 
GnRH a induced endogenous LH surge compared 
to that of a natural cycle (48 h) [ 71 ]. This was 
supported by good birth rates in the frozen–
thawed embryo replacement cycles in the cycles 
where GnRHa has been used as a trigger for 
oocyte maturation  [  72  ] . More recent studies have 
addressed how best to support the luteal phase 
when GnRHa is used as a trigger. Several studies 
have examined the role of using hCG concur-
rently with GnRHa as the ovulation trigger com-
pared to hCG (10,000 IU) alone. A small dose of 
hCG (1,500 IU) has been used as a supplementary 
dose after GnRHa administration as a trigger for 
fi nal oocyte maturation  [  73  ] . Whilst both groups 
showed similar miscarriage, ongoing pregnancy 
and delivery rates when compared to 10,000 hCG 
in ovulation induction cycles, no OHSS cases 
were seen in the GnRHa group. Several dosing 
schedules may be used for GnRHa triggering of 
fi nal oocyte maturation. Using a single dose of 
20–40 units of leuprolide acetate (1–2 mg) 36 h 
prior to oocyte retrieval appears reliable. 

   Luteal Phase Support with Use 
of the GnRHa Trigger 

 Current evidence seems to support the fact that 
the luteal phase in IVF cycles, with  fi nal oocyte 
maturation triggered by GnRHa, can be rescued 
by the use of LH activity, resulting in reproduc-
tive outcome comparable to that of hCG triggered 
 fi nal oocyte maturation. Given the risks of exac-
erbating the effects of ovarian hyperstimulation 
in the event of a successful implantation, the 
alternative strategy will be to “freeze all” the 
embryos and perform a frozen embryo transfer in 
the subsequent cycle, although this may have cost 
implications for the patients, depending on local 
health care context.  

   Other Approaches to Avoiding OHSS 

 Other approaches, which may help reduce the 
risk of developing severe OHSS, include the use 
of adjuvant therapies such as the dopamine ago-
nist cabergoline. This treatment (0.5 mg daily) 
normally given daily for 8 days from the day of 
hCG administration is thought to act by reducing 
VEGF production  [  74  ] . Initial clinical studies 
indicated that cabergoline can reduce the rate of 
OHSS compared with placebo  [  75  ] . In a meta-
analysis of four studies, the incidence but not the 
severity of OHSS was found to be reduced by the 
drug, without reducing pregnancy rates  [  76  ] .   

   Towards Individualized Protocols 

 In assisted conception, unsuccessful treatment 
cycles are often due to a suboptimal individual 
response to treatment. Hence there has been great 
interest in identifying factors which enable the 
optimal individual dose to be determined for each 
patient. 

 Fine-tuning of the FSH dosage can be achieved 
by adding speci fi c patient markers such as smok-
ing status, ovarian ultrasound features, and age 
into a scoring system. This system was shown to 
improve pregnancy outcome compared with  fi xed 
dosing  [  77  ] . With regard to whether and how the 
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dose should be increased for poor responders and 
decreased with overresponders is still unclear. 

   Managing the High Responder 

 Although PCOS is considered to be a major risk 
for OHSS, a meta-analysis of women with PCOS 
undergoing IVF suggested only a trend towards 
higher OHSS rate  [  78  ] . This is likely due to the 
fact that young women with excellent ovarian 
reserve may also be at high risk of exuberant 
responses to stimulation accompanied by OHSS. 
Similarly, increasing the dosages for women who 
are deemed poor responders (obese, older women 
and previous failed response) is not well supported 
by research evidence. In a randomized, placebo-
controlled trial of 120 PCO patients at high risk of 
OHSS, the use of 500 mg metformin three times a 
day during ovarian stimulation resulted in a 
reduced number of small <10 mm follicles and 
OHSS risk (0.28 CI: 0.11–0.67)  [  79  ] . 

 The CONSORT study utilizes a dosing algo-
rithm that individualizes rFSH doses (starting from 
37.5 IU rFSH) according to patient characteristics 
(basal FSH, body mass index, age and antral folli-
cle count)  [  80  ] . Overall, a median of 9.0 oocytes 
were retrieved (8.5, 8.0, 10.0, 12.0, and 8.0 in the 
75, 112.5, 150, 187.5, and 225 IU groups, respec-
tively). Clinical pregnancy rates/cycle started were 
31.3, 31.1, 35.3, 50.0 and 20.0%, respectively 
(overall, 34.2%). Two patients had severe OHSS. 
The authors concluded that individualized dosing 
in increments of 37.5 IU of rFSH to achieve a good 
rate of oocyte retrieval and pregnancy is possible 
through the use of the CONSORT dosing 
algorithm.  

   Ovarian Reserve Testing 
and Gonadotropin Dosing 

 Recently, there has been increased interest in the 
use of anti-Mullerian hormone (AMH) to help 
predict dosing regimens.    Seifer et al.  [  81  ]   fi rst 
reported that a higher AMH level on day 3 was 
associated with a greater number of oocytes 
retrieved. Since then, a number of retrospective 

and prospective studies have demonstrated similar 
 fi ndings  [  82–  84  ] . A recent meta-analysis  [  85  ]  of 
13 studies reporting on AMH and 17 on antral fol-
licle counts (AFC) showed that in terms of pre-
dicting poor response and nonpregnancy, there 
was no signi fi cant difference in terms of the pre-
dictive value of AMH over ACF. The advantage of 
AMH over any menstrual cycle dependent predic-
tor marker is its low inter- and intra-cycle variabil-
ity. La Marca et al.  [  86  ]   fi rst demonstrated that 
AMH measured during any time of the menstrual 
cycle predicted a reasonable response for ovarian 
stimulation cycles. More recent work by the same 
author showed that in a cohort of 389 women, 
AMH and age permitted the identi fi cation of live 
birth with a sensitivity of 79% and speci fi city of 
44%  [  87  ] . Hence, whilst serum AMH measure-
ments may be effective in predicting response, 
they have not been shown to effectively predict the 
likelihood of achieving pregnancy after ART. 
Moreover, it is important to note that with 
extremely low-serum AMH levels, moderate, but 
reasonable pregnancy and live birth rates are still 
possible. A recent study examined 128 women 
with mean (±SD) age of 40.8 ± 4.1 years who 
underwent a total of 254 IVF cycles where the 
mean (±SD) AMH of 0.2 ± 0.1 ng/ml. Twenty clin-
ical pregnancies were recorded (7.9% per cycle 
start [95% con fi dence interval (CI): 4.9–11.9%]; 
15.6% cumulative [CI: 9.8–23.1%])  [  88  ] . Hence, 
extremely low levels of AMH should not be used 
as a sole deciding factor to withhold treatment. 

 Given that the use of AMH can predict 
response, albeit not outcome, one line of treat-
ment strategy has emerged whereby AMH alone 
(excluding age or BMI of patient) is utilized to 
provide individualized treatment. Nelson et al. 
 [  84  ]  demonstrated that aggressive dosing of 
patients who have AMH <5pmol/l (i.e., <0.7 pg/
mL) is safe whilst that of the normally suggested 
150 IU FSH dosage for women with an AMH 
>15 pmol/l (2.1 pg/mL) led to a high incidence of 
OHSS. This dosing regimen was associated with 
reduced treatment burden, cycle cancelation and 
a trend towards more cycle ef fi cacy. However, 
these data derive from a nonrandomized study, 
and future well-designed studies will be required 
to con fi rm the cost/bene fi t and clinical ef fi cacy of 
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such a regimen. There may also be substantial 
bene fi t combining AMH testing with protocols in 
mild stimulation treatment strategies as described 
by Popovic-Todorovic et al.  [  77  ] , so that ovarian 
stimulation regimes can be tailor made for 
patients according to their needs.  

   A US Approach to the “Poor Responder” 

 The approach to treating women who are expected 
to produce only a few follicles during IVF stimu-
lation depends, to a certain extent, on physician 
preferences and on how many embryos are felt to 
be ideal to optimize pregnancy rates. As previ-
ously mentioned, most US practitioners prefer to 
produce supernumerary embryos, in the hope that 
during the culture process “survival of the  fi ttest” 
will be demonstrated, with a cohort of the 
embryos growing optimally and allowing for 
embryo selection and cryopreservation. 

 There is no clear consensus as to what criteria 
constitute a “poor responder.” A patient who 
develops fewer than six follicles on a standard 
long GnRHa protocol using 300–450 IU FSH per 
day, or 300–375 IU per day on a GnRHant proto-
col is likely to have decreased ovarian reserve 
based on criteria used in many IVF programs, and 
is perhaps reasonably labeled as such. ESHRE 
has de fi ned the poor responder as a patient with 
decreased ovarian reserve testing or poor responses 
to maximal ovulation induction dosing  [  89  ] . 

 The literature is replete with a multitude of 
protocols designed to maximize follicular recruit-
ment, and minimize ovarian suppression, in an 
effort to enable such patients to successfully 
undergo oocyte retrieval and embryo transfer. A 
review of 19 studies of poor responders demon-
strated that (1) pregnancy rates are lower in this 
patient group; (2) prognosis is far better in young 
 versus  old poor responders, with pregnancy rates 
of 13–25% compared to 1.5–12.7% respectively; 
and (3) that pregnancy rates were reduced when 1 
 versus  4 oocytes were obtained (0–7%  versus  
11.5–18.6%  [  90  ] . 

 It is clear from a Cochrane review that in poor 
responders, the long GnRHa protocol is more 
likely to result in both cycle cancelation and 

fewer eggs despite utilization of more gonadotro-
pins, than GnRHant protocols or protocols in 
which the GnRHa is stopped at the time ovula-
tion induction begins  [  91  ] . There was no evidence 
that increasing FSH dose beyond 450 IU improves 
outcomes. 

 When poor response is previously encountered 
during a long GnRHa protocol, the likelihood of 
obtaining oocytes may be better with either the 
GnRHant protocol and its variations, such as the 
estrogen “priming protocol” or a microdose 
GnRHa protocol. In the “microdose lupron proto-
col,” oral contraceptives are generally used for a 
short course of 7–14 days followed by aggressive 
stimulation with at least 450 IU per day FSH, and 
twice daily dosing of diluted GnRHa throughout 
stimulation (see Table  3.1 , Fig.  3.3 ). In the luteal 
estradiol/ GnRHant protocol, or “estrogen prim-
ing protocol,” an estradiol transdermal patch 
(0.1 mg) or oral estradiol, is administered starting 
approximately 10 days following the prior cycle 
LH surge, as well as a few days of GnRHant; this 
is done to theoretically synchronize the follicular 
cohort and prevent recruitment of a corpus luteum 
cyst, and suppress circulating FSH, increasing 
induction of FSH receptors in follicles to be 
recruited (Fig.  3.4 ). In one study of 186 young 
poor responders less than 35 years old, ongoing 
pregnancy rates per initiated cycle were 37%  ver-
sus  25% respectively  [  92  ] . This has been con fi rmed 
in a small randomized trial in 54 poor responders 
 [  93  ] . Letrozole and gonadotropins have also been 
used, with letrozole 2.5–5.0 mg employed gener-
ally starting cycle day 2 for 5 days, with gonado-
tropins used from the start of letrozole, or after 
letrozole is discontinued  [  94,   95  ] .    

 At present there is little evidence to support 
one “poor responder” protocol over another. 
Ovarian stimulation protocols used at the 
Complete Fertility Centre Southampton, UK 
(Table  3.2 ) and Brigham and Women’s Hospital 
(Table  3.1 ), demonstrate inter-practice variations. 
Patients must be treated as individuals, so that if 
the preferred ovarian stimulation method is 
unsuccessful, discussion of alternative protocols 
with the patient, including the lack of de fi nitive 
evidence that one is superior to the other, should 
be undertaken.   
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  Fig. 3.3    Schematic diagram of the “microdose” or “micro fl are” protocol       

  Fig. 3.4    Schematic diagram of the estrogen priming protocol       
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   Counseling About Oocyte Donation 

 One of the most dif fi cult discussions to have with 
a patient is one in which moving on to donor 
oocyte is recommended. There are no strict crite-
ria to guide a physician as to when to advise a 
patient to move on to donor egg, versus to con-
tinuing to attempt conception with one or two 
follicles. Clearly as maternal age advances, the 
chances of a single oocyte resulting in delivery 
become lower. Pregnancy rates in IVF decrease 
slowly with successive attempts. In patients <35, 
35–37, 38–40 and 41–42 the likelihood of live-
birth on the fourth IVF attempt in the 

Massachusetts’ population is still 30, 21.2, 14.2, 
9.4, and 5.0% respectively (Table  3.3 ). After four 
cycles, cumulative live birth rates per age were 
over 60% in women <35 but less than 9% in 
women >43 (Fig.  3.5 )  [  96  ] . In a life table analysis 
performed by a large single US center, the deliv-
ery rate in the sixth IVF attempt in patients pro-
ceeding with six autologous cycles without a 
prior delivery was 13%  [  97  ] . It is dif fi cult to 
determine which patients should be encouraged 
in continued attempts to conceive with their own 
oocytes and which should not. ASRM guidelines 
suggest that if program statistics show that the 
likelihood of delivery is less than 5% (very poor), 

   Table 3.3    Cumulative live birth rates per woman from linkage between SART cycles within Massachusetts ( n  = 14,265 
women)   

 Cycle 
No. 

 Total cycles at 
each level ( n ) 

 Live 
births ( n ) 

 Live birth/
cycle (%)  95% CI 

 Cumulative 
live births ( n ) 

 Cumulative live birth 
rate/woman (%)  95% CI 

 1  14,265  4,331  30.4  29.6–31.1  4,331  30.4  29.7–31.1 
 2  7,125  1,848  25.8  24.8–26.9  6,179  43.3  42.5–44.1 
 3  3,550  825  23.2  21.9–24.6  7,004  49.1  48.3–49.9 
 4  1,685  396  23.5  21.5–25.5  7,400  51.9  51.1–52.7 
 5  752  169  22.5  19.5–25.5  7,569  53.1  52.3–53.9 
 6  316  68  21.5  17.0–26.1  7,637  53.5  52.6–54.4 
 7  118  25  21.2  13.8–28.6  7,662  53.7  52.9–54.5 
 8  47  10  21.3  9.6–33.0  7,672  53.8  53.0–54.6 
 9–11  21  3  14.3  0.0–29.3  7,675  53.8  53.0–54.6 

  Adapted from Stern Fertil Steril 2010  

   Table 3.2    Complete Fertility Centre, Southampton UK, IVF ovarian stimulation protocol   

 Age  GnRH ant  GnRH a  rFSH Starting Dose/day a  

 Start antagonist 
cycle day 6  Start rFSH cycle day 2 

   AMH  ³  15 pmol/L (>2.1 ng/mL) 
 AFC  ³  15 

 Any  Yes  No  112.5–150 IU 

 AMH    7–15 pmol/L (1.0–2.1 ng/mL)  <37  Yes  No  150 IU 
 38–39  Yes  No  225 IU 
 40–42  Yes  No  300 IU 

 AFC 6–15  Any  Yes  No  150 IU 

 AFC  £  6 
 AMH < 7 pmol/L (<1.0 ng/mL) 

 Any  Yes  300 IU ( fi rst cycle) 
 450 IU (second cycle) 

 Endometriosis patients and patients with 
dyssychronous prior ovulation induction 
(1–2 follicles at 18 mm mean diameter, 
with rest of follicles 13–14 mm) 

 Any  No  yes  Consider GnRH agonist cycle 
and dose as with GnRH 
antagonist cycles, according 
to age, AMH/AFC 

  No OCP lead-in employed 
  a Urinary products e.g. HMG considered after  fi rst cycle if poor response 
  b If AMH level is not available dosing is based on AFC performed at baseline ultrasound  
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that continued treatment should be discouraged 
and if less than 1% should be considered futile 
and not undertaken  [  98  ] . Each program must 
determine from their own experience and thor-
ough patient counseling when “enough is enough” 
and the patient should be encouraged to move to 
alternative methods of having or completing her 
family. At BWH criteria include patient age and 
the ability to produce embryos deemed of 
suf fi cient number and morphology.     

   Conclusions 

 Advancement in modern medicine now provides 
an opportunity for patient treatments to be more 
individualized. In women with normal ovarian 
reserve, a mild stimulation regimen with GnRH 
antagonist regimen has an equivalent live birth 
rate to a conventional IVF stimulation regimen, 
and has advantages of tolerability and safety. 
Though not uniformly accepted, protocols for 
women with decreased ovarian reserve may 
increase the likelihood of undergoing successful 
oocyte retrieval and embryo transfer. Attention to 
all aspects of ovarian stimulation including ovu-
latory triggering and luteal support is important. 
In addition, patient education regarding ovarian 
stimulation treatment decisions is necessary in 
order for her to having the best possible experi-

ence. Despite impressive development in ovarian 
stimulation preparations and regimens, the prin-
cipal determinant of outcome from ovarian stim-
ulation remains the patient and her age and 
ovarian reserve.      
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   Oocyte Retrieval 

   History of Oocyte Retrieval 

 Drs. Steptoe and Edwards reported the  fi rst IVF 
success in 1978 with the birth of Louise Brown. 
Louise Brown’s mother, Lesley Brown, had 
undergone laparoscopy to retrieve an oocyte 
from a single ovarian follicle without ovarian 
stimulation. Since that time, great advances 
have been made in IVF, including dramatic 
changes in the mode of oocyte recovery. Current 
IVF typically involves the retrieval of multiple 
oocytes from the ovaries which have been stim-
ulated with medication containing FSH. Oocyte 
retrieval has shifted to an ultrasound-guided 
transvaginal procedure where a needle is passed 
through the vaginal wall and into the ovary, and 
follicular  fl uid and oocytes are aspirated via 
negative pressure generated from a suction 
apparatus. In modern IVF, oocyte retrieval is 
undertaken in the outpatient setting and has been 

shown to be very safe and highly effective at 
retrieving oocytes. 

 Prior studies have documented the relative 
ease and safety of ultrasound-guided oocyte 
retrieval as compared to the early laparoscopic 
approach for IVF  [  1–  3  ] . Furthermore, laparo-
scopic retrieval has been shown to result in 
lower rates of mature oocyte recovery and lower 
oocyte fertilization rates than ultrasound guided 
abdominal and vaginal retrieval  [  2  ] . Early use 
of ultrasound guided follicular aspiration used 
a transabdominal–transvesical approach  [  4,   5  ] . 
This procedure was reported to be associated 
with frequent urinary tract infections and hema-
turia  [  5  ] . Subsequent studies have shown both 
patient and clinician preference for transvagi-
nal ultrasound over abdominal ultrasound for 
visualizing pelvic organs and for follicular 
monitoring and aspiration  [  6–  8  ] . Therefore, 
transvaginal ultrasound-guided aspiration has 
become the standard of care in women under-
going oocyte retrieval during IVF. The  fi rst 
description of this procedure was published by 
Wikland and colleagues in 1985 and in more 
detail shortly thereafter leading to rapid adop-
tion of an ultrasound guided transvaginal 
approach  [  9,   10  ] .  

   Anesthesia for Oocyte Retrieval 

 For ultrasound guided transvaginal oocyte 
retrieval, the patient is brought to the operating 
room where analgesia or anesthesia is employed. 
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Typically, either conscious sedation with opi-
ates and benzodiazepines or a general anesthetic 
with intravenous propofol (AstraZeneca, 
London, United Kingdom) is used. Endotrachael 
tube intubation is rarely required  [  11  ] . Some 
centers prefer sedation, as this does not require 
an anesthesiologist on-site. Propofol has the 
advantage of rapid onset and recovery and less 
postoperative nausea and vomiting. However, 
the requirement for speci fi cally trained adminis-
trators limits its use in some centers  [  12  ] . Others 
centers also offer neuraxial anesthesia such as 
spinal anesthesia with lidocaine and narcotics 
 [  13  ]  or injection of local anesthesia in the cervix 
and vaginal wall  [  12  ] . A survey of SART 
af fi liated ART centers reported conscious seda-
tion was by far the most commonly employed 
analgesic agents (95% of centers). However, 
this study included propofol in the conscious 
sedation group although this medication is often 
considered a general anesthetic due to the 
depressed level of consciousness achieved  [  11  ] . 
In addition, these data were published over a 
decade ago and have not been repeated, so these 
statistics may not be representative of current 
practice. 

 Local anesthesia with use of a paracervical 
block has been described, usually in poor 
resource settings. In a survey study of women 
undergoing oocyte retrievals with paracervical 
blocks, 43% of women described the procedure 
as either “very painful” or “painful,” but 98% 
of them would undergo the procedure again 
without anxiety. 28% of these women required 
intraoperative administration of additional anal-
gesia with an unspeci fi ed sedative highlighting 
that local anesthetic alone may be inadequate 
for many women  [  14  ] . In cases where multiple 
vaginal and ovarian punctures are required, 
local analgesia is likely to be poorly tolerated. 
Studies aiming to examine the toxicity of gen-
eral analgesic agents and their effects on preg-
nancy rates have been performed. Propofol does 
not appear to have a negative impact on preg-
nancy rates  [  15  ]  or on embryo quality  [  16  ]  
when compared with paracervical block. 
Concerns have been raised about the toxicity of 
inhaled nitrous agents on oocyte quality and 

embryo development and a negative impact on 
pregnancy rates  [  17,   18  ] .  

   Oocyte Retrieval Technique 

 After administration of the chosen anesthetic 
agent, if a paracervical block is not used alone, the 
patient is placed in the dorsal lithotomy position 
and a sterile speculum is inserted into the vagina. 
The sterile operating room table, vaginal ultra-
sound probe with needle guide attached, and pre-
pared tubes containing culture media in a warming 
unit have been previously prepared (Fig.  4.1 ). The 
vagina is rinsed with saline, or betadine. If beta-
dine is used the vagina should then be copiously 
rinsed with saline due to the risk of toxicity to 
oocytes if betadine were to become in contact with 
oocytes during retrieval. The speculum is then 
removed and a transvaginal ultrasound probe with 
a needle guide attached is inserted into the vagina. 
A retrieval needle (17-gauge is common, though 
16, 18 and 19-gauge needles are also available) is 
passed through the vaginal wall and into the folli-
cles under ultrasound guidance. Surrounding 
structures such as the iliac vessels, bowel, and 
bladder can easily be seen and avoided. A vacuum 
pump is activated and follicular  fl uid and oocytes, 
are aspirated into warmed tubes containing cul-
ture media. The tubes are then placed in a tube 
warming rack in the adjacent embryology labora-
tory. Ultimately, the contents of the tubes are 
poured into culture plates and the oocytes are 
identi fi ed  [  19  ] . Generally, all follicles regardless 
of size that are visualized on ultrasound that can 
be safely entered are aspirated. It may be helpful 
to have Doppler capability on the ultrasound 
machine. In some cases of peritoneal disease 
patients may have collections of peritoneal  fl uid 
which can be differentiated from venous lakes or 
veins using the Doppler  fl ow mode, and avoided 
during oocyte retrieval. The retrieval also provides 
an opportunity to visualize the endometrial stripe 
and con fi rm a normal thickness ( ³ 7 mm). If a 
mass is seen within the endometrium, Doppler can 
be used to determine whether there is a feeding 
blood vessel and likely polyp, or merely an endo-
metrial fold.   
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   Follicular Flushing 

 The number of embryos obtained in IVF is 
directly related to the number of oocytes 
retrieved. In an attempt to increase oocyte yield 
in IVF, follicular  fl ushing after follicular aspira-
tion has been advocated. Early studies showed a 
potential bene fi t of this procedure, which 
involves using a double lumen retrieval needle 
and  fl ushing culture media into follicles during 

aspiration and then reaspirating the  fl ushed  fl uid 
 [  20  ] . However, subsequent randomized trials 
have failed to show bene fi t. A recent Cochrane 
review of randomized trials concluded there is 
no bene fi t to follicular  fl ushing in terms of oocyte 
yield, clinical pregnancy rates, or live birth rates 
 [  21  ] . Additionally, procedure times are noted to 
be longer and more anesthetic is required when 
 fl ushing is performed  [  22  ] . Given this, we do not 
advocate follicular  fl ushing.  

  Fig. 4.1    Equipment list: ( a ) Vacuum pump, vacuum tub-
ing, retrieval needle and tubing, tubing with culture media, 
tube warmer; ( b ) sterile speculum, sterile gloves, sterile 
drapes, sterile ultrasound probe cover, ultrasound probe 

needle guide; ( c ) transvaginal ultrasound probe with ster-
ile cover and needle guide attached; ( d ) Ultrasound 
machine and operating room table with stirrups for litho-
tomy position       
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   Antibiotic Prophylaxis 

 Prophylactic antibiotics are generally employed 
in clinical IVF practice despite the absence of tri-
als demonstrating a bene fi t in terms of a reduc-
tion of pelvic infections, or an increase in live 
birth rate. As the incidence of pelvic infection 
after oocyte retrieval is rare, clinical trials of ade-
quate power are dif fi cult to perform. Furthermore, 
pelvic infections can be severe requiring hospi-
talization and parenteral antibiotics or surgical 
treatment of abscesses  [  23,   24  ] . 

 There is evidence that positive microbial cul-
tures from the tip of the embryo transfer catheter 
are associated with a reduction in implantation, 
pregnancy, and live birth rates  [  25–  27  ] . Egbase 
and colleagues reported on 430 patients who 
underwent oocyte retrieval with prophylactic 
antibiotics using a regimen of a single-dose met-
ronidazole and ceftriaxone at the time of oocyte 
retrieval 48 h prior to transfer. Mock embryo 
transfer was performed at the time of oocyte 
retrieval, and the catheter tips for both the mock 
transfer and the catheter used on the day of the 
actual transfer were cultured for bacteria. They 
found only 69.9% of mock transfers were posi-
tive for microbial growth, but noted a signi fi cant 
reduction in microbial growth after administra-
tion of antibiotics. In fact, 78.1% of the subjects 
that had positive cultures from the mock catheter 
used at the egg retrieval had embryo transfer 
catheter tips that were culture negative after 
receiving antibiotics at the time of the oocyte 
retrieval. They concluded that routine prophylac-
tic antibiotics are warranted at the time of oocyte 
retrieval due to the association with microbes on 
the transfer catheter and poor IVF outcomes  [  28  ] . 
Doxycycline, although commonly used as pro-
phylaxis for oocyte retrievals, has not been shown 
in clinical studies to reduce bacterial cultures 
obtained from the vagina or to improve implanta-
tion and pregnancy rates  [  27  ] . 

 In conclusion, evidence suggests that antibi-
otics administered at the time of retrieval may 
decrease bacterial contamination present at 
embryo transfer. There is no clear evidence that 
routine antibiotics are warranted to prevent pel-
vic infection, but given the rarity of this compli-

cation, an adequately powered trial would be 
dif fi cult to perform. Since vaginal preparations 
containing bacteriostatic solutions such as beta-
dine are not employed due to concerns regard-
ing the effect of these solutions on oocytes, it is 
reasonable to consider antibiotic prophylaxis. 
There is no clear evidence which antibiotic to 
use, but it seems prudent to target vaginal  fl ora 
with antibiotics used routinely in other gyneco-
logic procedures.  

   Oocyte Retrieval in Cases 
with Abnormal Anatomy 

 The ovaries may be in a location that is dif fi cult 
to access with a transvaginal approach. A small 
percentage of oocyte retrievals will require 
transmyometrial passage of the retrieval needle 
in order to access the follicles. Limited retro-
spective data indicate that when the retrieval 
needle passes through the uterine muscle there 
does not seem to be a detrimental effect on preg-
nancy rates  [  29  ] . 

 Greater dif fi culties arise when the ovaries can-
not be accessed at all through the vagina due to 
anatomic position. This may occur with enlarged 
uteri due to  fi broids, ovarian transposition prior 
to pelvic or spinal radiation, pelvic adhesions, or 
Müllerian anomalies, for example. Historically, if 
the ovaries could not be accessed vaginally for 
oocyte retrieval, laparoscopy with general endo-
tracheal tube anesthesia was performed, or these 
patients were not considered candidates for IVF. 
However, case reports have been described of 
successful oocyte retrieval during IVF in cases of 
Müllerian agenesis or ovarian transposition via 
ultrasound guided transabdominal oocyte retrieval 
 [  30–  32  ] . Recently, a retrospective case-control 
study of 69 women who underwent ultrasound 
guided transabdominal oocyte retrieval was pub-
lished (Fig.  4.2 ). In this series, all cases had one 
or both ovaries inaccessible through the vagina. 
The most commonly cited causes were enlarged 
uteri from  fi broids or adenomyosis causing ovar-
ian displacement high in the abdomen, prior 
ovarian transposition prior to radiation therapy 
for malignancy, Müllerian anomalies, and mor-
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bid obesity. General anesthesia with propofol 
(not requiring endotracheal intubation) or spinal 
anesthesia was used in equal proportion to those 
patients undergoing standard transvaginal retriev-
als. There were no signi fi cant differences in the 
number of mature oocytes retrieved, damaged 
oocytes, fertilization rates, or clinical and ongo-
ing pregnancy rates. One infectious complication 
in the transabdominal retrieval group occurred in 
a patient with obesity (BMI 38). She presented 
2 days after retrieval with abdominal pain and 
fever, but abdominal imaging with CT scanning 
did not show a pelvic abscess. However, given 
her recent procedure, she was presumed to have a 
pelvic infection that was treated conservatively 
with antibiotics. This study demonstrates that 
transabdominal oocyte retrieval is a safe and 
ef fi cacious alternative when transvaginal retrieval 
is not possible  [  33  ] .   

   Complications of Oocyte Retrieval 

 In general, the risks of oocyte retrieval are those 
associated with any surgical procedure. Bleeding 
from the puncture sites in the vagina or ovaries, 
intra-abdominal infection, damage to surround-
ing organs or blood vessels from inadvertent 
needle puncture, and complications related to 
anesthesia are all associated risks. The risks asso-
ciated with transvaginal guided oocyte retrieval 
appear to very low in prospective studies, and are 

certainly less than risks attributable to laparos-
copy in general  [  23,   34,   35  ] . 

 There is generally minimal blood loss attrib-
utable to oocyte retrieval. Studies have reported 
median blood loss of <100 mL and no signi fi cant 
decrease in hemoglobin concentrations before 
and after oocyte retrieval  [  36  ] . Other studies 
have highlighted the overall safety of this proce-
dure. A large prospective study of over 1,000 
cases to assess complications related to ultra-
sound-guided transvaginal retrieval was pub-
lished by Ludwig and colleagues  [  35  ] . 
Complications reported in this study included 
complications related to anesthesia, vaginal 
bleeding requiring tamponade or vaginal suture, 
intra-abdominal bleeding or infection, hospital-
ization related to pain, and injury to surrounding 
organs. Overall pain scores related to the proce-
dure were also assessed. There were no compli-
cations related to anesthesia (95% had general 
anesthesia and 5% had sedation with midazo-
lam). 2.8% required compression or tamponade 
for vaginal bleeding, but none required a vaginal 
suture for bleeding. No cases of intra-abdominal 
bleeding or pelvic infection were noted. Only 
0.7% of patients were admitted for pain attrib-
uted to the oocyte retrieval after presenting to the 
emergency department. One case of ureteral 
injury was noted which was repaired with a ure-
teral stent, but no bowel complications were 
seen. Overall the procedure was well tolerated. 
Pain scores were reported prospectively 2 h after 

  Fig. 4.2    ( a ) Ultrasound image showing the use of the 
needle guide ( dotted lines ) during transabdominal oocyte 
retrieval. ( b ) Operative setup during transabdominal 

oocyte retrieval in a case when the ovaries could not be 
accessed vaginally  [  33  ]        
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the procedure and on the day of embryo transfer. 
Moderate to severe pain was noted in 20% of 
subjects 2 h after the procedure and 9.8% on the 
day of embryo transfer. Not surprisingly, pain 
was directly correlated with the number of 
oocytes retrieved  [  35  ] . 

 Bennett and colleagues reported on all oocyte 
retrievals performed in a large IVF practice over 
a 4-year period and similarly found a low rate of 
complications. They noted a higher incidence of 
bleeding in this series at 8.6%, but all were man-
aged with either pressure or placement of a vagi-
nal suture. In one case, emergency laparotomy 
was required for intra-abdominal bleeding from 
an ovarian puncture site. Clinically diagnosed 
infections requiring antibiotics occurred in 0.6%, 
and half of those (0.3% of all oocyte retrievals) 
had pelvic abscesses noted on imaging. Prior pel-
vic surgery or peritoneal damage did not seem to 
be associated with infectious risk in this study 
 [  23  ] . In our experience in the rare cases that intra-
abdominal bleeding occurs, patients experience 
much greater than expected abdominal pain-post 
retrieval. Ultrasound shows intraperitoneal  fl uid 
and/or clot. In greater than 20 years of practice in 
our large academic center, all cases of bleeding in 
our practice were treated supportively, with 
observation, serial hematocrits and if needed, 
transfusion.  

   Summary and Conclusions 

 In conclusion, oocyte retrieval is a generally safe 
and well-tolerated procedure that is most often 
accomplished in the outpatient setting with con-
scious sedation and rarely requires general endo-
tracheal intubation. Oocyte retrieval is typically 
performed transvaginally with ultrasound guid-
ance, but in cases of abnormal anatomy, ultra-
sound guided transabdominal retrieval is an 
option which avoids the need for laparoscopy in 
nearly all cases. In common practice prophylactic 
antibiotics are administered intravenously prior 
to the procedure, and complications such as clini-
cally signi fi cant bleeding or infection are remark-
ably unusual.   

   Embryo Transfer 

   Overview of Embryo Transfer 

 Embryo transfer is the  fi nal technical step in the 
process of IVF, and proper technique is crucial. 
Ovarian stimulation protocols and laboratory 
techniques have improved dramatically since the 
inception of IVF, and it is now recognized that 
embryo transfer is an important determinant of 
IVF success and may be a rate-limiting step in an 
IVF program’s pregnancy rates. It is important to 
maintain an ongoing quality assurance program 
in any ART program, as research has shown there 
can be signi fi cant differences in pregnancy rates 
between individual providers  [  37  ] , even when 
only those transfers that had high-quality embryos 
are included. One study found a range of preg-
nancy rates from 17 to 54.3% in the same ART 
program  [  38  ] . 

 In general, embryo transfer is a minor proce-
dure that is well tolerated and does not require 
analgesia. In cases of very dif fi cult transfer or 
poor patient tolerance which signi fi cantly impacts 
the ease of transfer, anxiolytics or anesthesia can 
be considered. In our program, if patients have a 
history of a dif fi cult transfer causing them 
signi fi cant anxiety or discomfort we offer oral 
benzodiazepines 30–60 min prior to the transfer, 
for example Valium 10 mg. In cases where 
extreme dif fi culty has been encountered in the 
past or the patient cannot tolerate the procedure 
even with benzodiazepine pretreatment, we occa-
sionally use general intravenous anesthesia with 
propofol, requiring an anesthesiologist. 

 The goal of the embryo transfer is to deposit 
the embryo(s) in the mid-portion of the uterine 
body for subsequent implantation. The patient is 
placed in the dorsal lithotomy position, and spec-
ulum is placed into the vagina until the cervix is 
in view, and centered in the speculum if possible. 
The cervix is prepared with either saline solution 
or culture media, and excess cervical mucous is 
aspirated with a syringe or wiped with sterile cot-
ton swabs. Betadine solution is not recommended 
due to concerns of toxicity of these solutions to 
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embryos. Some centers perform a mock transfer 
with an empty transfer catheter at the time of 
embryo transfer prior to loading the embryos 
into another transfer catheter to ensure that the 
cervical canal can be successfully navigated; we 
advocate also performing a mock transfer in a 
prior cycle as explained below. Next, the embryos 
are loaded into a soft transfer catheter by a member 
of the embryology team, and brought out to 
the clinician. The clinician passes the catheter 
through the cervix and into the uterine body 
where the embryos are deposited. The catheter is 
then withdrawn from the cervix and immediately 
 fl ushed by the embryologist to con fi rm that none 
of the embryos are retained. If embryos are found 
to have been retained in the catheter, they are 
immediately reloaded and retransferred  [  39  ] . 

 Studies on a number of technical factors relat-
ing to embryo transfer have been published. 
Results from these studies have often been 
con fl icting; however, there is mounting evidence 
to guide good transfer technique. In this section, 
emphasis will be placed on the aspects of embryo 
transfer technique, which, evidence shows, affect 
IVF outcome.  

   Cervical Preparation 

 At the time of transfer, cervical mucus is aspi-
rated to prevent the cervical mucus from plug-
ging the catheter tip and interfering with embryo 
deposition or to avoid cervical mucus sticking 
to embryos and displacing them from their 
point of deposition as the catheter is withdrawn. 
The mucus should be gently removed from the 
exterior cervix with a sterile cotton swab soaked 
in saline or transfer medium. This is followed 
by aspiration of the cervical canal with a sterile 
syringe or IV catheter with a syringe attached 
to it. (We use an insulin syringe at our center). 
Clinical trials evaluating the effect of removal 
of cervical mucus on pregnancy rates have been 
inconsistent, but some have shown a bene fi t 
 [  40  ]  and none have shown detriment  [  41  ] ; there-
fore, we advocate performing this step prior to 
transfer. 

 In addition to aspiration of cervical mucus, it 
has been speculated that bacterial contamination 
may adversely affect implantation. Egbase et al. 
cultured catheter tips after transfer and found 
that pregnancy rates were lower in those with 
positive microbial cultures  [  25  ] . However, anti-
biotics at the time of embryo transfer have not 
been shown to increase clinical pregnancy or 
live birth rates, and are not routinely employed. 
In a prospective, blinded, randomized-controlled 
trial, subjects were allocated to receiving co-
amoxiclav (amoxicillin with clavulanic acid) on 
the day before and the day of embryo transfer 
versus no antibiotics. Bacterial contamination at 
the catheter tip and clinical pregnancy rates were 
compared. Despite a reduction in bacterial con-
tamination, no bene fi t on pregnancy rates was 
noted. The authors conclude that their results do 
not support the routine administration of antibi-
otics at embryo transfer  [  42  ] . In patients using 
vaginal progesterone for luteal support in stimu-
lated cycles (see Chap.   3    ) or complete endome-
trial support as in cryopreserved embryo transfer 
cycles, oocyte donation, or gestational carrier 
cycles (see Chaps.   10     and   11     on oocyte donation 
and gestational carrier for uterine preparation 
protocols) we remove only the progesterone 
product from the external os to prevent it from 
entering the transfer catheter.  

   Mock (Trial) Transfers 

 Strong evidence supports performing a mock 
embryo transfer at some point either prior to or 
during ovarian stimulation in IVF. Mansour et al. 
demonstrated in a randomized trial that when a 
mock transfer is performed there are signi fi cantly 
fewer dif fi cult transfers encountered, and higher 
implantation and pregnancy rates. In this study, 
335 women were randomized to mock transfer 
prior to IVF stimulation start or no mock transfer. 
In those who underwent the mock procedure, no 
dif fi cult transfers were encountered versus 29.8% 
dif fi cult transfers in the control group. Pregnancy 
rates were 22.8 versus 13.1% in the mock and no 
mock groups respectively  [  43  ] . The mock  transfer 

http://dx.doi.org/10.1007/978-1-4419-9848-4_3
http://dx.doi.org/10.1007/978-1-4419-9848-4_10
http://dx.doi.org/10.1007/978-1-4419-9848-4_11
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allows measurement of the length of the uterine 
cavity from the fundus to the external cervical os, 
notes the position of the uterus and cervix, records 
the type of catheter used to successfully navigate 
the cervical canal, whether a bend of the catheter 
and/or extension of the internal catheter was 
necessary, and notes the type of speculum allowing 
good visualization of the cervix. Taken together, 
information gained in the mock transfer allows 
the clinician to avoid dif fi cult transfers and to be 
better prepared if dif fi culty is encountered. 

 There are no strong data that the timing of 
mock transfer affects implantation or pregnancy 
rates, despite concerns that a mock transfer 
close to the time of the actual transfer may cause 
endometrial injury and negatively impact preg-
nancy rates. Katariya and colleagues published 
a retrospective study comparing women who 
underwent mock transfer prior to the start of 
ovarian stimulation in IVF to those undergoing 
mock transfer at oocyte retrieval 3–5 days prior 
to actual transfer. There were no signi fi cant 
differences in implantation or clinical pregnancy 
rates (47.6% versus 48.4%, OR 0.97 95% CI 
0.58–1.61). The mean cavity length was noted 
to be slightly shorter when measured prior to the 
start of stimulation. The authors suggest this 
may indicate the measurement changes due to 
changes in uterine position from large stimu-
lated ovaries. However, given no statistical dif-
ference was seen between groups, they conclude 
the timing of mock transfer does not affect IVF 
outcome  [  44  ] . It is important to note that this 
study was retrospective, and although the study 
groups appeared similar, they did not control for 
prior cycle information available or prior trans-
fer attempts, a factor that is likely to affect preg-
nancy rates. It is reassuring, however, that no 
detriment was observed when doing a mock 
transfer close to the time of actual transfer. 
Others have described only performing a mock 
transfer immediately prior to the actual transfer. 
Acceptable pregnancy and implantation rates 
were reported after this strategy in a case series, 
but the interpretation of these data is limited as 
no comparison group was used  [  45  ] . In addition, 
this tactic would reveal patients with severe cer-
vical stenosis only at the time of transfer, which 

would not prepare the clinician for alternative 
techniques as noted below.  

   Approach to Cervical Stenosis 

 A bene fi t of performing the mock transfer prior 
to the start of ovarian stimulation is identi fi cation 
of patients with cervical stenosis who may bene fi t 
from a cervical dilation procedure prior to IVF to 
aid in embryo transfer. Multiple techniques have 
been described to alleviate cervical stenosis if it 
is identi fi ed. Much of the data in this regard is in 
the form of case series or case-control studies, 
but the results of these studies provide some evi-
dence for their use. Cervical dilation can be 
accomplished with mechanical dilation, osmotic 
dilators (Laminaria), or placement of a Malecot 
catheter (CR Bard Inc., Covington, GA) follow-
ing mechanical dilatation. 

 Mechanical dilation with Hegar dilators was 
described in a group of 57 patients with prior 
transfers rated as dif fi cult, none of whom had 
conceived in prior IVF attempts. Cervical dila-
tion to size 7 Hegar was performed at the initial 
IVF visit, an average of 14 days prior to the 
embryo transfer. In 70.2% of the women who had 
the dilation, the embryo transfer was rated as 
easy after dilation, and the pregnancy rate was 
31.6%  [  46  ] . In a study by Prapas et al., 288 
women with a history of two prior failed IVF 
attempts and prior embryo transfers classi fi ed as 
dif fi cult were randomly assigned to cervical dila-
tion to size 9 Hegar 1–3 months prior to starting 
IVF stimulation or no dilation. Implantation rate, 
pregnancy rate, and live birth rate were 
signi fi cantly higher in the cervical dilation group. 
No increase in preterm delivery or spontaneous 
abortion was seen. Furthermore, 95% of the 
transfers were classi fi ed as easy after the cervical 
dilation  [  47  ] . Care should be taken to allow ade-
quate interval between dilation and embryo trans-
fer, as other studies have shown very low 
pregnancy rates when dilation was done at the 
time of oocyte retrieval, only 48 h before embryo 
transfer in one study  [  48  ] . 

 An alternate method of managing cervical 
stenosis is dilatation followed by placement of a 
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Malecot catheter which is used preferentially at 
our center. In this technique, a rubber Malecot 
catheter size 16–22 French with a mushroom tip 
(Fig.  4.3 ) is inserted into the uterus after cervical 
dilatation and hysteroscopy in the operating 
room. If an endocervical ridge is encountered it is 
shaved  fl ush with the endocervical canal. 
Generally this requires resection of only 1–3 mm 
of tissue. The catheter is trimmed 2–4 cm past the 
external os so that it is within the vagina and is 
kept in place for 7–10 days. Antibiotic prophy-
laxis with doxycycline 100 mg two times daily is 
used while the catheter is in place; the catheter is 
then easily removed in the of fi ce with minimal 
patient discomfort. This technique was described 
in a prospective case series of 36 patients with 
cervical stenosis. The catheter was left in place 
on average for 10 days, and in 32 of 36 patients 
the subsequent procedures requiring entry into 
the uterine cavity were easier. All catheters were 
removed in the of fi ce, with only one requiring 
any form of analgesia due to the necessity of an 
IUD hook to remove the catheter as it had been 
cut too short and migrated into the endometrial 
cavity. No infections occurred; however, three 
patients had to have the catheter removed after 
only 3 days due to uterine cramping  [  49  ] . Overall, 
we  fi nd this procedure effective and well toler-

ated. Case reports and case series of additional 
methods including operative hysteroscopy with 
shaving of a cervical ridge at the internal os  [  50  ]  
and placement of osmotic dilators including 
Dilapan-S rods or laminaria  [  51,   52  ]  have been 
described.   

   Embryo Transfer Catheter Choice 

 Ideally, the embryo transfer catheter is soft 
enough to avoid endometrial trauma while being 
able to navigate the cervical canal without 
dif fi culty. There have been many studies aimed at 
comparing catheter types, and some guiding prin-
ciples have emerged. Soft catheters are preferred 
over  fi rm, more rigid catheters  [  53  ] . A meta-anal-
ysis of all published trials comparing soft to rigid 
catheters showed a bene fi t on pregnancy rates, 
even when only randomized prospective trials 
were included  [  54  ] . This is likely due to the fact 
that rigid catheters may more easily disrupt the 
endometrium and cause bleeding, and blood on 
the catheter tip has been associated with lower 
pregnancy rates  [  55  ] . In addition, passage through 
the internal os with a rigid catheter may cause 
more prostaglandin release and uterine cramping, 
which has been associated with decreased implan-
tation and pregnancy rates. In a prospective study 
of 209 women undergoing IVF embryo transfer, 
the frequency of uterine contractions was mea-
sured for 5 min immediately prior to the embryo 
transfer by digital ultrasound recordings. 
Pregnancy rates were negatively correlated with 
the frequency of uterine contractions in a dose 
related fashion  [  56  ] . No signi fi cant difference in 
pregnancy rates between different soft-tipped 
catheters such as those manufactured by Cook 
(K-Jets-7019-SIVF; Cook IVF, Eight Miles 
Plains, Queensland, Australia) and Wallace 
(Classic Embryo Replacement Catheter; Smiths 
Medical, Hythe, Kent, U.K.) have been noted in 
prospective trials  [  57  ] . It is reasonable to base 
selection of the soft catheter on the experience of 
the physician(s) in the practice after trialing sev-
eral different models. 

 Eco-dense catheters such as the Sureview 
catheter (Wallace Sureview ultrasound embryo 

  Fig. 4.3    Picture of the Malecot catheter which can be 
used to alleviate cervical stenosis in cases of dif fi cult 
embryo transfer. The mushroom tip end is inserted through 
the internal os after hysteroscopy and the distal end is cut 
so that it can be retrieved in the of fi ce through the external 
os without protruding out of the vagina to minimize 
patient discomfort  [  49  ]        
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replacement catheter; Smiths Medical, Hythe, 
Kent, U.K.) have been developed to help with 
visualization of the catheter on ultrasound during 
embryo transfer. This allows the clinician to more 
easily con fi rm deposition of embryos in the 
desired location. The Sureview catheter was com-
pared to a standard Wallace catheter in a prospec-
tive randomized trial. It was noted that the 
catheter was consistently seen better on ultra-
sound with the Sureview, but implantation and 
pregnancy rates did not differ  [  58  ] . As these cath-
eters are often signi fi cantly more costly, one 
strategy is to reserve the use of eco-dense cathe-
ters in cases with a dif fi cult mock transfer or dis-
torted anatomy when con fi rmation of catheter 
placement is essential.  

   Catheter Loading and Embryo 
Deposition 

 Embryos are loaded into the catheter by the 
embryologist after con fi rming both patient and 
embryo identities. Two techniques have been 
commonly described for embryo loading, “air-
 fl uid” and “ fl uid only” techniques. In the air- fl uid 
method two columns of air surround the  fl uid 
media containing embryos; in the  fl uid only 
method the syringe and entire catheter is  fi lled 
with medium and the embryo-containing media 
is aspirated without being bracketed by air. A 
review of two randomized trials failed to detect 
any differences in live birth or pregnancy rates 
between the two methods  [  59  ] . In our program 
embryos are loaded using the air- fl uid method in 
which air bubbles are created on both sides of the 
droplet containing the embryos  [  60  ] , with the 
embryos being delivered in a 10–15  m L volume 
of medium. Others describe a continuous  fl uid 
column of 30  m L attached to an airtight 1 mL 
syringe  [  61  ] . It should be noted that if there is no 
air in the catheter, the echodense spot will not be 
seen coming from the catheter tip when ultra-
sound guidance is used. The volume of media 
used for transfer has been shown to affect preg-
nancy rates, with volumes less than 10  m L nega-
tively impacting pregnancy rates  [  62  ]  and 
volumes greater than 60  m L being associated with 

both ectopic pregnancies and embryo expulsion 
to the vagina or cervix  [  63  ] . 

 Somewhat alarming studies have shown high 
rates of embryos either adherent to the outside of 
the transfer catheter with mucous or embryos 
that have been expelled into the cervix or vagina. 
In one study, microscopic examination of the 
embryo catheter and  fl ushing of the vagina and 
cervix with media followed by microscopic 
inspection of the media showed that 17.4% of 
embryos had not been deposited during the trans-
fer  [  64  ] . In response, several techniques have 
been tested that may be of bene fi t. The  fi rst is the 
removal of cervical mucus as mentioned above 
 [  65  ] . In addition, the injection of air into the 
catheter used for the embryo transfer immedi-
ately after transfer has been advocated. In a 
recent prospective, randomized, controlled trial 
of 110 women undergoing IVF women were 
divided into two groups. One group received 
standard embryo transfer by loading the embryos 
with the 3-drop technique and the other received 
the addition of 0.2 mL of air pushed into the 
catheter with an insulin syringe immediately 
after the embryos were released, without remov-
ing the transfer catheter. The implantation and 
pregnancy rates were signi fi cantly higher in the 
group that received the additional air injection 
 [  66  ] . Finally, others have tested gentle pressure 
of the cervix prior to injection by loosening the 
screw on the speculum and letting the blades rest 
on the cervix. In a randomized trial of 639 
women, those receiving the cervical pressure 
immediately prior to depressing the plunger of 
the syringe, expelling the embryos and maintain-
ing pressure for 5–7 min had a higher implanta-
tion (33.3% versus 23.5%, OR 1.54; 95% CI 
1.26–1.89) and pregnancy rates (67% versus 
47.8%, OR 1.39; 95% CI 1.11–1.74)  [  67  ] . 

 Additional evidence suggests that the time 
interval between embryo loading into the transfer 
catheter and embryo deposition is an important 
factor in the pregnancy rate. Matorras and col-
leagues published a large retrospective study 
associating the loading to deposition interval with 
pregnancy rates. They found a signi fi cant 
 reduction in pregnancy rates with a longer inter-
val, even in transfers that were classi fi ed as easy. 
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The highest pregnancy rate was in the <30 second 
(s) interval at 40.0%, an interval of 31–60 s had a 
pregnancy rate of 33.3%, 61–120 s had a preg-
nancy rate of 32.0%, and >120 s had a pregnancy 
rate of 19.4% ( p  = 0.03)  [  68  ] . The study high-
lights that an ef fi cient and easy transfer are 
important to achieve good outcomes in IVF.  

   Depth of Transfer 

 The depth in the uterus for optimal deposition has 
been examined in several studies. Deposition of 
embryos <10 mm from the uterine fundus has 
been associated with ectopic pregnancy  [  69  ] , and 
several studies have indicated that deposition in 
the low to mid-uterus is preferred. Coroleu et al. 
performed a randomized trial comparing 180 
sequential transfers randomized to 10, 15, or 
20 mm from the endometrial edge at the fundus 
as visualized on ultrasound during the transfer. 
Implantation rates were signi fi cantly higher in 
the 15 mm or 20 mm transfer groups (31.3% and 
33.3% respectively) compared to the 10 mm 
group (20.6%)  [  70  ] . Others have advocated for a 
“ fi xed” depth of transfer instead of determining 
transfer depth by mock transfer or ultrasound 
guidance. A retrospective review of over 4,000 
IVF cycles in which the  fi rst half were done by 
cavity measurement and the second half by a 
 fi xed transfer distance of 6.0 cm from the exter-
nal cervical os found an increase in the pregnancy 
rate over the study time period. They attributed 
this increase primarily due to a change in transfer 
technique to a  fi xed distance  [  71  ] . This study did 
not, however, account for other practice changes 
over the study time period that may have contrib-
uted to improvement in pregnancy rates. Some 
patients have elongated cervical canals and this 
distance may lead to cervical deposition of 
embryos, or very short cavities in cases where 
multiple cervical surgeries such as cone biopsies 
have been performed, risking fundal deposition 
or ectopic pregnancy, respectively. In summary, 
available prospective and retrospective evidence 
suggests that transfer at the low to mid-uterine 
fundal region at least 15 mm is preferable over 
high fundal transfer. If a mock measurement is 

not available, ultrasound guidance should be used 
and the embryo(s) deposited to the mid-uterine 
fundal region  [  70,   72,   73  ] .  

   Ultrasound Guidance 

 Considerable effort has been directed to clarify 
the role of ultrasound in facilitating embryo 
transfer. The advantage of ultrasound guidance 
is that it may help guide the clinician in navigating 
the cervical canal and performing a less traumatic 
transfer. In addition, the depth of embryo deposi-
tion can be visualized when the air bubbles in the 
catheter are released, ensuring deposition in the 
desired location in the uterine body (Fig.  4.4 ). As 
studies have suggested length discrepancies 
between a mock transfer and measurement on 
the day of actual embryo transfer after ovarian 
stimulation, this reassurance is welcome. The 
disadvantage of using ultrasound is that it requires 
the patient to have a full bladder for adequate 
visualization which can lead to discomfort, and it 
requires an assistant operator skilled in ultra-
sound. It may also increase the time of embryo 
transfer. Additionally, ultrasound guidance in 
overweight or obese patients may not be feasible. 
A full bladder in patients with severely retro fl exed 
uteri may in fact render the transfer more dif fi cult; 
in such cases a mock transfer prior to the cycle 
and transfer with an empty bladder with deposi-
tion of the embryos 1.5 cm from the fundus may 
be preferable.  

 A recent Cochrane review of 17 randomized, 
controlled trials comparing ultrasound guided 
transfers to those done by previous mock mea-
surements found an increase in ongoing clinical 
pregnancy rates when ultrasound was employed 
(OR 1.38, 95% CI 1.16–1.64). The authors com-
ment that the overall study quality was poor with 
inadequate randomization and statistical tech-
niques  [  74  ] . Other meta-analyses have come to 
similar conclusions in favor of ultrasound guid-
ance  [  75  ] .  If feasible, it is therefore reasonable to 
perform ultrasound guided embryo transfers.  
Despite the suggestion of improved ongoing 
pregnancy rates, some centers still rely on mock 
measurements with good success.  
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   Dif fi cult Transfers 

 Multiple studies have shown that transfers rated by 
the clinician as dif fi cult result in lower pregnancy 
rates  [  43,   76,   77  ] . One large retrospective study of 
4,800 embryo transfers employed a multivariate 
analysis and found higher pregnancy rates (OR 
1.7, 95% CI 1.3–2.2) when transfers were classi fi ed 
as easy or intermediate as opposed to dif fi cult, 
 [  77  ] . Typical descriptions of a dif fi cult embryo 
transfer would include comments such as the 
transfer was time consuming, required changing to 
a rigid catheter, required the use of a tenaculum on 
the cervix, or required cervical dilation. 

 In addition to the aforementioned strategies to 
avoid dif fi cult transfers (i.e., mock transfers, 
Malecot placement, ultrasound guidance), other 
techniques have been tested. One option that 
appears promising to avoid dif fi cult transfers, is 
retaining the outer sheath of the catheter just past 
the internal os after the mock transfer and feeding 
the inner  fl exible catheter through the retained 

sheath. This is commonly referred to as afterload-
ing. Neithardt and colleagues reported a retro-
spective series comparing the afterloading 
technique to “direct” transfer without afterload-
ing. The implantation rate did not statistically 
differ, but the clinical pregnancy rate was noted 
to be higher in the afterloading group (59.4% ver-
sus 34.9%,  p  = 0.06)  [  78  ] . This study is problem-
atic in that they did not specify how providers 
decided which technique to use, or if one pro-
vider was responsible for all the afterloading pro-
cedures. It is known that pregnancy rates can vary 
between providers in the same program, and this 
alone could have accounted for the difference in 
pregnancy rates. It is however, a commonly 
adopted practice in cases where the mock trans-
fer was noted to be dif fi cult in order to minimize 
endometrial trauma and the time that the embryos 
are in the catheter and out of the incubator. 

 Other scenarios can also pose challenges to 
embryo transfer such as extreme uterine ante or 
retro fl exion. We have found that placement of a 

  Fig. 4.4    Ultrasound image taken during an embryo trans-
fer showing the eco-dense catheter tip depositing the 
embryos in the mid-fundal region of the uterus. A full 

bladder is useful to aid in visualization of the uterus with 
transabdominal ultrasound  [  39  ]        
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vicryl suture on the anterior lip of the cervix at the 
time of oocyte retrieval can be useful. We typically 
place a 0 vicryl suture cut so that the tail is longer 
than the vaginal length. The excess suture is tucked 
into the vagina until embryo transfer, where it can 
be pulled gently to apply traction on the cervix and 
straighten the cervical canal. Patients generally do 
not feel cramping when this is done. This proce-
dure allows cervical traction, straightening the 
utero-cervical junction and aids embryo transfer 
without requiring tenaculum placement at the time 
of transfer which can stimulate uterine contrac-
tions. After the transfer the suture tails are cut short 
and the stitch in the cervix is allowed to dissolve. 
An additional challenge that exists with a retro-
verted or retro fl exed uterus is that abdominal ultra-
sound is less useful. Furthermore, the full bladder 
required to allow for proper uterine visualization 
can make the retroversion more pronounced. In 
these cases, a prior mock with “mapping” of the 
cervical canal is essential because the transfer 
must be done by feel and the depth of transfer is 
based on the prior measurement. 

 In cases where trans-cervical transfer is not 
possible due to refractory cervical stenosis, alter-
nate methods have been described. Kato reported 
a case series of 104 cases with cervical stenosis 
that underwent transmyometrial transfer with 
vaginal ultrasound probe and a needle with a 
removable stylet. The stylet is used to position the 
needle and the transfer catheter is passed through 
the needle and into the uterus  [  79  ] . Alternatively, 
zygote intrafallopian tube (ZIFT) transfer can be 
done via laparoscopy. These techniques should 
be reserved for cases in which transcervical transfer 
is anatomically impossible or extremely dif fi cult.  

   Removing the Catheter 

 After the embryos are deposited, pressure on the 
plunger should be maintained until the catheter is 
completely withdrawn from the cervix in order to 
avoid creating negative pressure. Studies have 
aimed to clarify if there is bene fi t to a time delay 
prior to withdrawal in an attempt to allow the 
embryos to move away from the catheter tip and 
avoid being dragged out of the spot of deposition. 

In a randomized trial of 100 women, no statistical 
bene fi t from seen between a 30-s delay and 
immediate withdrawal of the catheter. This study, 
however, did not report an appropriate power 
analysis in the trial, and there was a trend to 
improved pregnancy rates with the 30 s delay 
(60.8% in the immediate withdrawal and 69.4% 
in the 30-s delay group)  [  80  ] . Generally in our 
practice, we wait 30–60 s after deposition and 
then slowly withdraw the catheter.  

   Retained Embryos 

 Occasionally, inspection of the catheter by the 
embryologist after the transfer will reveal 
embryos which have stuck to the internal lumen 
of the catheter, often in cervical mucus. In this 
situation, the embryos should be immediately 
reloaded into the catheter and redeposited. If the 
catheter is coated internally with mucus the 
embryo(s) should be loaded into a fresh catheter. 
Early studies suggested lower pregnancy rates 
when embryos were retained  [  81  ] , but these 
results have not been substantiated in subsequent 
studies  [  82  ] . Even though the pregnancy rate may 
not be affected, retained embryos can be a source 
of anxiety and distress for the patient, and there-
fore removal of cervical mucus in an attempt to 
minimize the risk of retained embryos is recom-
mended as noted above.  

   Post Transfer Patient Activity 

 Traditionally, some period of bed rest or limited 
mobility was prescribed after embryo transfer. 
Indeed, some years ago many IVF programs would 
transport patients to the transfer procedure room in 
a stretcher and several hours of bed rest was car-
ried out in the recovery room, followed by 24 h of 
bed rest at home. No support exists for such 
 practices. In fact, prospective randomized trials 
comparing implantation and pregnancy rates 
between 1 and 24 h of bed rest and 30 min of bed 
rest versus immediate ambulation found no differ-
ence in pregnancy rates (21.5% versus 18.2%) and 
a lower implantation rate in the 24 h bed rest 
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group  [  83,   84  ] . Another prospective study in 
which patients were allowed to select immediate 
ambulation or a short period of bed rest similarly 
showed no bene fi t to bed rest with pregnancy rates 
being 24.6% and 21.3% respectively  [  85  ] . 
Therefore, most centers allow immediate ambula-
tion or only a short period (less than 30 min) of rest 
prior to ambulation. Similarly, limited evidence 
suggests that intercourse around the time of 
embryo transfer does not negatively impact preg-
nancy rates. A multicenter randomized trial of 478 
IVF cycles where participants were randomized to 
abstinence or intercourse found similar pregnancy 
rates of 21.2% and 23.6% respectively  [  86  ] .  

   Number of Embryos to Transfer 

 Ideally, reproductive medicine providers would 
have the ability to select the most competent 
embryo and perform single embryo transfer in all 
patients, while maintaining an acceptable preg-
nancy rate. Unfortunately, this is currently not a 
reality. Strategies to screen embryos prior to 
transfer including aneuploidy screening with 
 fl uorescent in situ hybridization have not lead to 
increased pregnancy rates  [  87  ] . Currently, many 
programs culture embryos to the blastocyst stage 
to aid in embryo selection. Available data to date 
suggests that in good prognosis patients, cultur-
ing embryos to the blastocyst stage improves 
pregnancy rates  [  88  ]  and minimizes high-order 
multiple rates  [  89  ] . Ongoing efforts to  fi nd the 
ideal technique for preimplantation genetic 
screening for anueploidy are ongoing  [  90  ] . 

 The practice committee of the American 
Society for Reproductive Medicine (ASRM) and 
the Society for Assisted Reproductive Technology 
(SART) have published guidelines on the number 
of embryos to transfer in ART  [  91  ] . ESHRE has 
also published guidelines for good laboratory 
practice in IVF, strongly supporting a practice of 
single embryo transfer and discouraging the 
transfer of more than two embryos  [  92  ] . ASRM 
guidelines emphasize that treatment plans should 
be individualized and include patient age and 
embryo quality. They also encourage programs 
to generate internal data regarding pregnancy 
rates and multiple rates and regularly adjust 
algorithms for the number of embryos to transfer 
to optimize success and minimize complications. 
Table  4.1  summarizes these recommendations. 
It should be kept in mind that these are general 
recommendations, and patient preferences, the 
individual success of the program, ability for 
cryopreservation, embryo quality, and patient 
history may alter these recommendations. In 
addition, in some countries the number of 
embryos which may be cultured and/or trans-
ferred is under governmental regulation and 
local IVF practitioners must be cognizant of 
these laws.   

   Complications of Embryo Transfer: 
Ectopic Pregnancy 

 Patients undergoing embryo transfer may be at an 
increased risk for ectopic pregnancy—implanta-
tion at a site other than the endometrium of the 

   Table 4.1    ASRM and SART recommended limits on the number of embryos to transfer. 
Favorable prognosis is de fi ned as  fi rst cycle of IVF, good embryo quality, excess embryos avail-
able for cryopreservation, or previous successful IVF cycle (2009)   

 Age 
 Prognosis  <35 years  35–37 years  38–40 years  41–42 years 
 Cleavage-stage embryos 
 Favorable  1–2  2  3  5 
 All others  2  3  4  5 
 Blastocysts 
 Favorable  1  2  2  3 
 All others  2  2  3  3 
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uterine cavity, when compared to spontaneously 
conceived pregnancies. Studies examining the 
risk of ectopic pregnancy after ART have been 
inconsistent with the rate of ectopic pregnancy 
reported between 2.1 and 8.6%  [  93  ] . Retrospective 
studies of patient and cycle characteristics have 
attempted to identify risk factors in women 
undergoing ART to identify those who may be at 
higher risk. Tubal factor infertility has consis-
tently been shown to be signi fi cantly associated 
with an increased risk for ectopic pregnancy  [  94, 
  95  ] . Additionally, zygote intrafallopian transfer 
(ZIFT) signi fi cantly increases the risk of ectopic 
pregnancy  [  95  ] . More recent data from the 
Society for Assisted Reproductive Technologies 
have reported an ectopic pregnancy risk after 
ART that is similar to the background risk in the 
population at between 1 and 2% (1.7% for IVF 
and 1.4% for ICSI). Those undergoing ZIFT 
remained at elevated risk for ectopic pregnancy 
(4.3%)  [  96  ] . An elevated risk of heterotopic preg-
nancy, de fi ned as the simultaneous intrauterine 
and extrauterine implantation, has also been 
reported. The reported risk of heterotopic preg-
nancy after ART has ranged from 1.5 per 1,000 to 
1 in 100, which greatly exceeds the background 
rate of 1 in 30,000  [  97–  100  ] . 

 It is recommended that early pregnancy moni-
toring after ART follow strict protocols to identify 
potential abnormal early gestations and allow for 
early intervention of ectopic pregnancies with the 
goal of minimizing complications. Serial quantita-
tive hCG monitoring every 2 days for 2–3 measure-
ments is generally performed with the  fi rst value 
obtained between 10 and 16 days after the egg 
retrieval. The early rate of hCG rise in successful 
pregnancies has been well described  [  101  ] . The 
 fi rst ultrasound after ART is done to document 
intrauterine pregnancy location and rule out ecto-
pic or heterotopic pregnancy and is generally per-
formed between 5 and 6 weeks of gestational age. 
A repeat ultrasound to con fi rm ongoing embryo 
development and fetal heart rate should be per-
formed 2–3 weeks later. Generally, a fetal heart 
rate of 100 or greater should be seen by 6 weeks 
of gestation  [  102  ] . 

 In the ART population where pregnancy is 
highly desired, interventions such as endometrial 
curettage or presumed medical management of 
early ectopic pregnancy should only be under-
taken when the suspicion for ectopic pregnancy 
is very high. Recent studies have documented 
that the initial rate of rise of hCG in healthy preg-
nancies may be lower than previously described 
and advocate multiple (more than 2) hCG data 
points prior to any intervention that may disrupt 
an intrauterine pregnancy in the asymptomatic 
patient with a pregnancy of undetermined loca-
tion  [  103  ] . In clinical practice, hCG rises of  £ 50% 
are followed with serial hCG and ultrasounds; 
if persistently low or abnormal rises are con-
 fi rmed the patient is counseled regarding the risk 
of ectopic pregnancy and alerted to potential 
 symptoms. Intervention is undertaken when hCG 
rises have been low over two measurements (or 
more) or are plateauing in the absence of ultra-
sound documentation of an intrauterine gestation. 
Declining hCGs can be managed expectantly 
with the patient alerted to signs and symptoms of 
ectopic pregnancy. Management of ectopic 
pregnancy when symptoms such as pain or 
intraperitoneal bleeding are present is surgical 
(salpingectomy or salpingostomy). Medical 
management with methotrexate is appropriate in 
patients with plateaued or increasing hCGs that 
are pain free and whose ectopic pregnancy is not 
large  [  104  ] . Established clinical protocols have 
been published and systematic reviews have 
compared the ef fi cacy of various treatment pro-
tocols  [  105  ] . 

 In the case of heterotopic pregnancy, systemic 
methotrexate cannot be used due to the risk of 
teratogenicity and/or disruption of the intrauter-
ine gestation. Case reports of local surgical exci-
sion and KCl injection into the ectopic gestation 
have been reported in heterotopic pregnancies 
with the intrauterine pregnancy leading to a live 
birth  [  106,   107  ] . Ectopic pregnancies of unusual 
location such as cesarean scar or cervical implan-
tations may also require additional therapies 
beyond methotrexate such as KCL injection into 
the gestational sac  [  108  ] .  
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   Summary and Conclusions 

 In conclusion, embryo transfer technique 
signi fi cantly impacts IVF success. Attention to 
careful and systematic technique can avoid dif fi cult 
or traumatic transfers, which are associated with 
lower pregnancy rates. Evidence supports the per-
formance of a mock transfer, use of soft-tipped 
catheter, transferring embryos in the mid-portion 
of the uterus, and using ultrasound guidance if any 
dif fi culty is anticipated or the uterine measurement 
is uncertain. Other techniques described above 
such as injection of air post-transfer, afterloading, 
and removal of cervical mucus may also provide 
bene fi t. Activity after embryo transfer appears to 
have no demonstrable on IVF outcome. In cases 
where a dif fi cult transfer is anticipated, prepara-
tion in advance is helpful.       
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         Introduction 

 Since 1998, SET has been advocated as the only 
truly effective means by which to avoid multiple 
pregnancy in IVF cycles  [  1  ] . Since then, numer-
ous publications have investigated and promoted 
the practice of elective single embryo transfer 
(eSET)  [  1–  6  ]  including a comprehensive Practice 
Committee Opinion from the Society for 
Reproductive Technology and the American 
Society of Reproductive Medicine Practice in 
2012  [  7  ] . However, throughout the three-decade 
history of IVF treatment, eSET has been the 
exception, rather than the norm. In order to com-
pensate for low rates of implantation for individ-
ual embryos and achieve “acceptable” pregnancy 
rates, multiple embryos have been routinely 
transferred in the vast majority of patients under-
taking IVF in the USA and most other countries. 
Consequently, IVF as generally practiced, carries 
a high risk of multiple pregnancy and its associ-
ated adverse effects on mother and child. There 

are numerous issues that must be addressed in 
order to maximize the ef fi cacy of eSET and to 
improve its acceptability and utilization among 
clinicians and patients. 

   Changing Policy and Practice 

 In the year 2000, more than two-thirds of all 
embryo transfers performed in the United Sates 
were of three or more embryos. Practice guide-
lines from the Society for Assisted Reproductive 
Technology (SART) and the American Society 
for Reproductive Medicine (ASRM) were pub-
lished in 2004 and revised in 2009  [  8  ] . In 2004, a 
maximum of two embryos was recommended for 
transfer in women 35 and younger, but in 2006 
this was strengthened to a maximum of one 
embryo in women <35 year of favorable progno-
sis if blastocyst transfer (having a higher implan-
tation rate) was performed, and additional 
recommendations now include patients with 
embryos to cryopreserve. From 1999 to 2008, the 
proportion of transfers with three or more 
embryos declined from 70 to 39%, with transfers 
of four or more embryos declining from 36 to 
14%. However, the proportion of double embryo 
transfers increased from 23% in 1999 to 50% in 
2008. The proportion of single embryo transfers 
also doubled from 6 to 12%. It must be noted, 
however, that prior to 2002 almost all single 
embryo transfers were nonelective (i.e., cycles in 
which only one embryo was available). Therefore 
the increase in single embryo transfers was 
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mainly due to increases in elective SET. As shown 
in Table  5.1 , the percentage of cycles with eSET 
rose from 0.7 in 2003 to 9.6 in 2010.  

 The USA has lagged behind much of the 
world with regard to eSET, only in part due to 
legislation restricting the number of embryos 
that may be cultured and transferred in other 
countries  [  9  ] . In 2007, 21% of cycles reported to 
ESHRE (the European Society of Human 
Reproduction and Embryology) had transfer of a 
single embryo  [  10  ] .  

   Ef fi cacy of Single Embryo Transfer 

 The largest single randomized trial comparing 
double to single embryo transfer was published 
by Thurin et al. in 2004  [  3  ] . This was a blinded 
multi-center trial in 11 Swedish clinics which 
randomized 661 women to double or single 
embryo transfer. Subjects were  £  36 years old, on 
their  fi rst or second IVF attempt, and had at least 
two good quality embryos on day 2 or 3. Subjects 
randomized to the eSET group who did not have 
live birth from their fresh cycle underwent a sub-
sequent transfer of a single thawed embryo. 
Therefore the maximum number of embryos 
transferred to each group was two. Birth rates 
were signi fi cantly lower following fresh transfer 
of one versus two embryos (28% vs. 43%, RR 
0.64). However, when delivery from the frozen 
transfer was included, live birth rates in the 1 
fresh +1 thawed group was 38%, which was not 
signi fi cantly different from that following double 
transfer of fresh embryos (43%, RR 0.90, 
 p  = 0.30). Several other randomized controlled 

trials have compared birth rates between transfers 
of one versus two embryos and these have been 
reviewed in a Cochrane Review  [  11  ]  and two 
meta-analyses  [  12,   13  ] . These showed similar 
results, with live birth rates of 26 and 42–43% 
with single and double embryo transfer respec-
tively, with all but one included study employing 
cleavage-stage transfer. Gardner et al.  [  2  ]  ran-
domized patients to blastocyst transfer of one or 
two embryos on day 5, with ongoing pregnancy 
rates of 61% vs. 76% RR = 0.80; this result was 
likely not signi fi cant due to small sample size. 
The twin pregnancy rate in the double embryo 
transfer group was 47%. These results are similar 
to observational data reported from a large clini-
cal practice performing blastocyst eSET in 
women <37 year over a 6-year period. The live 
birth rate with eSET was 56% vs. 54% for double 
embryo transfer, with a twinning rate of 44% in 
the double embryo transfer group  [  14  ] . 
Considering all studies, it is clear that the twining 
rate is over tenfold higher after transfer of two 
versus one embryo in good prognosis patients; 
the twining rate after single embryo transfer is 
very low, and due to monochorionic twinning. 

 In current clinical practice, eSET is reported by 
SART. Table  5.1  and Fig.  5.1  show data re fl ecting 
current practice and outcomes in the USA.   

   The Importance of Avoiding Multiple 
Pregnancy 

 The proportion of ART births that were multiple 
births in women <35 dropped somewhat from 
39.9 to 33.9% over the last 8 years. Although 

   Table 5.1    ART outcomes 2003 through 2010   

 2003  2004  2005  2006  2007  2008  2009  2010 

 Live birth rate/cycle (%)  37.5  36.6  37.1  38.8  39.9  41.3  41.4  41.7 
 Twin live birth rate (%)  33.5  32.7  33  32.3  32.9  33.3  32.9  32.4 
 Triplet live birth rate (%)  6.4  4.9  4.3  2  1.8  1.9  1.6  1.5 
 Average embryos transferred ( n )  2.6  2.5  2.4  2.3  2.2  2.2  2.1  2 
 eSET (%)  0.7  1.2  2.1  3.3  4.5  5.2  7.9  9.6 

  Adapted from   www.sart.org      

http://www.sart.org
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the rate of triplets decreased from 6.4 to 1.5%, 
the percentage of twin live births was essentially 
unchanged at 33.5 to 32.4% (Fig.  5.1 ) despite 
increases in eSET and an overall reduction in 
the average number of embryos transferred 
(Table  5.1 ). There is no debate about the fact 
that triplets are high-risk pregnancies and should 
be avoided, but there is more debate about the 
relative desirability of twin pregnancies. Natural 
twinning occurs in approximately 1% of all 
births, and the majority of twins born in the 
USA are therefore not from IVF treatment. 
However, IVF and other ovarian stimulation 
medications have notably increased the inci-
dence of multiple births. 

 Maternal complications during pregnancy and 
delivery are higher with multiple pregnancy  [  15  ] . 
Mortality rates are two to three times higher with 
multiple compared to singleton pregnancies  [  16–
  18  ] . Serious complications include gestational 
diabetes  [  19  ] , gestational hypertension  [  20,   21  ]  
preeclampsia  [  22  ]  and eclampsia  [  23  ]  which are 
two to three times higher with twins. Risks are 
almost doubled for post-partum hemorrhage, 
thromboembolism, pulmonary embolism, stroke, 
more than tripled risk of myocardial infarction, 
sevenfold increased in pulmonary edema, and 
13-fold increase in heart failure  [  17,   24  ] . Rates 

of cesarian delivery  [  25,   26  ]  and  hysterectomy 
 [  27  ]  are also three or more times higher, and 
overall the costs of multiple pregnancies are 
much higher  [  24  ] . 

 Fetal and neonatal risk increase dramatically 
with twin pregnancies. The average gestational 
age of twins at birth is three and a half weeks less 
than singletons, and average birth weight is 30% 
lower  [  28  ] . The risk of low birth weight (<2500 g) 
is six times greater, very low birth weight 
(<1500 g) is  fi ve times greater, and preterm birth 
(<37 weeks) is more than four times greater for 
ART twins compared to ART singletons  [  29  ] . 
Two-thirds of all ART twins are born preterm, 
and the majority (57%) suffer from low birth 
weight, and 9% from very low birth weight  [  28  ] . 
Fetal mortality  [  30  ]  is also higher than for single-
tons, and stillbirths  [  31  ]  are more than twice as 
frequent. Neonatal mortality is six times higher 
for twins  [  32  ]  and infant mortality  [  30  ]  is  fi ve 
times higher. The risks of    a wide range of con-
genital malformations including hydrocephaly, 
anencephaly, neural tube defects, cardiovascular, 
urogenital, gastrointestinal, and musculoskeletal 
malformations are increased in twins, with most 
relative risks being between 1.5 and 3  [  33,   34  ] .  
In addition to these immediate risks, surviving 
infants are at increased risk of long-term medical 

  Fig. 5.1    Utilization of eSET, twin, and triplet live birth rates in women of <35 years. Adapted from   www.sart.org           
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and developmental problems. Compared to sin-
gletons, twins are 70% more likely to have a 
severe handicap,  fi ve times more likely to be 
diagnosed with cerebral palsy  [  29,   35,   36  ]  and 
have impaired language  [  37  ]  and cognitive devel-
opment  [  38  ] , and impaired academic  [  39,   40  ]  and 
social behavior  [  41  ] . 

 Other issues related to twin, and other mul-
tiple births are the increased stresses on the par-
ents. Mothers of twins have more anxiety, 
depression, and fatigue, even after the infancy 
period is over and fathers have more depres-
sion, anxiety, social dysfunction, and sleeping 
dif fi culties  [  42  ] . 

 There is also evidence that the transfer of mul-
tiple embryos may result in adverse outcomes 
even when a singleton live birth occurs. Singletons 
resulting from transfer of one embryo versus two 
are less likely to be premature and have low birth 
weight  [  43,   44  ] . It has been hypothesized that this 
is related to the effect of vanishing twins on the 
development of the surviving fetus. Rates of 
 preterm birth and low birth weight among single-
tons were signi fi cantly higher when more than 
one heartbeat was observed on early ultrasound 
examination  [  43  ] .   

   Indications for Single Embryo Transfer 

   Medical Indications 

 It is prudent to recommend single embryo trans-
fer for patients with medical conditions which 
make them at particularly high risk if carrying a 
twin gestation, such as patients with comorbidi-
ties such as diabetes, hypertension, obesity, con-
genital uterine anomalies, history of premature 
delivery, or cervical incompetence.  

   Elective Indications 

 Elective SET is recommended by ASRM guide-
lines in patients <35 with favorable prognosis, 
i.e.,  fi rst cycle, good quality embryos, excess 
embryos for cryopreservation and history of IVF 
success  [  8  ] . This may be a conservative recom-

mendation. Jungheim et al. reported a 54% 
 delivery rate for patients requested eSET despite 
only 15% of these cycles meeting ASRM guide-
lines for eSET  [  45  ] . A Belgian study found only 
a slight decrease in pregnancy rates per transfer 
(27.4% vs. 30.7%) after more than tripling their 
use of single embryo transfer to account for well 
over half of all cycles  [  46  ] . In another study the 
cumulative pregnancy rate per oocyte retrieval, 
including transfers of cryopreserved embryos, 
reportedly did not decline even after expanding 
the use of single embryo transfer to more than 
90% of all ART cycles  [  47  ] . 

 The primary indication for elective single 
embryo transfer is the availability of good to 
excellent quality embryos with high implantation 
potential. Single embryo transfer is most appli-
cable to transfers of blastocyst-stage embryos on 
day 5 or 6 after oocyte retrieval, as blastocysts 
tend to have higher rates of implantation than 
cleavage-stage embryos  [  48,   49  ] . Morphologically 
top-quality blastocysts (those expanding by day 5 
after oocyte retrieval with a high-quality inner 
cell mass and trophectoderm) may implant at 
rates of 70% or greater  [  50,   51  ] . Triplet preg-
nancy rates of 2% have been reported for double 
blastocyst transfers  [  14  ] , indicating the risk of 
high order multiple pregnancy after monochori-
onic twinning. High-quality cleavage-stage 
embryos (7 or 8 cells with no multinucleation and 
minimal fragmentation) may implant at rates of 
50% or more  [  52  ] . Clearly young patients, and 
women using donor oocytes, will be at highest 
risk of multiple gestation with transfer of two 
high-quality embryos. Indeed, there is clear age-
related decline in twin rate when two embryos 
are transferred (Table  5.2 ).   

   Physician and Staff Education 

 One component necessary to expand the utiliza-
tion of eSET is education of treating physicians 
and staff. Clinicians are often reluctant to 
encourage eSET out of concerns that pregnancy 
rates will suffer as a result  [  53  ] . All members of 
the team including physicians, embryologists 
and nurses must be aware that the literature 
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demonstrates that high pregnancy rates can be 
maintained while increasing the health of the 
resulting children by performing eSET in good 
prognosis patients.  

   Patient Education 

 Patient education is vital for encouraging eSET, 
and presents a particular challenge. Not only are 
patients understandably concerned about poten-
tial reductions in pregnancy rates with only one 
embryo transferred, but numerous studies have 
found that the majority of patients prefer twin 
pregnancies over singleton pregnancies for a 
variety of reasons  [  54,   55  ] . Such attitudes may 
be largely due to misconceptions that underesti-
mate the ef fi cacy of eSET and the risks and 
health consequences associated with multiple 
pregnancy. Increased education has been shown 
to make eSET a more acceptable option to 
patients. When both male and female patients 
are educated regarding relative risks of pre-
eclampsia, low birth weight, postpartum depres-
sion, the desire for twin pregnancy declined and 
eSET became the preferred option  [  56,   57  ] . 
Providing patients with educational material that 
contains a written description of the advantages 
of eSET has been shown to increase patient 
acceptance and triple use  [  58  ] .  

   Reducing Financial Incentives 

 The prospect of limiting the number of high-cost 
IVF attempts may be an incentive to transfer 
more than one embryo and risk multiple preg-
nancy  [  55  ] . Educating patients about both the 
risks and costs of carrying a multiple pregnancy, 

and the increased risk of loss of work may assist 
in patient education. Long-term costs to society 
of multiple pregnancy, which includes both neo-
natal hospital care as well as care for long-term 
medical needs are clear. Insurance coverage for 
IVF treatment has been shown to reduce the num-
ber of embryos transferred  [  59  ] . Shared-risk pro-
grams, where good prognosis patients pay a  fi xed 
fee, with a guaranteed refund if treatment does 
not result in live birth, may increase patient 
acceptance of eSET  [  60  ] .  

   Importance of the IVF Laboratory 
in eSET 

 It is critical that the IVF laboratory and embry-
ologists are able to culture embryos successfully, 
and effectively grade and select the “best” embryo 
for transfer. In addition, an excellent cryopreser-
vation program is essential in order to maximize 
the delivery rate per ovarian stimulation when 
eSET is employed. Embryo culture and grading 
are described in Chap.   7    , and cryopreservation 
technology is discussed in Chap.   10    .   

   Conclusions 

 Randomized controlled trials have demonstrated 
that birth rates are signi fi cantly higher with the 
transfer of two versus one embryo at the costs of 
much higher rates of multiple pregnancy. Twin 
pregnancies are associated with signi fi cantly 
increased risks of adverse outcomes and a large 
increase in  fi nancial costs. The only effective 
means of preventing multiple pregnancy in ART 
is to perform SET. eSET has been proven to be 
highly effective among appropriately selected 

   Table 5.2    Multiple pregnancy rates by maternal age   

 <35  35–37  38–40  41–42   ³ 43 

 Average No. Embryos Transferred  2  2.2  2.6  3.0  3.1 
 Twin Live Birth Rate (%)  32.5  27.2  22.1  16.9  9.6 
 Triplet Live Birth Rate (%)  1.5  1.5  1.1  1.1  0.9 

  Data taken from the SART CORS reporting system:   www.sart.org      

http://dx.doi.org/10.1007/978-1-4419-9848-4_7
http://dx.doi.org/10.1007/978-1-4419-9848-4_10
http://www.sart.org
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patients; cumulative pregnancy rates per retrieval 
including transfers of cryopreserved embryos 
can be equivalent or higher for single compared 
to double embryo transfers. The primary indica-
tion for eSET is the availability of two or more 
high-quality embryos, particularly for blasto-
cyst-stage transfer. Due to the high implantation 
potential of embryos derived from donor oocytes, 
single embryo transfer should be encouraged in 
donor oocyte cycles, unless embryo quality is 
poor. eSET should be the primary recommenda-
tion for younger women with good embryo qual-
ity and no history of repeated failed cycles 
despite good embryo quality. eSET should be 
offered to women as old as 40 years particularly 
if high-quality blastocyts are available and/or the 
couple has had a previous IVF or naturally con-
ceived pregnancy.      
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         Introduction 

 During the pre-ovulatory period, the follicular 
environment nurtures growth and development of 
the oocyte in the dominant follicle to produce a 
meiotically competent oocyte capable of resum-
ing meiosis and progressing through meiosis to 
metaphase II. The cumulus-corona cells that sur-
round the oocyte are critically important in sus-
taining oocyte nutrition and maturation, and 
providing essential metabolites, hormones, and 
growth factors  [  1–  4  ] . After exposure to the pre-
ovulatory surge of luteinizing hormone, consid-
erable changes in the organization of these 
surrounding layers occur. Corona cell processes 
retract from the oolemma, gap junctions through-
out the cumulus complex are disrupted, and gly-
cosaminoglycans, predominantly hyaluronic 
acid, are secreted causing considerable expansion 
of the cumulus corona mass. At the time of folli-
cular rupture, this mass will protect the oocyte 
from exposure to the transitional chemical and 
physical conditions that it will encounter during 
its journey along the fallopian tube. 

 The single most important goal of the IVF 
laboratory is to create an environment for the 
gametes and resulting embryos that is focused on 
maximizing their safety and developmental com-
petence. Safety and maintenance of the oocytes 
from the moment of follicular aspiration, through 
insemination and embryo growth is paramount to 
IVF success. Due to the extreme sensitivity of 
these cells, even to slight changes in environmen-
tal conditions, all IVF handling and culture pro-
cedures should minimize oocyte exposure to 
biophysical and chemical  fl uctuations.  

   Oocyte Collection 

   The Procedure 

 In stimulated IVF cycles, oocyte retrieval is usu-
ally performed 36 h after hCG administration by 
ultrasound-guided transvaginal aspiration. 
Several factors including variables such as pump 
vacuum, velocity, needle lumen size and length, 
follicular pressure and size, and collection tech-
nique may affect oocyte competence and should 
be monitored and recorded before and during the 
retrieval procedure (reviewed by Horne et al.  [  5  ] ). 
During collection, a maximum vacuum pressure 
of about 120 mmHg is recommended to dampen 
the risk of damage to the oocytes  [  6  ] . Moreover, 
to minimize changes in temperature, the collec-
tion tubes should be kept in a tube warmer main-
tained at 37°C before being connected to the 
collection system. 
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 The follicles are aspirated in a systematic 
manner with each tube containing aspirate passed 
off to the laboratory immediately after it is full. 
The adjoining laboratory examines the follicular 
 fl uid in sterile plastic dishes. Cumulus–corona–
oocyte complexes (CCOC) are identi fi ed, rinsed 
in pre-equilibrated medium in order to remove 
any blood residue from  follicular  fl uid, and the 
CCOCs are then transferred to dishes containing 
pre-equilibrated medium and incubated in a 
de fi ned atmosphere (see    Oxygen concentration 
during embryo culture below) at 37°C. 

 The cohort of oocytes collected after ovarian 
hyperstimulation represents a range of matura-
tional stages that may have speci fi c nutritional 
requirements. However, the standard IVF proto-
col is to use the same medium for all oocytes 
after collection unless some are speci fi cally des-
ignated for in vitro maturation. The collection 
and holding media must contain glucose (in the 
range of 2.0–5.5 mmol/l) as the cumulus cells 
require this glycolytic substrate as an energy 
source. The electrolytic and the osmotic needs 
are met by most balanced salt solutions  [  7  ] . 

   QA Considerations 
 Human oocytes are exquisitely sensitive to any 
environmental perturbations including both phys-
ical stresses, as well as chemical stresses such as 
temperature and pH  fl uctuations, and environ-
mental air contamination. Temperature oscilla-
tions associated with handling oocytes outside 
the incubator may impair the oocyte microtubular 
system. Changes in spindle organization have 
been observed in mature human oocytes exposed 
to room temperature even for only few minutes 
 [  8–  10  ] . Notwithstanding the ability of the mei-
otic spindle to reassemble when the temperature 
is reestablished, the risk of aneuploidy occur-
rence is potentially increased after a temperature-
induced depolymerization  [  9  ] . 

 Because of the extreme sensitivity of human 
oocytes, all the equipment in use (including Petri 
dishes and Pasteur pipettes) should be pre-warmed 
at 37°C (Fig.  6.1 ). In order to maintain a stable 
temperature in the dishes, the working areas (hood 
and microscope) and the thermo plates should be 
calibrated regularly. Daily, in the early morning, 
an external calibrated certi fi ed  thermometer 

  Fig. 6.1    Media and dish preincubation in daily IVF laboratory practice       
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should be used to monitor the temperature of all 
the heating devices. The observed values should 
be reported and compared to the tolerance limits 
de fi ned for each instrument. For a detailed discus-
sion on quality management issues, see Chap.   15    .  

 As mentioned by Mortimer et al.  [  11  ] , a poorly 
recognized aspect of temperature maintenance is 
that most disposable plastic platforms are 
designed in a way that does not allow the medium 
to come into direct contact with the microscope 
stage. This air gap reduces the ef fi cacy of heated 
stages, making it very dif fi cult to stabilize the 
temperature when using standard IVF dishes. 

 One of the most important roles of the han-
dling media is to prevent a pH shift.   Although 
there is agreement regarding the need to moni-
tor pH during IVF culture, there seems to be a 
less consensus regarding the actual correct 
value. In 1998, Dale et al.  [  12  ]  demonstrated 
that the baseline intracellular pH (pHi) of the 
human oocyte is 7.4 ± 0.1 in HCO  

3
  −  /CO 

2
 -

buffered medium. Recently, a lower pH (approx-
imately 7.30) was found to be the optimum for 
culturing up to the pronuclear stage  [  13  ] . Unlike 
cleavage-embryos that have mechanisms for pH 
regulation, human oocytes lack the ability to 
regulate their internal pH; a problem that is even 
more marked in the cumulus-corona-free 
oocyte. Therefore, excursions in the extracellu-
lar pH can easily translate into deleterious intra-
cellular perturbations that can compromise 
subsequent embryogenesis. Only 2–3 h after 
fertilization does the oocyte begin to recover 
the exchanger activity and the consequent abil-
ity to regulate its pH. The extracellular pH is 
generated by dynamic equilibrium between the 
CO 

2
  concentration in the incubator and the 

amount of bicarbonate in the media. For that 
reason, monitoring and stabilizing the extracel-
lular pH is particularly challenging during the 
handling of oocytes and embryos outside the 
incubator. 

 Speci fi c buffer systems are currently used in 
commercially available handling media for assisted 
reproduction treatment: 4-(2-hydroxyethyl)-1-
piperazineethanesulphonic acid (HEPES) and 
3-( N -morpholino)-propanesulphonic acid (MOPS). 
Since concerns have been raised regarding  potential 

detrimental effects of these organic buffers on 
gamete competence  [  14,   15  ] , media containing 
bicarbonate/CO 

2
  buffers are preferable, although 

they require controlled chambers to maintain a 
5–7% CO 

2
  atmosphere. However, it is essential to 

note that many of the adverse effects of these buf-
fer systems are largely dependent on interactions 
with other compounds in the media, and are not 
due to toxicity of the buffers themselves  [  16  ] . 
Regardless of the buffer chosen, it is crucial to 
maintain an appropriate and constant temperature, 
since temperature itself may alter the buffering 
ability of these compounds.  

   Cumulus–Corona–Oocyte Complex 
Grading 
 At the end of the retrieval process, the matura-
tional stage of the oocyte may be evaluated. 
Several scoring systems of the cumulus corona 
oocyte complex have been introduced to predict 
the nuclear maturity of the enclosed oocytes and 
identify the proper timing for insemination 
 [  17–  24  ] , although it is generally acknowledged 
that these assessment systems are not perfect. 

 Early studies from Rattanachaiyanont et al. 
 [  17  ] , performed on oocytes collected for IVF 
treatment, reported no correlation between 
oocyte–corona–cumulus complex morphology 
and nuclear maturity, fertilization rate, and 
embryo cleavage. On the contrary, other authors 
reported that CCOC scoring was related to fertil-
ization and pregnancy rates  [  22  ]  as well as to 
blastocyst quality and development  [  23  ] . Lin and 
colleagues  [  23  ] , proposed a grading system for 
CCOCs based on the morphology of the oocyte 
cytoplasm, cumulus mass, corona cells, and 
membrane granulosa cells, to select oocytes prior 
to insemination by conventional IVF. Five grades 
( Mature Group ,  Approximately Mature, Immature , 
 Post-mature, and Atretic ) were described. The 
authors reported higher fertilization rates for the 
oocytes belonging to the Mature Group compared 
to those belonging to the other groups. Moreover, 
the Immature Group was characterized by a 
higher incidence of poor morphology day 3 
embryos as compared to the Mature Group. 

 It has also been suggested that the presence of 
either CCOC anomalies such as amorphous 

http://dx.doi.org/10.1007/978-1-4419-9848-4_15
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clumps, or blood clots, may be an index of a sub-
optimal follicular maturation  [  25,   26  ] , and may 
impair the ability of the embryo to develop to the 
blastocyst stage. Oocytes from these CCOCs 
showed a signi fi cant alteration in the cytoplasmic 
texture probably related to the reduced fertiliza-
tion rate obtained when those oocytes are used 
for insemination  [  26,   27  ] . Moreover, variations in 
temperature and pH as well as reactive oxygen 
species induced by the presence of blood clots 
have been suggested as responsible for the com-
promised competence of those oocytes  [  20  ] . 

 Although cumulus-corona mass assessment is 
limited in terms of its ability to accurately predict 
oocyte maturity and competence, there is clearly 
some association between cumulus-corona dis-
position and meiotic status, with a fully expanded 
“sun burst” cumulus mass being associated with 
a mature oocyte (Fig.  6.2 ). Therefore, a careful 
assessment of CCOC morphology may be a use-
ful tool to aid in oocyte selection when the 
oocytes are destined for standard insemination, 
rather than ICSI.   

   Insemination Procedures 
 Fertilization is achieved by conventional in vitro 
insemination procedure or ICSI according to the 
patients’ history and sperm parameters. Although 
both these procedures are well established, there 
is no universal agreement regarding the elapsed 
number of hours to perform them after oocyte 
retrieval. We observed that a pre-incubation 
period of 3 h after oocyte retrieval may improve 
the fertilization rate and embryo quality after 

ICSI  [  28  ] . Other studies have been published 
regarding the time of injection post-retrieval, but 
without reaching consistent conclusions  [  29–  35  ] . 
Oocyte nuclear maturity can be easily assessed 
before ICSI by visualization of the  fi rst polar 
body, which is a characteristic of the mature, MII 
oocyte. However, nuclear and cytoplasmic matu-
ration are acquired independently during oocyte 
maturation and both of them are required for nor-
mal fertilization  [  36  ] . Therefore oocyte preincu-
bation prior to IVF or ICSI may induce 
cytoplasmic maturation that could eventually 
increase fertilization and also pregnancy rates. 
Balakier and colleagues  [  37  ]  reported that human 
oocytes progressively develop the ability for full 
activation and normal development during the 
MII arrest stage. An improvement in fertilization 
rates was obtained when ICSI was carried out 
6–8 h after the polar body extrusion. Presumably, 
the different optimum time intervals identi fi ed in 
the various studies re fl ect differences in patient 
populations and stimulation regimens used and, 
possibly, variations in culture systems. 

 Conventional insemination can be carried out 
using various platforms including multi-well 
dishes, microdrops, or tubes. Our current approach 
is to perform insemination in Nunc four-well 
dishes containing 600  m l of fertilization medium 
with an oil overlay. Up to three oocytes/well are 
inseminated with about 120,000–150,000 sper-
matozoa/mL. After 16–18 h of incubation, oocytes 
are then denuded to assess fertilization. Some 
studies have hypothesized a detrimental effect of 
prolonged oocyte exposure to spermatozoa in vitro 

  Fig. 6.2    A mature human oocyte ( a ) before cumulus removal; ( b ) after cumulus-corona removal       
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due to the production of free oxygen radicals, 
present especially in high concentrations of sper-
matozoa  [  38–  41  ] . Therefore, reducing exposure 
of oocytes to spermatozoa has been proposed to 
improve embryo viability, possibly due to decreas-
ing potential damage from sperm metabolic waste 
products  [  42  ] .   

   Embryo Culture 

   Media and Platforms 
 Efforts to improve culture conditions have 
resulted in a substantial breakthrough in the past 
10 years, with widespread application of new 
approaches including the use of atmospheric 
oxygen (so-called low oxygen tension), elimina-
tion of toxic components, and the introduction of 
sequential and single medium systems to culture 
embryos to the blastocyst stage. As a result, cul-
ture to the blastocyst stage has become an achiev-
able goal which, in turn, has facilitated selection 
of the most viable embryos. This approach allows 
for single blastocyst transfer with acceptably high 
pregnancy and birth rates, at least in selected 
good prognosis patients.  

   Embryo Culture Media Composition 
 In the last decade, knowledge acquired from sev-
eral studies regarding embryo physiology and bio-
chemistry has led to signi fi cant improvements in 
media formulations used for embryo culture, result-
ing in a remarkable increase in ef fi ciency of human 
assisted reproduction all over the world  [  43  ] . 

 Media for human embryo culture should con-
tain the following basic components: pure water, 
common salts, plus sodium bicarbonate as a 
buffer, sodium salt of EDTA or another chelator, 
pyruvate and lactate, amino acids, macromole-
cules, and antibiotics. However, commercially 
available human embryo culture media use dif-
ferent concentrations of each component, and 
many include other constituents as well. There 
are marked differences even in concentrations 
of the simplest elements, such as potassium 
chloride and magnesium sulphate  [  44  ] . Similarly, 
the optimal osmolality for development of 
human embryos in culture has not yet been 

determined. Moreover, almost all media require 
supplementation with chemically unde fi ned or 
partially de fi ned factors as albumin or synthetic 
serum substitutes. 

 The composition of the majority of IVF media 
is based on one of three physiological salines: 
Earle’s balanced salt solution, Krebs-Ringer 
bicarbonate, and Tyrode’s solution  [  45–  47  ] . So 
far, two major approaches have been used to 
determine the media composition and concentra-
tion of each compound. The  fi rst approach is the 
“empirical optimization” of components by bio-
assays—also known as “let the embryos choose” 
principle—established by Biggers and colleagues 
 [  48  ] . The common principles of this approach 
are: (1) that only a single medium is used to sup-
port development from the zygote to blastocyst 
stage; and (2) the concentration of constituents is 
de fi ned according to bioassays using a systematic 
approach to measure the response of embryos to 
several combinations and concentrations of test 
components. The concentration and type of com-
ponent selected for the medium is usually that 
which gives a maximum response. One of the 
limitations of the “empirical optimization” 
approach is the theoretical requirement of astro-
nomic numbers of experiments and some com-
promises in the interpretation of the mathematical 
models to determine the most suitable medium 
composition  [  48,   49  ] . Nevertheless, KSOM AA , 
the optimum medium for mouse embryo culture, 
was developed using this approach (reviewed by 
 [  49  ] ), and a slightly modi fi ed version of this for-
mulation (Global medium) is a very effective 
medium for culturing human embryos to the blas-
tocyst stage. 

 In contrast to the “let the embryos choose” 
approach, the “back to nature” approach uses the 
concentration of a substance that approximates 
the concentration to which the embryo is natu-
rally exposed  [  50  ] . This approach was introduced 
by Leese  [  51  ] . The major problem with this prin-
ciple is the extremely low amounts of the  fl uids in 
the oviduct and uterus available for assay, and the 
technical and ethical problems related to its col-
lection and measurement. So far, investigations 
have been performed in vivo (by micropuncture, 
chronic, or acute in situ cannulation) or in vitro 
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(by vascular and luminar perfusion). However, 
the composition of oviduct and uterine  fl uids 
likely differ from the in vivo microenvironment 
around the embryo  [  52  ] . 

 Numerous studies supporting the ef fi cacy of 
both sequential and single media have been pub-
lished  [  48,   49,   53–  62  ] , and the overall weight of 
the evidence indicates that probably neither sys-
tem is superior to the other for growth of human 
embryos to the blastocyst stage. Indeed, both 
systems are used worldwide, with each having 
potential advantages and disadvantages 
(reviewed by Vajta et al.  [  63  ] ). As a side note, 
since most of the data used for development of 
commercially available human media are 
derived from experiments performed on animal 
embryos, it is likely that a more intensive dia-
logue between human and domestic animal 
embryologists may eventually improve the com-
position of human media  [  64  ] .  

   Oxygen Concentration During 
Embryo Culture 
 Until recently, human embryos have been cul-
tured under atmospheric oxygen (20%), a proce-
dure adapted from earlier somatic tissue culture 
protocols  [  65  ] . However, in the early 1990s three 
different research groups observed the bene fi cial 
effect of reduced oxygen concentration (5%) on 
embryo development in a protein-free medium 
without somatic cell support  [  66–  68  ] . 

 Supporting evidence of using reduced oxygen 
concentrations for human embryo culture is the 
low oxygen concentration measured within the 
oviduct and uterus of different mammalian spe-
cies (2–8%)  [  69–  71  ] . Moreover, by continuous 
assessment of embryo development, using time-
lapse microscopy, the temporal effect of atmo-
spheric oxygen on embryo development has been 
studied and the embryos response to either static 
or changing concentration of oxygen has been 
evaluated  [  72  ] . Authors have showed detrimental 
effects of atmospheric oxygen on mouse embryos 
during in vitro culture, as re fl ected by slower 
cleaving embryos and decreased cell numbers in 
cleavage-stage embryos, and poorer blastocyst 
development  [  72  ] . Compared with embryos cul-
tured in 5% oxygen, embryos cultured in 20% 

oxygen were delayed at the  fi rst cleavage by 
0.45 h ( P  < 0.05), at the second cleavage by 0.84 h 
( P  < 0.01) and at the third cleavage by 3.19 h 
( P  < 0.001). Importantly, these detrimental effects 
of atmospheric oxygen were irreversible, as 
switching the embryo to reduced oxygen concen-
tration for the second 48 h of development (post-
compaction) did not alleviate the developmental 
perturbations induced during the initial 48 h. A 
prospective, randomized study conducted by 
Waldenstrom et al.  [  73  ]  on human embryos 
showed that blastocyst culture with low-oxygen 
(5%) versus high-oxygen (19%) concentration 
yielded a higher conversion rate to blastocyst and 
a marked improvement in birth rate. Recently, a 
meta-analysis has been accomplished to clarify 
whether or not the low O 

2
  concentration 

signi fi cantly improves clinical outcomes com-
pared to atmospheric O 

2
  concentration  [  74  ] . When 

embryos were transferred on days 5 and 6, the 
meta-analysis showed a statistically signi fi cantly 
higher implantation rate in the group of embryos 
cultured at low oxygen tension as compared with 
those cultured in 20% oxygen ( P  = 0.006)  [  74  ] . 

 The above published data suggest that, unless 
a future strong contra-indication is documented, 
low oxygen concentration should be a principle 
for culture of human embryos in all ART labora-
tories. This is one of the few questions where a 
de fi nite answer is available and a worldwide 
consensus is currently being formed. However, a 
further decrease in oxygen concentration below 
5% may have negative consequences. In fact, 
setting the oxygen concentration at 2%, although 
leading to increased blastocyst rates, may cause 
developmental abnormalities in ruminants  [  75  ] . 
On the other hand, there is no evidence that 
embryos need a continuous gas supply. A gas 
mixture volume of 50 ml in a closed system gen-
erously covers the requirements of 200 bovine 
embryos for 1 week, from the zygote to the 
 blastocyst stage  [  76  ] .  

   Embryo Culture Platforms 
 In sharp contrast to the widespread research 
regarding the design and utilization of optimum 
culture media, very little attention has been paid 
to devices used for embryo culture. 
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 In routine IVF, gametes and embryos are 
 cultured on inert surfaces such as glass or plastic 
polymers of varying con fi guration considered as 
“static” platforms, since they do not employ 
active means to agitate or stimulate embryo or 
media movement  [  77  ] . Usually, the media prepa-
ration consists of placing media in disposable 
polystyrene multiwell or Petri dishes, in 10–80  m l 
drops covered with oil with a subsequent over-
night equilibration in the proper gas mixture at 
37°C to stabilize the pH, temperature and achieve 
proper saturation with gasses. In most systems, 
the medium is changed on Day 3 (Day 0 being 
the day of oocyte retrieval), whether to a fresh 
drop of the same medium (the one-step system) 
or to a drop of a second growth medium (the 
sequential system). As discussed above, there is 
no consensus as to whether one of these systems 
affords an advantage over the other. As previ-
ously described  [  78  ] , what is perhaps of greater 
importance is the fact that fundamental differ-
ences exist between these conventional culture 
systems and the oviduct. During the progression 
through the female tract, embryos are exposed to 
changing components of oviductal  fl uid. In addi-
tion, embryos in vivo develop in a dynamic envi-
ronment and are subjected to changing 
gravitational positions. In contrast, in the in vitro 
environment, embryos are submerged in modi fi ed 
salt solutions, where autocrine factors are often 
diluted, and some of them diffuse into the oil 
layer; any change in composition of media occurs 
only once during the culture period, and not nec-
essarily according to the proper metabolic needs 
of the embryo; no dynamic movements are 
ensured. Moreover, most dishes are not devel-
oped for embryological purposes, and the stan-
dard embryo culture system is based on 
monolayer culture methods developed more than 
50 years ago for primary cultures of somatic 
cells and cell lines. 

 Fortunately, serious efforts are currently being 
focused on exploring the physical requirements 
of the embryo in the hope of optimizing embryo 
development in vitro. New culture platforms have 
been developed utilizing lower volumes of media 
with a limited surface area since it has been found 
in many animal models that co-culture of embryos 

in reduced volumes improves development, 
 potentially through secretion of autocrine/para-
crine factors  [  79–  81  ] . However, this approach 
requires careful attention in media handling since 
shifts in pH and osmolality are more frequent. 

 In order to exploit the potential bene fi cial 
effects of increased embryo density, other plat-
forms that combine the communal effect while 
allowing individual identi fi cation of embryos 
have been established. The Well of the Well or 
WOW system consists of small microwells pro-
duced on the bottom of a culture dish aiming to 
create a small microenvironment for individual 
embryos, while allowing them to share a larger 
common culture media reservoir above  [  80–  82  ] . 
Improvement in the percentage of embryos devel-
oping into blastocysts can be achieved in WOWs 
compared to traditional cultures (56% vs. 37%, 
respectively), and promising pregnancy and birth 
rates have also been reported  [  82  ] . 

 As an alternative to microwells, use of micro-
channels has been proposed for culturing 
embryos. The Glass Oviduct or GO system pro-
posed by Thouas  [  81  ]  is based on an open-ended 
2  m l sterile capillary with 200  m m inner diameter. 
The GO system is an extremely simpli fi ed and 
static version of the microchannel system that 
allows embryos to be cultured vertically promot-
ing increased cell contact. 

 Recently some special specialized surface-
coated dishes have been proposed as intriguing 
means of potentially improving current in vitro 
embryo culture systems (reviewed by Swain and 
Smith  [  77  ] ), however their application remains 
modest. Special surface treatments of dishes do 
not seem to have obvious bene fi ts; therefore, fur-
ther studies are required before drawing any con-
clusion regarding their true potential. 

 In order to implement a radically new embryo 
culture system, the possibility to employ 
dynamic culture platforms has been investi-
gated, including those speci fi cally engineered to 
stimulate controlled media  fl ow/movement. 
Macroscopically, the usual micro fl uidic device 
consists of the following parts: a glass micro-
scopic slide base; a plastic (for example 
 polydimethylsiloxane) layer with the channels 
and valves; and connections to mechanical or 
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pneumatic pumps. Sporadic and isolated 
attempts in the past decade to improve culture 
systems have demonstrated that micro fl uids are 
suitable to perform almost all steps of human 
IVF varying from selection of motile spermato-
zoa, oocyte cumulus removal, in vitro fertiliza-
tion by insemination and embryo culture 
 [  83–  85  ] . Initial steps to assemble the isolated 
steps into a production line have also been suc-
cessfully performed. Accordingly, there is a 
chance to make complex procedures completely 
automated including the whole human IVF lab-
oratory process  [  83  ] . The only unproven step 
that would need to be adopted into the 
micro fl uidic system is ICSI; however, this pro-
cedure may ultimately be replaced with alterna-
tive solutions, or performed in a semi-automated 
way  [  86  ] .   

   Embryo Grading and Selection 

   Static Morphology Evaluation 
 Embryo morphological grading remains the stan-
dard method for evaluation and selection because 
of its simplicity and cost-effectiveness, and due 
to the failure of recent “-omics” technologies 
(metabolomics, transcriptomics, and proteomics) 
to improve selection (reviewed by  [  87  ] ). Different 
morphological criteria for cleavage embryo 
assessment have been described through the 
years and a variety of characteristics have been 
proposed as indicative of embryo viability: early 
cleavage  [  88–  108  ] , cleavage rate  [  95–  98  ] , blasto-
mere size  [  96,   97,   99  ] , presence of multinucle-
ation  [  99–  104  ] , extent of fragmentation  [  96, 
  97,   105–  109  ]  and distribution of fragments 
 [  107,   108  ] . 

 One of the most critical factors in the evalua-
tion of cleavage-stage embryos is the strict timing 
for the assessment. For standardization, a 
European consensus was reached to perform the 
2-day and 3-day evaluation respectively at 44 ± 1 
and 68 ± 1 h post insemination  [  110  ] . Early cleav-
age in two daughter cells has been associated with 
higher development and pregnancy and implanta-
tion rates  [  88,   90–  93  ] , indicating its use as a valu-
able additional embryo selection criterion. 

 A great number of embryo morphology scor-
ing systems have been proposed  [  111–  115  ] . 
However, at present the lack of standardization 
(in the nomenclature used as well as the number 
of characteristics considered and the calculated 
threshold values) is an obstacle for an easy and 
unequivocal interpretation of the different results. 
Therefore, two consensus groups have proposed 
standardized systems for staging the embryos, 
one group from the Society for Assisted 
Reproductive Technology/American Society for 
Reproductive Medicine (SART/ASRM)  [  116  ] , 
the other from Alpha  [  110  ] . In addition, both 
groups proposed the simple categories of “good,” 
“fair,” and “poor” as related to embryo quality 
 [  110,   116  ] , and the Alpha group further de fi ned 
these categories with regards to blastomere num-
ber, degree of fragmentation, extent of blastom-
ere asymmetry, and presence of multinucleation 
(Fig.  6.3 )  [  110  ] .  

 It has been also suggested that the capacity of 
the embryo to reach the blastocyst stage could 
have additional prognostic value in identifying 
the best embryo(s). Indeed, increases in preg-
nancy and implantation rates have been reported 
after both fresh and cryopreserved blastocyst 
transfers  [  117–  121  ] . However data are still con-
troversial, since some authors found comparable 
results after cleavage embryo transfers  [  113,   122, 
  123  ] . Moreover, a large number of embryos fail 
to develop to the blastocyst stage in extended cul-
ture and it is not possible to know which of these 
embryos would have implanted if they had been 
replaced earlier  [  113,   124  ] . 

 Since blastocyst development is dynamic, 
grading should be evaluated 112–114 h post 
insemination when a de fi ned inner cell mass, a 
blastocoel cavity, and a ring of evenly spaced 
and sized trophectoderm cells should be 
observed  [  110  ] . 

 Different scoring systems for blastocysts have 
been described  [  125–  127  ]  however, the most 
commonly used is that described by Gardner 
et al.  [  125  ] . The authors de fi ned an alphanumeric 
scoring system on the basis of degree of blasto-
cyst expansion and hatching status, the develop-
ment of the inner cell mass and the development 
of the trophectoderm (Figs.  6.4  and  6.5 ).    
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   Time-Lapse Imaging 
 One major limitation to classic morphology grad-
ing is the static evaluation of the embryos at one, 
or at the most, a few discrete time points. 
Continual monitoring by means of time-lapse 
cinematography allows noninvasive, dynamic 
imaging of embryo morphological changes and 
permits correlations to be made among mor-
phokinetics, further development and clinical 
fate. Indeed, timing of different embryonic devel-
opmental events post-insemination has been pro-
posed as an additional criterion in embryo 
selection  [  128–  130  ] . A recent study revealed that 
an optimal time range (time window) exists for 
every early cell division, supporting the hypoth-
esis that viable embryos undergo tightly regu-
lated cellular events  [  130  ] . 

 Various combinations of different morphologi-
cal criteria, from the oocyte, to the cleavage-stage 

embryo, to the blastocyst have been evaluated, 
and many have proven to have predictive power 
for selecting developmentally competent embryos 
(reviewed by  [  87  ] ). Indeed, morphological grad-
ing remains the  fi rst-line method for evaluation 
and selection of embryos in clinical IVF.  

   Noninvasive Media Pro fi ling 
 Improving knowledge about gamete and embryo 
physiology should allow the identi fi cation of 
novel markers of embryo quality that may be use-
ful as additional selection criteria. In this regard, 
targeted approaches that measure speci fi c com-
ponents in the culture medium (such as amino 
acids  [  131  ] ), as well as the application of recent 
“-omics” technologies  [  132,   133  ]  hold promise. 
Among these new methods, the employment of a 
noninvasive screening technology using near 
infrared  spectroscopy to analyze the  metabolomic 

  Fig. 6.3    Day 3 embryos of varying quality: ( a ) Good 
quality, characterized by mild fragmentation (<10%), 
stage-speci fi c cell size and absence of multinucleation; 
( b ) Fair quality, characterized by the presence of moderate 
fragmentation (10–25%), stage-speci fi c cell size for the 

majority of blastomeres and no evidence of multinucle-
ation; ( c ) Poor quality, characterized by severe fragmenta-
tion (>25%), cell size not stage-speci fi c and evidence of 
multinucleation       
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  Fig. 6.4    Blastocyst grading according to Gardner and 
Schoolcraft. Blastocysts are classi fi ed by a numerical 
score from 1 to 6 on the basis of their degree of expansion 
and hatching status: (1) an early blastocyst with a blasto-
coel that is less than half of the volume of the embryo; (2) 
a blastocyst with a blastocoel that is half of or greater 
than half of the volume of the embryo; (3) a full blasto-
cyst with a blastocoel completely  fi lling the embryo; 
(4) an expanded blastocyst with a blastocoel volume 
larger than that of the early embryo, with a thinning zona. 

For fully developed blastocysts, the development of the 
inner cell mass is assessed: (A) tightly packed, many 
cells; (B) loosely grouped, several cells; (C) very few 
cells. The trophectoderm is assessed according to the 
number and appearance of trophectoderm cells: (A) many 
cells forming a cohesive epithelium; (B) few cells form-
ing a loose epithelium; (C) very few large cells. Adapted 
from Sakkas and Gardner,  Textbook of Assisted 
Reproductive Techniques: Laboratory and Clinical 
Perspectives, Second Ed.        

  Fig. 6.5    Examples of blastocysts of contrasting stage and quality: ( a ) Blastocyst with grade 4AA; ( b ) Blastocyst with 
grade of 3CC       
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pro fi ling of embryo culture medium has been 
proposed as one of the most promising selection 
methods. However, besides the initial bene fi ts 
reported in retrospective studies  [  132,   134–  139  ] , 
recent prospective randomized studies have 
shown that the evaluation of metabolomic pro fi les 
by near infrared spectroscopy does not improve 
implantation rates  [  140,   141  ] .    

   Concluding Remarks 

 Applications of new culture approaches including 
use of atmospheric oxygen level and the introduc-
tion of single-step and sequential media have 
resulted in several signi fi cant breakthroughs in 
the clinical IVF laboratory. The ability to improve 
preservation of embryonic developmental poten-
tial has increased the likelihood of obtaining a 
consistent number of embryos reaching the blas-
tocyst stage. With these improvements, applica-
tion of single blastocyst transfer should continue 
to increase, at least in good prognosis patients. 
This, in turn, will continue to decrease the inci-
dence of multiple pregnancies while preserving 
the overall ef fi ciency of the treatment. 

 Notwithstanding the demonstrated bene fi ts of 
innovative and sophisticated platforms, the wide-
spread use of these technologies is currently lim-
ited due to the costs of these devices and design 
pitfalls that can make them more labor intensive 
to utilize. In a futuristic view, a complex, auto-
mated system may be established to perform all 
steps that lead to embryo production  [  77  ] . The 
system could also be enhanced with a time lapse 
imaging system to allow noninvasive detailed 
analysis of embryo development and with vari-
ous sensors to measure, for instance, embryo-
derived biomarkers (metabolomics) or gene 
expression pro fi les (transcriptomics). The enor-
mous amount of information derived from mor-
phological (including phase-contrast) images and 
time-lapse videos together with biochemical 
parameters may prove invaluable for determining 
the optimal time for embryo transfer, for select-
ing the best embryo(s) for transfer, and for com-
parison of various versions of culture methods 
and parameters. 

 Although improvements in the IVF culture 
system have resulted in signi fi cantly improved 
clinical outcomes, one of the major limitations in 
IVF laboratory technology still relates to 
identi fi cation of the most viable embryo(s) to 
transfer. Currently, selection of the best embryo(s) 
is based on static assessment of morphological 
features, but most of the embryos transferred fail 
to implant. In the future, implementation of cur-
rent culture systems with time lapse cinematog-
raphy and “-omics” technology may improve the 
identi fi cation of novel markers of embryo quality 
to provide additional selection criteria. 
Furthermore, preimplantation genetic screening 
may help in the determination of embryonic 
“health” through screening the genetic constitu-
tion of the embryo (see Chap.   8    ). However, this 
technology is still far from being routinely used 
in IVF clinics and further investigations are 
needed to ensure the reliability and sensitivities 
of these methods.      
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         Background 

 Since the  fi rst human birth following in vitro 
 fertilization (IVF) in 1978, this procedure has 
been used extensively for alleviation of infertil-
ity. However, because spermatozoa cannot fertil-
ize in many cases of male factor infertility, a 
number of supplementary techniques have been 
developed to overcome this inability; these tech-
niques are generally referred to as assisted fertil-
ization, microsurgical fertilization, or simply 
micromanipulation. The application of microma-
nipulation to human gametes has not only allowed 
fertilization in cases of severe oligo-zoospermia 
and even defective spermatozoa, it has also pro-
vided a powerful tool for a more comprehensive 
understanding of the basic elements of oocyte 
maturation, fertilization, and early development. 
Micromanipulation techniques also now permit 
the diagnosis and sometimes even the correction 

of genetic anomalies, as well as optimization of 
implantation rates in certain cases. 

 When sperm density, motility, or morphology 
is inadequate, various techniques have been pro-
posed to bypass the zona pellucida. The practical 
use of micromanipulation started in the mid-
1980s with zona drilling (ZD) and partial zona 
dissection (PZD). Since then, this  fi eld has under-
gone such a rapid evolution that these early 
approaches have largely been abandoned in favor 
of intracytoplasmic sperm injection (ICSI), with 
the use of PZD con fi ned to the 4–8 cell embryo 
stage (i.e., assisted hatching) in an effort to pro-
mote implantation. Zona drilling (ZD)  fi rst 
reported by Gordon and Talansky  [  1  ]  involved 
the creation of a circumscribed opening in the 
zona by acid Tyrode’s solution applied through a 
 fi ne glass micropipette. After insemination, more 
than one spermatozoon frequently entered such 
drilled zonae. Moreover, the use of acidic medium 
had a deleterious effect on the oocyte—an effect 
not seen to the same extent in cleavage stage 
embryos using the “hatching” procedure, dis-
cussed later. At the same time as ZD was being 
tested, mechanical cutting of a hole in the zona 
was introduced as another technique for nuclear 
manipulation of fertilized oocytes  [  2  ] . Alternative 
but similar procedures were zona cracking, in 
which the zona was breached mechanically with 
two  fi ne glass hooks controlled by a microman-
ipulator  [  3  ]  and zona softening performed by a 
brief exposure to trypsin  [  4  ]  or pronase. PZD 
 [  5  ] , used extensively for a period in cases of fer-
tilization failure, involved cutting the zona with 
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glass pipettes shortly before exposure of the 
treated oocytes to spermatozoa. 

 For all the above techniques, spermatozoa had 
to be progressively motile and to have undergone, 
or to have the potential to undergo, an acrosome 
reaction. The techniques also carried a distinct 
risk of injury to the oocytes and the need to pro-
duce an opening in the zona of optimal size. 
Localized laser photoablation of the zona also 
has been used to produce a gap of precise dimen-
sions in the zona, and this has resulted in a few 
healthy offspring  [  6,   7  ] . However, not only did all 
these early procedures produce only a moderate 
fertilization rate, with PZD being the most useful 
in that regard, they were associated with a 
signi fi cant incidence of polyspermy. Mechanical 
insertion of spermatozoa directly into the perivi-
telline space—subzonal sperm injection (SUZI) 
 [  8  ]  was introduced as another way of overcoming 
inadequacies of sperm concentration and motil-
ity, and this proved to be more effective than ZD 
or PZD, particularly following prior induction of 
the acrosome reaction  [  9–  11  ] . However, SUZI 
also remained limited by an inability to overcome 
acrosomal abnormalities or dysfunction of the 
sperm-oolemma fusion process, and, ultimately, 
by unacceptably low rates of normal fertilization 
with formation of two pronuclei. 

 Intracytoplasmic Sperm Injection (ICSI) 
involves insertion of a single selected spermato-
zoon directly into the oocyte, bypassing all the 
preliminary steps of fertilization. The technique 
was pioneered in animals, initially by Hiramoto 
 [  12  ]  in the sea urchin, then by Lin  [  13  ]  in mam-
malian (mouse) oocytes. Later, Uehara and 
Yanagimachi  [  14  ]  observed relatively high rates 
of sperm nucleus decondensation after microin-
jection of human or golden hamster spermatozoa 
into hamster eggs, and subsequently ICSI was 
used to study the determinants of male pronu-
cleus formation  [  15,   16  ] . This approach also 
caused oocyte injury and lysis  [  17  ] , and in early 
studies only about 30% of injected mouse eggs 
survived the procedure, even when  fi ne micropi-
pettes were used under ideal conditions  [  18  ] . 

 Because the membrane fusion step of fertil-
ization is bypassed in ICSI, male pronucleus 
development generally requires oocyte activation 

in most species tested. This can be provoked by 
energetic suction of some cytoplasm immediately 
before or during sperm nucleus insertion  [  19  ] . 

 The  fi rst live offspring using ICSI were 
obtained in the rabbit following the transfer of 
sperm-injected eggs into the oviduct of a pseudo-
pregnant female  [  20  ] , and soon after that the  fi rst 
ICSI live birth was reported in the bovine  [  21  ] . 
Although applied to human gametes some years 
earlier  [  22,   23  ] , the  fi rst human pregnancies with 
ICSI occurred only in 1992  [  10,   11  ] . 

 In this chapter, we review the different tech-
niques of sperm and oocyte manipulation that are 
employed for ICSI currently and consider the 
techniques that hold promise in the treatment of 
oocyte/embryo abnormalities.  

   Indications for ICSI 

 Despite agreement in some areas, no universal 
standards for patient selection for ICSI have been 
de fi ned. However, there is a general consensus 
that ICSI be adopted when an extremely poor 
sperm sample is noted, or following fertilization 
failure or unacceptably low fertilization using 
in vitro insemination techniques. 

 Although oocytes that failed to fertilize with 
standard IVF techniques can be reinseminated, 
this introduces a risk of fertilizing aged eggs  [  24  ] . 
In our own limited experience, 6 of 8 pregnancies 
established by micromanipulation of such oocytes 
miscarried, and cytogenetic studies performed on 
the aborted fetuses provided evidence of chromo-
somal abnormalities. Thus, notwithstanding a few 
reports of normal pregnancies  [  25,   26  ]  the rein-
semination of unfertilized oocytes is currently not 
advised for routine clinical application. 

 When the initial sperm concentration in the 
ejaculate is <5 × 10 6 /ml, the likelihood of fertiliza-
tion with standard IVF is signi fi cantly reduced 
 [  27  ] , and therefore such couples should be consid-
ered unsuitable for this procedure, particularly 
where <1% normal forms are observed. However, 
fertilization of mature oocytes may still fail to 
occur in the presence of normal sperm  [  28  ]  because 
of a hardening of the zona pellucida  [  29  ] , or when 
oocytes contain ooplasmic inclusions  [  30,   31  ] , or 
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in cases of unknown etiology  [  32  ] . Abnormalities 
of the zona pellucida prevent sperm fusion with 
the oolemma  [  33  ]  thus justifying sperm injection. 
In most instances, however, failure of fertilization 
is due to coexisting sperm abnormalities, present-
ing ICSI as the only treatment option  [  34,   35  ] . 

 Early experience showed that isolated nuclei of 
testicular and epididymal hamster spermatozoa 
decondensed soon after injection into mature ham-
ster oocytes, and formed pronuclei in activated 
eggs  [  36  ] . Although in vitro fertilization of human 
oocytes was accomplished in men with epididy-
mal spermatozoa recovered in cases of obstructive 
azoospermia  [  37,   38  ] , only with the advent of ICSI 
was it possible to obtain consistent fertilization 
with them  [  39–  42  ] . Testicular biopsy was employed 
to obtain sperm cells from men who had a scarred 
epididymis and, therefore, no chance of retrieval 
through that route  [  43,   44  ] . However, the therapeu-
tic possibilities of ICSI go even further since 
immotile testicular spermatozoa and even sperma-
tids have been successfully used  [  45  ] . 

 Some men produce only round-headed sper-
matozoa which have no acrosome and can neither 
bind to nor penetrate zona-free hamster oocytes 
 [  22,   23,   46  ] . However, ICSI has enabled even 
such acrosomeless spermatozoa to establish preg-
nancies  [  47–  51  ] . 

 The dependability of ICSI has broadened its 
initial use from a technique capable of overriding 
the dysfunctionality of spermatozoa to one that 
may often, although not always, compensate for 
problems with the oocyte  [  32  ] . ICSI has allowed 
successful fertilization when only a few and/or 
abnormal oocytes were available  [  52  ] . Stripping 
cumulus cells from oocytes allows a direct assess-
ment of maturation, thus potentially offering a 
woman with a limited number of oocytes a much 
greater chance of successful fertilization. In fact, 
the availability of ICSI has been instrumental in 
some European countries, including Italy and 
Germany, in circumventing restrictive legislation 
that limits the number of oocytes inseminated or 
embryos to be replaced  [  53–  55  ] . 

 ICSI has also made possible more consistent 
fertilization of cryopreserved oocytes  [  56  ] —over-
coming the problem that freezing can lead to a 

premature exocytosis of cortical granules, result-
ing in zona hardening and inhibition of natural 
sperm penetration  [  57–  60  ] . ICSI is also the pre-
ferred fertilization method during the application 
of preimplantation genetic diagnosis (PGD) 
because it avoids DNA contamination from addi-
tional sperm adhering to the zona, and it enhances 
the number of fertilizable oocytes and ultimately 
embryos available for screening  [  61  ] . 

 ICSI also has an impact in the arena of HIV 
infection. Three-quarters of individuals infected 
by HIV or HCV are in their reproductive years. 
Male-to-female transmission of HIV is estimated 
to be only 1 per 1,000 acts of unprotected inter-
course  [  62  ]  and even fewer in HCV infected 
patients  [  63  ] . Moreover, because of antiretroviral 
therapies, the course of HIV-1 infection has shifted 
from a lethal acquired immunode fi ciency syn-
drome to a chronic manageable disease. Many 
patients infected with HIV-1 are interested in 
beginning a family, but serodiscordant couples are 
concerned, with the possibility of both horizontal 
and vertical transmission of the virus. In such 
cases, intrauterine insemination (IUI) with sper-
matozoa processed by double gradient centrifuga-
tion followed by swim up has been the suggested 
method of treating serodiscordant couples with an 
HIV-1-infected male partner  [  64  ] . However, the 
use of ICSI has been proposed by several groups 
because of its negligible oocyte exposure to semen, 
thereby reducing the risk of viral transmission  [  65, 
  66  ] . Advantages of ICSI over IUI also include the 
considerably higher success rate  [  65  ] , requiring 
fewer attempts to achieve pregnancy while reduc-
ing viral exposure  [  67  ] . Fortunately, so far, no 
seroconversions have been reported following 
ICSI treatments or IUIs  [  68,   69  ] . 

 Finally, because only a single spermatozoon is 
needed for each oocyte, ICSI has allowed treat-
ment of men who are virtually azoospermic (also 
de fi ned as cryptozoospermic)  [  70  ] . Such cases of 
spermatogenic arrest have necessarily involved the 
injection of immature spermatozoa or even sper-
matogonia  [  44,   45,   71,   72  ] . Nonetheless, where 
fertilization occurs in such cases, the embryo 
implantation rate occurs at a similar incidence, at 
least in our experience, to that seen in IVF.  
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   Techniques for Sperm Isolation 

 Semen samples are collected by masturbation 
after at least 3 days of abstinence; they are then 
allowed to liquefy for about 20 min at 37°C prior 
to analysis. Other methods of semen collection 
such as electroejaculation and retrograde ejacula-
tion have been described elsewhere  [  39,   40  ] . 

 The sample is washed by centrifugation at 
500 ×  g  for 5 min in HTF medium supplemented 
with 0.4% plasma protein (Plasmanate ® , BDI 
Pharma). The resuspended pellet is layered on a 
discontinuous density gradient (Isolate ® , Irvine 
Scienti fi c) on two (90 and 45%) or single (90%) 
layers, and then centrifuged at 300 ×  g  for 20 min 
when samples have a sperm density of <5 × 10 6 /
ml spermatozoa and <20% motile spermatozoa. 
The sperm-rich fraction is rinsed by adding 4 ml 
of culture medium and centrifuged at 500–
1,800 ×  g  for 5 min to remove silica gel particles. 
For spermatozoa with poor kinetic characteris-
tics, the sperm suspension is exposed to a 3  m M 
solution of pentoxifylline at time of the ICSI 
procedure. The concentration of the assessed 
sperm suspension is adjusted to 1–1.5 × 10 6 /ml, 
when necessary, by the addition of HTF 
medium, and subsequently incubated at 37°C in 
5% CO 

2
  in air. 

 Azoospermia can be indicative of epididymal 
vas obstruction or absence (obstructive azoo-
spermia) or a failure of spermatogenesis (nonob-
structive azoospermia). Obstructive azoospermia 
is characterized by normal sperm production and 
is often caused by congenital malformation or 
absence of the vas deferens, often associated with 
a cystic  fi brosis gene mutation(s). The treatment 
for these men is microsurgical epididymal sperm 
aspiration (MESA), or when the epididymal access 
is lacking, direct testicular sampling is undertaken. 
On the other hand, nonobstructive azoospermia is 
characterized by a varying degree of spermatoge-
netic failure and may be associated with certain 
chromosomal or genetic abnormalities  [  73,   74  ]  
(see Chap.   3    ). The only method to retrieve sperma-
tozoa in this setting is by a direct extraction of 
sperm or germ cells from a testis. 

 The infertility of men due to irreparable 
obstructive azoospermia has been treated suc-
cessfully by MESA  [  75,   76  ]  or percutaneous 
testicular retrieval of spermatozoa  [  77  ] . In the 
MESA procedure, 1–5  m l of  fl uid is aspirated 
from the lumen of an individual epididymal 
tubule in the mid-portion of the obstructed 
epididymis with a 300–350  m m glass pipette. 
The epididymal  fl uid is diluted with 300  m l of 
culture medium. Additional proximal punctures 
of the epididymis are performed until enough 
spermatozoa are obtained. Because sperm con-
centration in the epididymal  fl uid often reaches 
over 1 × 10 6 / m l, only microliter quantities gen-
erally suf fi ce. Epididymal  fl uid is diluted in 
500  m l culture medium and processed like ejac-
ulated spermatozoa. After removal of the den-
sity gradient medium, a 1  m l aliquot of the  fi nal 
suspension at approximately 1 × 10 6 /ml is 
placed in the injection dish  [  39,   40,   78  ] . 

 The procedure for direct microscopic 
identi fi cation of functioning seminiferous tubules 
is referred to as microdissection TESE  [  79,   80  ] . 
As with the standard multi-biopsy approach, 
optical magni fi cation (6–8 power) is used to 
visualize blood vessels under the surface of the 
tunica vaginalis, allowing testis biopsy incisions 
to be made in avascular regions. Each biopsy 
specimen is  fi rst rinsed in culture medium to 
remove red blood cells, separated into individual 
tubules on sterile glass slides, and minced using 
 fi ne scissors. The resulting suspension of semi-
niferous tubules is then sequentially passed 
through a 24 gauge angiocatheter to further dis-
rupt the tubules. Individual testicular samples 
are distributed in 5.0 ml centrifuge tubes (Falcon, 
Becton Dickinson and Company, Lincoln Park, 
NJ, USA) containing an excess of culture 
medium. To assess for the presence of spermato-
zoa, a small amount (~5  m l) of suspension 
medium is carefully studied under a phase con-
trast microscope at 200–400×. In preparation for 
ICSI, the shredded testicular tissue is removed 
and the suspension medium subsequently centri-
fuged at 500–1,800 ×  g  for 5 min, with the pellet 
being subjected to a single-layer density gradient 
centrifugation. 

http://dx.doi.org/10.1007/978-1-4419-9848-4_3


1037 Micromanipulation: Intracytoplasmic Sperm Injection and Assisted Hatching

 When no spermatozoa are identi fi ed, testic-
ular tissue is placed in 1 ml of prewarmed 
medium supplemented with 5% HSA, 1.6 mM 
CaCl 

2
  (Sigma Chemical Co., St Louis, MO), 

25  m g/ml DNase (Sigma Chemical Co.), and 
1,000 IU/ml collagenase type IV (Sigma 
Chemical Co)  [  81  ] . DNase is added to the incu-
bation medium to prevent clotting of the result-
ing cell suspension due to the release of free 
DNA from apoptotic cells  [  82,   83  ] . Testicular 
tissue is exposed to collagenase and incubated 
at 37°C for 1 h. The suspension is pipetted 
every 10–15 min to enhance enzymatic diges-
tion. Large portions of tubular walls are 
removed with  fi ne tweezers. The digested sus-
pension is then centrifuged twice at 500 ×  g  for 
5 min. The supernatant is removed and the pel-
let resuspended in 100–500  m l of sperm cell 
medium.  

   Preparation of Oocytes for ICSI 

 Superovulation is performed by administration 
of gonadotropins in association with agonist or 
antagonist protocols in the standard fashion 
 [  84  ]  (see Chap.   4    ). Immediately after the oocyte 
retrieval, under the inverted microscope at 
100×, the cumulus corona cell complexes are 
scored as mature, slightly immature, com-
pletely immature, or slightly overmature  [  34, 
  35,   85  ] . Thereafter, the oocytes are incubated 
for more than 4 h. Immediately prior to micro-
manipulation, the cumulus corona cells are 
removed by exposure to HTF-HEPES-buffered 
medium containing 40 IU/ml of ICSI 
Cumulase ® . For  fi nal removal of the residual 
corona cells, the oocytes are repeatedly aspi-
rated in and out of a hand-drawn Pasteur pipette 
with an inner diameter of ~200  m m. Each 
oocyte is then examined under the microscope 
to assess the maturation stage and its integrity, 
metaphase II (MII) being assessed according to 
the absence of the germinal vesicle and the 
presence of an extruded polar body. ICSI is 
performed only in oocytes that have reached 
this level of maturity.  

   The ICSI Procedure 

 The holding and injection pipettes are inserted 
into the respective micromanipulation tool hold-
ers mounted on an inverted microscope. The con-
trollers are pneumatic for the holding pipette and 
oil- fi lled for the injection pipette. Using the 
coarse motorized controllers, the pipettes are 
positioned in the center of the microscopic  fi eld 
at 20×, then the magni fi cation is gradually 
increased while maintaining the tools in focus by 
adjusting the hydraulic controllers. Under the 
highest magni fi cation (400×), correct pipette 
positioning is achieved only by the use of the 
hydraulic joysticks, and both pipettes should be 
able to course through the entire optical  fi eld. 
With regards to tool tip angles, the distal bent 
portions of both microtools should be slightly 
above parallel to avoid the elbows touching the 
bottom of the dish and interfering with control. 
This also allows prompt immobilization and 
visual control of the spermatozoon inside the 
injection pipette. Once properly aligned, the 
pipettes are raised by means of the coarse motor-
ized controllers to allow placement of the ICSI 
dish on the microscope stage. 

 Nine drops containing 8  m l of injection 
medium (G-MOPS™ + 6% G-MM™; Vitrolife) 
are placed in a petri dish, with one in the center 
radially surrounded by the other eight. The 
drops should then be gently overlaid with cul-
ture oil to prevent evaporation. Using a red non-
embryo toxic wax pencil, the 12 o’clock 
position is marked, a circle drawn around the 
central drop, and the drops are sequentially 
numbered starting from the 12 o’clock position, 
moving counter clockwise. This allows easy 
navigation between droplets during ICSI. ICSI 
dishes are stored at 37°C until use ( [  86  ]  in 
press;  [  87  ]  in press). 

 Immediately prior to the injection, under a ste-
reomicroscope, the central drop is removed and 
replaced with 1  m l of sperm suspension diluted in 
4  m l of 7% PVP. Using a hand-pulled Pasteur 
pipette, MII oocytes are aspirated from the culture 
dish and a single oocyte is placed in each drop. 

http://dx.doi.org/10.1007/978-1-4419-9848-4_4
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 The spermatozoon is positioned at 90° with 
respect to the tip of the injection pipette, and the 
principal piece of the tail is compressed by gently 
lowering the cylindrical tip and by rolling the 
posterior  fl agellum over the bottom of the Petri 
dish. If initially unsuccessful, the procedure is 
repeated until the tail is clearly kinked, looped, or 
convoluted. It is important to note, however, that 
a misshapen tail may adhere to the dish or to the 
inner surface of the pipette. The spermatozoon is 
aspirated tail  fi rst. 

 The oocyte is    held in place by suction through 
the holding pipette and, using both tools, the 
oocyte is rotated slowly to locate the polar body 
and the area of cortical rarefaction (or polar gran-
ularity). When the equatorial plane of the oocyte 
is located, the depth of the holding pipette is 
adjusted to have its internal opening in the same 
plane to allow for greater support of the oocyte in 
a position opposite to the penetration point. The 
injection pipette is lowered and focused with the 
outer right border of the oolemma on the equato-
rial plane at 3 o’clock. When the spermatozoon is 
close to the beveled opening of the injection 
pipette, the injection pipette is pressed against the 
zona to begin penetration, and then thrust forward 
to the inner surface of the oolemma at 9 o’clock. 
At this point, a break in the membrane should 
occur at the approximate center of the egg. Such 
a break is indicated by a sudden quivering of the 
convexities of the oolemma (at the site of invagi-
nation) above and below the penetration point, as 
well as by the proximal  fl ow of cytoplasmic 
organelles and the spermatozoon back into the 
pipette. The spermatozoon is then ejected with 
the cytoplasmic component. 

 To optimize its interaction with the cytoplasm, 
the spermatozoon should be ejected past the tip 
of the pipette to ensure a close intermingling with 
the ooplasmic lattices, which helps maintain the 
sperm in place while withdrawing the pipette. To 
facilitate oocyte activation, additional ooplasm is 
aspirated back and forth with the injection pipette. 
It is paramount to remove residual medium fol-
lowing spermatozoon insertion by applying a 
mild suction to the injection tool while withdraw-
ing it, so that the cytoplasmic structures can 
envelop the sperm, thereby reducing the size of 

the breach. Once the pipette is extracted, the 
edges of the entry point should maintain a funnel 
shape with the tip towards the center of the egg. 
If the border of the oolemma becomes everted, 
the cytoplasmic organelles can leak out and the 
oocyte may lyse. The average time required to 
accomplish a single oocyte injection is about 
30–40 s.  

   Assisted Hatching 

 Assisted hatching (AH) is based on the hypothe-
sis that weakening of the zona pellucida, by drill-
ing a hole through it, by thinning it, or by altering 
its stability, will promote hatching of embryos 
which are otherwise unable to escape from their 
zonae during blastocyst expansion  [  88,   89  ] . This 
approach was suggested by the observation that 
cleaved embryos with a good prognosis for 
implantation had a reduced zona thickness, and 
presumably therefore an increased potential for 
escape from it  [  90  ] ; and particularly that micro-
surgically fertilized embryos with arti fi cial gaps 
in their zonae appeared to have higher rates of 
implantation  [  91  ] . 

 Ideally, the embryo is positioned to present 
the zona above the larger perivitelline space not 
occupied with blastomeres or containing enucle-
ated fragments. The hatching procedure may be 
performed by use of a laser (reviewed by  [  92  ] ) or 
by delivery of a small volume of Acid Tyrode’s to 
the localized region of the zona. In our program, 
we use Acid Tyrode’s. The microneedle is front-
loaded in an adjacent droplet contained in the 
same dish, then acidic medium is expelled gently 
at 3 o’clock over a small area of zona of approxi-
mately 30  m m, while the needle presses slightly 
against it and at the same time is moved up and 
down in a limited pendular movement to avoid 
excess acid over any one point in the equatorial 
plane. Expulsion of the acidic Tyrode’s medium 
should cease immediately when the innermost 
layer of the zona appears eroded. If embryo frag-
ments are present these are removed, but this is 
best accomplished after moving the embryo to a 
fresh area of the droplet where the concentration 
of acid Tyrode solution is minimal. The microma-
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nipulated embryos should be quickly rinsed then 
placed in fresh culture medium until they are 
transferred into the uterine cavity.  

   Clinical Outcomes with ICSI 

 According to the 2010 SART data, ICSI was per-
formed in 66% of all cycles in reporting pro-
grams, and in 87% of cycles performed for male 
factor infertility (www.sart.org- national sum-
mary report). There are a multitude of papers on 
ICSI and ICSI outcomes. As in IVF, the main 
predictor of implantation, clinical pregnancy, and 
live birth rates is maternal age. Although, sperm 
source does play a role. Fertilization rates are 
similar with fresh or frozen epididymal speci-
mens, however, epididymal samples resulted in 
higher fertilization and pregnancy rates than tes-
ticular spermatozoa obtained from men with non-
obstructive azoospermia  [  93  ] . 

 A SART database study of 465,046 ART 
cycles performed from 2004 to 2008 identi fi ed 
77,432 performed for male factor of which 
93.6% underwent ICSI. However, of all cycles, 
272,526 (58.6%) employed ICSI, of which 
50.1% were performed for female factor infertil-
ity. Live birth rates were similar for male factor 
infertility that did or did not employ ICSI, 
despite the fact that more severely defective 
spermatozoa were likely injected. Birth weights 
were also equivalent for male factor cycles using 
ICSI versus conventional IVF. In addition, when 
ICSI was performed in tubal ligation patients 
with no male factor indications, outcomes were 
equivalent to when ICSI was performed for male 
factor. Furthermore, whether the sperm used 
were ejaculated, from biopsy, retrograde ejacu-
lation, or electroejaculation, live birth rates were 
the same  [  94  ] . 

 A disadvantage of national registry studies is 
that detailed patient information is not available. 
In order to provide up to date clinical data on 
ICSI outcomes, an analysis of experience over 
the last 18 years at Cornell, has been undertaken 
for this chapter. We have performed a total of 
33,170 ART cycles with an average maternal age 
for IVF of 37.6 ± 4 years and for ICSI of 35.8 ± 5 

years, and mean paternal ages of 39.6 ± 6 years 
and 40.8 ± 8 years, respectively. Of those cycles, 
32.2% (10,667) included the standard in vitro 
insemination of 11,490 oocytes from 6,036 cou-
ples with a fertilization rate of 60.4% and a clini-
cal pregnancy rate of 40.5%. In vitro insemination 
was generally performed in patients with ideal 
semen parameters, while ICSI has been used to 
treat couples with suboptimal spermatozoa, a his-
tory of poor fertilization, and/or limited numbers 
of oocytes. 

 Of 12,763 couples treated by ICSI, the aver-
age number of oocytes retrieved was 10.6 per 
cycle ( n  = 237,498), of which 188,217 (79.2%) 
were at metaphase II and, therefore, subjected to 
ICSI. Of the oocytes injected, 94.7% 
(178,241/188,217) survived and 138,911 (73.8%) 
developed two pronuclei (PN). Of the oocytes 
that were abnormally fertilized, 4,951 (2.6%) dis-
played 1PN and 6,137 (3.3%) 3PN. The types of 
mature spermatozoa included 18,201 ejaculated 
samples, 2,023 cryopreserved, 83 obtained by 
electroejaculation, and 37 by bladder catheteriza-
tion. Among the collection/cryopreservation 
methods, fertilization rates ranged from 67.3 to 
83.5%. The clinical pregnancy rate was compa-
rable in all groups ranging from 35.1 to 50.8%. 

 When more immature forms of spermatozoa 
were utilized, for example those surgically 
retrieved, the fertilization rate of 62.5% was sat-
isfactory but lower than that with ejaculated 
spermatozoa ( P  = 0.0001) (Table  7.1 ). While the 
clinical pregnancy rate was lower in the ejacu-
lated group in comparison to the surgically 
retrieved spermatozoa, this difference may be 
attributed to the maternal age. The etiology of 
the vas deferens or efferens obstruction, con-
genital ( n  = 513) or acquired ( n  = 429), had no 
effect on fertilization after ICSI giving an over-
all rate of 71.6% and a clinical pregnancy rate of 
51.2%. However, after cryopreservation of 
epididymal spermatozoa, the clinical pregnancy 
was clearly impaired compared with fresh 
epididymal specimens (from 61.0 to 45.8%; 
 P  = 0.0001; Table  7.2 ).   

 In testicular extraction cases ( n  = 1,217), the 
spermatozoa recovered generated a fertilization 
rate of 55.0% and a clinical pregnancy rate of 



106 G.D. Palermo et al.

39.7%. When comparing fresh versus cryopre-
served spermatozoa in testicular cycles, the 
clinical pregnancy rate was lower in those that 
were cryopreserved (41.3 vs. 35.4%;  P  = 0.0001; 
Table  7.2 ). 

 Of the 22,503 ICSI cycles analyzed, 11,791 
resulted in a positive ßhCG (52.4%) and in 40.3% 
of all cycles the presence of at least one fetal 
heartbeat was observed (Table  7.3 ). Among the 
positive ßhCG, 1,887 (16.0%) were biochemical 
pregnancies, 726 (6.2%) were anembryonic, and 

112 (0.9%) were ectopic. Among the 9,066 cycles 
with a fetal heart, 799 spontaneously miscarried. 
This left an ongoing pregnancy rate of 36.5% per 
retrieval (8,206/22,503) and 39.1% per embryo 
replacement procedure (8,206/20,995).  

 When pregnancy rate from 21,028 ICSI cycles 
(after exclusion of the donor egg cycles) was plot-
ted as a function of increasing maternal age, there 
was a progressive decrease in pregnancy 
( P  = 0.0001) (Fig.  7.1 ) and consequently delivery 
rates ( P  = 0.0001). As predicted, there was a higher 

   Table 7.2    Spermatozoal parameters and ICSI outcome according to specimen source and storage   

 Spermatozoa 

 Epididymal  Testicular 
 Fresh  Frozen/thawed  Fresh  Frozen/thawed 

 Cycles  333  609  892  325 
 Density (10  6 /ml SD)  36.9 ± 44  23.4 ± 27  0.4 ± 3  0.2 ± 0.6 
 Motility (% ± SD)  18.8 ± 16  a   3.4 ± 8  a   3.5 ± 8  1.1 ± 4 
 Morphology (% ± SD)  1.7 ± 2  1.2 ± 2  0  0 
 Fertilization (%)  2,471/3,404 (72.6)  3,908/5,622 (70.9)  4,717/8,222 (57.4)  c   1,334/2,777 (48.0)  c  
 Clinical pregnancies (%)  203 (61.0)  b   279 (45.8)  b   368 (41.3)  d   49 (35.4)  d  

   a  Student’s  t -test, two independent samples; Effect of cryopreservation on sperm motility,  P  < 0.0001 
  b   c  2 , 2 × 2, 1  df , Effect of cryopreservation of epididymal spermatozoa on clinical pregnancy,  P  = 0.0001 
  c, d   c  2 , 2 × 2, 1  df , Effect of cryopreservation of testicular spermatozoa on fertilization and clinical pregnancy rates,  P  = 0.0001  

   Table 7.3    Pregnancy characteristics of 22,503 ICSI cycles   

 No. of  No. of positive outcomes 

 ICSI cycles  22,503 
 Embryo replacements  20,995 
 Positive hCGs  11,791  Pregnancy  52.4% (11,791/22,503) 
 Biochemical pregnancies  1,887 
 Blighted ova  726 
 Ectopic pregnancies  112 
 Positive fetal heartbeats  9,066  Clinical pregnancy  40.3% (9,066/22,503) 
 Miscarriages/therapeutic abortions  860 
 Deliveries and ongoing pregnancies  8,206 

   Table 7.1    Fertilization and pregnancy rates according to semen origin   

 Spermatozoa 

 No. of  Ejaculated  Surgically retrieved 

 Maternal age (M ± SD years)  36.9 ± 5 a   34.7 ± 5 a  
 Cycles  20,344  2,159 
 Fertilization (%)  126,401/168,191 (75.2) b   12,510/20,025 (62.5) b  
 Clinical pregnancies (%)  8,101 (39.8) c   965 (44.7) c  

   a  Student’s  t -test, two independent samples,  P  < 0.001 
     b, c   c  2 , 2 × 2, 1  df , Effect of spermatozoal source on fertilization and clinical pregnancy rates,  P  = 0.0001  
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incidence of miscarriages, therapeutic abortions, 
and overall pregnancy losses as a function of age 
of the female partner ( P  = 0.0001), pregnancy 
wastage being 2.6 times greater in women  ³  40 
years compared to those of <35 years.  

 A total of 7,422 ICSI patients delivered 9,150 
babies comprising 4,606 males and 4,521 females 
(with 23 unknown genders). A total of 3.6% (330) 
exhibited congenital abnormalities at birth, of 
which 174 were major and 156 were minor. IVF 
children ( n  = 5,183) had a comparable overall 
malformation rate (104 major and 83 minor). 
Major malformations ranged from cardiac defects 
to multiorgan diseases including central nervous 
system anomalies, chromosomal abnormalities 
(gonosomal trisomies such as 47, XXX; 47, XXY 
and autosomal trisomies such as chromosomes 7, 
18, 21), and urogenital disorders requiring sur-
gery such as severe hypospadias and undescended 
testes. Examples of minor malformations were 
café-au-lait spots, urethral defects, and very mild 
forms of clubfoot.  

   Clinical Outcomes with Assisted 
Hatching 

 A Cochrane analysis of 28 randomized clinical 
trials (RCTs) found higher implantation rates 
when assisted hatching was performed; however, 
the higher-order gestation rate was signi fi cantly 
higher in the hatched versus unhatched group 
(OR 1.67, 95% CI 1.24–2.26)  [  95  ] . The issue as 
to whether assisted hatching enhances implanta-
tion rates is still open for discussion and a more 
recent interpretation of the key studies  [  92  ]  
emphasizes that selection of patients for assisted 
hatching is important and that the laser technique 
may be superior to the earlier methods. 

 We have analyzed our own program data for 
this chapter in order to provide an overview of 
the clinical experience at our center. Assisted 
hatching was established at our center in the 
early 1990s and, at that time, was being 
 performed on at least one embryo in over 89% 
of all the cases (Fig.  7.2 ). Use of assisted 

  Fig. 7.1    Yearly variation of the proportion of ICSI cycles with at least one arti fi cially hatched conceptus ( orange ). 
Correspondent implementation of blastocyst culture ( blue )       
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 hatching in our center dropped to 63% in 1999 
when we began blastocyst culture and has sub-
sequently declined further to 12% as more 
extended culture has been performed. To deter-
mine if assisted hatching did in fact increase 
implantation rates, we reviewed ICSI cases uti-
lizing fresh ejaculated samples that had either 
all the embryos with assisted hatching 
( n  = 2,625) or not ( n  = 16,890) (Table  7.4 ). No 
difference in maternal age was observed, how-
ever, implantation rate was signi fi cantly higher 
in the cohort where embryos were left intact 
( P  = 0.0001) and the same  fi ndings were 
re fl ected in clinical pregnancy and delivery 
rates ( P  = 0.0001). No difference in pregnancy 
losses was observed between the two groups 
(13.1 vs. 12.1%, respectively). To remove a 
potential female confounding factor, we 
assessed only those cycles that were  £ 35 years 

old. In cases that had all their embryos hatched, 
the implantation rate was 26.3% (513/1,950) 
which was lower than their nonmanipulated 
counterparts (33.5%, 3,619/10,807;  P  = 0.0001). 
The clinical pregnancies and deliveries were 
also higher in the cases where assisted hatch-
ing was not performed ( P  = 0.0001).   

 The above  fi ndings from our program expe-
rience may appear to be in contradiction to the 
Cochrane analysis previously cited. We would 
point out that in IVF laboratories, and in our 
program, patients are not randomly assigned to 
undergo assisted hatching; the technique is 
performed based on patient and embryo char-
acteristics. Finally, patients must be apprised 
that assisted hatching appears to increase the 
risk of monochorionic twinning in cycles uti-
lizing standard insemination (OR 2.23, 95% CI 
1.06–4.67)  [  95,   96  ] .  

  Fig. 7.2    Clinical outcome per oocyte retrieval grouped according to maternal age. Clinical pregnancy is considered as 
the presence of at least one fetal heartbeat       

   Table 7.4    Impact of assisted hatching on clinical outcome   

 Assisted hatching performed 

 No. of (%)  All embryos  None 

 Cycles  2,625  16,890 
 Maternal age (mean ± SD)  37.9 ± 4  37.3 ± 5 
 Implantation rate (%)  1,421/8,239 (17.2) a   10,102/45,979 (22.0) a  
 Clinical pregnancy (+FHB) (%)  820 (31.2) b   6,401(37.9) b  
 Delivery (%)  678 (25.8) c   5,725 (33.9) c  

   a, b, c   c  2 , 2 × 2, 1  df , Effect of assisted hatching on clinical outcome,  P  = 0.0001  
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   Safety and Conclusions 

 Notwithstanding the large number of babies born 
following ICSI worldwide, concerns still exist as 
to whether either the procedure itself or the use of 
suboptimal spermatozoa can result in genomic or 
phenotypic abnormalities in the progeny  [  97  ] . In 
one of the earlier studies on the outcome of preg-
nancies after ICSI, it was observed that the rate of 
malformation was 2.6% after ICSI  [  34,   35  ] . An 
extension of the Cornell series which included a 
total of 14,333 ART children examined found 
that the incidence of overall malformation was 
comparable between the IVF and ICSI, consis-
tent with prior published results  [  98–  100  ] . 

 These qualms are not only limited to the inheri-
tance of speci fi c traits that bear on fertility but, 
most importantly, they relate to the postnatal well-
being of the offspring as re fl ected in growth  [  101  ]  
and cognitive development  [  102  ] . A complete child 
development evaluation is labor intensive and 
costly, and therefore one study employed a stan-
dardized parent-administered questionnaire(Ages 
and Stages Questionnaire ® , ASQ), as an alternative 
method to evaluate children for developmental 
delays that are considered serious in their  fi rst 5 
years of life  [  103,   104  ] . In screening a large num-
ber of children using the ASQ the great majority of 
the 3-year-old children analyzed in the ICSI and 
IVF groups had normal cognitive abilities, socio-
emotional development, and motor skill scores 
 [  100  ] . Of the children that had developmental 
delays, the large majority originated from high-
order gestation ( P  < 0.01). This further solidi fi es the 
theory that single embryo transfer is essential in 
ensuring a healthy baby. Interestingly, children 
whose fathers’ gametes were harvested surgically 
appeared to score better than those conceived with 
ejaculated spermatozoa by both IVF and ICSI 
 [  105  ] . Thus far, studies of children ranging from 5 
to 12 years of age  [  99,   106–  109  ]  have been reassur-
ing in terms of perinatal outcome, IQ, and physical 
development  [  98  ] . 

 The speci fi c concerns with regards to ICSI, 
whether real or theoretical  [  110–  113  ] , include the 
insemination method, the use of spermatozoa with 
genetic or structural defects, and the possible 

introduction of foreign genes. Several epidemio-
logical studies of assisted reproduction children 
report a twofold increase in infant malformations 
 [  114  ] , a recurrent reduction in birth weight  [  115  ] , 
certain rare syndromes related to imprinting errors 
 [  116–  120  ]  and even a higher frequency of some 
cancers  [  121  ] . However, such observations do not 
prove that there is an increased risk of imprinting 
disorders and even less so childhood cancers in 
ICSI children  [  113  ] . A recent Australian study of 
308, 974 total births, of which 6,163 were a result 
of assisted reproductive technology, found 513 
defects (8.3%) in ART deliveries as compared 
with pregnancies not involving assisted concep-
tion (17,546 defects, 5.8%) with multivariate-
adjusted odds ratio of 1.28 (95% CI, 1.16–1.41). 
The corresponding odds ratios with standard iVF 
(165 birth defects, 7.2%) was 1.07 (95% CI, 
0.90–1.26), and the odds ratios with ICSI (139 
defects, 9.9%) of 1.57 (95% CI, 1.30–1.90). A his-
tory of infertility, either with or without assisted 
conception, was also signi fi cantly associated 
with birth defects. The authors concluded that the 
 fi ndings could also be attributable to residual 
confounders not adjusted for in the model  [  122  ] . 
Thus assessment of the health of ART offspring 
is still ongoing and new information continues to 
become available. Although the abnormalities 
may be linked to the genetics or infertile status of 
the parents rather than the conception method 
employed, it is important to alert patients of a 
possible causal relationship with the technology 
 per se   [  123  ] . 

 Thus far, Beckwith-Wiedemann Syndrome 
(BWS) is the only epigenetic disorder that has 
been clearly associated with ART procedures 
 [  124  ]  and the incidence has been found to be 
equally distributed among the in vitro conception 
methods. Epigenetic imbalances have been simi-
larly linked to the exposure of the embryos to 
long term culture  [  98,   125  ] . At present, there is 
no evidence that the ICSI insemination itself is 
responsible for any increase in epigenetic disor-
ders,  fi ndings that have been con fi rmed in animal 
studies  [  126  ] . 

 In summary, the most important factor that may 
lead to adverse outcomes in offspring con-
ceived by IVF or ICSI is high-order pregnancies. 
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However, the introduction of single embryo trans-
fer has reduced this considerably. Although peri-
natal outcomes such as prematurity, low birth 
weight, perinatal mortality, and increased inci-
dence of malformations have been linked to the 
techniques of IVF and ICSI, there is still the con-
tribution of infertility itself. Overall, no signi fi cant 
long-term neurodevelopmental differences have 
been found in connection with the ARTs, though 
the risks associated with childhood cancer and 
future fertility still require further investigation. 

 Since the early establishment of in vitro 
insemination it became clear that a large portion 
of couples would not be capable of achieving fer-
tilization. Now ICSI is generously applied world-
wide for a variety of indications, and not 
exclusively for male factor infertility. ICSI has 
been shown to be the procedure of choice when 
spermatozoa, such as in azoospermic men, are 
directly retrieved from the epididymis and the 
testis. In fact in these men, as long as a viable 
spermatozoon is isolated, there is a chance of 
generating a viable pregnancy. The fertilization 
rates achieved with surgically retrieved speci-
mens match those seen with optimal male gam-
etes and similarly, embryo development is 
uncompromised. Concerns raised by ICSI have 
proved to be mainly unfounded as the health and 
developmental potential of offspring born from 
ICSI are comparable to those born after standard 
in vitro insemination. However, infertile men do 
have a higher incidence of chromosomal defects 
and particularly in azoospermic men, Yq 
microdeletion(s) may be present (see Chap.   3    ). 
Likewise, azoospermia is associated with a higher 
incidence of aneuploidy in the germ cells and 
with a possible increase in gonosomal disomies 
which can impact their offspring. 

 A meta-analysis of 28 RCTs con fi rmed that the 
application of assisted hatching yielded a higher 
clinical pregnancy than untreated embryos  [  95  ] . 
Other reports (Hellebaut et al. 1996; SART 2008) 
suggest that the execution of hatching on embryos 
of all ART couples is unwarranted. Current opin-
ion is that targeted infertile couples may bene fi t 
from enhanced hatching even though the technique 
to be applied is still a matter of debate  [  92  ] . 

 Once ART reins in the incidence of multiple 
gestations, available data indicate that the overall 
health of ART offspring will likely be highly 
comparable to those of children spontaneously 
conceived, even considering the older age of the 
female partners. In addition the frequencies of 
small for gestational age and prematurity in the 
ART population also will likely be similar to 
those occurring in spontaneous conceptions.      
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         Introduction 

 Genetic defects in embryos, both aneuploidies 
and speci fi c genetic disorders, are major barriers 
to achieving a healthy live born infant. 
Preimplantation genetic testing techniques have 
been developed to prevent the transfer of geneti-
cally abnormal embryos during in vitro fertiliza-
tion (IVF) cycles  [  1–  3  ] . These procedures 
determine the genetic status of embryos by ana-
lyzing one or more biopsied cell(s) from the 

developing embryo and then extrapolate the 
results of this analysis to the entire embryo (4- [  4  ] , 
    [  5  ] ,  [  6,   7  ] ). Embryos believed to be free of abnor-
malities are then transferred into the woman’s 
uterus. 

 When  fi rst introduced in 1990, preimplantation 
genetic testing was used exclusively to  determine 
if embryos harbored speci fi c genetic mutations 
that were known to exist from previous parental 
DNA analysis  [  1,   6,   8  ] . The practice of evaluat-
ing embryos for a known parental genetic defect 
was known as preimplantation genetic diagnosis 
(PGD), as a speci fi c diagnosis is being investi-
gated. As aneuploidy is the most signi fi cant rea-
son for pregnancy failure, the technology of 
evaluating biopsied cells from embryos was then 
used to screen the ploidy status of embryos prior 
to embryo transfer  [  9,   10  ] . This evaluation of 
embryonic cells for aneuploidy, rather than for a 
known monogenetic defect from healthy parents, 
has therefore been termed PGS. Together, PGD 
and PGS are referred to as preimplantation 
genetic testing. PGD is useful to couples who 
wish to avoid passing a known inherited genetic 
condition on to their children. PGS has been 
proposed for couples who have a risk factor for 
aneuploidy, (i.e., advanced maternal age), recur-
rent pregnancy loss (RPL), or unsuccessful IVF 
cycles. 

 PGD or PGS is performed as part of an IVF 
cycle in which multiple oocytes are produced and 
retrieved from the woman’s ovaries. Once 
retrieved, the oocytes are fertilized and embryo 
biopsy is performed  [  8,   11–  13  ] . The biopsy 
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involves creating a defect in the zona pellucida 
layer surrounding the developing embryo in order 
to remove one or more cells from each embryo. 
This can be done mechanically, chemically (with 
acid Tyrode’s solution), or with a laser and can be 
performed on polar bodies (extra chromosomal 
material that is the byproduct of oocyte matura-
tion) fertilization blastomeres (cells taken from 
day 3 embryos, or trophectoderm, cells taken 
from embryos 5–6 days after fertilization, called 
blastocysts,  [  13,   14  ] ). The biopsied cells are 
then sent to the testing laboratory where they are 
analyzed for the presence of genetic disorders. 
Through the use of advanced genetic testing 
technologyies, the samples free of abnormalities 
are identi fi ed. Results are usually available 
within 4–35 h, depending upon the technology 
employed  [  15  ] .  

   Indications for Preimplantation 
Genetic Testing 

   Preimplantation Genetic Diagnosis 

   Single Gene Disorders 
 The genotype of a person is a set of alleles that 
make up his or her genetic constitution, either 
collectively at all loci, or more typically at a sin-
gle locus. In contrast, the phenotype is the 
observable expression of the genotype as a mor-
phological, clinical, cellular, or biochemical 
characteristic. The phenotype is usually thought 
of as the presence or absence of a disease, but a 
phenotype can refer to any manifestation, includ-
ing characteristics that can be detected only by 
blood or tissue testing. In a more limited sense, 
the phenotype is the abnormality resulting from a 
particular mutant gene. 

 For the purpose of the present discussion, sin-
gle gene disorders are DNA sequence variations 
in a gene that cause a speci fi c type of genetic phe-
notype (i.e., delta F508 and cystic  fi brosis). Single 
gene disorders are characterized by their patterns 
of transmission in families. To establish the pat-
tern of transmission, the  fi rst step is to obtain 
information about the family history of the patient 
and to summarize the details in the form of a 

pedigree. A pedigree is a graphical representation 
of the family tree. The extended family depicted 
in such pedigrees is called a kindred. The mem-
ber through whom the family with a genetic dis-
order is  fi rst brought to the attention of a geneticist 
is the proband. This is the person who is affected 
with the genetic disease segregating in the 
extended family (Fig.  8.1 ).  

 The pattern shown by single gene disorders 
and pedigrees depends chie fl y on the following 
three factors:
    1.    Whether the phenotype is dominant. This 

means the phenotype is expressed when only 
one chromosome of a pair carries the mutant 
allele (i.e., Huntington disease) and the other 
chromosome has the wild type allele at the 
homologous chromosome locus  

    2.    Whether the phenotype is recessive and is 
expressed only when both chromosomes of 
a homologous pair carry a mutation allele 
(i.e., cystic  fi brosis)  

    3.    The chromosome on which the gene locus is 
present. These loci may be on autosomal chro-
mosomes (i.e., 1–22) or the sex chromosomes 
(X and Y). Single gene inheritance patterns 
include autosomal dominant (AD) inheritance, 
autosomal recessive (AR) inheritance, 
X-linked dominant inheritance, or X-linked 
recessive inheritance     
 In cases of single gene disorders, PGD is used 

to diagnose speci fi c genetic mutations that are 
documented in the parents and that segregate 
within their extended family. This may be done 
by FISH ( fl orescent in situ hybridization) but is 
now mostly accomplished using polymerase 
chain reaction (PCR) to amplify the DNA of the 
chromosome where the gene of interest resides  
and DNA sequencing  [  4,   16  ] . DNA sequencing 
identi fi es the speci fi c altered DNA sequence and 
linkage analysis identi fi es surrounding markers 
used to determine recombination and whether 
the DNA of the sperm and oocyte ampli fi ed 
 [  17,   18  ] .  

   Autosomal Dominant Disorders 
 More than half of all Mendelian disorders are 
inherited as an AD trait. The incidence of some 
autosomal disorders is high and this varies from 
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region to region. An AD disorder is one in which 
one gene contains the mutant allele. The risk and 
severity of a dominantly inherited disease in the 
offspring depend on whether one or more parents 
are affected and whether the trait is strictly domi-
nant or incompletely dominant.Affected carriers 
of an AD disorder have a 50% risk of having a 
child with that genetic disorder.  

   Autosomal Recessive Disorders 
 AR disease occurs in homozygotes who have the 
same abnormal allele at a particular locus loca-
tion on a chromosome. Compound heterozygotes 
are individuals with two different mutant alleles 
at the same locus and no normal allele. In AR 
diseases, a heterozygote individual, with one nor-
mal gene copy, is able to compensate for the 
mutant allele and prevent the disease from occur-
ring. If the husband and wife are both carriers of 
an autosomal recessive disorder, they have a 25% 
chance of having an affected child.  

   Sex Chromosome Linked Disorders 
 The X and Y chromosomes are responsible for 
sex determination and are distributed unequally 
in males and females. For this reason, phenotypes 
determined by genes on the X chromosome have 

a characteristic sex distribution and a pattern of 
inheritance that is usually easy to identify. 
Because females have two copies of the X chro-
mosome, a female with a mutant allele on one X 
chromosome is termed heterozygous, or homozy-
gous, if present on both X chrosomosomes. In 
contrast, a male, with only one X chromosome, is 
termed to be hemizygous for any given allele on 
the X chromosome. X-linked dominant and 
recessive patterns of inheritance are distinguished 
on the basis of the phenotype of heterozygous 
females. If this phenotype is consistently 
expressed in carriers (in female heterozygotes), it 
is considered an X-linked dominant disorder (i.e., 
in Rett syndrome). 

 Since females have two X chromosomes, one 
X chromosome undergoes X inactivation. If there 
is a disorder on one of the two X chromosomes, 
such as a CGG permutation repeat sequence as 
seen in fragile X syndrome, the X chromosome 
with the disorder is more likely to be inactivated. 
Therefore, approximately 99% of carrier females 
are unaffected carriers of an X-linked disorder. 
However, some women may be diagnosed with 
diseases caused by an X-linked recessive muta-
tion (i.e., Hemophilia A) through skewed X 
 chromosome inactivation in which the normal X 

  Fig. 8.1    Three-generation pedigree for an autosomal dominant disorder       
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 chromosome undergoes X inactivation. X-linked 
disorders are expressed in males that only pos-
sess one X chromosome. Carrier females have a 
50% chance of transmitting their mutant X chro-
mosome to their daughters and a 50% chance of 
transmitting their mutant X chromosome to all 
their sons. Therefore, the chance of a female 
carrier having an affected embryo is 25% (one 
half of all affected male embryos). 

 Explanation of the phenotypic expression of 
single gene mutations depends upon the pene-
trance and expressivity of the mutated gene and is 
complicated. Patients who are affected by or car-
riers of genetic diseases should have consultation 
with genetic counselors, particularly prior to IVF 
for PGD as discussed later.  

   Testing for Single Gene Disorders 
 The most common method for testing single gene 
disorders is by genotyping or direct sequencing. 
Since only one or a few cells are biopsied for 
single gene testing, a DNA ampli fi cation step 
must be included in the analysis. For single gene 
testing the most common ampli fi cation step is by 
polymerase chain reaction (PCR)  [  19,   20  ] . Some 
laboratories, including ours, have employed a 
round of multiple displacement chain reaction 
followed by PCR for the gene being genotyped 
when doing single gene PGD and 23-chromosome 
PGS  [  21  ] . 

 In order to con fi rm that the DNA from both 
the sperm and the egg has ampli fi ed within the 
reaction, one should also employ a modi fi ed 
linkage analysis assay which identi fi es polymor-
phic markers in the male and female samples for 
the chromosome where the gene mutation resides 
 [  21  ] . There is a risk of misdiagnosis with PGD 
that is introduced by failure to amplify genetic 
material (allele drop out, ADO), achieving only 
incomplete ampli fi cation (partial ampli fi cation), 
or contamination  [  22–  24  ] . By incorporating a 
modi fi ed linkage analysis assay in the single gene 
mutation analysis, one greatly reduces the risk of 
ADO which is the leading cause of a single gene 
misdiagnosis  [  17,   18,   25,   26  ] . Some gene expan-
sion mutations, such as fragile X, require the use 
of traditional linkage analysis incorporating 
multiple family generations to identify the mutant 

X-chromosome which contains the fragile X 
gene mutation.  

   PGD for HLA Typing 
 Another application for PGD is Human Leukocyte 
Antigen (HLA) typing  [  27,   28  ] . The major histo-
compatibility complex (MHC) is composed of a 
large cluster of genes located on the short arm of 
chromosome 6. These genes are categorized into 
three classes based upon structural and func-
tional differences. The class I and class II genes 
correspond to the HLA genes. These genes 
encode cell surface proteins that play a critical 
role in the initiation of an immune response. The 
HLA alleles are codominant; each parent has 
two haplotypes and expresses both. These loci 
are located in close proximity and can be trans-
mitted to gametes as a single block. As a result, 
the parent and child share only one haplotype 
and there is a 25% chance that two siblings will 
inherit the same haplotype from their parents. 
The testing for HLA is generally employed by 
parents who have a child affected by a particular 
disorder that could bene fi t from some sort of 
human tissue transplant. Due to the 25% chance 
that siblings will have an identical haplotype, 
genetic counseling is required to ensure that the 
couple has proper expectations, for example, 
when a child with leukemia requires a bone mar-
row transplant. In these cases, PGD has been 
employed as a modality to ensure that the next 
child that the couple conceives will be HLA 
compatible with their existing child with the 
given illness. This practice is relatively uncom-
mon but has generated considerable debate 
regarding the ethics of HLA typing PGD  [  29  ] .  

   Structural Chromosome Aberrations 
 PGD to detect structural chromosome imbalances 
in embryos are due to balanced parental chromo-
some rearrangements  [  30  ] . Parental chromosome 
rearrangements include reciprocal translocations, 
Robertsonian translocations, pericentric inver-
sions, or paracentric inversions. Chromosomal 
rearrangements do not usually have a phenotypic 
effect if they are balanced because all of the 
chromosomal material is present even though it 
is packaged differently. Even when structural 
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 rearrangements in parents are truly balanced, 
they can pose a threat to their subsequent genera-
tion because carriers are likely to produce a high 
frequency of unbalanced gametes and therefore 
have an increased risk of having a miscarriage or 
an abnormal offspring with a genetic syndrome 
related to the unbalanced karyotype  [  31,   32  ] . The 
degree and severity of the phenotype observed in 
the offspring with the unbalanced karyotype 
depends upon the chromosomes (genes) involved 
in the structural chromosome imbalance  [  33  ] .  

   Translocations 
 A translocation involves the exchange of chromo-
some segments between two usually nonhomolo-
gous chromosomes. There are two main types of 
translocations; reciprocal and Robertsonian.  

   Reciprocal Translocations 
 Reciprocal translocations result from the break-
age of nonhomologous chromosomes, with recip-
rocal exchange of the broken segments  [  30  ] . 
Usually only two chromosomes are involved, and 
because the exchange is reciprocal, the total chro-
mosome number is unchanged and the person 
harbors a balanced reciprocal rearrangement. 
Balanced rearrangements are usually harmless. 
Like other balanced structural rearrangements 
(i.e., inversions), balanced reciprocal transloca-
tions can result in unbalanced chromosomes in 
gametes leading to miscarriage or genetic syn-
dromes. There are three main types of 2:2 chro-
mosome segregation from carriers of reciprocal 
translocations  [  34  ] . 2:2 chromosome segregation 
is the normal distribution of entire nonhomolo-
gous or homologous chromosomes to daughter 
cells during cell division. Alternate segregation, 
the usual type of meiotic segregation, produces 
gametes that have either a normal chromosome 
complement or the two reciprocal chromosomes; 
both types of gametes are balanced. The other 
two types of segregation are called adjacent-1 or 
adjacent- 2, and these yield all unbalanced gam-
etes. 3:1 chromosome segregation (the transmis-
sion to daughter cells of extra or too few 
nonhomologous or homologous chromosomes 
during cell division) can also occur; leading to 
gametes with either 22 or 24 chromosomes.  

   Robertsonian Translocations 
 Robertsonian translocations involve two 
 acrocentric chromosomes, chromosome in which 
the centromere is located quite near one end, (i.e., 
chromosomes 13, 14, 15, 21, and 22) that fuse 
near the centromere with the loss of the short 
arms  [  35  ] . The short arms of acrocentric chromo-
somes contain ribosomal genes so there is no 
clinical signi fi cance. While Robertsonian trans-
locations involving all acrocentric chromosomes 
have been reported, Robertsonian translocations 
involving chromosomes 13q and 14q or chromo-
somes 14q and 21q are the most common.  

   Inversions 
 An inversion occurs when a single chromosome 
undergoes two breaks and is reconstituted with 
the segment between the brakes inverted  [  31  ] . 
There are two types of inversions: pericentric 
inversions, which span the centromere; and para-
centric inversions, which only occur on one arm 
of the chromosome (Figs.  8.2  and  8.3 ). An inver-
sion does not usually cause an abnormal pheno-
type in carriers because it is a balanced 
rearrangement. The medical signi fi cance from 
either of these conditions pertains to the offspring 
of a parent with a balanced chromosomal aberra-
tion. A carrier of either type of inversion is at risk 
of producing abnormal gametes that may lead to 
genetically unbalanced offspring and reproduc-
tive failure, or to the birth of a child with a genetic 
syndrome.    

   Risk to Offspring 
 Parental carriers of translocations or inversions 
have an approximate 50% chance of producing 
unbalanced gametes. In couples with a possible 
recurrent pregnancy loss (RPL) and a documented 
balanced reciprocal or Robertsonian transloca-
tion or chromosomal inversion (paracentric or 
pericentric) in one or both parents, preimplanta-
tion genetic diagnosis (PGD) coupled with IVF 
has been shown to have some bene fi t in improv-
ing pregnancy and live birth rates  [  36–  39  ] .  

   Testing for Chromosome Imbalances 
 Traditionally, FISH has been used to identify the 
presence of translocation or inversion  imbalances. 
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FISH is primarily able to differentiate between 
balanced and unbalanced chromosomal states. 
That is, it can tell if there is an extra piece or miss-
ing piece of chromosomal material in the cell (s) 
tested, but not if a cell has the balanced transloca-
tion of one of the parents. It is possible to employ 
speci fi c chromosome breakpoint probes for recip-
rocal translocation or inversion carriers with 
FISH, to identify single cells with only the normal 
(nontranslocation or inversion chromosome). 
However, in recent years, microarrays are being 

increasingly utilized. Microarrays are able to 
evaluate all 23 pairs of chromosomes and thus 
evaluate the chromosomes involved in the struc-
tural aberration as well other chromosomes for 
aneuploidy or other imbalances  [  37,   39  ] . To a 
more limited extent, real-time PCR (discussed in 
a later section)  [  30  ]  can be used Fig.  8.4  shows the 
application of FISH using telomere-speci fi c 
probes for chromosomes involved in the structural 
chromosome imbalance along with centromeric 
markers of the appropriate chromosomes.  
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  Fig. 8.2    Gamete formation for a paracentric inversion 
carrier; modi fi ed from http:  www.fmv.uld.ac.be/genmol/
MODGEN/Fig8_20.html    . The image depicts the possible 
gamete formation following one crossing-over event dur-

ing meiosis. Note the four possible gamete combinations 
(i.e., 25% dicentric chromosome, 25% acentric fragment, 
25% normal chromosome, 25% inverted chromosome)       
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 For reciprocal translocation imbalances one is 
looking for duplication and/or deletion of chromo-
somal material  [  34  ] . For Robertsonian transloca-
tions one is looking for whole chromosome 
imbalances such as trisomy 13 or trisomy 21  [  35  ] . 

 For pericentric inversions one is looking for 
duplication deletion imbalances on the chromo-
some harboring the inversion. While paracentric 
inversions causing reproductive problems are 
exceedingly rare, sometimes one can identify the 
presence of dicentric chromosomes (chromo-
somes with two centromeres) within day 3 
embryos. These dicentric chromosomes contain 

imbalances and may be the cause of repeat 
 miscarriages  [  31,   37  ] . 

 As previously stated, when using FISH to 
identify structural chromosome aberrations due to 
reciprocal parental translocations, one cannot tell 
if the embryo contains the balanced reciprocal 
translocation or the nontranslocation chromosome 
product  [  39  ] . If one wishes to identify embryos 
completely free of the translocation, one must use 
breakpoint DNA clones that span the reciprocal 
translocation breakpoint in the parent. Our own 
IVF laboratory shows a 41% clinical pregnancy 
rate for reciprocal translocations, 35% for 

Normal product

Duplication D arm
Deletion A arm

Duplication A arm
Deletion D arm

Inversion product

A B C

A A

A

B

B

C

C

A AB C

D

D

B CD

D

B CD D

B CD A

A B C D

A B C D

A

A

A

B

B

B C

C

C

D

D

D

Crossover in loop

Pericentric
inversion
heterozygote

Segregation

End of Meiosis I End of Meiosis II

Pairing

  Fig. 8.3    Gamete formation for a pericentric inversion 
carrier; modi fi ed from http:  www.fmv.uld.ac.be/genmol/
MODGEN/Fig8_20.html    . The image depicts the possible 
gamete formation following one crossing-over event dur-

ing meiosis. Note the four possible gamete combinations, 
i.e., 25% normal chromosome, 25% inverted chromo-
some, and 50% deletion/duplication chromosomes       
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Robertsonian translocations, and 33% for inver-
sions. These results are generally consistent with 
historic data from the ESHRE PGD Consortium 
 [  40,   41  ] . The fact that these pregnancy rates were 
relatively low was a source of continued frustra-
tion for many in the PGD  fi eld. For this reason 
several laboratories, including ours (WGK), have 
begun using microarrays instead of FISH for eval-
uation of embryos in patients with documented 
translocations or inversions with clinical preg-
nancy rates exceeding 61%. While arrays are not 
able to detect embryos with balanced transloca-
tions, they can detect chromosomal imbalances 
both related to the parental chromosome aberra-
tion and other aneuploidies in all 23 pairs of chro-
mosomes. It is possible that this approach will 
result in signi fi cant improvements in pregnancy 
rates with array based technology, compared to 
FISH, in this patient population.   

   Preimplantation Genetic Screening 

   Aneuploidy 
 Ploidy describes the number of copies of each 
chromosome within an individual nucleus of a 
cell. Normal diploid cells contain two copies of 
each autosome (chromosomes 1–22 and 2 sex 
chromosomes [XX and XY]). In general, mono-
somies are more lethal than trisomies     [  5  ] ,  [  42  ] . 
Therefore, when testing embryos for numerical 
chromosome abnormalities (aneuploidy), the 
only aneuploid conditions associated with a live 
baby are trisomies for chromosome 13, 18, 21, 
and sex chromosome aberrations (i.e., XXX, 
XXY, X, XYY). Aneuploidies for other chromo-
somes are lethal and are associated with either 
failed implantation or with spontaneous 
miscarriage 

 Chromosomal aneuploidy is the single greatest 
causal factor in miscarriage  [  9,   43,   44  ]  and recur-
rent miscarriage  [  45  ] . PGS is the practice of eval-
uating cells from a developing embryo for the 
purposes of identifying aneuploidy. PGS was 
introduced as a technology that was hoped to 
greatly improve pregnancy ef fi ciency in IVF 
patients at risk for miscarriage or implantation 
failure such as couples suffering from RPL or 
patients with advanced maternal age  [  21  ] . 
However, the practice of PGS for aneuploidy 
screening is more controversial than the applica-
tion of PGD for evaluating a speci fi c genetic 
mutation. 

 There are many different technologies that are 
used to determine the ploidy status of embryonic 
cells for PGS. PGS for aneuploidy was  fi rst per-
formed with FISH evaluation for approximately 
3–5 chromosomes using a cell taken from the 
embryo at the cleavage stage. FISH technology 
then progressed to the evaluation of more chro-
mosome pairs. However, a number of other 
modalities for conducting genetic analysis for 
evaluating the ploidy status of embryonic cells 
have since been introduced. Below is a summary 
of the most commonly utilized modalities to 
determine the chromosomal status of embryonic 
cells for PGS.  

  Fig. 8.4    PGD for parental translocation using  fl uore-
scence in situ hybridization (FISH): This  fi gure shows a 
genetically balanced result of a biopsied cell from an 
embryo of a parent harboring a documented balanced 
translocation  t (6p;9q). In this example, FISH probes were 
used for the subtelomeric regions of 6p and 9q. 6p subte-
lomeric signals are in red and 9q signals are in green. 
Because 2 signals for each probe are seen, the embryo 
must be diploid and genetically balanced for these regions. 
However, FISH cannot rule out the possibility that the 
embryo harbors a balanced translocation       
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   Fluorescent In Situ Hybridization 
 FISH, or  fl uorescent in situ hybridization, is a 
technology that was developed in 1986 in Leiden, 
Holland. The  fi rst application to embryo testing 
was described in 1992  [  46  ] . FISH is a very robust, 
accurate molecular cytogenetic technology that 
uses labeled DNA probes that map to speci fi c 
loci on individual chromosomes (Fig.  8.5 ). The 
actual technique of FISH is conceptually simple. 
Speci fi cally, luminescent probes are prepared 
that are speci fi cally designed to hybridize to 
speci fi c areas of DNA on targeted chromosomes. 
After this hybridization is complete, the samples 
are evaluated visually under a microscope and 
the various  fl ourochromes are observed that cor-
respond to the different hybridization sites. If one 
 fl ourochrome labeled for a speci fi c chromosome, 
for example chromosome 21, is observed twice, 
the sample would be called normal for chromo-
some 21. However, if the sample had three sig-
nals it would be called as trisomy 21 and if the 
sample had only one signal it would be called 
monosomy.  

   Advantages of FISH 
 One advantage of FISH is that it does not 
require DNA ampli fi cation. This is bene fi cial 
for two main reasons. Firstly, ampli fi cation 
errors, both in the form of failed ampli fi cation 
and in  contamination, do not exist with FISH. 
Secondly, FISH testing can be completed within 
4–10 h after the receipt of the cells by the PGD 
laboratory. FISH can also be performed on 
interphase nuclei and does not require cell syn-
chronization and division to produce metaphase 
chromosomes for analysis.  

   Disadvantages of FISH 
 Despite the above advantages, FISH has 
signi fi cant disadvantages that are increasingly 
marginalizing its use in PGS. Firstly, FISH is 
not able to easily test for all 23 chromosomes 
 [  47  ] , and more commonly FISH probes for 5–8 
chromosomes have been used  [  48  ] . While it is 
possible to test for all 23 pairs of chromosomes 
using FISH technology, the accuracy and risk 
for potential misdiagnosis is too great to use this 
on single cells from embryos. Secondly, FISH 
probes nearly always hybridize to repetitive 
DNA sequences on target DNA chromosomes 
which, in single cells from embryos, leads to 
“split signals” as one visualizes the  fl uorescent 
dots within interphase nuclei. These split sig-
nals can lead one to over-call aneuploidy for 
individual chromosomes within the interphase 
nuclei of embryonic cells. Currently, most PGS 
laboratories offer FISH assay for chromosomes 
associated with  fi rst trimester miscarriages.   

   Comparative Genomic 
Hybridization (CGH) 
 Another PGS technology called comparative 
genomic hybridization or CGH, was originally 
described in 1992 in order to identify gene 
ampli fi cation’s in colon cancer cells  [  49  ] , CGH 
was  fi rst used to evaluate the chromosomal sta-
tus of embryos in 1996  [  50–  52  ] . CGH on meta-
phase chromosomes can identify aneuploidy of 
all 23-chromosome and large structural chromo-
some aberrations (>10 Mb)  [  50  ] . Using this 
method, one or more cells from an embryo are 

  Fig. 8.5    An example of FISH  fl ourochromes as they 
appear under microscope after DNA hybridization. In this 
sample, chromosomes 13 (gold), 18 (aqua), 21 ( red ), X 
( green ), and Y ( blue ) were evaluated using  fi ve 
 fl ourophores. Two signals are shown for chromosomes 13, 
18, and 21. One signal is observed for X and no Y signal 
was identi fi ed       
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removed and the DNA is ampli fi ed using a 
whole genome ampli fi cation protocol. This 
ampli fi ed product is then mixed with an approx-
imately equal concentration of DNA from a 
known karyotypically normal 46, XY reference 
sample. Following this, a series of numerous 
 chromosome site-speci fi c  fl ourophores are 
hybridized to each sample. Following hybridiza-
tion and stringency washes, approximately 100 
metaphase chromosome spreads are analyzed 
per embryonic sample. In general terms, a com-
puter records a visual image of the embryonic 
and reference sample and records the intensity 
of each  fl uorophore (Fig.  8.6 ). Therefore, the 
intensity of each  fl ourophore, corresponding to 
a speci fi c section of genomic DNA on a speci fi c 
chromosome, can be compared from the embry-
onic sample to a known normal sample. In this 
manner, computer software is able to give an 
analysis for each marker that states that the 
embryonic sample is either the same (diploid), 
twice as strong (trisomic), or half as strong 
(monosomic).  

   Advantages of CGH 
 An advantage of CGH on metaphase chromo-
somes is that all 23 chromosomes, as well as 
some large (>10 Mb) duplications and deletions, 
are able to be identi fi ed. Though this technique 
has some disadvantages, pregnancy rates obtained 
with CGH on metaphase chromosomes are 
encouraging and comparable to success rates 
with other methods of 23 chromosome PGS.  

   Disadvantages of CGH 
 A signi fi cant disadvantage of CGH on metaphase 
chromosomes is that the process is laborious and 
time-consuming. CGH on metaphase chromo-
somes takes at several days or more to complete 
and therefore the analysis always requires embryo 
cryopreservation. Additionally, the process 
demands DNA ampli fi cation which introduces 
confounders such as failed ampli fi cation and 
erroneous ampli fi cation of external DNA intro-
duced through contamination. Unsuccessful 
ampli fi cation has been shown to occur in >10% 
of blastomeres analyzed  [  53  ] . Another disadvan-
tage due to ratio labeling is that CGH can not dif-
ferentiate triploidy from diploidy.   

   Microarrays 
 In the early to mid-2000s several laboratories 
began developing new technologies to test for all 
23 pairs of chromosomes for aneuploidy, while 
simultaneously testing for structural chromo-
some aberrations. There are two main types of 
microarrays available for genetic testing. These 
are single nucleotide polymorphism (SNP) and 
CGH arrays. The differences between SNP and 
CGH are extensive. SNP arrays provide a geno-
type (i.e., AA, BB, or AB) for each SNP and are 
more dense than CGH microarrays. CGH arrays 
use ratio labeling and are less dense than SNP 
microarrays.  

   Single Nucleotide Polymorphisms 
Microarrays 
 Single nucleotide polymorphisms (SNPs, pro-
nounced snips) are a single nucleotide (A, T, C, 
or G) change in genomic DNA. These are highly 
variable within a given species. Because SNPs 
are by de fi nition single nucleotides, SNP evalua-

  Fig. 8.6    CGH on Metaphase Chromosomes: This  fi gure 
shows the raw  fl uorescent image representing a metaphase 
chromosome spread hybridization in which the red probes 
have hybridized to the patient chromosomes and the green 
probes have hybridized to the reference cell chromosomes. 
A computer readout comparing the ratio of red:green sig-
nal intensities between the embryonic and reference sam-
ple is then generated that re fl ects the ploidy status of the 
embryonic sample       
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tion has many applications. Nearly all SNPs are 
in noncoding (non-gene) segments of the genome. 
However, recent research is showing that SNPs 
previously thought to have no genetic regulatory 
function may indeed act to activate certain 
promoters. 

 SNP microarrays for PGS typically evaluate 
approximately 300,000 SNPs throughout all 23 
chromosomes. Because of this relatively high 
density of genetic markers, SNP microarrays are 
also able to detect relatively small chromosomal 
deletions and duplications within individual chro-
mosomes. For example, our laboratory has docu-
mented the ability to detect chromosomal 
deletions as small is 1.5 Mb (Internal Data). 

 In SNP arrays for PGS, each array chip is 
speci fi cally designed with hundreds of thousands 
of sites [Molecular cytogenetics Illumina]. Each 
site contains oligonucleotides that are a speci fi c 
single SNPs on a speci fi c chromosome. DNA 
from the biopsied cell(s) is ampli fi ed millions of 

times using multiple displacement ampli fi cation 
followed by a whole genome ampli fi cation proto-
col. This ampli fi ed DNA is then fragmented into 
small sections of DNA. The embryonic DNA is 
then hybridized to speci fi c oligonucleotides 
within the chip. Following completion of this 
hybridization process, extraneous material is 
cleared from the chip through a series of strin-
gency washes. Following these washes immuno-
cytochemistry then adds speci fi c  fl ourophores to 
speci fi c locations throughout the chip. 

 Following this, the chip is scanned to deter-
mine the  fl uorescent intensity signal from each 
site within the chip and translates this to data 
points. Computer software using extensive bioin-
formatics then compares this data-set to a known 
embryonic DNA dataset and generates SNP gen-
otypes for each allele. Simplistically, these geno-
types are described in the b allele frequency graph 
as either an AA, BB, or AB allele for each of 
these data points and analyzed based on speci fi c 

  Fig. 8.7    Single nucleotide polymorphism (SNP) arrays: This  fl ow diagram shows the steps involved in performing this 
technology       
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proprietary computer algorithms. This data is 
then reported in a histogram fashion for each 
chromosome. This computer software generated 
histogram data is then evaluated by the medical 
geneticist lab director and the molecular karyo-
type diagnosis is made (Fig.  8.7 ).  

 The organization of the SNP microarray histo-
gram is speci fi c to the ploidy status of the cell. In 
diploid samples, there is a band on the top and 
bottom of the histogram depicting SNPs resulting 
in either the AA or BB alleles (Fig.  8.8a ). The 
center band represents the heterozygote AB band. 
The DNA copy number is represented by the Log 

R ratio. In a normal sample, the log R ratio should 
be approximately 0 or balanced.  

 In aneuploid results, this pattern is changed. An 
extra set of genetic material, as in trisomy, results 
in two heterozygote bands corresponding to AAB 
and ABB, and an upward shift in the log R ratio, 
re fl ecting an increased copy number (Fig.  8.8b ). In 
monosomy, there is simply no heterozygote band 
coupled with a downward shift in the Log R ratio, 
re fl ecting a decreased copy number. The lack of a 
heterozygote band, also termed the loss of 
heterozygosity, can also be seen in SNP arrays to 
diagnose a rare phenomenon called uniparental 

  Fig. 8.8    SNP histograms of ( a ) A diploid chromosome 
21; and ( b ) A trisomy chromosome 21: Note presence of 
the A, B, and heterozygote AB band in the diploid sample 

and the two heterozygote bands (AAB and ABB) associ-
ated with the triploid sample. The histograms were pro-
duced by KaryoStudio software       
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disomy (UPD). UPD is the presence of two homol-
ogous chromosomes from a single parent. Since 
there is no copy number change, there is no shift in 
the log R ratio. Clinically signi fi cant chromosomal 
deletions and duplications may also be identi fi ed 
by SNP arrays (Fig.  8.9 ).  

   Advantages of SNP Arrays 
 An advantage of SNP arrays is their ability to 
evaluate all 23 pairs of chromosomes with a 
highly dense platform capable of detecting clini-
cally signi fi cant deletions and duplications Treff 
et al 2007   ,  [  5 ,  42  ] . The high density of the SNP 
arrays allow detection of many clinically 
signi fi cant deletions and duplications that would 

likely be missed with a less dense experimental 
protocol such as CGH arrays, FISH, or real-time 
PCR  [  54  ] . These large duplications and deletions 
are possibly deleterious to developing embryos, 
and may represent a cause of early pregnancy 
loss not detectable on standard karyotypes of 
products of conception. 

 Additionally, because SNP arrays provide a 
genotype for each genetic marker, these microar-
ray platforms can identify triploidy and uniparen-
tal disomy (UPD)  [  55,   56  ] . As well as the ability 
to determine the parental origin of the chromo-
somal aneuploidy and to be able to identify what 
embryo implanted  [  57  ] . Other methodologies, 
such as 23-chromosome FISH, CGH on meta-

  Fig. 8.9    SNP histogram showing examples, in the red 
circles of ( a ) a deletion of chromosome 8; and ( b ) a dupli-
cation of chromosome 2. Note the loss of the heterozygos-
ity (LOH) associated with the deletion and the two 

heterozygote bands (AAB and ABB) associated with the 
duplication. The histograms were produced by 
KaryoStudio software       
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phase chromosomes, CGH microarrays, real-time 
PCR, or Bacs-on-a-Bead (described below) do 
not provide a genotype and cannot identify all tri-
plodies or UPD. 

 Because SNP arrays actually evaluate speci fi c 
alleles, it is also possible to test simultaneously 
some single gene defects in conjunction with 
PGS. This is accomplished by employing  targeted 
high density SNP evaluation for certain single 
gene mutations of interest. In the near future, 
very dense SNPs designed for speci fi c single 
gene mutations seeded on a 23 chromosome SNP 
array chip might be able to simultaneously 
identi fi y 23-chromosome aneuploidy, and struc-
tural chromosome aberrations along with a 
speci fi c single gene(s) mutation(s).  

   Disadvantages of SNP Arrays 
 One disadvantage of SNP analysis is the high 
cost of the technology. Array chips for SNPs 
are more dense and may be as much as twice 
the cost of CGH array chips.The preparation of 
SNP array analysis is laborious, often taking 
2–3 days of work to amplify and analyze the 
sample. Therefore, it is impossible for an IVF 
clinic to do a day-5 biopsy and a day-6 transfer 
of fresh embryos. In addition, any technique 
requiring whole genome ampli fi cation can lead 
to allele dropout and/ or preferential 
ampli fi cation of DNA sequences, a possible 
cause of misdiagnosis.   

   Comparative Genomic Hybridization 
Arrays 
 CGH arrays are in some ways similar to SNP 
arrays. However, there are a number of signi fi cant 
differences between these two technologies. 
Firstly, instead of determining genotyping alleles 
within a sample, CGH array is a comparative 
ratio assay  [  52,   58  ] . In essence, CGH arrays are 
simply an array form of the CGH on metaphase 
chromosomes described above. In both CGH on 
metaphase chromosomes and CGH arrays, DNA 
is taken from the embryonic sample and mixed 
with control reference DNA. Both samples are 
then ampli fi ed. In the CGH array construct, the 
samples are then hybridized onto a CGH microar-
ray array chip. 

 The CGH array chip is very different from a 
SNP microarray chip. The CGH array chip is low 
density (approximately 2,000–3,000 markers) 
and it uses ratio labeling and not genotyping to 
identify chromosome abnormalities. CGH arrays 
use a bacterial arti fi cial chromosome (BAC) 
DNA or a similar DNA construct. These clones 
on CGH arrays are larger than the  oligonucleotides 
on the SNP microarrays and permit a shorter 
DNA ampli fi cation and hybridization time. CGH 
is incapable of detecting many small, clinically 
signi fi cant deletions and duplications that may be 
diagnosed with SNP arrays. However, some CGH 
microarray chips are designed to identify small 
deletions or duplications in subtelomeric 
sequences and can be used for PGD due to paren-
tal reciprocal translocations or pericentric inver-
sions. CGH arrays can also be used to identify 
embryonic imbalances due to parental 
Robertsonian translocations. Once the embryo 
and reference DNA samples have been hybrid-
ized onto the CGH array chips, stringency washes 
as described for SNP arrays are done and the 
chips are scanned and computer histograms pro-
duced for interpretation by the medical geneticist 
lab director (Figs.  8.10a, b  and  8.11 ).   

   Advantages of CGH Arrays 
 CGH arrays have several advantages. Firstly, 
CGH array platforms are able to complete the 
entire analysis in as short as 12–15 h. This is a 
signi fi cant advantage over SNP arrays which take 
approximately 30–40 h to complete the analysis. 
Running a CGH array for aneuploidy or parental 
reciprocal translocations, Robertsonian translo-
cations or pericentric inversions can offer IVF 
clinics the ability to do trophectoderm biopsy and 
transfer the blastocyst(s) the next day (i.e., a 
day-5 biopsy and a day-6 transfer). This elimi-
nates the necessity of cryopreserving the biopsied 
embryos prior to obtaining results.  

   Disadvantages of CGH Arrays 
 Disadvantages of the CGH array platform include 
the less dense genetic evaluation of chromo-
somes that may not detect some clinically 
signi fi cant deletions and duplications that would 
be diagnosed with SNP arrays. Additionally, 
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because CGH arrays by de fi nition rely on ratio 
labeling, the technology is not capable of detect-
ing uniform increases in all 23 pairs of chromo-
somes as is seen in triploid (69, XXX) embryos 
 [  55,   56  ] . However, ratio labeling is capable of 
detecting triploidy in male (69, XXY) embryos. 
Additionally, since no genotyping of alleles 
occurs, one cannot identify UPD or simultane-
ously detect some single gene mutations. Some 

other disadvantages speci fi c to metaphase CGH 
are its inability to identify most clinically 
signi fi cant deletions or duplications. It can detect 
unbalanced DNA gains or losses at a resolution 
of 3–10 Mb  [  59  ] . Chromosomal microdeletion 
or duplications that will go undetected using 
m-CGH (smaller than 3 Mb) can account for 
about 15% of human genetic disease  [  60  ] . In 
addition since CGH technique detect imbalance 

  Fig. 8.10    Diagrammatic  fi gure showing the principle of CGH Arrays       
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in total DNA content, it cannot detect polyploi-
dies (triploidies, tetraploidies…), inversions, or 
balanced translocations.   

   Real-Time PCR 
 Real-time PCR ( RT PCR, or q PCR) is a poly-
merase chain reaction assay that detects copy 
number variations along a chromosome and com-
pares this to a control sample  [  61  ] . This assay can 
easily identify aneuploidy for all 23 pairs of chro-
mosomes in a rapid fashion (4–6 h) but it is 
unable in many cases to also simultaneously 
identify structural chromosome aberrations. The 
inability to identify all structural chromosome 
aberrations is due to the sparsity of alleles 
detected along each chromosome. Real-time PCR 
can identify triploidy but not UPD.  

   Bacs on Beads 
 This is a technology that binds bac DNA 
sequences for speci fi c chromosome loci on beads 
within a microtiter like well reaction chamber. 

This technology can test for all 23 pairs of chro-
mosomes for aneuploidy as well as the eight 
most commonly diagnosed microdeletion syn-
dromes (i.e., Miller-Dieker syndrome or Smith-
Magenis syndrome) and can complete the 
analysis in about 24 h Bacs on beads can identify 
triploidy but not UPD.  

   DNA Sequencing 
 Next-generation sequencing is allows us to  rapidly 
sequence our genomes. While this technology 
holds future promise to identify deleterious DNA 
variants associated with genetic disease, it also 
shows geneticists that we all have numerous 
“variants” that may or may not be associated with 
disease. Therefore, it is premature to sequence the 
entire genome of embryos for genetic disorders 
because one will  fi nd thousands of variants of 
unknown signi fi cance. This will lead to the dis-
posal of embryos that are “most likely” normal. 
One can sequence embryonic DNA for copy num-
ber changes (i.e., aneuploidy), clinically 

  Fig. 8.11    Examples of different samples evaluated by 
CGH array for PGS: ( a ) A diploid with a relatively equal 
ratio of  green / red   fl uorescence in all 23 pairs of chromo-
somes; ( b ) A cell monosomic for chromosome 2 with a 
clear downward deviation of the  plotted line  indicating a 

relative lack of  green , as compared to red, signal intensity; 
( c ) A cell trisomic for chromosome 13 with a clear upward 
deviation of the  plotted line  indicating a relative increase 
of  green , as compared to  red , signal intensity       
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signi fi cant chromosome deletions or duplications 
as well as the mitochondrial genome.  

   A Summary of Error Rates and 
Expectations 
 The understanding of error rates is important in 
order for IVF physicians, geneticists, nurses, and 
most importantly, the patients, to have realistic 
expectations about treatment outcome. There are 
two types of errors. The most common error is an 
embryo misdiagnosis due to chromosome mosa-
icism within the embryo. This is where the cell or 
cells tested are normal but other untested cells are 
abnormal. As discussed below, the mosaicism 
rate in day-3 cleavage stage embryos can be as 
high as ~ 50% and in blastocysts the discordance 
between the inner cell mass and trophectoderm 
appears to be between 5 and 10%. The second 
type of error is a misdiagnosis on the cell or cells 
tested. This error rate can vary from laboratory to 
laboratory but the reported worldwide misdiag-
nosis rate is approximately 5%  [  62  ]  

 FISH errors for monosomy are mostly due to 
the DNA probe not hybridizing to the target chro-
mosome within the cell nucleus. All experienced 
molecular cytogenetics labs should routinely re-
hybridize with a different DNA probe to con fi rm 
monosomies. Trisomy errors by FISH are due to 
split  fl uorescent signals on the repetitive DNA 
sequences within the nucleus of the embryonic 
cell. This can lead to an over calling of trisomies. 
Experienced laboratories recognize this and 
should have an experienced molecular cytogenet-
ist interpreting the  fl uorescent signals. 

 The errors on a single cell or cells for single 
gene diagnosis, is primarily due to allele drop-
out (ADO) (i.e., only one copy of an allele is 
identi fi ed) of one of the gene mutations segre-
gating in their family. Therefore, it is impera-
tive that a form of linkage analysis, that will 
identify chromosome recombination and 
con fi rm the ampli fi cation of maternal and pater-
nal chromosomes, also be performed along with 
gene sequencing, to ensure that a monosomy is 
not present. 

 With microarrays there is great redundancy in 
the number of probes per chromosome analyzed, 
and therefore the absence of probe signals or the 

spurious duplication of probe signals in the 
embryonic DNA are greatly reduced. The main 
cause of errors using microarrays is poor DNA 
ampli fi cation from the single cell or cells 
obtained from the embryo. Experienced genetics 
laboratories using microarrays have established 
experimental protocols that set minimum thresh-
olds for the determination of successful DNA 
ampli fi cation. These include such things as call 
rates (the percent of genotyped SNPs)  fl uorescent 
intensities and the visualization of the DNA 
product on electrophoresis gels for SNP arrays. 
For CGH arrays, labs require a minimum percent 
of clones hybridized to the target sample, the 
visualization of the DNA product on electropho-
resis gels and an acceptable signal to background 
 fl uorescent ratio. 

 Real-Time PCR or Bacs on Beads have lim-
ited numbers of probes that hybridize to indi-
vidual chromosomes but provide better 
chromosome coverage than single probe FISH 
analysis. Artifactual monosomies and trisomies 
could occur.    

   Clinical Considerations in 
Preimplantation Genetic Testing 

   When Is the Optimal Time to Perform 
Embryo Biopsy? 

 Traditionally, PGD and PGS have been performed 
by taking a single cell from a cleavage stage 
embryo on day 3 of development. However, other 
biopsy methods, namely polar body biopsy  [  14  ]  
and trophectoderm biopsy  [  32,   54,   63–  66  ] , are 
also currently performed. Below is a description 
of each of these methods. 

   Polar Body Biopsy: Polar Bodies I and II 
 Since the majority of de novo aneuploidies come 
from errors of meiosis, evaluating the polar body 
of the oocyte prior to fertilization seems a logical 
place to start (Fig.  8.12 ). Polar body biopsy is 
performed prior to fertilization, so has been 
widely used in Europe where legislation in cer-
tain countries prohibits performing a biopsy on 
an embryo. While this technique is only useful in 



132 P.R. Brezina et al.

diagnosing maternally inherited disorders, it is 
essentially the only method of offering PGS or 
PGD in some nations  [  67  ] .  

 To understand the clinical utility of polar body 
biopsy, one must understand how polar bodies 
are derived during meiosis. Shortly before ovula-
tion, the human oocyte possesses a diploid set of 
chromosomes  [  67  ] . At ovulation, this diploid set 
of chromosomes is split into two haploid sets of 
chromosomes. One set of chromosomes remains 
within the oocyte and the other is extruded out-
side the cell. This extruded set of chromosomes is 
contained within the 1st polar body. Biopsy of 
the  fi rst polar body should be performed on the 
day of oocyte retrieval. 

 At fertilization, each single set of chromo-
somes within the oocyte again splits into two 
chromatids  [  14,   67  ] . One chromatid remains in 
the oocyte nucleus and one set is extruded as the 
second polar body. Because these polar bodies 
represent a split compliment from the original 
diploid chromosomes, a gain or loss of chromo-
somes in the polar body implies a reciprocal loss 
or gain in the genetic material remaining in the 
oocyte. Therefore, a monosomy detected in a 

polar body should predict a trisomy in the genetic 
material remaining within the oocyte. 

 Polar body biopsy can be performed either by 
evaluating the  fi rst polar body in isolation prior to 
fertilization or by taking both polar bodies after fer-
tilization. Recent studies have indicated that evalu-
ating the  fi rst polar body in isolation may under-call 
genetic errors, especially for aneuploidy screening, 
as up to 50% of meiosis II divisions result in segre-
gation errors  [  68  ] . Furthermore, because polar 
body biopsy by de fi nition only evaluates mater-
nally derived genetic material, the paternal genetic 
component and mitotic errors are not evaluable. 

   Advantages of Polar Body Biopsy 
 Polar body biopsy allows early determination of 
aneuploidy, maternally derived reciprocal trans-
location carriers, or maternal single gene carriers 
either before or after fertilization. Polar body 
biopsy also has no risk of disturbing the blastom-
eres that will continue to develop into the inner 
cell mass and subsequently the fetus or trophec-
toderm that will develop into the placenta. 
Therefore, despite the need to create a hole in the 
zona pellucida, polar body biopsy is, in essence, 

  Fig. 8.12    Photographic images showing ( a ) an oocyte with one extruded polar body after ovulation; and ( b ) an oocyte 
with two polar bodies, 9–22 h after successful fertilization       
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less invasive than other forms of embryo biopsy 
since it only removes genetic material that is dis-
carded and does not contribute to embryo 
development..  

   Disadvantages of Polar Body Biopsy 
 Polar body biopsy only is capable of evaluating 
the maternal genetic component of an embryo. 
Therefore, it cannot detect chromosomal defects 
or single gene mutations that are paternally 
derived. Some debate the accuracy of polar body 
biopsy for aneuploid determination due to the 
large number of possible segregation patterns 
seen with polar body screening.  

   Day 3 Blastomere Biopsy 
 The most commonly utilized cell biopsied for 
analysis is a blastomere(s) taken from a cleavage 
stage embryo on day 3 (day 0 being the day of 
oocyte retrieval) (Fig.  8.13 ). At the cleavage stage 
of development, embryos are comprised of 
approximately 6–8 totipotent cells  [  69,   70  ]  
Totipotency means that the cells have not differ-
entiated toward a particular cell line, and each 
cell therefore has the potential to form any part of 
the embryo or placenta.  

 Single blastomeres were initially thought to 
be excellent predictors of the chromosomal status 
of the embryo as a whole as each blastomere 
from a cleavage stage embryo should be totipo-
tent and identical. However, this does not take 
into account the possibility of mitotic errors and 
mosaicism in the embryo. The major problem 

with blastomere biopsy, removing a single blas-
tomere and inferring the chromosomal comple-
ment of the rest of the embryo based on a single 
cell is the high rate of aneuploid/euploid mosa-
icism that exists at this stage of development. 
Different laboratories have repeatedly demon-
strated signi fi cant levels of chromosomal mosa-
icism (up to 50% of embryos) at the cleavage 
stage  [  71,   72  ]  This makes biopsy at the cleavage 
stage problematic, as the biopsied cell will not 
represent the overall chromosomal makeup of the 
rest of the embryo in up to 50% of cases. These 
errors can be both false positive where the cell is 
abnormal but the majority of the rest of the 
embryo is normal or false negative where the 
result of the cell is normal but this does not repre-
sent the rest of the embryo which, in fact, is 
abnormal.  

   Advantages of Blastomere Biopsy 
 All PGS or PGD technologies allow completion 
of the analysis of a day-3 embryo biopsy within 
48 h maximum, thereby providing the IVF clinic 
with a  fi nal report on day-5 for embryo transfer.  

   Disadvantages of Blastomere Biopsy 
 There are concerns that the act of embryo biopsy 
at the cleavage stage may be deleterious in and of 
itself to embryo development. The removal of a 
cell or cells from a day 3 stage embryo clearly 
reduces the embryos potential to differentiate to 
the blastocyst stage. This delay in differentiation 
may reduce the embryos ability to implant. 

  Fig. 8.13    Photographic images of ( a ) An 8-cell stage embryo on day 3; and ( b ) A cleavage-stage embryo undergoing 
blastomere biopsy       
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Emerging data point to lower pregnancy and live 
birth rates when embryo biopsy for de novo ane-
uploidy (PGS) is performed at the cleavage stage 
 [  4,   7,   63,   64,   73,   74  ] . The reasons for this decrease 
in pregnancy rates may be due to a combination 
of issues; namely a high rate of chromosomal 
mosaicism at the cleavage stage, the ability of 
aneuploid/euploid mosaic embryos to genetically 
correct themselves during development to the 
blastocyst stage, and that the embryo biopsy per 
se may be detrimental to embryo development 
    [  47  ] ,  [  75,   76  ] .There is an increasing volume of 
literature demonstrating the bene fi ts of trophec-
toderm biopsy rather than the cleavage stage for 
the reasons outlined below.   

   Trophectoderm Cells from Differentiated 
Blastocysts 
 Four to  fi ve days after oocyte fertilization, a nor-
mally developing embryo has reached the blasto-
cyst stage. At the blastocyst stage, the embryo is 
comprised of two distinct cell types:
    1.    The Inner Cell Mass (ICM), which comprises 

the mass of cells located within the blastocyst 
cavity (blastocele) destined to form the fetus  

    2.    The Trophectoderm (TE), which is the popu-
lation of cells (trophoblast cells) destined to 
form the placenta.     

 The blastocyst is comprised of over one hundred 
cells compared to the 6–8 cells of the cleavage 
stage embryo 3 days post oocyte retrieval. The 
con fi guration of the blastocyst is essentially a 
 fl uid  fi lled sphere; with the walls of the sphere 
comprised of trophophoblasts with a relatively 
small cadre of cells within the sphere that com-

prises the ICM. At this point, the embryonic 
(ICM) cells are pluripotent, destined to go down 
certain cellular development pathways, rather 
than the totipotent cells of the cleavage stage 
embryo. Because the cells of the ICM are 
 pluripotent and already destined to form the 
embryo, it is not currently possible to biopsy the 
ICM without taking a signi fi cant chance of harm-
ing the development of the fetus. 

   Advantages of Trophectoderm Biopsy 
 Biopsying TE is possible as these cells are quite 
numerous and are destined to form the placenta. 
Thus, TE biopsy (Fig.  8.14 ) is becoming increas-
ingly popular and widespread. One of the major 
advantages of TE biopsy is that no part of the 
developing embryo that forms the fetus (the ICM), 
is disturbed; rather those cells destined to form the 
embryonic part of the placenta (the trophectoderm 
cells) are biopsied. Secondly, recent studies have 
found that chromosomal mosaicism is far lower at 
the blastocyst stage compared to the cleavage 
stage. In a study by our laboratory evaluating all of 
the cells within blastocysts, there was no chromo-
somal mosaicism detected, at a threshold of 5% 
mosaicism, within the ICM and TE cell popula-
tions in 42 embryos     [  47  ] . However, our data do 
show that there is approximately a 5–10% discor-
dance between the molecular karyotype of the TE 
and ICM within a given embryo  [  47  ] . Therefore, a 
TE biopsy may not represent the chromosomal sta-
tus of the ICM in as many as 5–10% of samples. 
However, the fact that the placenta and fetus may 
have discordant karyotypes has been known for 
some time. Studies evaluating chorionic villus 

  Fig. 8.14    Photographic images showing ( a ) A blastocyst 
undergoing herniation of TE cells after the application of 
a laser to breach the zona pellucida; ( b ) and ( c ) The pro-

cess of obtaining a group of TE cells that will be analyzed 
for PGS.       
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sampling (CVS) have shown that approximately 
2% of CVS samples have documented con fi ned 
placental mosaicism (CPM)  [  77  ] . CPM is de fi ned 
in cases where the fetus at the time of CVS is 
euploid with aneuploidy documented in the 
placenta.   

   Advantage of Trophectoderm Biopsy 
 A strong argument for TE biopsy over cleavage 
stage or polar body biopsy is that TE biopsy 
results in higher pregnancy rates in experienced 
hands  [  32,   54,   63–  66  ] . This is likely due to the 
decreased rate of mosaicism within the ICM and 
TE cell populations at the blastocyst stage. 
Additionally, certain forms of 23 chromosome 
PGS, such as real-time PCR and CGH arrays (see 
above), are compatible with fresh embryo trans-
fer with TE biopsy.  

   Disadvantages of TE Biopsy 
 One disadvantage of TE biopsy is that because 
the technique has only recently been introduced, 
many embryologists do not yet have substantial 
experience with the procedure. A further, albeit 
perceived, disadvantage of TE biopsy is that SNP 
microarray evaluation of the biopsied cells typi-
cally takes 2–3 days. Because embryos will 
“hatch” soon after reaching the blastocyst stage, 
performing a TE biopsy with SNP microarray 
evaluation has, until recently, necessitated per-
forming embryo cryopreservation and precluded 
a fresh cycle uterine transfer. However, newer 
modalities for quickly evaluating the chromo-
somal ploidy status of cells in just a matter of 
~12 h, now makes it possible to offer a fresh 

transfer with TE biopsy and evaluation of aneu-
ploidy for all 23 pairs of chromosomes.     

   Clinical Outcomes 

 Of the 146, 693 IVF/ ICSI cycles reported in the 
US through the Society for Reproductive 
Technology (SART) in 2010, 4% or 5,868 involved 
the use of PGT. This percentage was similar to 
that in previous years. A SART Writing Group 
examined the indications for PGT between 2007 
and 2008. During that time the use of PGD for 
single gene defect evaluation and elective sex 
selection increased, despite the fact that ASRM 
guidelines discourage the use of PGD for the lat-
ter indication. Utilization for PGS decreased and 
that for translocations dropped slightly. 

 A high percentage of patients who underwent 
an IVF cycle and day 3 embryo biopsy with the 
goal of undergoing PGT, had no embryos trans-
ferred (Table  8.1 ). The SART database codes 
patients as having PGD or PGT at the time of 
embryo biopsy, so this study did not include 
patients who started cycles, but did not produce 
enough eggs or have enough embryos, or good 
enough quality embryos to undergo embryo 
biopsy. Therefore higher percentages of patients 
likely started an IVF stimulation with the goal of 
undergoing PGT, but were cancelled prior to 
biopsy. Overall, 6.2% of infertile IVF patients 
undergoing standard IVF, who did not undergo 
embryo biopsy had cycles cancelled after stimu-
lation started, while the percentage of transfers 
cancelled  after  embryo biopsy were: 12.9% 

   Table 8.1    PGD and PGS (PGT) Cycle Characteristics and Cancellation Rates Reported to SART 2007–2008 (mean  +  SD)   

 No PGT  Genetic  Aneuploidy  Translocation  Elective sex 

 Total starts  170, 595  1,246  3,082  483  1,388 
 Age (year)*  34.9  +  4.4  33.5  +  4.2  37.2  +  3.6  33.5  +  4.2  34.5  +  4.1 
 Oocytes ( n )  12.6  +  7.8  16.2  +  8.6  15.3  +  8.1  16.7  +  8.9  15.7  +  8.6 
 Embryos transferred ( n )  2.5  +  1.0  2.0  +  0.9  2.0  +  0.9  1.8  +  0.8  1.9  +  0.8 
 Cancelled Transfers ( n ) (% Cycle Starts)  10,575 (6.2%)  161 (12.9)  532 (17.3)  132 (27.3)  232 (16.7) 
 Delivery/retrieval (%) (Women  < 42 yo)  35.4  31.6  27.9  24.3  33.4 

  *Age differs between category,  p  < 0.0001 
 Adapted from Ginsburg et al.  [  79  ]   
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undergoing PGD for genetic testing, 17.3% for 
PGS (aneuploidy screening), 27.3% for translo-
cations, and 1.7% for elective sex selection. 
Possible reasons for lack of transfer after biopsy 
were: no normal embryos available to transfer, all 
embryos had nondiagnostic test results (uncom-
mon), or all embryos arrested in culture after day 
3 biopsy (Table  8.1 ). It must also be noted that 
due to the time period of the study biopsies would 
have been performed on cleavage stage embryos. 
As in other aspects of IVF, it is very important to 
set patient expectations based on their age, ovar-
ian reserve, and fact-based estimated likelihood 
of having normal embryos to transfer.  

 Recently, ESHRE reported data on 27,000 
PGT cycles that reached oocyte retrieval between 
1997 and 2007. Sixty one percent of cycles were 
for aneuploidy screening, 17% for single gene 
disorders, 16% for chromosomal abnormalities, 
4% for sex selection for X linked diseases, and 
2% for elective sex selection. Delivery rates per 
oocyte retrieval and per embryo transfer are 
shown in Table  8.2 . As can be seen, similar to the 
US data, a high percentage of cycles do not 
undergo embryo transfer, and clinical pregnancy 
rates per oocyte retrieval and per embryo transfer 
are low; patient ages were not given.  

 The miscarriage rates in patients undergoing 
PGT vary based on the stage of embryo develop-

ment at biopsy and the type of PGT testing per-
formed. Miscarriages can be caused by embryo 
mosaicism, a diagnostic error (i.e., the lab reports 
the embryo as normal when in fact it and the 
eventual fetus have an aneuploidy incompatible 
with continued development), or for other 
unknown causes. In general, the rates of miscar-
riage will be higher for couples undergoing 
day-3 biopsy and PGS due to embryo mosaicism 
then other types of PGT (such as single gene 
 mutations or translocation imbalances). Overall, 
the rates of  fi rst trimester miscarriage, following 
23-chromosome PGS, range between 3% for 
women under 35 and approximately 20% for 
women over 40. 

   Patient Counseling 

 We encounter situations in clinical practice that 
result in no embryos undergoing biopsy, for exam-
ple when the response to ovarian stimulation is 
poor and there are few embryos, or when embryos 
on day 3, even if plentiful, are either highly frag-
mented or slowly cleaving. In such cases it is criti-
cal to confer with patients to determine whether 
they want to cancel the cycle, or in cases of patients 
undergoing PGS for aneuploidy screening, undergo 
embryo transfer as in standard IVF, and hope that 

   Table 8.2    Preimplantation genetic testing data reported to the PGD consortium of ESHRE 1997 to 2007   

 Oocyte 
Retrievals ( n ) 

 Embryos 
biopsied ( n ) 

 Embryos 
transferred 
( n )/(mean/ET) 

 Embryo 
Transfers ( n ) 

 Cycles with 
Oocyte Retrieval 
but no Embryo 
Transfer (%) 

 Clincal pregnancy 
rate per oocyte 
retrieval/per ET (%) 

 Single gene  4,733  27, 980  7,035 (1.9)  3,727  21.2  22 
 29 

 Structural 
chromosomal 
defects 

 4,253  27,068  4,775 (1.7)  2,731  35.8  17 
 26 

 X linked 
disorders 

 1,167  7,317  1,598 (1.8)  880  24.6  19 
 26 

 Aneuploidy 
screening 

 16,086  90,404  21,543 (1.8)  12,071  25.0  19 
 27 

 Social Sex 
selection 
(elective) 

 671  4,285  993 (2.0)  492  26.7  21 
 29 

  Adapted from Harper et al.  [  62  ]   
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the process of natural selection will cause abnor-
mal embryos to either fail to implant or miscarry. 
This is all important information for patients to 
have before deciding to commit  fi nancial resources 
to PGT, as well as to understanding that even a suc-
cessful oocyte retrieval and embryo transfer will 
not result in a high likelihood of delivery. 

   Single Gene Defects 
 A tremendous number of diseases related to sin-
gle gene defects have been identi fi ed. It is critical 
that patients considering undergoing IVF treat-
ment to avoid conception of a child with a single 
gene defect are aware of what percent of their 
embryos are likely to be affected. For example, 
when both partners are carriers of an autosomal 
recessive (AR) gene, there is a 25% chance that 
an embryo will be affected, a 50% that it will 
carry one copy of the abnormal gene, 25% that it 
will not be a carrier or affected. In autosmal dom-
inant (AD)diseases, all embryos that carry the 
gene will be affected, so 50% of embryos will be 
affected. In X lined disorders, ~50% of embryos 
will be male, of which 50% will be affected, so 
25% of embryos will be affected. 

 Affected embryos are not transferred. The 
dilemma of whether to transfer AR carrier 
embryos, which would have the same genetics as 
one of the parents, must be discussed with the 
couple prior to initiating PGD. Some couples feel 
strongly that the gene not be propagated in their 
family, whereas others want a healthy child and 
are less concerned about transmission of a gene 
that will not cause disease in the carrier (e.g., 
thalassemia trait). In AD conditions, only those 
without the AD mutation are transferred as the 
concept of a carrier does not apply.  

   Translocations 
 The population incidence of balanced transloca-
tions is 1–3/1,000. Among miscarriages ~3% are 
due to unbalanced translocations. Patients who 
present for consideration of PGD for balanced 
translocations typically have had at least 2 but 
commonly 3 or more SAbs, and in this popula-
tion the incidence of balanced translocation is 
~5%  [  78  ]  However in a woman of advanced age, 
the likelihood of her having a balanced transloca-

tion will be lower than 5%, because most of her 
losses are likely to be aneuploid. Interestingly, 
men with balanced translocations are more likely 
to be infertile (See    Chap.   2     on male) Since the 
incidence of balanced translocations in the popu-
lation is low, translocations are the least common 
indication for PGD (Table  8.1 ) 

 Translocations are complex to manage, as the 
percentage of affected embryos and offspring 
varies depending on the size of the translocation 
imbalance. For example, the percentage of viable 
embryos likely to be identi fi ed will vary by the 
size and nature of the translocation imbalance; 
for small unbalanced translocations an abnormal 
offspring will be more likely than a miscarriage. 
Genetic counseling is therefore absolutely criti-
cal before a PGD plan can be made. As can be 
seen from both SART and ESHRE outcomes data 
(Tables  8.1  and  8.2 ), using day 3 biopsy and 
FISH technology, delivery rates for transloca-
tions/structural chromosomal abnormalities have 
been low.  

   HLA Matching 
 Consulting with patients about undergoing HLA 
matching in order to produce a sibling for a child 
affected with a lethal or other life-threatening 
condition may be heart breaking. Often parents 
have a gravely ill child on a waiting list for a 
donor for stem cell transplantation. The consulta-
tion therefore must include not only genetic 
counseling about the likelihood of an embryo 
being a match, but must also include that even 
when matched embryos are identi fi ed and suc-
cessfully transferred, pregnancy will not neces-
sarily occur. In addition, a plan must also be 
developed with the couple as to whether healthy, 
but nonmatching embryos will be frozen for 
potential future use, or discarded. Psychological 
support is particularly important for these patients 
as there are instances when a patient is success-
fully pregnant, but the ill child does not survive 
long enough to bene fi t from the HLA-matched 
sibling’s birth.  

   Elective Sex Selection 
 Between 2007 and 2008 the largest increase in 
PGD utilization in the US was for elective sex 
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selection  [  79  ] . The reason for couples or individ-
uals choosing this, however, is not reported to 
SART, so a percentage of these cycles could have 
had medical indications such as attempting to 
avoid male gender so as to lower the risk of hav-
ing a child with autism, in which males are four 
times more likely to be autistic than girls. The 
ASRM discourages elective sex selection  [  80  ] . 
Utilization of elective sex selection is varies from 
country-to-country in Europe. ART programs 
vary widely on whether they will perform PGD 
for elective gender selection. There can be ethical 
issues for the IVF team if faced with discarding 
normal embryos which are not of the gender 
desired by the intended parents.  

   Aneuploidy Screening/PGS 
 Although delivery rates with IVF have been 
increasing steadily despite transferring fewer 
embryos in each age group (www. sart.org), one 
exception is for women of advanced maternal 
age. This is most likely due to an increased risk 
of meiotic errors in the oocytes leading to aneu-
ploidy. Theoretically selecting embryos by PGS 
should increase implantation and delivery rates. 
In 2007 Mastenbroek et al.  [  81  ]  published a 
paper in which embryos underwent PGS for 
aneuploidy using FISH for 8 chromosomes. 
They concluded that PGS for 8 chromosomes 
does not improve the likelihood of implantation 
compared to IVF alone However, there are now 
5 randomized clinical trials for advanced mater-
nal age using day 3 embryo biopsy and FISH, 
showing a lower overall live birth rate than 
when embryos are not biopsied. Based on avail-
able evidence, the Practice Committee of the 
ASRM and SART concluded in 2008 and again 
in 2012 that PGS, as currently performed on 
day 3 embryos, may be associated with an over-
all lower probability of live birth  [  1,   8,   40,   41,   82  ] . 
A Cochrane review from 2006, updated in 2010, 
con fi rmed the conclusions of the ASRM/SART 
PC in advanced age women and those with prior 
multiple failed IVF cycles  [  83  ] . Despite the 
early enthusiasm for embryo aneuloidy screen-
ing based on the biology of ageing, to select 
embryos and improve pregnancy rates, the lack 
of bene fi t was attributed to the potential harm of 

embryo biopsy on the developing embryos  [  84  ] , 
misdiagnosis due to the well-documented phe-
nomenon of embryo mosaicism  [  76  ]  and self 
correction where the abnormal cell(s) were 
either removed from the embryo at the time of 
the biopsy or preferentially fail to develop  [  76  ] . 
A study comparing results obtained with FISH 
and CGH showed up to 25% of “normal 
embryos” tested by FISH, to be abnormal 
when tested by CGH because the abnormal 
 chromosome pair (s) was not included in the 
FISH panel  [  85  ] . 

 For PGS to be optimized, our group (WGK) 
believes that an evaluation of all 23-pairs of 
chromosomes should be conducted ideally after 
trophectoderm biopsy. In 2007 PGS was  fi rst 
described evaluating all 23 pairs of chromo-
somes (autosomes 1–22, X and Y chromosomes) 
 [  54,   64  ] . Since this time, our laboratory along 
with several other leaders in the  fi eld have shifted 
to recommending that all PGS be performed 
using technology evaluating all 23 pairs of chro-
mosomes. The clinical accuracy data obtained 
from 23 chromosome evaluation PGS is 
signi fi cantly superior to FISH PGS  [  32,   54, 
  63–  66,   86  ]  and some early evidence suggests 
that clinical pregnancy rates in selected patients 
might be improved  [  87  ] . 

 It must be acknowledged, however, that 
patients who produce high quality blastocysts are 
those likely to bene fi t from the embryo selection 
that the screening allows; as many women of 
advanced maternal age also have decreased ovar-
ian reserve, it is unclear what proportion would 
actually have normal blastocyts to transfer. 

 PGS is likely less controversial when patients 
with a history of a prior affected child, or termi-
nation of an affected pregnancy e.g., trisomy 21 
has lead to signi fi cant life trauma. The compli-
cated aspect of the discussion is that such patients 
are often not infertile, and might conceive readily 
on their own, and at no cost. Many couples are 
not comfortable conceiving on their own, under-
going antenatal testing, and then terminating an 
affected pregnancy. They must be alerted, how-
ever, to the high cost and relatively low pregnancy 
rate per initiated cycle thus far reported in the lit-
erature  [  8  ] . 
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 The speci fi c indications for offering PGS are 
also not universally agreed upon within the  fi eld. 
Our laboratory (WGK) only recommends PGS 
testing for aneuploidy for couples with 2 or more 
 fi rst trimester miscarriages, though this position 
is not currently supported by data from limited 
randomized trials  [  8,   82  ] . All patients offered 
PGS testing, however, should have extensive 
genetic counseling prior to undergoing the proce-
dure. The American Society of Reproductive 
Medicine has published minimum counseling 
guidelines that should be completed with all 
patients undergoing preimplantation genetic test-
ing (PGS or PGD)  [  8  ] . These include reviewing 
the risks of IVF, risks of embryo biopsy, brie fl y 
reviewing the genetics involved with PGS and 
PGD procedure proposed, and the limitations of 
PGD and PGS. Genetic counseling should be 
done prior to PGT. Once the patient is pregnant 
antenatal testing with chorionic villus sampling 
and/ amniocentesis must be discussed, and a 
strong recommendation for antenatal testing 
should be included in all PGT consent forms.    

   Conclusions 

 The potential capabilities and ef fi ciency of pre-
implantation genetic testing have dramatically 
increased in recent years due largely to improve-
ments in the ability to accurately test embryos for 
single gene defects, structural chromosomal 
abnormalities, and aneuploidy. Blastocyst biopsy 
and PGT will likely show higher pregnancy rates, 
reduced miscarriage rates and more healthy 
babies versus day-3 biopsy and testing. However, 
large scale data are lacking. It is anticipated that 
randomized trials of PGS with trophectoderm 
biopsy and 23-chromosome testing will be per-
formed in the upcoming years. 

 Regardless of improvements, patients must be 
carefully counseled about error rates inherent in 
all the PGT technologies, as well as outcomes 
reported to date. Patients must be given accurate 
information with which to make their treatment 
decisions, taking into account their age, ovarian 
reserve, indication for PGT and method of PGT 
to be employed. 

 Particularly when PGD is performed to prevent 
affected children, patients should be strongly 
counseled to undergo antental testing. As PGS is 
an evolving  fi eld, however, the optimal modality 
of embryo evaluation for aneuploidy is constantly 
being reevaluated. It is possible that emerging 
noninvasive technologies, such as metabolomics 
and videography, may ultimately be able to pre-
dict which embryos will develop into normal 
fetuses with a high degree of certainty  [  88,   89  ] . 
Regardless of which technologies ultimately are 
shown to be of greatest bene fi t, the  fi eld of evalu-
ating embryos will certainly be an exciting area of 
growth in the future.      
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   Of First Importance 

 It can be relatively easy to slip into a state of igno-
rance when considering the enormity of the 
achievement of being able to cryopreserve the pre-
implantation human embryo. From the embryolo-
gists’ perspective, it is simply considered “business 
as usual” in the in vitro fertilization laboratory. But 
to step back and consider the ability to perform 
this procedure on a regular and consistent basis 
should perhaps invoke the realization that it has 
had an impact on mankind that far outweighs the 
planting of an American  fl ag on the Moon. Not to 
wax too lyrical, but let us consider only a few cen-
turies ago where we were in appreciation of the 
reproductive process. Early on, man’s curiosity in 
the formation and development of an organism 
provoked interest from philosophers and alche-
mists alike. Some, such as Jan Swammerdam in 
the mid-1600s, developed the idea of “preforma-
tionism,” which proposed that the adult is already 

present in the egg as a miniature form  [  1  ] . The 
alchemist Paracelsus attempted to advance the 
concept of the “ homunculus” (Latin for “little 
man”) with the bogus claim of crafting a creature 
standing no more than 12 in. tall. This resembled a 
gnome, a creature said to have betrayed Paracelsus 
that eventually ran away soon after its creation 
 [  2–  4  ] . Later in the 1600s, Antonie van 
Leeuwenhoek and Nicolas Hartsoeker proposed 
the appearance of “animalcules” in the sperm of 
humans suggesting that the sperm was a “little 
man,” which once placed inside the woman would 
grow and develop into a child. These animalcules 
became known as “spermists.” Some scientists 
then argued that the only contribution the female 
made to the next generation of offspring was her 
womb in which the homunculus grew  [  1,   5,   6  ] . 

 Work in the 1700s discredited the idea of prefor-
mationism, and revolutionizing experiments con-
ducted by the Italian priest and physiologist Lazaro 
Spallanzani provided insight into the requirement of 
physical contact between egg and sperm to create 
an embryo. Spallanzani was also the  fi rst to report 
that sperm became motionless when subjected to 
the cooling effects of snow  [  7,   8  ] . Suspending the 
metabolic activities of tissues and cells by cryo-
preservation was studied thereafter. In the late 1940s 
the use of glycerol as a permeating solute and cryo-
protective additive (CPA) proved to be successful as 
a protectant of cells at low temperature  [  9,   10  ] . 
Albeit by accident, Chris Polge added an experi-
mental freezing solution to living cells, identi fi ed 
later as glycerol, which resulted in the unexpected 
survival of his experimentally frozen cells. Soon 
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after, it was shown that unfertilized mouse oocytes 
could successfully be preserved in glycerol, thawed, 
and subsequently fertilized leading to the develop-
ment of viable embryos  [  11  ] . By the early 1970s the 
reliability of an additional cryoprotectant solution, 
dimethylsulfoxide (DMSO), resulted in the suc-
cessful cryopreservation of mouse embryos  [  12  ] . 
The use of glycerol and DMSO as suitable cryopro-
tectants provided the foundation for which the study 
of low temperature biology could be further 
investigated.  

   The Application of Cryopreservation 
in IVF 

 The  fi eld of cryobiology experienced increased 
interest in 1983 following the  fi rst successful 
pregnancy after transfer of a human embryo  [  13  ] . 
In 1984, the  fi rst live birth following embryo cry-
opreservation was reported in Australia, which 
was followed 2 years later by another such birth 
in the USA. Embryo cryopreservation and cryos-
torage is now a routine part of services offered at 
clinics treating infertility worldwide. According 
to the 2009 National Summary Report from the 
Centers for Disease Control and Prevention 
(CDC), 24,743 frozen embryo transfers from 
non-donor oocytes were performed in the USA 
with an average of 2.0 embryos transferred in all 
patients  £ 44 years of age. The percentage of 
transfers resulting in live births in patients who 
were  £ 40 years old was 35.7%. By comparison, 
for the 80,429 non-donor oocyte fresh embryo 
transfers in patients of the same age, an average 
of 2.2 embryos were transferred and 40.7% of 
transfers resulted in live births. With improve-
ment of cryopreservation techniques and meth-
ods over the last three decades, the process has 
increasingly complemented standard fresh IVF 
programs. By improving the cumulative preg-
nancy rate per oocyte retrieval  [  14  ] , and by reduc-
ing the number of embryos transferred to achieve 
a successful pregnancy thereby reducing the risk 
of multiple pregnancies  [  15  ] , the technology 
brings two extremely important contributions to 
the  fi eld. Additionally, embryo cryopreservation 
improves the cost-effectiveness of IVF, and it 

also provides additional options for infertile 
 couples seeking to conceive.  

   Equilibrium Cooling (“Slow-Freezing”) 
or Vitri fi cation? 

 At temperatures below −150°C metabolic activi-
ties cease allowing the potential for the stable 
storage of cells inde fi nitely. Spermatozoa and 
oocytes, along with zygotes and multicellular 
embryos, have been successfully cryopreserved 
from more than three-dozen mammalian species 
 [  16  ] . As a result, millions of healthy animal off-
spring have been produced by two cryopreserva-
tion strategies that are now routinely practiced in 
the modern ART laboratory. The two methods 
are often referred to as “controlled slow-freezing” 
and “vitri fi cation.” Slow-freezing is based on the 
gradual exposure of relatively low concentrations 
(~10%) of permeating cryoprotective additives 
(CPAs—e.g., glycerol or DMSO), followed by 
slow cooling rates of <1°C/min, and warming 
rates of ~250°C/min upon thawing. Additional 
CPAs that have successfully been used alone or 
in combination for controlled rate freezing 
include, but are not limited to ethylene glycol, 
propylene glycol, and non-permeating sucrose, 
glucose and fructose  [  17–  19  ] . Following cooling 
and equilibration, the CPA solution is then 
seeded, which introduces extracellular freezing. 
This results in an outward movement of water 
from the cell and gradual dehydration until the 
optimal temperature is met at which the internal 
matrix freezes before the cell(s) is plunged into 
liquid nitrogen (LN 

2
 ) for further storage  [  20  ] . 

 Ultra-rapid freezing, or vitri fi cation, is the 
reversible transition of a liquid into an amorphous 
noncrystalline glass  [  21  ] . The vitri fi cation 
method,  fi rst applied to human embryos by 
Trounson & Sjoblom in 1988  [  22  ] , involved a 
few minutes’ exposure to a medium containing 
DMSO and sucrose before the embryos were 
plunged into LN 

2
  (−196°C); upon warming, high 

survival rates and further development were 
achieved. Various methods of vitri fi cation have 
since been developed requiring the use of high 
CPA concentrations (20–40%), use of  saccharides 
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as supplements, cooling rates of >1,000°C/min, 
and very rapid warming rates. Often extremely 
high cooling rates of >10,000°C/min are used. 

 The main challenge with vitri fi cation is the 
use of high concentrations of toxic vitri fi cation 
solutions (vitri fi cants), and the potentially dam-
aging effects that these solutions may have on 
chromosomal integrity  [  23  ] . However, recent 
results achieved with vitri fi cation, especially the 
cryopreservation of human oocytes and blasto-
cysts, have been very successful clinically. The 
success of a good vitri fi cation program is depen-
dent upon three factors: the type and quantity of 
vitri fi cant used, delivery and dilution of these 
vitri fi cants, and optimal cooling and warming 
rates. Comparisons of results achieved by 
vitri fi cation with results from standard, slow-
cooling methods have almost always demon-
strated that vitri fi cation is as good and usually 
better than standard slow-freezing (Fig.  9.1a, b ).   

   Survival of the Fittest 

 When cells are immersed in a hypertonic cryo-
protectant agent (CPA) they will immediately 
respond by an ef fl ux of water by osmosis. Given 

that cell membranes are more permeable to water 
than to the CPA, an immediate cellular contrac-
tion and shrinkage occurs followed by the slow 
entry of the CPA  [  24  ] . Once equilibrium is 
achieved, the cellular volume is nearly restored 
and additional cooling to subzero temperatures 
causes a second wave of osmosis. Several factors 
are known to be involved in the damage of cells 
during the freeze and thaw process. In slow con-
trolled-rate freezing/rapid thaw processes, intrac-
ellular ice formation and osmotic stresses are key 
causes of blastomere damage and are of a major 
concern. Although various protocols have been 
developed in an attempt to limit such injury, the 
extent of damage can vary at several stages of 
embryo development, and no single protocol is 
likely to be optimized for every cell type. In order 
signi fi cantly to reduce the occurrence of cellular 
damage, small volume cryopreservation with 
either a high CPA concentration and very rapid 
cooling to achieve a state of vitri fi cation or a 
lower CPA concentration and slow cooling ensuring 
extracellular ice formation (controlled-rate freez-
ing) is applied. 

 Experts in the  fi eld of assisted reproductive 
technology have published proposed guidelines 
in order to establish a global consensus for 

  Fig. 9.1    ( a ) Autologous FET pregnancy rates by day of 
Blastocyst cryopreservation—comparison of “slow-freez-
ing” versus vitri fi cation. Fisher’s exact: * P  < 0.0002 day-5, 
** P  < 0.001 vs. day-6; *** P  < 0.001 vs. day-7. ( b ) Comparison 

of mean cellular survival rates of blastocysts after “slow-
freezing” or vitri fi cation. Slow-freeze  n  = 5,901 survived 
(6,715 thawed); Vitri fi cation  n  = 699 survived (753 warmed). 
 P  < 0.001, Mann–Whitney U (mean 88.9% vs. 96.6%)       
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 cryopreservation standardization  [  25  ] . Despite 
many triumphs and developments in the  fi eld of 
cryobiology within the last three decades, vari-
ances in methods and opinions still exist. In par-
ticular, there is yet to be a general consensus as to 
the optimal stage of embryo development suit-
able for cryopreservation to optimize cryo-sur-
vival and viability. Nevertheless, all experts 
would agree that embryo morphology before cry-
opreservation has been shown to in fl uence the 
outcome upon thawing with respect to survival 
and implantation competency. Studies have 
shown that the cellular symmetry of an embryo, 
cleavage pattern (synchronous versus asynchro-
nous), percentage of cytoplasmic fragmentation 
and the mitotic stage of a cell prior to freezing 
have a dramatic effect on survivability and fur-
ther development  [  26–  29  ] . 

 Embryo cryopreservation and frozen embryo 
transfer outcomes are prone to in fl uences by a 
number of variables. One such variable is the 
ability of embryos to survive the freezing and 
thawing process fully intact. Either cryopreserved 
by slow-freezing or vitri fi cation, embryo survival 
rates are key indicators of an ef fi cient cryopreser-
vation program and are routinely calculated to 
establish benchmarks and to identify potential 
deviations from protocol. Survivability is deter-
mined by the number of embryos that survive 
post-thaw based on the number of embryos cryo-
preserved. Embryo viability is commonly 
identi fi ed immediately following the thaw and 
assessed by morphological evaluation of individ-
ual blastomeres or the entire embryo. Some labo-
ratories identify post-thaw embryo competency 
by culturing the embryo for an extended time or 
overnight in order to assess further cellular cleav-
age or re-expansion of the blastocoel cavity.  

   Zygote (Pronuclear Stage Embryo) 

 Several reports have indicated that the implanta-
tion rate of embryos cryopreserved by slow-
freezing at the pronuclear (PN) stage provides 
better results in comparison to the cleavage 
stage embryo  [  30–  36  ] . Damage to the meiotic 
spindle is not of concern, as the zygote is a sin-

gle cell and machinery required for cellular 
division is not at risk of damage. Some would 
consider the zygote to be at the ideal develop-
mental stage because the pronuclei have com-
pleted their centripetal migration  [  37  ] , nucleoli 
have begun realignment  [  38  ] , and entry into the 
G2 phase has commenced  [  39  ] . With the pres-
ence or absence of the  fi rst cleavage event, 
assessment of zygote survivability upon thaw is 
easily identi fi ed, as there is no presence of par-
tial survival. The cell is regarded to be either 
intact or compromised. However, upon exami-
nation of previously cryopreserved zygotes, cer-
tain factors used for quality scoring and 
developmental potential were affected by the 
process and resulted in lower cumulative PN 
scores  [  40,   41  ] . It was especially noted that the 
proximity of the PN, in concurrence with the 
orientation and presence of cytoplasmic halos, 
along with the addition and polarization of 
nucleolar precursor bodies (NPB), were all dis-
rupted. These disturbances may be partially due 
to the negative result of thermal depolymeriza-
tion, caused by the effects of cooling on micro-
tubule organization  [  42  ] . 

 Acceptable rates of implantation and clinical 
pregnancies resulting from embryos derived from 
frozen–thawed zygotes, prove that PN embryos 
can recover from minimal injuries caused by the 
freeze-thaw process. In 2002, the  fi rst report of a 
successful ongoing twin pregnancy after 
vitri fi cation of PN stage fertilized human oocytes 
appeared  [  43  ] , and vitri fi cation of zygotes has 
now become a routine method in IVF labs around 
the World  [  44  ] . In Germany, for instance, most 
embryos are cryopreserved as zygotes because 
local protection laws only allow for the cryo-
preservation of multicellular embryos in emer-
gency cases. Survival rates have been found to be 
as high as those reported with slow-freezing, 
however, it has been reported that a certain per-
centage of zygotes exhibit poor pronuclear integ-
rity after warming, being associated with poorer 
outcomes  [  45  ] . A small set of data from the clini-
cal application of vitri fi cation for zygotes in the 
authors’ laboratories would suggest that this 
approach is more than adequate in terms of cryo-
survival and live births (Table  9.1 ).   
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   Cleavage Stage Embryo 

 Selection of the best embryo(s) for transfer has 
been correlated with increased implantation and 
pregnancy rates  [  46–  48  ] . Some would argue that 
freezing at the PN stage does not permit the selec-
tion of morphologically superior embryos, and 
therefore may affect success of fresh and frozen 
embryo transfer cycle outcomes  [  33  ] . Allowing 
cleavage events to occur, so viability assessments 
can be based on embryo morphology, can further 
assess the developmental potential of embryos. It 
is true that only some cryopreserved embryos 
remain fully intact after thawing even if the best 
morphologically appearing embryos were 
selected for freeze. Multicellular embryos under-
going the freeze/thaw process can be categorized 
by their blastomere appearance post-thaw. All 
blastomeres, only some, or none at all may sur-
vive with degeneration being identi fi ed by dark-
ened cytoplasm or cell dis fi guration. In the late 
1980s, publications pertaining to Day-2 embryo 
freezing suggested that pregnancies could be 
obtained with partially surviving multi-cell 
embryos, although, a 50% blastomere survival 
rate was considered to be a minimal threshold for 
such success  [  29,   49,   50  ] . 

 Con fl icting reports have demonstrated the 
importance of transferring only fully intact 
embryos as implantation rates seemed to be 
signi fi cantly improved compared to embryos 
which suffered from cell loss  [  51–  54  ] . Edgar et al. 

 [  52  ]  showed that only the loss of two cells from a 
4-cell embryo was unfavorable for implantation 
in a single embryo transfer (SET) study. In addi-
tion, Gabrielsen et al.  [  55  ]  did not identify a neg-
ative impact on implantation rates when the 
embryos were at least >50% intact. For day-3 
embryos, several reports conclude similar implan-
tation rates can be obtained for embryos with 1 
cell  [  56,   57  ]  or 1 to 2 cells lost  [  26,   58  ]  compared 
to fully intact embryos. The reason for reduced 
embryo viability as a result of sibling blastomere 
degeneration remains controversial. It has been 
proposed that the damaged cells may exert a toxic 
effect upon their sibling blastomeres within the 
embryo. Similar to the in fl uences of cytoplasmic 
fragmentation, this may contribute to the lower 
implantation rates as compared to the transfer of 
partially intact embryos  [  59–  61  ] . 

 The resumption of mitosis can also be consid-
ered as a measure of the vitality of an embryo 
after thawing. Several reports have demonstrated 
an increase in implantation rates after additional 
cleavage (of at least one cell) in day-2 embryos 
compared to those that fail to cleave post-thaw 
 [  27,   54,   62,   63  ] . Implantation rates have also 
been shown signi fi cantly to increase following 
the successful division of at least two cells 
 [  28,   55  ] . Moreover, this has also been reported to 
apply exclusively to day-3 embryos  [  26  ] . The 
total number of blastomeres in an embryo, 
identi fi ed immediately before transfer, has also 
been shown to be an optimistic predictor of bet-
ter implantation rates. When day-2 frozen 
embryos were observed to have at least six cells 
at time of transfer compared to a fewer number 
of cells, then a higher implantation rate was 
achieved  [  54  ] . A positive correlation has also 
been established concerning the number of blas-
tomeres in a post-thaw day-3 embryo and clini-
cal pregnancy rates, regardless of the initial 
number of intact cells  [  64  ] .  

   Blastocyst 

 Worldwide, clinics continue to develop models 
based on the success of extended culture to the blas-
tocyst stage. Such advances have caused a surge in 

   Table 9.1    Vitri fi cation for zygote cryostorage using EG/
DMSO/Sucrose protocol and open carrier system   

 Zygote warming cycles  17 
 Number of zygotes stored  168 
 Number warmed  168 
 Number survived  163 (97%) 
 Cleavage  161 (99%) 
 Number of ETs (day-3/day-5)  17 (7/10) 
 Embryos transferred (average)  32 (1.9) 
 Blastocyst surplus to transfer vitri fi ed  48 
 2PN utilization rate  80/161 (49.5%) 
 Successful deliveries  9 (53%) 
 Implantation rate  10/32 (31%) 

  Data are from Shady Grove Fertility Center ( SGFC ) and 
Georgia Reproductive Specialists ( GRS ), 2007–2009  



150 M.D. VerMilyea et al.

the ability to select a single embryo for transfer 
thereby minimizing the risks associated with multi-
ple pregnancies. Consequently, there is now even 
more of a requirement for methods and protocols to 
produce equivalent pregnancy rates following suc-
cessful cryopreservation of embryos  [  65,   66  ] . 

 The blastocyst stage is perceived by many to 
be the optimal time to cryopreserve embryos, as 
the greater cell number and further cellular dif-
ferentiation makes it less vulnerable to negative 
effects caused by the freeze-thaw process  [  65  ] ; 
that, and the fact that this stage of development 
represents a self-selected cohort of higher poten-
tial viability  [  67  ] . With the ever-increasing pro-
duction of mid-to-fully expanded and hatched 
blastocysts on the  fi fth, sixth, and seventh day of 
embryo culture, it is imperative that blastocysts 
are of good quality prior to undergoing any cry-
opreservation method commonly used in assisted 
reproductive technologies (ART). It is com-
monly accepted that blastocysts which exhibit a 
clear presence of a well-de fi ned inner cell mass 
(ICM), and an adequate total cell count are of 
better quality and deemed more potentially via-
ble by morphological assessment than those 

with a poorly de fi ned ICM and few  trophectoderm 
cells. 

 Many studies have shown that the time an 
embryo takes to achieve the blastocyst stage is a 
positive indicator of viability  [  68–  70  ] . Arguably, 
others suggest that embryo viability is determined 
more by the stage of blastocyst development  [  71  ]  
and not dependent upon the time spent in culture 
at which the embryo reaches a certain morpho-
logical stage. Nevertheless, both theories are 
often applied when selecting blastocysts for cry-
opreservation. Data suggest that expanded blas-
tocysts show no signi fi cant differences in viability, 
implantation potential, or pregnancy outcome 
when frozen on day 5 versus day 6 (Fig.  9.2 )  [  72  ] . 
However, the implantation and pregnancy rates 
for expanded day-7 blastocysts are lower than 
that of day-6, but much higher than previously 
reported day-7 fresh embryo transfer rates. These 
data reinforce the importance of obtaining a 
developmentally competent expanded blastocyst 
prior to the freezing process to ensure viability 
potential post-thaw.  

 A body of data  [  67  ]  (Tables  9.1 – 9.4 ) from a 
large blastocyst vitri fi cation program refutes the 

  Fig. 9.2    Clinical 
outcomes of “slow-frozen” 
blastocysts relative to day 
of development when 
cryopreserved. * P  = 0.03 
vs. day-5 and 6; ** P  = 0.05 
vs. day-5 and 6;  N  = num-
ber of transfers in each 
group       

   Table 9.2    Distribution of blastocysts vitri fi ed, according to the day of vitri fi cation   

 Day of development  Day 5  Day 6  Day 7  Total 

 Blastocysts vitri fi ed (%)  7,115 (47%)  7,645 (50.5%)  377 (2.5%)  15,137 

  Data are from 4,053 cycles (patient age 33.9 ± 4.9, mean ± SD), from the Fertility Centers of Illinois 
( FCI ), 2004–2011  
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comparable implantation of blastocysts cryopre-
served on day-5 or -6, which may be overcome 
potentially by arti fi cial collapse of the blastocoele 
prior to vitri fi cation in day-6 blastocysts 
(Table  9.5 ). However, others consider that blasto-

coelic collapse is necessary pre-vitri fi cation 
whatever the day the blastocyst forms  [  71,   73  ] .     

 Frozen–thawed blastocysts undergo multiple 
morphological changes that include the collapse 
of the blastocoelic cavity along with cellular lysis 
and degeneration. Morphological assessments of 
blastocysts post-thaw are also necessary to esti-
mate the survivability of individual cells and the 
embryo in its entirety (Fig.  9.3 ). Previous studies 
have demonstrated the clinical signi fi cance of 
variation in the proportion of blastomeres that 
survive the cryopreservation process. By visual 
examination of the extent and locale of cellular 
degeneration, a skilled embryologist can estimate 
the viability percentage of a freeze-thaw blasto-
cyst. This estimate of total embryo survivability 
is shown to correlate with the implantation poten-
tial of the given embryo. Studies show that the 
probability of implantation is relatively high 
when the majority, if not all, cells survive. 
However, implantation potential begins to drop 
steadily as cell survival declines below 95%. 
When fewer than 80% of cells survive, implanta-
tion potential appears minimal  [  74  ]  (Fig.  9.4 ).   

 Whatever the approach to cryopreservation, 
the objective of a successful blastocyst cryostor-
age program should be to maximize the potential 
viability of embryos transferred whilst reducing 
the number of embryos needing to be thawed in 
order to produce a pregnancy. By selecting 

   Table 9.3    Clinical outcomes from blastocyst vitri fi cation   

 Variable  Values 

 Patient age (years)  35.0 ± 5.0 
 Warming cycles  2,883 
 Vitri fi ed embryos transfers (VET)  2,865 
 Blastocysts warmed  5,496 
 Blastocysts survived (%)  5,355 (97.4) 
 Blastocysts transferred  5,269 
 Mean # blastocysts transferred  1.8 
 Implantations (%)  1,620 (30.7) 
 Initiated pregnancy/warm (%)  1,417 (49.2) 
 Initiated pregnancy/VET (%)  1,417 (49.5) 
 Clinical pregnancy/warm (%)  1,284 (44.5) 
 Clinical pregnancy/VET (%)  1,284 (44.8) 
 Ongoing/Del. pregnancies/VET (%)  1,000 (35.0) 
 Livebirths  935 (458 boys 

and 477 girls) 

  Data are from all blastocyst vitri fi cations performed at the 
Fertility Centers of Illinois ( FCI ), 2004–2011 
 Values are numbers unless otherwise described  

   Table 9.4    Clinical outcomes from blastocyst vitri fi cation 
according to day of development when vitri fi ed   

 Day of development  Day 5  Day 6 

 Patient age (years)  34.8 ± 5.1  35.2 ± 5.0 
 Warming cycles  1,498  1,385 
 Vitri fi ed embryo 
transfers (VET) 

 1,495  1,370 

 Blastocysts warmed  2,903  2,593 
 Blastocysts survived (%)  2,830 (97.5)  2,525 (97.4) 
 Blastocysts transferred  2,772  2,497 
 Mean # blastocysts transferred  1.9  1.8 
 Implantations (%)  965 (34.8) a   655 (26.2) a  
 Positive pregnancy/warm (%)  828 (55.3) b   589 (42.5) b  
 Positive pregnancy/VET (%)  828 (55.4) c   589 (43.0) c  
 Clinical pregnancy/
warm (%) 

 717 (47.9) d   513 (37.0) d  

 Clinical pregnancy/VET (%)  717 (48.0) e   513 (37.5) e  
 Ongoing/del pregs/VET (%)  581 (38.9) f   419 (30.6) f  
 Livebirths  547  388 

  Data are from the Fertility Centers of Illinois ( FCI ), 
2004–2011 
 Values are numbers unless otherwise described 
  a,f  P  < 0.05;  b,c,d,e  P  < 0.01  

   Table 9.5    Clinical outcomes with or without arti fi cial 
collapsing of Day 6 blastocysts before vitri fi cation   

 Day of development  Day 6 
without AC 

 Day 6 
with AC 

 Patient age (years)  35.4 ± 5.0  35.2 ± 5.8 
 Warmed cycles  523  65 
 Vitri fi ed embryo transfers 
(VET) 

 519  65 

 Mean # blastocysts transferred  1.8  1.6 
 Implantation rate (%)  26.5  45.9 
 Initial pregnancy/VET (%)  44.1  66.1 
 Clinical pregnancy/VET (%)  38.3  60.0 
 Ongoing/Del. pregnancies/
VET (%) 

 33.1  53.8 

   AC  arti fi cial collapsing 
 Data are from vitri fi cation using an aseptic, “closed 
 carrier” system at the Fertility Centers of Illinois ( FCI ) 
during a 10-month period in 2011  
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embryos which ful fi ll morphological criteria that 
are not dependent upon their day of development, 
along with accurate quality estimations of freeze/
thaw damage, one can greatly improve the clini-
cal outcomes following transfer of embryos post-
cryopreservation. As technology continues to 
develop in the  fi eld of cryobiology, its purpose in 
ART becomes of greater relevance. With the 
introduction and increased application of newer 
techniques such as vitri fi cation in the ART labo-
ratory, we routinely seem to see close to a dou-
bling of the survival rates of blastocysts when 
compared to blastocysts frozen by conventional 

slow-rate freezing (Fig.  9.1a, b ). Nevertheless it 
is critical that we continue to investigate and 
reach a wider consensus in the industry that may 
enable us to reach yet closer to perfect survivabil-
ity in the future.  

   Cryopreservation Bene fi ts 

 To be able to put surplus embryos from a fresh 
oocyte retrieval “on ice,” and to do so in a consis-
tent and reliable fashion has been a traditional 
bene fi t of the embryo cryopreservation process; 

  Fig. 9.3    Hatching blastocyst 
post-vitri fi cation       

  Fig. 9.4    “Slow-freeze” 
blastocysts correlation of 
percentage cellular survival 
and successful implantation. 
 R  2  = 0.081,  P  = 0.0001.  R  2  
statistic measures the 
goodness-of- fi t of trend       
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which, with improvement in cryo-survival and 
implantation rates, has taken on an increasing 
role to encourage elective single embryo transfer 
both fresh and post-thaw  [  75  ] . Additionally, a 
variety of other advantages exist that pivot around 
the use of embryo cryopreservation which rely 
entirely upon the effectiveness of the technology 
through what might be referred to as a “freeze 
all” strategy. “Freeze all” cycles may be under-
taken for endometrial reasons; following trophec-
toderm biopsy to allow for chromosomal/genetic 
testing; fertility preservation; and in emergency 
circumstances where either personal or environ-
mental catastrophe may dictate putting embryo 
transfer and/or pregnancy on hold. 

 Intrinsic to superovulation therapy is the risk 
for severe ovarian hyperstimulation syndrome 
(OHSS). At present, there is no consensus regard-
ing the best strategy to prevent OHSS, however 
options for prevention do exist, including the 
elective cryopreservation of all embryos and 
postponement of embryo transfer  [  76,   77  ] . In a 
2002 survey of applicable ways to prevent OHSS, 
the medical decision to freeze-all embryos was 
decided upon in one-third of OHSS cases  [  78  ] . 
The cryopreservation of all produced embryos in 
cases at risk of OHSS has been instigated with 
varied and inconsistent results. However, differ-
ent cryopreservation techniques and protocols 
may be to blame for such variability  [  79,   80  ] . 
Some argue that if adopted as a standard emer-
gency procedure for patients at risk of developing 
severe OHSS, highly ef fi cient embryo vitri fi cation 
protocols can reduce, if not completely eliminate, 
this risk and conserve pregnancy potential in the 
form of stored embryos for later use  [  81  ] . 

 Currently, morphologic and developmental 
characteristics are the most proven tools for 
embryo selection, although the implantation 
potential of embryos produced in vitro remains 
relatively low. A study in 2007 showed that 
chromosomal anomalies were prevalent in 6,000 
IVF produced embryos, and these abnormalities 
were not necessarily dependent on maternal age 
or embryo morphology  [  82  ] . Preimplantation 
genetic diagnosis (PGD) is utilized in many 
ART clinics for the analysis of single gene dis-
orders, and additionally molecular karyotyping 

of embryos has become increasingly applied 
 (preimplantation genetic screening—PGS). 
Many laboratories now routinely conduct blas-
tocyst biopsy followed by vitri fi cation, prior to 
analysis and transfer of embryos in a subsequent 
frozen embryo transfer cycle. This allows analy-
sis to be completed whilst not compromising the 
synchrony of embryo transfer and implantation 
timing  [  83,   84  ] . Optimization of vitri fi cation 
techniques combined with rigorous embryo 
morphology assessments has allowed ART clin-
ics to implement a blastocyst-based single 
embryo transfer model to maximize cumulative 
pregnancy rates following advanced genetic 
testing, whether for genetic disorders or for ane-
uploidy screening. 

 Fertility preservation through embryo banking 
 [  85  ]  prior to chemotherapy is an increasingly uti-
lized approach for women in a committed rela-
tionship. While cryo-stored embryos may present 
a considerable risk to the laboratory in the event 
of a natural disaster, embryo cryopreservation 
may actually be used as a means to deal with an 
otherwise assumed loss of all embryos in culture. 
Since cryo-stored embryos need to be protected 
and possibly removed from the site of the disaster 
 [  86,   87  ] , a converse consideration is that in the 
event of an impending disaster, all embryos can 
be cryopreserved securely on site, or be trans-
ported away from the laboratory for future use. 
This should be an essential consideration in the 
disaster plan of all IVF clinics. On a more per-
sonal level, an individual couple who may expe-
rience a catastrophe of their own during an IVF 
cycle, may wish to adopt an embryo “freeze all” 
policy to enable them to deal with more pressing 
concerns, delaying embryo transfer till a later 
time when more convenient.  

   Safety Issues 

   Contamination Risks 

 The aseptic cryopreservation and storage of 
embryos are often disregarded due to the exhaus-
tive microbiological monitoring of the culture 
environment in which germplasm is processed 
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and embryos are produced. The storage of such 
tissues is not often considered to be susceptible to 
the risks of potential contamination; however, it 
may be of concern to regulatory authorities in the 
prevention of possible disease transmission dur-
ing ART, especially by embryo transfer. 
Nevertheless, studies have shown that the risk of 
pathogen contamination of both semen and 
embryos are present and both are at risk of infec-
tion especially when liquid nitrogen (LN 

2
 ) is used 

 [  88–  90  ] . In addition, contaminating microorgan-
isms have been shown to remain viable for an 
extended period of time and able to withstand the 
subzero temperatures of LN 

2
   [  91  ] . 

 Further, when cryopreserved products are kept 
together during storage, the risk of cross-contam-
ination might increase due to defective vessels 
that may crack, leak, or lose their hermetic seals 
thus exposing the contents to possible contami-
nants. It is important to inspect these storage 
receptacles carefully and to follow the manufac-
turers’ protocols for use and storage. The storage 
dewar itself can also pose risk of microbial con-
tamination to the long-term cryopreservation of 
samples. Ice accumulations that form in the atmo-
sphere and fall into an open dewar, along with 
crystal formation on cold surfaces of material 
storage vessels (straws, cryovials, etc.) can accu-
mulate and trap bacteria, fungal spores and labo-
ratory debris present within the LN 

2
   [  92  ] . 

 These concerns have been highlighted in 
recent years due to the increased use of direct 
exposure of embryos to LN 

2
  in the interests of 

increasing the cooling rates of embryos to 
improve consistency of vitri fi cation  [  67  ] . There 
exists then, an ongoing debate about the use of 
“open” versus “closed” carriers for ultra-rapid 
cooling by vitri fi cation, based on the assumption 
that there is a potential risk of disease transmis-
sion via contaminated LN 

2
 . Although suppliers 

of LN 
2
  may certify the level of purity of their 

product and cleansing methods are in place dur-
ing production and delivery, there remains a risk 
of contamination. Recent methods that have been 
applied for the decontamination of LN 

2
  by 

 fi ltration and UV irradiation have been shown to 
be a practical and easy method to insure that con-

tamination risks can be minimized  [  93  ] . Since 
UV radiation disables the growth of all 
 microorganisms  [  94  ] , this method of disinfection 
may prove to be key in the assurance that mate-
rial is stored safely in liquid nitrogen for future 
use in ART procedures. 

 The vapor phase of liquid nitrogen (VPLN 
2
 ) 

has also been proposed as an alternative for the 
safe storage of cryopreserved material, including 
human semen and oocytes  [  95,   96  ] . Dif fi culties 
may exist, however, during the prolonged storage 
of material in vapor phase refrigerators because 
of possible  fl uctuations in temperature. Dry-
shippers, or dewars that do not contain LN 

2
 , are 

deemed “non-hazardous” and are usually not 
subject to strict regulation when transported by 
air. That such dry-shipping dewars are ef fi cient at 
maintaining temperatures below −150°C for up 
to 14 days does suggest that VPLN 

2
  storage and 

transportation may not be so problematic. 
However, the length of cryo-storage over months 
or even years presents many more opportunities 
for signi fi cant  fl uctuations in temperature to 
occur to jeopardize the viability of vitri fi ed 
embryos. 

 Cryotanks do require periodic decontamina-
tion by means of an effective disinfectant that 
will rid the container of a potential cross-contam-
ination risk. Any agent that does not react with 
aluminum or stainless steel is recommended by 
the manufacturers. This may include a 1:9 (chlo-
rine bleach to water ratio) or a mild soap solution, 
sprayed into the inner vessel and onto the cryo-
vial racking devices, making sure that after expo-
sure to the disinfectant (15–30 min) all 
components are rinsed thoroughly and residual 
cleaner is completely removed  [  97  ] . Bielanski 
 [  97  ]  continues the potential concerns for cross-
contamination by stating that there are no known 
available data regarding the ef fi cacy of disinfec-
tants for LN 

2
  cryotank and dewar decontamina-

tion. All this said, it is possible that in the grand 
scheme of things contamination during cryostor-
age of human embryos may be being highly over-
stated as a “real-world” risk. Very recently, a 
report considering just such potential risks sug-
gests that this may be the case  [  98  ] , thereby mir-
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roring the historic absence of reports of 
contamination from decades of cryostorage of 
human embryos.  

   Chain of Custody Issues 

 More mundane considerations related to embryo 
cryopreservation are those that con fi rm “chain of 
custody” with respect to embryo ownership. This 
is the process that guarantees that a chosen embryo 
that is cryo-stored for a speci fi c couple is effec-
tively returned to them post-warming/thaw to 
attempt pregnancy. When genetic screening of 
embryos is involved, not only is assurance of own-
ership key but also the retrieval from cryostorage 
of the correct embryo that has had successful diag-
nosis. This sounds simple, but it requires foolproof 
labeling that will not be shed during storage, nor 
lose its legibility, in addition to a cryo-inventory 
system that has checks and veri fi cation processes 
to make sure that all is present and correct. Enough 
said, but when it comes to real-world risk, this is 
an area of particular concern regarding legal liabil-
ity within the ART industry. With the ever growing 
relevance of embryo cryopreservation to facilitate 
and enhance clinical IVF outcomes, the depen-
dence on this technology to put all or some 
embryos “on hold” has to be undertaken in a man-
ner that is near seamless, and which provides an 
infallible level of performance when it comes to 
assuring continuity of genetic material.  

   Tank Storage and Disposition Issues 

 It seems almost super fl uous to mention that main-
tenance of the cryo-storage environment itself is 
paramount to a successful cryopreservation pro-
gram. Daily QC logs to ascertain appropriate 
level of LN 

2
  in all storage dewars, in addition to 

some form of effective remote monitoring for 
these storage tanks must be in place to enable 
constant oversight of this precious human mate-
rial. The precise wording and legally binding 
nature of all consents and permits signed by cou-
ples prior to cryostorage must be comprehensive 
and address all eventualities, including but not 

limited to death of either or both partner “ owners”; 
separation and divorce; donation for reproductive 
use or research; discard; as well as accidental loss 
of embryos during cryostorage.   

   Cryopreserved Embryo Transfer 

 Current randomized trials do not show signi fi cant 
differences in implantation and pregnancy rates 
when comparing replacement of cryopreserved 
embryos in natural cycles or those when the 
endometrium is prepared by GnRH agonist plus 
estradiol and progesterone, or estradiol and pro-
gesterone without a GnRH agonist. Outcomes 
with various formulations and routes of delivery 
of estradiol and progesterone do not appear dif-
ferent. hCG administration during natural cycles 
results in lower pregnancy rates  [  100,   101  ] . 
Figure  9.5  and Table  9.6  indicate schemas for 
endometrial preparation and natural cycle 
replacement options for cryopreserved embryos.    

   In Conclusion 

 By drawing upon centuries of study into cellular 
cryopreservation, the  fi rst pregnancies from fro-
zen–thawed embryos in humans occurred in the 
early 1980s. Since that time, embryo cryopreser-
vation has evolved into one of the keystones in 
the overall picture of infertility treatment. With 
over half a million babies born following embryo 
cryopreservation, this technology has become a 
well-established and widely used routine proce-
dure in the  fi eld of ART that allows important 
expansion of therapeutic strategies when IVF is 
used to treat infertility. Many of the potential 
dangers of using low temperature cryostorage, 
such as deleterious crystallization of water within 
cells leading to injurious physical and chemical 
events, have been largely overcome by more 
recent approaches, most notably vitri fi cation. 
When performed appropriately, vitri fi cation is 
able to achieve arrest of all cellular metabolism 
with maintenance of structural and genetic integ-
rity, yielding high rates of cell survival post-
warming in a consistent and reliable fashion. 
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 While not ideal, on certain occasions it 
becomes necessary to carry out re-cryopreserva-
tion of embryos, which may occur following 
thawing of earlier stage embryos which yields 
too many embryos for transfer, when transfer 

fails, or perhaps to facilitate chromosomal screen-
ing of a previously cryopreserved embryo. This 
strategy is feasible and will yield pregnancies 
 [  99  ] ; and as such this may serve as an appropriate 
endnote to this chapter to underscore the increas-
ing robustness of the technology of embryo cryo-
preservation. ART in general, and IVF therapy in 
particular, has been enormously enhanced by 
embryo cryopreservation in a variety of ways, all 
of which are focused ultimately on good patient 
care, and provision of healthy offspring.      
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   The History of Oocyte Donation 

 Over the past three decades, oocyte donation 
(OD) has developed into a practical and highly 
effective treatment option used in the routine 
armamentarium of the modern reproductive 
endocrinologist. Re fi nements in the method of 
oocyte donation may be viewed as a relative 
completion of the process of “creative decon-
struction” that the advent of assisted reproductive 
technology has wreaked on more traditional 
notions of procreation. Not only is there no lon-
ger a requirement for an intimate relationship, or 
even a sexual act, between a man and a woman in 
order to achieve a pregnancy; and not only can a 
pregnancy be initiated outside the natural envi-
ronment of the female reproductive tract; but 
when oocyte donation is practiced, the entire 
conception process can occur essentially inde-
pendent of the genetic “father” and “mother,” as 
long as there is a receptive uterus available for 
implantation when the process is complete. 

 When considered from this philosophical 
perspective, oocyte donation actually “unlinks” 
the conceptual components of human reproduc-
tion: the agents of conception (i.e., the sources 
of the gametes) are no longer necessarily con-
nected in any way to the agent of gestation and 
birth. The profundity of this separation cannot 
be overstated; in fact, the early history of oocyte 
donation re fl ects the transition that was neces-
sary for such a radical departure to occur. 

 The earliest precursor to modern oocyte dona-
tion is actually more aptly referred to as embryo 
donation, in that fertilization of the oocyte actu-
ally occurred in vivo, and the embryo, rather than 
the egg, was the entity being donated. In 1890, 
Walter Heape reported the transfer of embryos 
from an Angora doe rabbit to a synchronized 
Belgian hare recipient, resulting in the birth of 
healthy offspring  [  1  ] . Using the technique of 
uterine lavage to retrieve early embryos, Heape’s 
basic approach was subsequently applied to mul-
tiple mammalian species through the course of 
the twentieth century, with the  fi rst successful 
bovine embryo transfer reported in 1951  [  2  ] . 
Embryo donation became popular amongst cattle 
breeders in the 1970s, and by 1990 almost 19,000 
calves were born annually in the USA as a result 
of this technique  [  3  ] . Today, embryo donation is 
still regularly employed for breeding endangered 
species and in commercial animal husbandry. 

 Steptoe and Edwards’  fi rst successful IVF in 
1978 generated excitement and interest in all 
aspects of human fertility, and soon thereafter 
researchers at the Harbor-UCLA Medical Center 
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in Los Angeles, directed their attention and efforts 
to using embryo donation for the treatment of 
infertility in humans. Years of work went into 
developing a catheter capable of performing uter-
ine lavage and embryo recovery, and in 1983, 
Buster et al. performed arti fi cial insemination 
upon a fertile woman and successfully recovered 
the in vivo-fertilized ovum; the recovered blasto-
cyst was then transferred to the uterus of a syn-
chronized ovulatory infertile recipient resulting in 
pregnancy  [  4  ] . The  fi rst live birth from this 
approach was reported the following year  [  5  ] . 

 While the California group was breaking new 
ground by separating the embryo from its 
intended implantation site, an independent group 
at Monash University in Australia was concomi-
tantly applying standard IVF technology to 
oocyte donation by experimenting with oocytes 
retrieved laparoscopically from an infertile 
woman who also agreed to act as an egg donor. 
Following retrieval of her eggs one oocyte was 
donated to an infertile couple for their use. The 
donated oocyte was fertilized in vitro, and subse-
quently a single embryo was transferred to the 
infertile recipient. This group too reported its 
 fi rst pregnancy in 1983  [  6  ]  and  fi rst live birth in 
1984  [  7  ] . 

 In the early 1980s, oocyte donation was her-
alded as a miracle cure for women with otherwise 
intractable infertility due to ovarian failure, but it 
should be remembered that peri-menopausal and 
menopausal women were not initially considered 
appropriate candidates for this treatment. The 
earliest OD investigators did pioneer the success-
ful establishment and maintenance of pregnancy 
in patients with premature ovarian failure  [  7  ] ; 
however, the idea that reproductive capacity 
could actually be extended beyond “natural” or 
“normal” ovarian failure (i.e., menopause) was 
not considered seriously or pursued in earnest 
until several years later  [  8,   9  ] . 

 In addition to expanding the indications for 
OD to women with “normal” ovarian failure, 
advances in related  fi elds have continued to 
accrue and enlarge the candidate population for 
OD. For example, advances in clinical and molec-
ular genetics have led couples to use OD to avoid 
transmitting heritable diseases to offspring  [  10  ] ; 

better understanding of the biology of ovarian 
aging and oocyte quality, in conjunction with an 
improvement in “standard” (non-donor-oocyte) 
IVF have led to more couples using OD for con-
sistently poor embryo quality and repetitive IVF 
failure; and change in social mores has led to 
using OD in lesbian couples who share in the cre-
ation of their child by having one partner donate 
the oocytes, while the other carries the fetus, and 
for same sex male couples using a gestational 
carrier to create a child. 

 While the focus of research in OD has always 
been primarily upon achieving pregnancy in the 
recipients, as the  fi eld has matured several other 
areas of interest have attracted attention from cli-
nicians and researchers. These include studies of 
donors and their attitudes, experiences, and moti-
vations; obstetric and pediatric studies of OD off-
spring; ethical discussions regarding compensation 
and eligibility; and many others. Other future 
directions for research in this  fi eld include prom-
ising new areas of inquiry such as in vitro matu-
ration of unstimulated oocyte donors; oocyte 
cryopreservation and the possibility of “donor 
egg banks”; and the newest developments with 
regard to using gametes from oocyte donors to 
produce programmable stem cells for research 
application in various diseases.  

   Epidemiology 

 In 1995, 4,783 OD cycles were performed, repre-
senting approximately 8% of all ART cycles in 
the USA. According to the most recent published 
CDC data (2009), the absolute number of OD 
cycles has increased almost fourfold to 17,697 
cycles. Furthermore, when considered as a pro-
portion of all ART being performed, donor eggs 
were used in approximately 12% of ART cycles 
performed in the USA in 2009; this represents 
approximately a 50% increase from 1995. 

 As one might expect, the growth in OD cycles 
is largely a re fl ection of the evolving indications 
for OD, speci fi cally the increased number of 
women of advanced reproductive age seeking 
fertility treatment. Whereas amongst women age 
<35 years, fewer than 5% of ART cycles involve 
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the use of donor oocytes, the vast majority of 
women 45 years and older who undergo ART use 
oocyte donation (see Fig.  10.1 ). While data 
regarding indications for OD are limited, it is 
highly likely DOR was the primary indication in 
most of these cases.   

   Practical Implementation 

 The management of clinical OD is complex and 
requires a great deal of clinical and organizational 
coordination amongst multiple parties. In order 
to achieve successful outcomes, several follow-
ing steps must be collaboratively accomplished.
    1.    Medical screening and clearance of the OD 

recipient  
    2.    Recruitment and screening of potential oocyte 

donors  
    3.    Identi fi cation and matching of an appropriate 

donor to the OD recipient  
    4.    Synchronization and manipulation of the 

donor and recipient cycles, including

   (a)    Downregulation of the donor’s hypotha-
lamic–pituitary–gonadal axis  

   (b)    Downregulation of the recipient’s hypo-
thalamic–pituitary–gonadal axis  

   (c)    Controlled ovarian hyperstimulation 
(COH) of the donor  

   (d)    Endometrial preparation of the recipient      
    5.    Oocyte retrieval  
    6.    Insemination or ICSI of donated eggs with 

partner or donor sperm  
    7.    Embryo culture, preferably to the blastocyst 

stage if possible  
    8.    Embryo transfer to recipient; cryopreservation 

of supernumerary embryos  
    9.    Endometrial/luteal support and pregnancy 

monitoring in recipient     
 The parties responsible for the coordinated 

completion of these steps include, at a minimum, 
the OD recipient, the oocyte donor, and the repro-
ductive endocrinology and embryology team; 
typically, however, various other parties are also 
involved including social workers, psychologists, 
a donor agency, sperm bank, and other consulting 

  Fig. 10.1    Percentages of ART cycles using donor eggs, by age of woman, 2009       
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medical specialists. In order to ensure the proper 
oversight and coordination of all parties, as well 
as provide continuity and uniformity throughout 
the OD treatment, most sizable OD programs 
(including ours) are overseen by a dedicated 
“donor team” consisting of doctors, nurses, 
administrators, and social workers.  

   Donor Recruitment 

 Developing an approach to the recruitment of 
oocyte donors that is both effective and ethically 
sound has, in many ways, been as challenging as 
the clinical protocols underlying the practice  [  11  ] . 
Historically, the demand for oocyte donors has far 
exceeded the supply of eligible and interested 
donors; in order to address this shortfall, several 
categories of oocyte donors have emerged. 

   Altruistic Donation 

 The sympathy and compassion aroused by the 
plight of an infertile couple motivates some 
women to volunteer for oocyte donation for 
purely altruistic reasons. While some altruistic 
donors would be willing to donate eggs to a cou-
ple unknown to them (i.e., altruistic anonymous 
donation), most altruistic donation occurs in the 
setting of “known donation,” i.e., when an infer-
tile couple asks a friend or relative to consider a 
“directed donation” on their behalf. While in 
many ways altruistic donation relieves some of 
the ethical problems raised by donor compensa-
tion (see below), it also can raise unique emo-
tional and psychological challenges that might 
complicate the human experience of OD in the 
long term (e.g., a donor who donates successfully 
to her sister and brother-in-law but later in life 
struggles with infertility herself).  

   Commercial/Anonymous Donation 

 The notion of providing a  fi nancial incentive to 
oocyte donors has long invoked discomfort 
amongst ethicists and lay people alike. The 

ASRM Ethics Committee  [  12  ]  distills this unease 
to two key issues.
    1.    Do recruitment practices incorporating remu-

neration suf fi ciently protect the interests of 
oocyte donors?  

    2.    Does  fi nancial compensation devalue human 
life by treating oocytes as property or comm-
odities?     
 In light of these and other considerations, 

commercial donation has been banned in several 
countries, particularly in Western Europe. 
Nevertheless, in the USA, the vast majority of 
donated oocytes come from compensated, anony-
mous donors. 

 While a full treatment of these issues is beyond 
the scope of this chapter, according to the ASRM, 
the salient feature of ethically appropriate com-
pensation for oocyte donors is the fact that the 
 fi nancial remuneration is being provided in 
exchange for the “service rendered” rather than as 
payment for the oocytes as a “good” that is being 
“bought.” The ASRM Ethics Committee states: 
“Compensation should be structured to acknowl-
edge the time, inconvenience, and discomfort 
associated with screening, ovarian stimulation, 
and oocyte retrieval. Compensation should not 
vary according to the planned use of the oocytes, 
the number or quality of oocytes retrieved, the 
number or outcome of prior donation cycles, or the 
donor’s ethnic or other personal characteristics” 
 [  12  ] . Furthermore, in order to minimize the poten-
tial for exploitation of  fi nancially vulnerable 
donors, the amount of compensation should re fl ect 
the signi fi cance of oocyte donation but not be so 
high as to represent undue inducement. Payments 
to donors in excess of $5,000 require “justi fi cation” 
and compensation exceeding $10,000 is consid-
ered “not appropriate.” A 2006 SART survey revealed 
a national average of $4,217, with compensation 
being the highest in the East/Northeast at an average 
of $5,018 per cycle  [  13  ] . Currently in New York 
City, the standard compensation for oocyte donors 
at large programs has risen to $8,000 per cycle. 

 With regard to actually recruiting candidates 
for oocyte donation, most ART clinics solicit 
interest using traditional print and digital adver-
tising. An additional level of commercial interest 
has crept into the process of OD as many “egg 
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donor agencies” have been created to help cou-
ples locate an appropriate donor, and more gener-
ally, to help navigate the practical and legal 
intricacies of egg donation in exchange for a fee. 
Recognizing this, the ASRM and SART have 
established a “registry” of egg donor agencies 
that have signed an agreement to abide by the 
ASRM and SART guidelines regarding ethical 
and appropriate practices in egg donation. A list 
of these agencies is maintained online at   http://
www.asrm.org/Egg_Donor_Agencies/    .  

   Egg Sharing 

 Despite the ethical framework supported by a 
policy of standardized, regulated compensation 
for oocyte donation “services” rather than the 
explicit “sale” of the eggs themselves, an alterna-
tive model of oocyte donation was developed in 
the 1990s and continues to be practiced in many 
programs in the USA and abroad. An “egg shar-
ing” arrangement is one in which an infertile 
patient undergoing ART for her own bene fi t 
agrees to “donate” some proportion (usually half) 
of the oocytes retrieved to an anonymous recipi-
ent in exchange for some  fi nancial incentive or 
discount on the fees for her care. Such an approach 
eliminates the need to recruit healthy donors and 
subject them to the short-term and long-term 
risks of oocyte donation, and also removes the 
explicit exchange of money for gametes. 

 From an ethical standpoint, while egg shar-
ing does seem to present some potential bene fi ts, 
the relative merits of these advantages are argu-
able  [  11  ] . Egg sharing generates different, but 
similarly troublesome, ethical concerns, e.g., 
the potential for exploitation when a presum-
ably vulnerable infertile patient is being asked 
to consent to donate some of her eggs. 
Furthermore, data are limited regarding the 
impact of egg sharing on the clinical outcomes 
of both donor and recipient; almost all studies in 
the literature are retrospective and lacking 
appropriate control groups. One of the larger 
and better-designed studies showed that while 
pregnancy rates were comparable between 
“shared” and “exclusive” cycles, the possibility 

of having excess embryos available for cryo-
preservation was signi fi cantly reduced in the 
shared cycles  [  14  ] . All in all, when compared 
with traditional commercial egg donation, egg 
sharing presents a different, but similarly com-
plicated, mix of advantages and disadvantages 
to the donor, recipient, and providers.   

   Donor Screening 

 Identifying and securing a suitable oocyte donor 
can be challenging. Multiple requirements must 
be met before a particular individual can be 
deemed an appropriate candidate for OD. A large 
proportion of women who express interest in OD 
and initiate the screening process will ultimately 
be disquali fi ed from proceeding due to a variety 
of factors. In one report, only 1 in 25 women 
who initiated screening ultimately went on to 
complete an OD cycle  [  15  ] . Issues that require 
consideration and assessment can be conceptu-
ally categorized into “donor-centric” vs. “recipi-
ent-centric.” 

   Donor-Centric Screening 

 From a donor-centric perspective, protecting the 
safety and well-being of the donor is paramount. 
Therefore, it is important that the donor be physi-
cally capable of tolerating the OD treatment proto-
col, including controlled ovarian hyperstimulation 
(COH) and oocyte retrieval under anesthesia, with-
out incurring undue risk of complication or harm. 
Women with signi fi cant preexisting medical dis-
ease or risk factors, such as obesity, diabetes, 
hypertension, immunologic and/or allergic dis-
ease, are suboptimal candidates for oocyte dona-
tion. A full medical history and thorough physical 
examination are necessary in order to make this 
determination. Potential donors with chronic med-
ical illness not only are at higher risk themselves 
but also may transmit undesirable traits to 
 offspring; these women should therefore be 
disquali fi ed as anonymous donors. 

 Additionally, the donor must convincingly 
demonstrate the ability to provide informed 

http://www.asrm.org/Egg_Donor_Agencies/
http://www.asrm.org/Egg_Donor_Agencies/
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 consent to participate in OD. Women who have 
underlying intellectual or (more commonly) psy-
chological impediments to a thorough understand-
ing of the risks and implications, medical and 
emotional, from both a short- and long-term per-
spective, should be discouraged or disquali fi ed 
from participating. In this regard, a social worker 
or other mental health professional is often better 
quali fi ed to perform the initial assessment than the 
reproductive endocrinologist or other members of 
the medical team. In a related vein, although not 
required by the ASRM or the FDA, some large OD 
programs (including ours) perform routine urine 
toxicology screening for all potential OD candi-
dates  [  16  ] . Management of positive results must 
be individualized; at a minimum, repeat testing is 
required before proceeding with further consider-
ation for OD in any woman who tests positive.  

   Recipient-Centric Screening 

 From a recipient-centric perspective, two funda-
mental considerations come into play. The  fi rst is 
the medical suitability of the OD candidate to 
provide oocytes that will lead to a healthy preg-
nancy. Age is an important limiting factor here, 
given the association between female age and 
reproductive potential. The ASRM recommends 
limiting OD to donors aged 21–34 years; if a 
donor is 35 years or older, the potential for dimin-
ished chances of success should be discussed 
with the recipient  [  17  ] . Furthermore, many clin-
ics generally limit anonymous OD to donors no 
older than age 30 years; in general, there is reli-
able data supporting the inverse relationship 
between donor age and OD outcomes, possibly 
even for donors in their twenties  [  18,   19  ] . In the 
case of known (as opposed to anonymous) dona-
tion, when the recipient intends to use oocytes 
from a friend, relative, or signi fi cant other, most 
programs will often be more lenient with regard 
to donor age, although again, informed consent is 
crucial. In addition to age, a reproductive and/or 
gynecologic history and physical exam are impor-
tant screening tools for identifying polycystic 
ovarian disease or other disorders likely to impact 
the likelihood of successful donation. 

 Another major area relevant to the recipient-
centric perspective is the potential for transmis-
sion of infectious disease. At present, fully 
de fi nitive exclusion of infectious disease is impos-
sible in the setting of OD, due to the fact that a 
true quarantine period would be necessary to 
identify the presence of infectious diseases at the 
time of oocyte retrieval, but this is impossible 
without invoking oocyte cryopreservation. The 
safety and effi cacy of oocyte cryopreservation has 
been rapidly advancing in the past few years, and 
the ASRM no longer considers the technology 
experimental  [  20  ] . However, more widespread 
clinic-specifi c data are deemed necessary before 
establishment of universal oocyte donor banks. 

 In light of this issue, the FDA and ASRM have 
issued guidelines regarding the necessary screen-
ing tests and timing of the screens of oocyte 
donors (Table  10.1 ). According to the FDA guid-
ance document for eligibility for donors of human 
cells (  www.fda.gov    , section §1271.50), which 
USA assisted reproductive technologies programs 
must adhere to, required tests must be  performed 
using FDA approved methodologies. Such meth-
odologies are not performed in all  hospitals or 
commercial laboratories, so investigation must 

   Table 10.1    Required screening for donors   

 Test 

 CBC 
 Blood type 
 HIV 1 and HIV 2 a  
 RPR a  
 Hepatitis B Surface Antigen a  
 Hepatitis B Core Antibody a  
 Hepatitis C a  
 Pap smear 
 Cervical or urine DNA screen for gonorrhea and 
chlamydia a  
 Ovarian reserve testing (e.g., anti-mullerian hormone) 
 Urine toxicology panel 
 Cystic Fibrosis 
 Fragile X 
 Spinal muscular atrophy 
 Other genetic testing depending on ethnicity 
(e.g., hemoglobin electrophoresis, Tay-Sachs, etc.) 

   a Indicates FDA required screening donor undergoing 
treatment in the USA; testing must be performed by FDA 
approved methodologies  

http://www.fda.gov
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be done prior to selecting a laboratory for donor 
screening. Furthermore, it is recommended that a 
thorough questionnaire is administered and an 
interview conducted regarding travel history, sex-
ual  practices, and other factors that may identify 
candidates who present a higher risk for trans-
missible disease, as determined by the FDA. An 
additional issue relevant to donor suitability is 
the presence of heritable genetic disorders. 
ASRM guidelines on this issue are relatively 
open-ended  [  17  ] : 
    1.    Donors with a known speci fi c personal or 

family history of genetic disorders should be 
excluded or appropriately tested.  

    2.    Routine screening for cystic  fi brosis and/or 
other genetic diseases should be performed 
in accordance with current American 
College of Obstetricians and Gynecologists 
recommendations.  

    3.    With regard to other diseases, donor candidates 
belonging to “high risk groups” should be tested 
for diseases appropriate to their ethnicity.  

    4.    Donors may be tested for Fragile X at the dis-
cretion of the program.  

    5.    Routine karyotyping of all donors is optional.       

   Recipient Selection and Screening 

 ASRM endorses  fi ve categories of indications for 
oocyte donation:
    1.    Hypergonadotropic hypogonadism (i.e., ovar-

ian failure)  
    2.    Advanced reproductive age  
    3.    Diminished ovarian reserve  
    4.    Genetic disease  
    5.    History of poor oocyte/embryo quality and/or 

multiple failed ART attempts     
 With the goal of a healthy live birth in mind, 

OD recipient candidates are generally screened 
for eligibility in a manner similar to any patient 
interested in pursuing ART, including a thor-
ough medical history, physical examination with 
cervical cytology, transvaginal ultrasound, and 
routine prenatal laboratory tests (Table  10.2 ); 
the following are several considerations that 
demand special attention in the setting of oocyte 
donation.  

   Table 10.2    Required screening for recipients   

 Test  < 40 year   ³  40 year   ³  45 year   >  50 year, MP or POF* 

 CBC   √    √    √    √  
 Blood type   √    √    √    √  
 Serum electrolytes   √    √    √    √  
 TSH   √    √    √    √  
 Pap smear   √    √    √    √  
 Cervical or urine DNA screen (chlamydia/gonorrhea)   √    √    √    √  
 HIV 1 and 2   √    √    √    √  
 RPR   √    √    √    √  
 Hepatitis B and C   √    √    √    √  
 Rubella antibody   √    √    √    √  
 Uterine cavity evaluation   √    √    √    √  
 ECG   √    √    √  
 Chest radiograph   √    √    √  
 Mammogram   √    √    √  
 Glucose tolerance test   √    √    √  
 Cholesterol/lipid pro fi le   √    √    √  
 Exercise tolerance test   √    √  
 Pre-pregnancy maternal-fetal medicine consultation  √  √ 
 Bone densitometry   √  

   MP  menopausal,  POF  premature ovarian failure  
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   Advanced Age and Medical Health 

 Common medical conditions that threaten general 
medical and obstetric health, including obesity, 
hypertension, impaired glucose tolerance, and/or 
diabetes all demonstrate increasing incidence as 
women progress through their fourth,  fi fth, and 
sixth decades of life. In particular, although no 
clear biological mechanism has been elucidated, 
the incidence of hypertensive disorders of preg-
nancy is signi fi cantly increased in OD recipients 
as compared with age-matched non-OD patients 
(Keegan, Le Ray). Furthermore, the risk for 
obstetric complications such as pre-eclampsia and 
gestational diabetes is further exacerbated in the 
setting of multiple gestation, an undesirable but 
not infrequent outcome in OD. 

 Therefore, as indicated in Table  10.2 , a height-
ened level of vigilance is appropriate when screen-
ing a potential OD recipient for cardiovascular 
and metabolic  fi tness. This includes routine EKG, 
chest X-ray, glucose tolerance test, and lipid 
pro fi le for women older than 40, and an exercise 
tolerance test for women older than 45. If the 
patient is menopausal and/or demonstrates pre-
mature ovarian failure of some duration, bone 
densitometry testing by DEXA scan is appropri-
ate as well. If any comorbid conditions are 
identi fi ed, consultation with appropriate medical 
and/or maternal fetal medicine specialists is 
required to reduce the risk of avoidable and/or 
unexpected morbidity associated with pregnancy.  

   Turner Syndrome 

 Despite being a relatively rare condition (approx-
imately 1 in 2,000 female births), patients with 
Turner syndrome have deservedly attracted a dis-
proportionate amount of attention in the OD lit-
erature. Because this condition is frequently 
associated with cardiovascular malformations, 
Turner Syndrome patients who conceive via 
oocyte donation carry a 2% risk of mortality from 
aortic dissection or rupture during the peripartum 
period  [  21  ] . ASRM guidelines require precon-
ception consultation with cardiology and with 
maternal fetal medicine, as well as evaluation of 

the aortic anatomy by trans-esophageal echocar-
diography in combination with cardiac MRI. An 
enlarged aortic size index (ASI) >2.0 cm/m 2 ) or 
any other abnormality identi fi ed on imaging 
should identify the patient as particularly high-
risk and should be considered a strong contrain-
dication to pregnancy.  

   Endometrial Response 

 Given the resources required to proceed with 
oocyte donation, and the importance of a receptive 
endometrium to all ART success, many programs 
routinely perform a “mock cycle” in which the 
recipient undergoes hormonal preparation in order 
to verify adequate uterine response prior to pro-
ceeding with OD. Endometrial response is typi-
cally evaluated either by histological evaluation on 
endometrial biopsy, or more commonly, by endo-
metrial thickness on transvaginal ultrasound, with 
6–7 mm being a typical minimum threshold value 
supported in the literature  [  22,   23  ] . 

 The evidence in support of    this practice is 
con fl icting, and the need for universal endome-
trial “screening” has been questioned  [  24  ] . We 
advocate a selective approach to performing 
mock cycles. In general, the risk for inadequate 
response to hormonal preparation is relatively 
remote in the absence of speci fi c risk factors. In 
the presence of these risk factors, such as a his-
tory of pelvic irradiation, severe intrauterine 
adhesive disease, extensive uterine surgery, or a 
history of multiple failed OD cycles, a mock 
cycle may be warranted.  

   Psychosocial Considerations 

 While many patients struggling with infertility 
carry a heavy emotional and psychological bur-
den, some of these stressors are particularly 
ampli fi ed in the setting of OD. The emotional 
consequences of the loss of genetic parentage 
should not be underestimated. OD patients should 
be offered the support of social workers or other 
mental health professionals. Speci fi c psychologi-
cal challenges are unique to the setting of 
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 anonymous (e.g., disclosure, worries about 
“unknown” genetic problems, etc.) as well as 
known donation (e.g., tension and/or resentment 
amongst the donor, recipient, partner, etc.). 
Finally, in cases involving more complex arrange-
ments (e.g., surrogacy- see Chap. 11), consulta-
tion with legal counsel experienced in this 
specialized area of the law is mandatory.   

   Cycle Management/Synchronization 

 In order for an OD cycle to be completed suc-
cessfully, several biological processes must be 
pharmacologically replicated in a synchronized 
fashion. A schematic of an OD cycle is presented 
in Fig.  10.2 .  

 As a starting point, the oocyte donor, and 
sometimes the recipient, is typically started on a 
daily oral contraceptive in order to gain some 
leverage on the timing of their respective men-
ses. In order to minimize the possibility of sched-
uling con fl icts and/or non-compliance, a schedule 
that incorporates necessary monitoring and 
 procedures and takes into account the speci fi c 
protocol being implemented should be created 

and reviewed with the donor, recipient, nursing, 
medical, and embryology teams prior to initiat-
ing any treatment plan. 

 While the OD literature is replete with data 
regarding the relative advantages and disadvan-
tages of various OD protocols, it is instructive to 
note that a recent Cochrane meta-analysis of 22 
randomized trials demonstrated similar preg-
nancy rates for multiple different approaches to 
endometrial preparation and hormone replace-
ment  [  25  ] . We review here some of the highlights 
and more current considerations that are impor-
tant in choosing an OD protocol. 

   Downregulation of the Donor’s 
Hypothalamic–Pituitary–Gonadal Axis 

 Donor downregulation can be accomplished in a 
manner similar to that of any patient undergoing 
non-donor IVF. While historically a GnRH-
agonist (e.g., leuprolide acetate) was considered 
 fi rst-line option, the rising popularity and pro-
vider comfort with GnRH antagonists (e.g., gani-
relix acetate), in combination with the added 
convenience of the shorter treatment duration 

  Fig. 10.2    Schematic of an oocyte donation cycle       
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using an antagonist, have led many programs to 
routinely use antagonist for donor downregula-
tion. Concerns have been raised that use of the 
antagonist would decrease LH and that this might 
exert a deleterious effect on oocyte quality and 
ultimately OD outcomes. However, these con-
cerns have not been substantiated in prospective, 
randomized controlled trials  [  26  ] . An important 
additional bene fi t to using an antagonist for this 
purpose is that it allows for the use of a GnRH-
agonist trigger in lieu of hCG, a valuable tool that 
may be used to minimize the risk of OHSS in 
oocyte donors (see below).  

   Downregulation of the Recipient’s 
Hypothalamic–Pituitary–Gonadal Axis 

 Strictly speaking, recipient downregulation is 
required only if the patient demonstrates the pres-
ence of a functional central axis to begin with; the 
GnRH agonist is typically considered  fi rst line 
for this indication. In postmenopausal women or 
patients with complete premature ovarian failure, 
endometrial preparation can be initiated without 
prior downregulation.  

   Controlled Ovarian Hyperstimulation 
(COH) of the Donor 

 The approach to COH in the oocyte donor is not 
fundamentally different from COH in non-
donor IVF. Overall, OD outcomes have not 
been shown to vary signi fi cantly in association 
with speci fi c gonadotropins and/or their rela-
tive LH activity. For example, in one large 
recent study, 1,028 donors were prospectively 
randomized to recombinant FSH alone (rFSH), 
highly puri fi ed menotropin (HP-hMG), or a 
mixed rFSH plus HP-hMG protocol. Other than 
cost, no differences were observed amongst the 
three groups in any clinically signi fi cant param-
eter, including the number of days of stimula-
tion, number of oocytes retrieved, cancellation  
rate, implantation rate, pregnancy rate, and 
miscarriage rate  [  27  ] . 

 The most important consideration when it 
comes to COH in oocyte donors is achieving stim-
ulation that will yield a response suf fi cient to 
maximize the chance of treatment success with-
out incurring undue risk of ovarian hyperstimula-
tion syndrome (OHSS) in the donor. In our 
program, COH is initiated in a typical donor at a 
dose of 150 IU per day. While day 3 FSH is almost 
always normal in donors who have been approved 
to proceed with donation, antral follicle count 
 [  28  ] , or anti-mullerian hormone levels  [  29  ]  can be 
used to identify donors at increased risk of under- 
or overresponding. Anti-mullerian hormone is a 
convenient test as it can be drawn to screen donors 
who are taking oral contraceptives. 

 Finally, as mentioned above, the increased 
popularity of using a GnRH antagonist for donor 
downregulation has also facilitated the use of a 
GnRH agonist to trigger oocyte maturation prior 
to retrieval rather than hCG in an effort to mini-
mize OHSS. Several clinical trials have demon-
strated that GnRH trigger in OD cycles does not 
lead to any diminished clinical outcomes but 
essentially eliminates OHSS in donors (as com-
pared with OHSS incidence of 4–17% in hCG 
trigger OD cycles)  [  30  ] . Hence, it seems reason-
able that the use of GnRH agonist trigger in OD 
cycles should be considered, if not encouraged, 
especially in OD cycles at signi fi cant risk of 
OHSS.  

   Endometrial Preparation 
of the Recipient 

 As mentioned previously, despite the abundance 
of published data regarding the relative merits of 
various approaches to endometrial preparation 
and hormone replacement (speci fi c agents, routes, 
and dosage), there are multiple options available 
that yield similarly successful outcomes. 

 With regard to estrogen, most programs ini-
tiate oral micronized estradiol 2–4 mg twice 
daily, or transdermal estrogen 0.2–0.4 mg/day, 
approximately 14 days prior to planned proges-
terone exposure. In the case of logistical com-
plications or other reasons for delay, there are 
data to suggest that the duration of unopposed 
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estrogen exposure can be extended for 5 weeks 
or more without impacting the chances of suc-
cess  [  31  ] . Of note, monitoring serum estradiol 
in the recipient does not lead to improved out-
comes in OD  [  23  ] . 

 Progesterone is typically administered either 
transvaginally (100–600 mg/day) or intramuscu-
larly (50–100 mg/day) in order to avoid  fi rst-pass 
hepatic metabolism. If tested, serum levels of 
progesterone will be lower when progesterone is 
administered transvaginally, but serum testing 
does not accurately re fl ect local/endometrial pro-
gesterone concentrations and is not clinically 
signi fi cant; this practice should therefore be dis-
couraged  [  32  ] . 

 The duration of progesterone exposure prior to 
embryo transfer is much more important as com-
pared with estrogen preparation; optimal outcomes 
are seen when embryo transfer is performed 
approximately 4–5 days after progesterone expo-
sure for cleavage stage embryos and on day 7 with 
blastocysts  [  26,   33,   34  ] . Our practice is to initiate 
200 mg of vaginal micronized progesterone on the 
day prior to oocyte retrieval and continue at “full 
dose” (200 mg TID) thereafter, with embryo trans-
fer occurring on Day 3, 5, or 6 of embryo culture 
(days 4, 6, or 7 of progesterone exposure). 

 Adequacy of endometrial response can be 
evaluated by measurement of the endometrial 
stripe on transvaginal ultrasound, although the 
literature does not consistently support this prac-
tice. While some groups report worse outcomes 
with an endometrium  < 6–7 mm  [  35  ] , others did 
not observe an association between endometrial 
thickness and clinical outcomes  [  36  ] , and preg-
nancies have occurred in recipients with linings 
as thin as 4 mm  [  37  ] . 

 Typically, serum hCG is tested approximately 
2 weeks after oocyte retrieval. When pregnancy 
is achieved, hormone replacement is then con-
tinued until 10–12 weeks, well past the time the 
luteo-placental shift is expected to occur and 
placental steroidogenesis is  fi rmly established. 
In our program, we routinely check progester-
one levels 3 days after hormone replacement is 
discontinued; serum progesterone >25 ng/mL is 
typically considered adequate and no further 
supplementation is needed.   

   Clinical Outcomes 

   Recipient 

 In terms of chances for pregnancy and live birth, at 
any age, the prognosis for OD recipients equals or 
exceeds any other subgroup of patients pursuing 
ART (Fig.  10.3 ). After four OD cycles, cumulative 
OD live birth rates approach 90%, regardless of 
indication for treatment or recipient age  [  11,   38  ] . 

 Several clinical and demographic factors have 
been demonstrated to be associated with OD out-
comes. Obesity, smoking, and the presence of 
hydrosalpinx are consistently associated with 
diminished OD success  [  36  ] , whereas blastocyst 
transfer is consistently associated with increased 
success  [  11,   34  ] . As mentioned above, the 
signi fi cance of a thin endometrium (<8 mm) is 
unclear. Donor age, also mentioned above, is 
undoubtedly important  [  18,   19  ] ; in contrast, the 
signi fi cance of recipient age is controversial. 
While almost no study has shown a relationship 
between increased recipient age and diminished 
OD success in younger (i.e., age <40–45) recipi-
ents, an analysis of a very large number of OD 
cycles reported to the SART registry did suggest 
the possibility of decreased success in recipients 
older than age 45  [  39  ] . A more recent SART reg-
istry analysis of cumulative live birth in OD, 
however, failed to con fi rm this  fi nding  [  40  ] . 
Finally, regarding male age and OD outcome, 
data are also mixed, but overall it seems unlikely 
that male age is a major determinant of OD out-
comes, again re fl ecting the primary importance 
of the health of the oocyte over other factors in 
oocyte donation  [  41–  43  ] . 

 The risk for multiple births in OD cycles is 
considerable and is related to high implantation 
rates of embryos created resulting in high ongo-
ing pregnancy rates. In 2009, 38% of live births 
resulting from OD in the USA were multiples, 
although it should be noted that the vast major-
ity of these were twins, with triplets or higher-
order multiples representing only 1.2% of births 
(2.8% of pregnancies) (CDC). Prior to initiating 
treatment and again at the time of embryo trans-
fer, recipients should be thoroughly counseled 
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regarding the increased risk for obstetric com-
plications in the setting of multiple gestations, 
further compounded in recipients of advanced 
reproductive age. ASRM guidelines state that 
donor age should be considered the primary fac-
tor in deciding on the number of embryos to 
transfer, in which case (assuming donor age <35 
years) the number of embryos transferred in OD 
should never exceed two. In our opinion, elec-
tive single embryo transfer should be routinely 
offered and should be strongly encouraged in 
recipients age >40 years or with comorbid con-
ditions (e.g., obesity, hypertension, myomatous 
uterus, Turner syndrome).  

 It should also be emphasized that overall, 
obstetric and pediatric outcomes in OD pregnan-
cies are quite good. OD recipients generally dem-
onstrate an incidence of perinatal complications 
similar to those of age-matched women undergo-
ing IVF with their own oocytes. However, one 
prominent exception is the increased risk of hyper-
tensive disorders of pregnancy, which has been 

demonstrated in multiple reports  [  44–  46  ] . No 
abnormal pediatric complications have been 
reported in OD offspring; one study described 
follow-up of a cohort of OD offspring and their 
parents at 12 years without noting any signi fi cant 
social or emotional developmental problems  [  47  ] .  

   Donor 

 As the practice of oocyte donation has matured 
and outcomes have continued to improve, 
increased attention has been devoted in the liter-
ature to issues speci fi c to oocyte donors. Medical 
and surgical complications related to oocyte 
donation are rare, estimated at approximately 
1%  [  48  ] . In one of the largest recent reviews of 
this subject, the rate of surgical complication in 
over 4,000 OD cycles was 0.4%, most commonly 
peri-operative bleeding issues and adnexal tor-
sion. Surgical intervention was rarely required 
(0.15%); notably, organ injury, postoperative 

  Fig. 10.3    Percentages of transfers that resulted in live births for ART cycles using fresh embryos from own eggs and 
ART cycles using fresh embryos from donor eggs, by age of woman, 2009       
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infection, and anesthesia complications did not 
occur in this series. The rate of moderate–severe 
ovarian hyperstimulation syndrome was 0.87%; 
all cases of moderate–severe OHSS were 
observed when using an hCG trigger, and no 
OHSS was observed when using a GnRH ago-
nist trigger  [  49  ] . 

 Reproductive outcomes in oocyte donors is a 
subject which requires further study, but data thus 
far have been encouraging. A common concern 
amongst prospective donors is premature deple-
tion of ovarian reserve; no data currently exists to 
support this hypothesis. One recent study, in fact, 
demonstrated no decrease in response to stimula-
tion or ovarian reserve (as measured by anti-Mul-
lerian hormone) over the course of six OD cycles 
 [  50  ] . ASRM Guidelines suggest limiting ODs to 
six stimulated cycles, and limiting the number of 
offspring per donor to 25 to reduce risk of con-
sanguinity  [  17  ] . Other recent survey-based stud-
ies of previous oocyte donors have demonstrated 
an incidence of subfertility of 5–10%, consistent 
with the general background rate of subfertility 
in most populations  [  51,   52  ] .   

   Psychosocial Considerations 

 The complexity of oocyte donation is perhaps 
most deeply appreciated when its psychosocial 
rami fi cations and repercussions are considered. 
Numerous ethical questions and concerns have 
long been debated  [  11  ] ; prominent amongst these 
are issues of compensation for donors (discussed 
brie fl y above) as well as OD in older postmeno-
pausal recipients, a practice that the ASRM Ethics 
Committee (perhaps surprisingly) actually dis-
courages due to its “unnatural” quality  [  53  ] . 

 Another important focus of concern regarding 
OD is that of disclosure. While in practice many 
OD donors and recipients currently choose to 
preserve their anonymity, studies imply a grow-
ing trend toward increased disclosure of identity 
amongst donors and offspring for psychological, 
emotional, and even medical reasons  [  54  ] ; indeed, 
some countries have enacted legislation mandat-
ing disclosure of participants involved in gamete 
donation.  

   Future Directions and Conclusion 

 While enormous progress has been made in the 
 fi rst three decades of clinical practice involving 
oocyte donation, numerous challenges and poten-
tial applications still lie ahead. Long-term studies 
of the health of oocyte donors and OD offspring 
are lacking and will be important to reinforce the 
safety of the practice and identify important risks 
which may currently be unknown. The ongoing 
challenge of access to oocyte donors may soon be 
eased by advances in oocyte cryopreservation 
technology and methodology, and the availability 
of commercial “egg banks” that are marketing 
lower cost services to ART patients and provid-
ers. In one recent study, 600 recipients were ran-
domized to receive fresh vs. vitri fi ed (“banked”) 
oocytes in an oocyte donation program; outcomes 
were similar in both groups, demonstrating at 
least the feasibility of establishing cryopreserved 
“egg banks” for clinical use in OD  [  55  ] . Finally, 
advances in stem cell biology have introduced the 
novel  fi eld of oocyte donation for the generation 
of stem cells, currently for purely academic 
research use, but possibly for clinical application 
in the not-too-distant future  [  56  ] . 

 It is fair to say that 30 years after its introduc-
tion, OD is now an established mainstream 
method of assisted reproduction. Despite the 
controversy, it has survived as an important 
adjunct to standard IVF. Indeed, OD has been 
responsible for over 200,000 births worldwide 
and its popularity continues to grow. Oocyte 
donation is truly the gift that keeps on giving, as 
the children of the children impact upon genera-
tions to come.      
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         Introduction 

 Gestational carrier is de fi ned as a treatment in 
which embryos generated from the gametes of a 
“commissioning couple” or “intended parents” or 
“genetic parents” are transferred into the uterus 
of a woman who is contracted to act as a host for 
these embryos. The host or “carrier” does not 
contribute any genetic material to the child born 
through this process. In India, the term surrogate 
is used in lieu of carrier, and therefore also per-
tains to situations in which a woman is carrying a 
pregnancy for another, with no genetic connec-
tion to the child herself. 

 In contrast to gestational carrier, in traditional 
surrogacy, also called “Natural Surrogacy” or 
“Partial Surrogacy,” the surrogate is inseminated 
with semen of the husband of the “commissioning 
couple.” The child born through this will therefore 
be the biological offspring of the surrogate. 
Examples of surrogacy date back to the time of the 
Old Testament and are also mentioned in Hindu 
mythology. The Bible describes the story of 
Abraham, who fathered a child through his maid 

Hagar, on his wife Sarah’s request  [  1  ] . There is also 
the story of Jacob and one of his two wives, Rachel, 
who was unable to bear a child, and thus had her 
maid Bilhah act as a surrogate for her. The maid 
gave birth to two sons: Dan and Naphtali  [  2  ] . 
According to Hindu Mythology, the Bhagwad 
Purana mentions the transfer of the fetus from the 
womb of Devaki to Rohini (Vasudev’s second wife) 
to prevent the child from being killed by Kans.

 These early examples of surrogacy illustrate 
the need even many hundreds of years ago to 
assist infertile couples to have children. Today, 
however, use of a woman’s own eggs (typically 
the intended mother) to create an embryo(s) that 
is then transferred to the uterus of a gestational 
carrier is more common. Aside from enabling 
such couples to have their own biological chil-
dren, contracting a woman as a traditional surro-
gate (i.e., to be both the genetic and gestational 
mother), is tricky legally as in many countries 
and, indeed, in some states in the USA, she may 
retain custody of a child if she wishes. Such treat-
ment does not require in vitro fertilization and is 
therefore outside the scope of this book.  

 Gestational carrier (GC) is associated with com-
plex medical, social, ethical, and legal issues, par-
ticularly regarding the following circumstances.
    1.    Cross Border reproductive care, in which case 

the laws of both countries need to be taken into 
account, especially with respect to ensuring that 
the child is able to get back into the parent’s 
home country. This can get further complicated 
when both partners of the commissioning cou-
ple have different nationalities.  
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    2.    Use of donor gametes along with a GC as this 
leads to separation of the “parent” into three 
separate entities—the genetic parent, the gesta-
tional parent/mother, and the social parent  [  3  ] .  

    3.    Use of a GC by single parents and same sex 
couples.     
 This chapter will discuss these issues in the 

context of using a woman commissioned to carry 
the pregnancy and who has no genetic relation-
ship to the child. That is, the focus will be exclu-
sively on GC cycles.  

   Indications for Gestational Carrier 

   GC for Women with an Absent or 
Abnormal Uterus, or Medical 
Contraindications for Pregnancy 

 A GC option is offered to women who either can-
not or are not medically  fi t to carry a pregnancy. 
In practice, GC cycles account for less than 1% of 
IVF cases internationally  [  4  ] . Table  11.1  lists indi-
cations for using a GC. The majority of GC cycles 
occur when the intended female parent has ovaries 
and is a genetic parent. Speci fi c medical indica-
tions for use of either both an egg donor and a 
GC are much less common. For example, women 
undergoing pelvic irradiation as part of cancer 
treatment often have neither a functional uterus nor 
ovarian function. Another increasingly common 
scenario is that of a woman of advanced reproduc-
tive age who has both decreased ovarian reserve 
and a higher risk of medical complications of preg-
nancy; in this case, she contracts with both an 
oocyte donor and a GC. It can be dif fi cult to know 
when to recommend use of a GC to women with a 
uterine factor for infertility, such as recurrent 
 fi broids or partially treated Asherman’s syndrome.   

   GC for Single Parents or Same 
Sex Couples 

 One of the issues concerning surrogacy is whether 
it is acceptable only for heterosexual couples or 
whether it can be provided to gay couples as well. 
The Ethics Committee Report of ASRM in 2009 

 [  5  ]  carefully considered “the changing nature of 
reproduction and the family.” This committee 
concluded that there is no sound basis for deny-
ing to single persons and gay couples the same 
rights to reproduce shared by other individuals. 
The committee further concluded that it is a mat-
ter of ethical duty to treat every person with equal 
respect, and that this requires fertility programs 
to treat single persons and gay couples equally 
with married couples in determining which ser-
vices to provide. Indeed, in some countries, 
including the USA, the law allows for use of a 
GC by same sex couples or single parents using 
anonymous gamete donors.  

   GC with Embryo Donation 

 Use of a GC with embryo donation is analogous 
to adoption, as the commissioning couple neither 
contributes any genetic material nor carries the 

   Table 11.1    Indications for use of gestational carrier   

 Women with ovaries 
 Congenital absence of uterus 
 • i.e., Mayer Rokitansky Kuster Hauser Syndrome 
 Surgical absence of uterus 
 • Hysterectomy, e.g.,  fi broids, cancer, postpartum 

hemorrhage 
 Recurrent pregnancy loss 
 Repeated IVF failure with good embryo quality 
 •  > 6 cycles 
 Medical contraindication for pregnancy 
 • e.g., Renal insuf fi ciency, signi fi cant heart disease 

 Single sex couples 
 Male couples 
 • May chose to use an egg donor and gestational 

carrier 
 Female couples 
 • May chose to share pregnancy by having embryos 

created from the eggs of one partner carried by 
the other 

 Single men 
 • May chose traditional surrogacy, or hire both an 

egg donor and a gestational carrier 
 Social indications (controversial) 

 • Concern about disruption of lifestyle by pregnancy 
 Poor endometrial development 

 Intrauterine pathology  
 • Adhesions, Asherman’s syndrome Infections 
 • Tuberculosis 
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pregnancy  [  6  ] . Theoretically, a rare possibility 
for embryo donation with GC is in case of severe 
genetic defects in both parents. However, there is 
no legal precedence for this in India yet, and legal 
advice is recommended prior to undertaking this 
in the USA as well, as legal parentage of the 
future child must be established prior to under-
taking the embryo donation and surrogacy.   

   The Gestational Surrogacy Process 

 There are several critical steps involved in under-
taking pregnancy with a GC; these steps are out-
lined in the following sections. 

   Legal Compliance 

 Ensuring that proper legal advice is obtained 
prior to embarking on the GC arrangement is of 
utmost importance as GC, while legal in some 
countries, or regions of some countries, is illegal 
in others. In the USA, the state in which the GC 
delivers is critical, as the laws of that state deter-
mine the legal parentage of the child born. 

 When a couple wishes to use an international 
GC, the nationality of both partners (the husband 
and wife can be of different nationalities), as well 
as the nationality of the carrier, need to be taken 
into account. Proper legal advice should be sought 
and if required, advice from the appropriate gov-
ernment agency obtained. Some countries require 
the commissioning couple to sign a declaration/
undertaking to this effect ( Appendix 1 ). This is to 
ensure that no legal problem arises after a child is 
born from a GC and that the child is issued a 
passport and citizenship by the country of the 
commissioning couple. 

 According to International Federation of 
Fertility Societies (IFFS) surveillance, of the 
total 105 countries to which the questionnaires 
on GC were sent, only 71 (68%) responded. Of 
those countries which did not respond, most do 
not perform GC cycles for religious reasons. Out 
of the 71 responding countries, 15 (21%) allow 
GC by statute, 13 (23%) countries have guide-

lines, 30 (42%) do not allow it, and 10 countries 
(14%) had no comment on GC at all. In 17 of the 
71 countries (24%), GC is practiced, but 9 of 
these countries have no statutes or guidelines 
 [  4  ] . Most countries that follow Islam do not 
allow use of GCs. 

 In India, each center where GC cycles are per-
formed must be registered and must follow guide-
lines laid out by the Indian Council for Medical 
Research [ICMR]. General considerations 
include the following  [  7  ] .

   GC by assisted conception should normally be • 
considered only for patients for whom it would 
be physically or medically impossible to carry 
a baby to term.  
  Payments to carriers should cover all genuine • 
expenses associated with the pregnancy. 
Documentary evidence of the  fi nancial 
arrangement for the GC cycle must be avail-
able. An “ART Bank,” a separate legal entity 
operating independently of the ART clinic, 
should handle the monetary aspects; the ART 
center should not be involved in this. [In the 
USA, this is often managed by GC agencies]. 
The reason for this is to avoid any con fl ict of 
interest, so that the ART center does not have 
a vested interest regarding which carrier the 
intended parents employ.  
  In India, advertisements regarding gestational • 
carrier as an option should not be made by the 
ART clinic. The responsibility of  fi nding a 
GC, through advertisement or otherwise, 
should rest with the couple, or an ART bank.      

   Legal Steps of Gestational Carrier 

   The Agreement 

 The contract, which must be vetted by the 
intended parent’s attorney as well as the attorney 
representing the GC must outline the rights and 
duties of the GC. Typically, all expenses incurred 
for care and treatment by the carrier are to be 
borne by the commissioning couple. The carrier 
has a right to receive monetary compensation for 
agreeing to act as a carrier, apart from the  fi nancial 
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agreement. She should be assured that 
con fi dentiality about speci fi cs of the procedure 
will be maintained. She understands that it is her 
duty to relinquish all parental rights of the child; 
she must register in a hospital under her own 
name; and she must declare that she is a GC. She 
must undergo standard prenatal care, and she 
cannot engage in any act that would cause harm 
to the child during pregnancy. In case of use of 
donor eggs, the GC cannot act as a donor for the 
same couple. 

 If the surrogate is married, consent of her 
spouse is required. This latter requirement is 
important, because if the pregnancy requires bed 
rest, her husband will have to be the primary 
caregiver for their children. 

 Issues related to medical management of the 
pregnancy must be outlined in detail in the legal 
agreement. For example, in the USA, perfor-
mance of amniocentesis if indicated, pregnancy 
termination, selective reduction, and other details 
about possible occurrences that would require 
decision making during pregnancy are discussed 
by the commissioning couple and the GC and 
agreed to prior to beginning treatment. 

 The rights of a child born from a GC are con-
troversial and not well de fi ned. In India, a child 
born through ART has a right to seek informa-
tion about his/her GC on reaching 18 years, 
excluding her personal identity. The identity of 
the GC can only be released in cases of life 
threatening medical conditions which may 
require physical testing  [  8  ] .  

   Signing Consent Forms 

 The legal documents that need to be signed depend 
on the country where the procedure is to be car-
ried out. Some of these may have to be signed in 
the presence of a Legal Representative of the gov-
ernment or a notary public (Table  11.2 ).   

   Financial Arrangements 

 Payment of the GC continues to be a debatable 
issue  [  9,   10  ] . Many countries, such as the UK, 
ban paying a GC, which has crippled the ability 
of women to employ a GC because there are not 
enough women willing to become uncompen-
sated GCs. In these countries, carriers tend to be 
relatives or friends of the commissioning cou-
ple, willing to go through treatment for their 
family member or friend and are only allowed to 
receive “reasonable expenses.” Other countries 
do allow payment to GCs, as in India, which 
allows easy availability of women as GCs. In 
India, such a treatment option is often described 
as “commercial surrogacy.” Laws vary tremen-
dously in other countries with state by state 
variation common in the USA. 

 The contract with a GC prorates the reim-
bursement schedule. For example, in case of a 
miscarriage, payment is to be made until the 
stage of the pregnancy at which the GC miscar-
ried. If, however, the GC chooses to terminate 
the pregnancy, she forfeits all further payment, 

   Table 11.2    Logistics of gestational carrier cycle in India   

 Agreements  Brief description of the document 

 Financial contract between patient and GC  Financial contract between the commissioning couple and the GC; 
payment schedule, total reimbursement, and prorating 

 Agreement between commissioning couple 
and GC 

 Details about the purpose, methods, medical risks, maintenance of 
pregnancy, abortion/death, custody, legal processes, termination and 
breach of agreement, con fi dentiality 

 Appointment of local guardian  Explanation regarding the local guardian’s responsibilities 
 Agreement of surrogacy between GC 
and the IVF clinic 

 Medical and social information regarding intended parent(s), hospital 
of delivery, IVF process, process of handing over of child at birth, right 
to amniocentesis, selective reduction, pregnancy termination, testing 
for STDs, and nondisclosure of identity 
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and returns the amount she has already received. 
Reimbursement is typically also prorated for 
effort and risk, with payments higher for twin 
pregnancies or deliveries by cesarian section.  

   Record Keeping 

 Records related to the entire GC process must be 
kept, including those created at the initial screen-
ings and blood testing, as well as those docu-
menting all results,  fi nancial and other contracts, 
counseling, IVF treatment details, number of 
embryo transfers the GC has undergone along 
with their outcomes. The duration of time for 
which the records need to be maintained and the 
place where they should be maintained (i.e., 
whether at the ART clinic or a regulatory data 
base) are dictated by the law/guidelines of the 
country.   

   Selection of the Gestational Carrier 

 As there are general medical and psychological 
criteria which make a woman a desirable GC, 
both medical screening and counseling are man-
datory  [  7  ] . 

   Medical Screening 

 All information should be collected on a standard 
screening form such as that in  Appendix 2 .

   A surrogate mother should ideally not be less • 
than 21 or more than 35 years of age, although 
in the USA an age cutoff of 40 is common.  
  Her obstetric history should have no more • 
than 4 prior births including those of her own 
children, though in India 5 prior births is the 
standard cutoff. (The reason for the limitation 
in the number of prior births is to avoid risks 
of grand multiparity such as postpartum hem-
orrhage). The GC may be a relative or friend 
or recruited person, but must meet the same 
eligibility criteria regardless.  
  It is likely wise to have a body mass index cut • 
off as well; overweight and underweight 

women are known to have higher miscarriage 
rates and lower pregnancy rates in the context 
of IVF. At Brigham & Women’s Hospital in 
Boston, for example, the GC must have a BMI 
less than 35.     

   Counseling 

 Initially, of course the potential GC must be 
educated about the medical interventions 
required to carry a pregnancy, including use of 
medications such as oral contraceptives, GnRH 
agonists, estrogen, and progesterone, and the 
route of delivery of each, as well as the likely 
number of visits and how long a treatment cycle 
is likely to take. 

 Assessment of the GC also includes evalua-
tion by a skilled social worker or psychologist 
of the GC’s motives for wanting to become a 
carrier and to ensure that no coercion exists, 
particularly if she is a friend or family member. 
A formal assessment of mental health to exclude 
psychiatric illness and to determine suitability is 
important. In addition, determination of family 
support during the pregnancy, including any 
societal and religious implications, is critical. 
The possible need for interventions such as 
D&E, amniocentesis, fetal reduction, bed rest, 
hospitalization, abstinence from intercourse 
during the cycle, need for leave from work are 
all critical. Discussion about whether the GC 
plans to remain in touch with the commission-
ing couple and the child is also important before 
the process begins. 

 Many programs have the GC (and husband, if 
she is married) meet the intended parent(s) to 
ensure that expectations are understood for all 
those concerned.   

   Screening of the Intended Parents 

   Medical Screening 

 In the USA, FDA regulations have been estab-
lished to protect the GC against transmission of 
potentially sexually or blood transmitted diseases 
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from the intended parents, similar to the  screening 
required for ovum donors (Table  11.3 ). As is the 
case with use of fresh donor oocytes, the genetic 
oocyte donor must be screened within 30 days of 
the oocyte retrieval, and the male partner within 7 
days; screening must include a physical exam 
which includes documentation of piercings, tat-
toos, and any signs of potentially sexually trans-
mitted diseases.  

 If one of the intended parents tests positive, 
but the test is likely a false positive, or unlikely 
to cause infection in the carrier (e.g., positive 
hepatitis core antibody screen with negative hep-
atitis surface antigen, and no detectable virus on 
RNA screening) it is allowable for the GC to 
sign a waiver and agree to undergo embryo trans-
fer. ASRM guidelines also suggest freezing and 
quarantine of embryos for 6 months prior to 
embryo transfer, though this is rarely done in 
practice due to the currently lower pregnancy 
rates associated with the use of cryopreserved 
embryos  [  11  ] . Performance of the tests is, how-
ever, required and programs performing donor 
oocytes or GC cycles in the USA are audited to 
ensure compliance. Extensive information on 
regulations is available online and US providers 
must be familiar with and adhere to them. The 
website,   http://www.fda.gov/biologicsbloodvac-
cines/guidancecomplianceregulatoryinforma-
tion/guidances/tissue/ucm073964.htm    , includes 
a downloadable PDF  fi le.  

   Counseling 

 Counseling for the intended parent(s) must cover 
many factors  [  12,   13  ]  including a discussion of the 
reasons for requiring surrogacy, and exploration of 
alternative treatments, such as adoption. As with 
other ART treatments, using a GC neither guaran-
tees a live birth nor a medically healthy child. 
Discussion of the possibility of failed cycles or preg-
nancy losses is important. Parental expectations 
must therefore be explored. A mental health assess-
ment by a trained social worker or psychologist is 
critical in this discussion. Religious and societal 
implications of undergoing this procedure for the 
couple or individual, a discussion on how to reveal 
the news to family members and later to the child, 
and a discussion of expectations as to the future rela-
tionship with the GC are critical. In this area, striking 
a balance between the patient’s need to oversee every 
aspect of the pregnancy and the carrier’s right to pri-
vacy is critical to a good experience, with expecta-
tions set in advance as much as possible.   

   Treatment Procedure 

   Paradigms 

 There are several ways in which a gestational carrier 
cycle may be accomplished, as the commissioning 
couple and/or the carrier may be living in different 

   Table 11.3    Required screening for genetic parents in gestational carrier cycles in the USA   

 Required tests 
 Oocyte donor (within 30 days 
of oocyte retrieval) 

 Sperm donor (within 7 days 
of oocyte retrieval) 

 Physical exam  Yes  Yes 
 HIV  Yes  Yes 
 Hepatitis B core antibody  Yes  Yes 
 Hepatitis B surface antigen  Yes  Yes 
 Hepatitis B surface antibody  Yes  Yes 
 Hepatitis C antibody  Yes  Yes 
 Rapid Plasma Reagin (syphilis)  Yes  Yes 
 CMV IgG and IgM  Yes  Yes 
 Rubella Virus IgG  Yes  No 
 HTLV I and II  No  Yes 
 Recommended tests 
 Blood Type and Antibody screen  Yes  Yes 

http://www.fda.gov/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/guidances/tissue/ucm073964.htm
http://www.fda.gov/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/guidances/tissue/ucm073964.htm
http://www.fda.gov/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/guidances/tissue/ucm073964.htm


18311 Gestational Carrier

cities or countries than where the IVF clinic is 
located. These paradigms include the following.
    1.    The genetic/commissioning parent (s) can 

start stimulation with her own gynecologist 
and only come for egg retrieval to the ART 
clinic. This reduces the amount of time and 
number of visits, but control over the ovarian 
stimulation may not be optimal.  

    2.    Shipping of frozen embryos: the patient can 
undergo the entire procedure at her own ART 
clinic with embryos cryopreserved and the 
frozen embryos then shipped to the ART clinic 
where the GC is to undergo embryo transfer. 
This is especially useful in cases of cross bor-
der treatments, so that the intended parent 
does not require extended stay in a foreign 
city/country and can have the entire procedure 
in familiar environment. In such cross border 
cases the intended parent may only be present 
in the GC’s country for a few days. Utilization 
of frozen embryos allows for  fl exibility for 
timing the transfer so that they can be present 
at the time of transfer.  

    3.    The entire treatment can occur at the ART 
clinic which manages both the ovulation 
induction of the genetic mother, preparation of 
the GC, and embryo transfer.      

   Synchronization of Cycles 

 After the GC has been selected and contracts 
signed, her cycle is synchronized with that of the 
genetic mother (who can be the intended parent or 
an egg donor). This is done using oral contracep-
tive pills with or without GnRH analogues. 
Depending on the date of their expected menses 
either one or both are started on oral contraceptive 
pills. This helps to regulate the cycle and hence 
program the cycles to match each other. 
Downregulation of the GC is then done with a 
GnRH analogue. The cycles are programmed in 
such a way that the surrogate is ready for endome-
trial preparation before stimulation of the genetic 
mother is started; this is the same process that is 
performed in ovum donation cycles (Fig.  11.1 ).   

  Fig. 11.1    Schematic diagram of synchronization and medical treatment in gestational carrier cycle       
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   Controlled Ovarian Stimulation 
of the Genetic Mother 

 This is carried out using the agonist or antago-
nist protocol as in routine IVF, depending on the 
preference of the clinic treating the commission-
ing couple and potentially the history of prior 
ovulation inductions. Since the intended parent 
is not going to have embryos transferred into her 
uterus, stimulation with the antagonist protocol 
using a GnRH-agonist trigger may offer a safer 
option as it allows optimal stimulation while 
minimizing the risk of ovarian hyperstimulation 
syndrome.  

   Medical Preparation of the Carrier 

 After con fi rmation of downregulation, the GC is 
put on either a constant dose or gradually increas-
ing doses of estradiol valerate or estradiol for 
endometrial preparation to achieve optimal endo-
metrial thickness at the time of egg retrieval. This 
can be administered orally, vaginally, or by trans-
dermal patches. Progesterone is begun the day of 
egg retrieval of the genetic mother. Programs 
typically use the same uterine preparation for the 
GC as they do for women undergoing cryopreser-
vation embryo transfer.   

   Oocyte Retrieval and Embryo Transfer 

 Egg retrieval is done transvaginally and the eggs 
inseminated with the intended male parent’s pre-
pared semen sample, or with ICSI if indicated by 
semen parameters. In some countries, it is man-
datory to freeze the embryos for a quarantine 
period of 6 months and during this period the 
couple is again tested for HIV virus and embryos 
transferred to the carrier if they are seronegative 
 [  14  ] . In other countries, a fresh transfer is allowed. 
In the USA, if a fresh embryo transfer is per-
formed, the genetic mother must have STD test-
ing performed within 30 days of embryo transfer 
by FDA approved testing, and the genetic father 
must have such testing performed within 7 days, 
as noted previously. In cases of positive tests that 

were determined in advance, if the medical eval-
uation shows no active disease or risk for disease 
transmission, the GC may sign a waiver allowing 
transfer of the embryos despite positive testing. 
 Embryo transfer is carried out on day 2 or 3 or 5 
depending on the IVF clinic’s protocol. The num-
ber of embryos transferred depends on the laws 
of the country and the agreement between the 
commissioning couple and the carrier. However, 
it is advisable to limit the numbers of embryos 
transferred to avoid the risks of multiple pregnan-
cies  [  14  ]  to the GC. The GC continues on hor-
mone replacement until hCG testing is done. She 
is instructed to refrain from unprotected inter-
course while on treatment and after embryo trans-
fer until the pregnancy test is done, as delineated 
in the carrier contract.  

   Pregnancy Testing 

 Serum beta hCG is typically measured 13–15 
days after embryo transfer and often repeated in 
48 h to document a normal rise. The GC is then 
scheduled for ultrasonic con fi rmation of intra-
uterine pregnancy between 5 and 6 weeks gesta-
tion, with dating determined by the oocyte 
retrieval equivalent to a date of ovulation. 
Ultrasound for cardiac activity con fi rmation fol-
lows 1–2 weeks days after the  fi rst scan.  

   Care During Pregnancy 

   Care of the Carrier 

 If the IVF clinic has an obstetric unit, the GC can 
obtain prenatal care with the clinic itself. If not, 
she can obtain care from the obstetrician of her 
choice, provided she registers in her own name, 
and informs the treating obstetrician of having 
undergone surrogacy. 

 The GC prenatal care is covered by the com-
missioning couple or health insurance in some 
states in the USA. However the intended parent(s) 
must be prepared to cover all the expenses related 
to the pregnancy and its management. The carrier 
contract should make it clear that the carrier must 
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attend regular obstetrical check ups and must fol-
low the obstetrician’s advice. 

 If the commissioning couple does not live in 
the same country as the carrier, at least in some 
countries, they must appoint a local guardian in 
the same city who will take responsibility of the 
carrier and the unborn child in their absence. The 
local guardian is especially required in cases of 
premature delivery occurring in the absence of 
the commissioning couple, a complication such 
as miscarriage or ectopic pregnancy requiring 
surgical intervention, a medical condition requir-
ing hospitalization of the surrogate, or in event of 
death of the genetic parents before delivery. 

 In cases of patients with no local contacts, in 
some countries, e.g., India, the hospital can 
appoint a guardian for them. 

 In a few countries, GCs live in carrier houses 
where their health and nutrition can be closely 
monitored. Most prefer to allow the carriers to 
stay in their own homes with their own children 
and families to avoid homesickness and to avoid 
disturbing their domestic environment. Medical 
care is standard for GCs pregnant after transfer. 
Luteal support with estradiol and progesterone, 
started before embryo transfer, are continued till 
10–12 weeks of pregnancy. The GC is expected 
to undergo screening for genetic abnormalities as 
indicated, and tests are performed keeping in 
mind the age of the genetic mother and not the 
carrier. Regular updates are given to the genetic 
parents, typically by the GC or the obstetrician or 
IVF clinic if it is providing prenatal care. The 
genetic parents can be present at each hospital 
visit if they wish. Many intended parents also are 
present inside the delivery room at the time of the 
birth of the baby. 

 The timing and mode of delivery is essentially 
an obstetric decision, but many commissioning 
couples request a planned cesarean section at 
term. This is often due to the feeling that it will 
avoid emergency child birth and also allows the 
genetic parents to be present at the time of birth. 
However, this is a highly controversial and debat-
able issue. 

 After delivery it should be made clear that 
the child will be handed over immediately to the 
intended parents, and this is included in the legal 

agreement. In case of absence of the commis-
sioning parents at the time of the birth, the baby 
is handed to the local guardian. Breast feeding 
by the GC is not recommended to avoid bonding 
of the carrier with the baby. After delivery, the 
GC undergoes standard postnatal follow-up 
until 6 weeks postdelivery; lactation suppres-
sion is advised. 

 In the case of fetal anomalies, the GC may 
have the right to terminate the pregnancy if she is 
unwilling to carry an anomalous baby. It is criti-
cal that this be detailed in the GC contract. The 
commissioning couple can also request for termi-
nation of pregnancy on the obstetrician’s advice. 

 Obstetric complications can arise as in any 
pregnancy. If more than one embryo is transferred 
into the GC multiple pregnancy may occur, along 
with an increased risk of complications. These 
include pregnancy induced hypertension, preterm 
delivery, postpartum hemorrhage, etc. In case of 
any medical complications that pose a risk to the 
health of the GC, pregnancy can be terminated on 
the advice of the obstetrician, irrespective of the 
consent of the genetic parents.   

   Social Complexities 

 These include occurrences such as the GC chang-
ing her mind and requesting pregnancy termina-
tion, the GC refusing to give up the child, or the 
commissioning couples refusing to accept an 
abnormal child. Proper counseling of the carrier 
and the commissioning couple before and during 
the treatment and a detailed contract helps reduce 
these risks. Psychological effects  [  15,   16  ]  in the 
GC that can also complicate the situation include 
the GC bonding with the child, or having discom-
fort and feelings of stigma if others  fi nd out about 
the carrier arrangement. In the intended parent, 
concerns include lack of emotional attachment to 
the child, guilt about not being able to carry the 
child herself, and strain in the husband–wife or 
partner–partner relationship. Proper counseling 
before and during treatment can minimize all 
these issues. 

 The status of the child is determined by the 
law of the country where surrogacy is carried out 
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 [  8,   14  ] . The goal is that the child born through 
the process of GC, whether to a married couple, 
unmarried couple, or single person, be consid-
ered by law to be the legitimate child of the com-
missioning individuals, with the same legal 
rights as a child born through intercourse. As 
stated previously, it is critical that careful legal 
documentation and contracts are written to 
ensure no confusion about parentage when the 
child is born. 

 The law of the country where the delivery 
occurs governs the process for issuance of the 
birth certi fi cate. The names of both the genetic 
parents and the carrier may be mentioned, though 
anonymous egg donor names are not included 
 [  8  ] . In India after the birth of the child, the hospi-
tal issues a certi fi cate to the Birth and Deaths 
Registry of fi ce. This will only have the names of 
the genetic parents without mention of the GC 
process or name of the GC indicated, although it 
will state “anonymous donor eggs/sperm” in 
cases of donor gamete. In the USA, the law of the 
state in which the GC delivers dictates the names 
present on the birth certi fi cate.  

   Other Important Issues 

   DNA Fingerprinting 

 DNA  fi ngerprinting may be used to remove any 
doubt that the genetic parents may have about the 
child being genetically their own, and not the car-
rier’s or her husband’s. This is also mandatory in 
some countries, especially when the GC resides 
and delivers in a foreign country.  

   Payment to the Carrier 

 Payment to be made to the carrier is agreed upon 
in the contract between the commissioning cou-
ple and the carrier. The manner in which this is 
to be paid varies from country to country. The 
amount may have to be paid in one or multiple 
installments. In any case, the entire amount has 
to be paid before or at the time of handing over 
the child.  

   Insurance 

 Some countries, including the USA, have a pro-
vision for insurance for the carriers to protect 
them in case of any adverse events. Part of the 
payment that is made for antenatal care of the 
carrier is used as premium for additional medical 
and life insurance of the carrier, in case of a med-
ical emergency requiring hospitalization, or in 
case of death of the surrogate during pregnancy 
or delivery.  

   Right to Terminate the Pregnancy 

 This is a controversial issue and is also governed 
by the laws of the country in relation to abortion 
 [  6,   17  ] . Where abortion is legal, the carrier has 
the right to terminate the pregnancy at any time 
(within the legal limit). If the termination is done 
with the understanding and consent of all parties, 
the carrier is entitled to the payment correspond-
ing to her period of gestation at the time of termi-
nation. If however, she chooses to terminate at 
her own will, she is obligated to return all pay-
ments and expenses incurred by the genetic par-
ents. Although termination is acceptable in the 
legal sense, it has to be impressed upon the car-
rier that the psychological effects of the loss of 
this much-awaited pregnancy could be disastrous 
for the genetic parents. To avoid such situations, 
psychological counseling of the carrier is essen-
tial. If there is indication that she is unwilling or 
uncertain about carrying the pregnancy, she 
should not be recruited as a carrier.  

   Selective Termination 

 In case of a triplet or higher order pregnancy, the 
genetic parents have a right to ask for selective 
reduction of one or more fetuses, subject to the 
provisions of the law. In India, the carrier is 
obligated to undergo the procedure regardless of 
her wishes as long as it is agreed upon by the 
obstetrician and does not endanger the life of 
the remaining fetuses. In the USA, the GC has 
the right to refuse procedures, however standard 
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GC contracts include selective termination in 
the list of eventualities that must be agreed on 
prior to the GC cycle taking place. Clearly trans-
fer of fewer embryos will reduce the need for 
reduction.   

   Expected Pregnancy Rates 
and Outcomes 

 The earliest reports of GC outcomes were 
reported in the mid to late 1980s  [  18,   19  ] . 
These early reports indicated clinical preg-
nancy rates of 18%, in cycles utilizing GCs. 
Although there were increasing numbers of 
published series in the 1990s and 2000s (see 
below), the data on the delivery rates, course of 
pregnancy, and the impact of pregnancy on the 
GC herself remain scanty. 

 The  fi rst GC pregnancy and delivery was 
undertaken by Edwards and Steptoe  [  20  ]  in 1989, 
at Bourne hall. Since then, other case series have 
been reported with varying delivery rates per 
cycle. For example, a case series published in 
2000 listed outcomes of 11 GC cycles in 6 patients 
with Rokitansky syndrome; the median age was 
33 year, mean oocytes retrieved 14.6, mean fertil-
ization rate 69%, and a mean of 6 embryos were 
frozen per patient. The pregnancy rate was 42.9% 
per embryo transfer, with the live birth rate per 
cycle and per transfer 21.4 and 27.3%, respec-
tively. Half of the patients had at least one live 
birth  [  21  ] . A series of 75 couples undergoing 117 
GC cycles performed from 1988 to 1999 found 
that no pregnancies occurred in 26 cycles in 
women over age 40, but reported a delivery rate 
of 29% per cycle for the population overall, with 
approximately 50% of women less than 40 hav-
ing a delivery  [  22  ] . A series of GC cycles from 
Bourne Hall in Cambridge from 1990 to 1998 
included 49 patients (see Table  11.4 ). Of note, 61 
were referred but only 49 were accepted for treat-
ment. On average 10 oocytes were obtained per 
retrieval, 5.4 embryos frozen and on average 2 
embryos were transferred to each carrier. 
Indications included hysterectomy for cancer or 
postpartum hemorrhage or menorrhagia, congen-
ital uterine absence, repeated IVF failures, recur-

rent pregnancy loss, or severe medical illness 
precluding pregnancy  [  23  ] . In another series, a 
mean pregnancy rate of 17% per cycle was 
reported for 19 couples (from 60 cycles), 
re fl ecting the need for 3 cycles to obtain a deliv-
ery  [  24  ] . A series of 16 patients with a median 
age of 40 undergoing GC due to hysterectomy 
reported that of 22 cycles there were 4 deliveries. 
Not surprisingly, the likelihood of pregnancy and 
delivery was higher at younger ages (<37)  [  25  ] .  

 In 2011, Gibbons et al. published outcomes on 
birth weights in GC deliveries compared to those 
of donor egg and IVF. The mean ( + SD) birth 
weight associated with standard IVF was 
3,265  +  611 g, which was statistically greater 
( P  < 0.002) than that associated with donor oocyte 
cycles (3,236  +  652.7 g) and statistically less 
( P  < 0.009) than that with GC (3,309  +  635.4 g) 
(Fig.  11.2 )  [  26  ] . The reason for these disparities 
in birth weight is unknown, but it was postulated 
that the uterine environment may be the most 
important determinant of birth weight; this was 
thought to explain the lower birth weights when 
infertile women utilizing donor oocytes deliv-
ered. An older report from 1992 of GC outcomes 
highlighted that premature delivery rates are high 

   Table 11.4    Gestational Surrogate Treatment Outcomes 
at Bourne Hall 1990–1998   

 Variable  Outcome 

 Genetic couples 
 No. patients (intended parents)  49 
 Mean (range) age  32.9 (22–40) 
 No. total stimulated cycles (range)  80 (1–5) 
 Gestational surrogates 
 No. GS starting treatment  53 
 No. cycles having embryo transfer  87 
 No. embryo transfers per GS (mean)  1.6 
 Pregnancy rates 
 No. (%) clinical pregnancies per GS  31/53 (59) 
 No. (%) delivered/ongoing pregnancies 
per GS transfer 

 18/87 (21) 

 No. (%) delivered/ongoing pregnancies 
per GS 

 18/53 (34) 

 No. (%) clinical pregnancies per genetic 
couple 

 31/49 (63) 

 No (%) delivered/ongoing pregnancies per 
genetic couple 

 18/49 (37) 

  Adapted from Brinsden PR et al. BMJ 2000  
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if twins (43%) or triplets (100%) occur, so that 
controlling the number of embryos transferred is 
vitally important and should be related to the 
oocyte age  [  27  ] .  

 One of the largest GC series reported on 180 
GS cycles in 112 couples performed from 1984 
to 1999  [  28  ] . The mean age was 34, mean oocyte 
number was 11, mean number of embryos 7, and 
delivery rate per cycle was 15.8%, comparable 
to the overall pregnancy rate in their program. 
Couples utilized GCs for a variety of indications. 
Sixteen cycles were canceled. Of note, 51 
patients had hysterectomies and 15 had congeni-
tal uterine absence (Mayer-Rokitansky-Kuster-
Hauser Syndrome, [MRKH]). Patients in these 
groups were of similar ages (32 vs. 33), however 
the MRKH patients had more oocytes (15 vs. 9) 
as well as more embryos and more embryos cry-
opreserved. This may suggest that there was vas-

cular compromise to the ovaries though ovarian 
reserve testing was not available. Not surpris-
ingly, delivery rate per cycle was related to 
oocyte age: 26–30: 36.7%, 31–35: 11.1%, 36–40: 
6%, 41–45: 10.5%  [  28  ] . 

 In 2010, the US national summary data 
reported that the live birth rate per cycle of IVF/
ICSI initiated and per transfer for women <35 
with uterine factor infertility was 35.3 and 
40.6% respectively, compared to 48.7 and 55.9% 
when a gestational surrogate was used in that 
age group  [  29  ] . These data, however, do not 
separate causes of uterine factor, so which infer-
tile patients would most bene fi t from use of a 
GC is not entirely clear. Overall, it is clear that 
delivery rates from use of GC vary among pro-
grams and are affected by multiple factors, the 
most important of which is likely the age of the 
genetic egg donor.  

Birthweight and Gestational Age in Singleton IVF, Donor Egg and Gestational Surrogacy 
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  Fig. 11.2    Birth outcomes in gestational carrier, IVF, and oocyte donation cycles       
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   Conclusions 

 Gestational carrier provides the opportunity for 
couples to have children in circumstances that 
would make childbirth impossible or medically 
dangerous for the mother. However, the process 
is highly complex, involving many medical, 

legal, and social issues. It is critical that 
 screening and counseling processes are under-
taken in a rigorous manner in order to provide a 
successful and rewarding experience to all par-
ties involved. Gestational carrier cycles should 
be undertaken in programs with all the resources 
necessary to maximize the likelihood of good 
outcomes.       

      Appendix 1 

  
APPENDIX 1

SAMPLE UNDERTAKING AS PER INDIAN GUIDELINES

This letter of undertaking is executed by 

(1) Name: Mrs. 
Address: 

(2) Name: Mr.
Address: 

In favour of (hospital name and address)  

We say that we are the nationals of the…………………..(“Country”) having the nationality of the country. 
The proof of the same i.e. attested copy of the Passport is attached. Our Nationality ID is ....................... 
and .............   . Hereinafter, in this undertaking, we will be referred to as “Intending Parent(s)” 

1. We say that we desire to have a child through Surrogacy Process in India as explained to us by the
Doctors at (Hospital name).

2. We say that we want to undergo IVF with Mrs._______________ ’s eggs and Mr.______________’s
sperm at (Hospital name).

3. We undertake that Surrogacy process is legal and recognized by the government of our Country.

4. We also undertake that the child born out of Surrogacy process on birth will get the nationality of  the 
Country & will be issued a valid passport by the Government of our Country

5. We also have attached a copy of the letter furnished to us by our Consulate/ Government accepting 
Surrogacy as Legal & Valid under the laws of the country.

6. We are aware that at the time of getting passport for the child(ren) born out of surrogacy, we as the 
“Intending Parent(s)” may have to prove the genetic relationship with the child(ren) by the DNA 
fingerprinting or as required by the passport issuing authorities.

7. We undertake to appoint a local guardian in India for the child(ren) born out of surrogacy. We assure
that the local guardian will take possession of the child(ren) delivered out of surrogacy in an event of
we not able to take possession of the child(ren). The attested identity proof of the guardian along with
the undertaking duly signed by us and the guardian shall be submitted to (Hospital name) before the 
commencement of the treatment.

8. We undertake to purchase medical insurance for the surrogate for the insurance value of (amount)
for the entire duration of surrogacy treatment. The insurance policy will expire on the date of handover
of the child(ren) to the “Intending Parent(s)”

9. We undertake that the information furnished by us in the declaration is true, correct, valid & 
unambiguous. We undertake the responsibility of everything we have mentioned in the declaration
and the consequences of the same.

Signature of the “Intending Parent(s)”

_______________________________
Name of female Parent 1: 
Passport Number: 

_______________________________
Name of Male Parent 2: 
Passport Number: 

Witness
Name:
Signature:
Address:

Date :  
Place: 
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   Appendix 2    

 Date of  fi lling the form (except items 20–31) 
 Date of  fi lling items 20–31 
 Basic information:  History:  Investigations 
  1. Identi fi cation number  12. Obstetric history :  20. Blood group and Rh status 
  2. Name  a. Number of deliveries  21. Complete blood picture 
  3. Age/Date of birth  b. Number of abortions  a. Hb 
  4. Address  c. Other points of note  b. Total RBC count 
  5. Photograph  13. Menstrual history  c. Total WBC count 
  6. Tel no.  14. History of use of contraceptives  d. Differential WBC count 
  7. Marital status  15. Medical history  e. Platelet count 
  8. Education :  16. Family history  f. Peripheral smear 

 a. Surrogate  17. Has she acted as surrogate earlier : 
Yes No 

 22. Random blood sugar 

 b. Spouse  If so, how many times did it lead to a 
successful pregnancy? 

 23. Blood urea/Serum creatinine 

  9. Occupation :  18. History of blood transfusion  24. SGPT 
 a. Surrogate  19. History of substance abuse  25. Routine urine examination 
 b. Spouse  26. HBsAg status 

 10. Monthly Income  27. Hepatitis C status 
 11. Religion  28. HIV status 

 29. Hemoglobin A2 (for thallasemia) 
status 

 30. HIV PCR 
 a. Surrogate 
 b. Spouse 

 31. Any other speci fi c test 
 Footnotes  FEATURES: 
 (1) To be carried out within 15 days prior to embryo transfer. Test no.30 
to be done only if test 28 is negative 

 32. Height 

 33. Weight 
 (2) Any additional test carried out on the basis of the history and examination 
of the surrogate OR any test requested by the recipient who shall pay for the 
additional requested test 

 Detailed physical examination: 

 34. Pulse 
 35. Blood pressure 
 36. Temperature 

 To the patient, a copy of this form without items 20–31  fi lled in, may be 
provided when asked for. The investigations in items 20–31 may be done 
when the patient has chosen the surrogate provisionally, subject to the results 
of tests in items 20–31 being satisfactory 

 37. Respiratory system 

 38. Cardiovascular system 
 39. Per abdominal examination 
 40. Per speculum examination 
 41. Per vaginal examination 

 Name(s) and signature(s) with date(s) of person(s)  fi lling the form:  42. Trans-vaginal sonography 
 43. Other systems 



19111 Gestational Carrier

   References 

    1.   Old Testament, Book of Genesis  16:2 , KJV.  
    2.   Old Testament, Book of Genesis  30:3 , KJV.  
    3.    Ber R. Theoretical Medicine and Bioethics. Ethical 

Issues in Gestational Surrogacy. Theor Med Bioeth. 
2000;21:153–69.  

    4.    Jones HW, Cooke I, Kempers R, Brinsden P, Saunders 
D. International Federation of Fertility Societies 
Surveillance 2010: preface. Fertil Steril. 2010;95:
491–6.  

    5.    Ethics Committee of the American Society for 
Reproductive Medicine. Access to fertility treatment 
by gays, lesbians, and unmarried persons. Fertil Steril. 
2009;92:1190–3.  

    6.    Shen fi eld G, Pennings G, Cohen J, Devroey P, de Wert 
G, Tarlatzis B. ESHRE Task Force on Ethics and Law. 
Hum Reprod. 2005;20:2705–7.  

    7.   Indian Council of Medical Research. National 
Guidelines for Accreditation, Supervision and 
Regulation of ART Clinics in India. Code of practice 
and ethical considerations and legal issues. New 
Delhi, India. National Academy of Medical Sciences 
(India). 2005, 68-69.  

    8.   Indian Council of Medical Research. The Assisted 
Reproductive Technologies (Regulation) Bill. 2010;
25–29.  

    9.    Cotton K. Surrogacy should pay Br Med J. 2000;320:
928–9.  

    10.    Tieu MM. Altruistic surrogacy: the necessary 
objecti fi cation of surrogate mothers. J Med Ethics. 
2009;35:171–5.  

    11.   Practice Guideline, Recommendations for practices 
using gestational carriers. (  https://www.asrm.org/upload-
edFiles/ASRM_Content/News_and_Publications/
Practice_Guidelines/Committee_Opinions/recommen-
dations_for_practices_utilizing_gestational_carriers_
nonmembers.pdf.      

    12.    Boivin J, Appleton TC, Baetens P, Baron J, Bitzer J, 
Corrigan E, et al. Guidelines for counseling in infertil-
ity: outline version. Hum Reprod. 2001;16:1301–4.  

    13.    Van Den Ekker OB. Psychosocial aspects of surrogate 
motherhood. Hum Reprod Update. 2007;13:53–62.  

    14.   Parliament by the Secretary of State for Health. Donor 
recruitment, assessment and screening; Surrogacy. 
Code of Practice for clinics licensed by the Human 
Fertilisation and Embryology Authority, 8th Edition. 
London 2011.  

    15.    Jadva V, Murray C, Lycett E, MacCallum F, Golombok 
S. Surrogacy: the experiences of surrogate mothers. 
Hum Reprod. 2003;18:2196–204.  

    16.    MacCallum F, Lycett E, Murray C, Jadva V, Golombok 
S. Surrogacy: the experience of commissioning cou-
ples. Hum Reprod. 2003;18:1334–42.  

    17.    Schenker JG. Assisted reproduction practice in 
Europe: legal and ethical aspects. Hum Reprod. 1997;
3:173–84.  

    18.    Utian WH, Sheean L, Goldfarb JM, Kiwi R. Successful 
pregnancy after in vitro fertilization and embryo 
transfer from an infertile woman to a surrogate. N 
Engl J Med. 1985;313:1351.  

    19.    Utian WH, Goldfarb JM, Kiwi R, et al. Preliminary 
experience with in vitro fertilization-surrogate gesta-
tional pregnancy. Fertil Steril. 1989;52:633.  

    20.    Steptoe P. Surrogacy. Br Med J (Clin Res Edn). 
1987;294:1688–9.  

    21.    Beski S, Gorgy A, Venkat G, et al. Gestational sur-
rogacy: a feasible option for patients with Rokitansky 
syndrome. Hum Reprod. 2000;15:2326.  

    22.    Corson SL, Kelly M, Braverman AM, English ME. 
Gestational carrier pregnancy. Fertil Steril. 
1998;69:670–4.  

    23.    Brinsden PR, Appleton TC, Murray E, et al. Treatment 
by in vitro fertilisation with surrogacy: experience of 
one British centre. BMJ. 2000;320:924.  

    24.    Raziel A, Schachter M, Strassburger D, et al. Eight 
years’ experience with an IVF surrogate gestational 
pregnancy programme. Reprod Biomed Online. 
2005;11:254.  

    25.    Meniru GI, Craft I. Assisted conception options for 
patients with good-prognosis cervical cancer. Lancet. 
1997;349:542.  

    26.    Gibbons WE, Cedars M, Ness RB. Society for 
Assisted Reproductive Technologies Writing Group. 
Toward understanding obstetrical outcome in 
advanced assisted reproduction: varying sperm, 
oocyte, and uterine source and diagnosis. Fertil Steril. 
2011;95:1645.  

    27.    Parkinson J, Tran C, Tan T, Nelson J, Batzo fi n J, 
Sera fi ni P. Perinatal outcome after in-vitro fertiliza-
tion-surrogacy. Hum Reprod. 1999;14(3):671–6.  

    28.    Goldfarb JM, Austin C, Peskin B, et al. Fifteen years 
experience with an in-vitro fertilization surrogate ges-
tational pregnancy programme. Hum Reprod. 
2000;15:1075.  

    29.     https://www.sartcorsonline.com/rptCSR_PublicMult
Year.aspx?ClinicPKID=0.          

https://www.asrm.org/uploadedFiles/ASRM_Content/News_and_Publications/Practice_Guidelines/Committee_Opinions/recommendations_for_practices_utilizing_gestational_carriers_nonmembers.pdf
https://www.asrm.org/uploadedFiles/ASRM_Content/News_and_Publications/Practice_Guidelines/Committee_Opinions/recommendations_for_practices_utilizing_gestational_carriers_nonmembers.pdf
https://www.asrm.org/uploadedFiles/ASRM_Content/News_and_Publications/Practice_Guidelines/Committee_Opinions/recommendations_for_practices_utilizing_gestational_carriers_nonmembers.pdf
https://www.asrm.org/uploadedFiles/ASRM_Content/News_and_Publications/Practice_Guidelines/Committee_Opinions/recommendations_for_practices_utilizing_gestational_carriers_nonmembers.pdf
https://www.asrm.org/uploadedFiles/ASRM_Content/News_and_Publications/Practice_Guidelines/Committee_Opinions/recommendations_for_practices_utilizing_gestational_carriers_nonmembers.pdf
https://www.sartcorsonline.com/rptCSR_PublicMultYear.aspx?ClinicPKID=0
https://www.sartcorsonline.com/rptCSR_PublicMultYear.aspx?ClinicPKID=0


193

 Beyond the critical issues of ovarian hyperstimu-
lation, oocyte retrieval, in vitro fertilization, and 
embryo transfer, a variety of approaches have 
been proposed to enhance outcomes from the 
assisted reproductive technologies. Many have 
become routine components in the practices of 
many centers. However, adequate data support-
ing their use have often been sparse at best. 
In this chapter, we shall investigate four com-
monly employed adjunctive treatments and criti-
cally assess both the logic behind and the evidence 
supporting their use. Two have been theoretically 
employed to aid the poor responder: dehydroepi-
androsterone (DHEA) and growth hormone. Two 
have been theoretically employed to enhance 
implantation: low dose aspirin and acupuncture 
(Table  12.1 ).  

   Growth Hormone and the Poor 
Responder 

 Management of the poor responder represents 
one of the great challenges of the assisted repro-
ductive technologies. A review of protocols 
designed for these individuals is presented else-
where in this text. One of the problems in evalu-
ating the literature in this  fi eld is the lack of a 
standardized de fi nition of the “poor responder” 
with a host of criteria employed by prior investi-
gators  [  1  ] . As a result, it is extremely challeng-
ing, if not impossible, to compare outcomes from 
various investigators given the extreme heteroge-
neity of the populations studied. 

 Growth hormone (GH) has been investigated 
as a means of amplifying the action of gonadotro-
pins to improve ovarian response. The logic 
behind this approach lies in evidence suggesting 
that GH may act directly to enhance folliculogen-
esis and inhibit follicular atresia  [  2  ] . In addition, 
GH acts via insulin like growth factor-1 (IGF-1) 
to potentiate the action of FSH and LH on granu-
losa cells  [  2–  4  ] . 

 The coadministration of GH with gonadotropins 
to anovulatory hypogonadotropic women has been 
shown to reduce the gonadotropin dose required to 
achieve an ovulatory response and may result in a 
degree of follicular development which could not 
be achieved with gonadotropins alone  [  2,   5  ] . 

 The outcomes are less clear when this 
approach is applied to the ovulatory patient and/
or poor responder. A Cochrane review of nine 
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   Table 12.1    Adjunctive treatments in ART    

 Enhance ovarian response? 
 • DHEA (dehydroepiandrosterone) 
 • Growth hormone 
 Enhance implantation? 
 • Low dose aspirin 
 • Acupuncture 
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prospective randomized trials including 401 IVF 
patients using varying doses of GH as well as 
growth hormone releasing hormone (GHRH) 
provides some insight  [  6  ] . No improvement in 
live birth rates was noted in the three trials in 
which women without a history of poor response 
were administered GH (OR 1.17; 95% con fi dence 
interval [CI]: 0.38–3.5). However, live birth rates 
were signi fi cantly improved in the three trials 
investigating prior poor responders as de fi ned in 
a variety of ways (OR 4.37; 95% CI: 1.05–18.01). 
GHRH was not helpful. 

 Two more recent randomized trials bear atten-
tion. Kucuk et al. evaluated 61 prior poor respond-
ers receiving a long GnRH agonist protocol  [  7  ] . 
Patients in the study group received GH 4 mg 
daily from mid-luteal initiation of the agonist 
until the day of human chorionic gonadotropin 
(hCG) trigger. A signi fi cant increase in the num-
ber of fertilized oocytes with a trend towards an 
increase in clinical pregnancy rate was reported 
in the GH group. 

 In a larger trial of 100 women over 40 years of 
age who were not necessarily poor responders, 
Tesarik and colleagues administered GH 8 IU 
daily from day 7 of gonadotropin stimulation 
until the day of hCG administration  [  8  ] . There 
were no differences in the number of oocytes or 
embryos in either group. However, a signi fi cant 
increase in peak estradiol levels (1,523 ± 203 pg/
mL vs. 912 ± 129 pg/mL,  P  < 0.05), implantation 
rates (6.2% vs. 1.7%;  P  < 0.05), and live birth 
rates (22% vs. 4%;  P  < 0.05) was achieved after 
GH coadministration. 

 A more recent meta-analysis evaluated six 
randomized trials including 169 women de fi ned 
as “poor responders.” Signi fi cant increases in 
clinical pregnancy rates and decreases in cycle 

cancellation rates were achieved with the coad-
ministration of growth hormone, although the 
authors calculated that six patients would need to 
be treated in this fashion to achieve one extra 
birth  [  9  ]  (Table  12.2 ). This investigation suffers 
from the same weaknesses as the earlier meta-
analysis: a high degree of heterogeneity regard-
ing the de fi nition of the poor responder, growth 
hormone dose and duration, and ovarian stimula-
tion protocol employed.  

 Thus, although it is not possible to arrive at 
de fi nitive conclusions, it does appear that an as 
yet unde fi ned subgroup of poor responders will 
bene fi t from GH coadministration.  

   Dehydroepiandrosterone (DHEA) 
and the Poor Responder 

 DHEA has recently received interest as poten-
tially playing a role in enhancing ovarian 
response. The logic behind this approach is that 
androgens may serve as positive regulators for 
follicular development. Frattarelli and colleagues 
had previously reported a signi fi cant increase in 
IVF pregnancy rates in patients with basal testos-
terone levels >20 ng/dL  [  10  ] . Haning et al. had 
demonstrated that, as a precursor hormone, 
DHEA increases the pool of substrate for estra-
diol and testosterone  [  11  ] . In addition, DHEA 
may act by increasing ovarian IGF-1 expression 
and induce FSH receptor upregulation to amplify 
the action of gonadotropins  [  12,   13  ] . 

 The largest clinical trial published to date is a 
case control study of 190 women with diminished 
ovarian reserve de fi ned as follicular phase FSH 
level  ³ 12 mIU/mL or estradiol level >75 pg/mL 
who were not necessarily prior poor responders 

   Table 12.2    GH and poor responders: meta-analysis a    

 Parameter  Impact (%)  95% CI  b   NNT  c  (95% CI) 

 Patients reaching ET d   ↑ 22  7–30  – 
 Clinical pregnancy rate  ↑ 16  4–21  6 (4–21) 
 Live birth rate  ↑ 17  5–30  6 (3–20) 

   a  Adapted from Kolibianakis et al.  [  9  ]  
  b  CI = Con fi dence interval 
  c  NNT = Number needed to treat 
  d  ET = Embryo transfer  
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 [  14  ] . Eighty-nine women were administered 
DHEA 75 mg daily for variable time periods up 
to 4 months before initiation of the IVF cycle. 
There were no differences in cancellation or 
implantation rates in comparison to controls. 
Total pregnancy rates, which included pregnan-
cies occurring prior to IVF cycle initiation, were 
higher in patients administered DHEA (28.1% 
vs. 10.9%;  P  < 0.01). However, differences in IVF 
pregnancy rates were not signi fi cantly different 
between the groups (20.6% vs. 11.9%). 
Surprisingly, oocyte and cleavage stage embryo 
quality was enhanced in the control group. The 
lack of uniformity in the length of treatment and 
inclusion of pregnancies occurring prior to the 
IVF cycle represent confounding variables. 

 It is interesting to note that despite the wide-
spread popularity of DHEA supplementation 
among patients and clinicians, only a single small 
prospective randomized trial has to this point 
been published which addressed its use in the 
poor responder. Wiser and colleagues studied a 
cohort of 33 women with diminished ovarian 
reserve and a prior failed IVF cycle who were 
randomized to receive DHEA 75 mg or placebo 
daily before and during a similar stimulation pro-
tocol as that employed in the prior failed cycle 
 [  15  ] . Patients in the DHEA group were noted to 
have a nonsigni fi cant increase in serum estradiol 
levels on the day of hCG administration ( P  = 0.09). 
However, day 3 embryo quality was signi fi cantly 
improved and live birth rates were signi fi cantly 
increased (23.1% vs. 4.0%;  P  = 0.006) after 
DHEA administration. Clearly, there is a need for 

larger scale trials addressing dose and duration of 
therapy before this agent should be routinely 
recommended.  

   Low Dose Aspirin 

 The role of low dose aspirin in enhancing 
implantation after embryo transfer has been 
investigated by a variety of groups over the last 
13 years. The logic behind this approach lies in 
the fact that low dose aspirin has been shown to 
exert antithrombotic and vasodilatory effects. 
This is felt to be due to activation of cyclo- 
oxygenase leading to inhibition of thromboxane 
A2 synthesis (a vasoconstrictor and platelet 
aggregation promoter) and enhanced production 
of prostacyclin (a vasodilator)  [  16,   17  ] . The 
bene fi ts of this agent for prevention of throm-
botic cardiovascular disease have been well 
established. Its role in enhancing uterine and 
ovarian blood  fl ow and likelihood of implanta-
tion after IVF is less clear. 

 Rubinstein et al. performed one of the  fi rst 
prospective randomized double blind clinical tri-
als addressing this issue  [  18  ] . This study included 
289 IVF patients of whom 149 were treated with 
aspirin 100 mg daily during ovarian stimulation. 
A signi fi cant improvement in virtually all param-
eters measured was described, although a trend 
towards a higher clinical pregnancy rate was not 
statistically signi fi cant (Table  12.3 ).  

 Unfortunately, a subsequent meta-analysis of 
seven randomized clinical trials including 1,241 

   Table 12.3    Low dose aspirin and IVF Outcome a    

 Aspirin 100 mg daily  Placebo 

 Patients  149  140 
 Oocytes retrieved  16.2 ± 6.7  8.6 ± 4.6 *  
 Peak E 

2
  (pg/mL)  2,924 ± 1,023  1,614 ± 792 *  

 Cancellation (%)  11.4  23.1 
 Implantation (%)  17.8  9.2 
 Clinical pregnancy (%)  45  28 
 Uterine artery PI b   1.22 ± 0.34  1.9 ± 0.58 
 Ovarian artery PI b   1.18 ± 0.31     1.9 ± 0.57 

   a Adapted from Rubinstein et al.  [  18  ]  
  b PI = Pulsatility index on day of hCG administration 
  *  P  < 0.05  
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women treated with aspirin in doses ranging from 
80 to 100 mg daily as part of an IVF cycle did not 
con fi rm these largely encouraging results  [  19  ] . No 
treatment effects on clinical pregnancy, live birth, 
or pregnancy loss rates were noted (Table  12.4 ).  

 Since the publication of the aforementioned 
meta-analysis, three more recent randomized tri-
als have been con fi rmatory, demonstrating no 
impact on clinical pregnancy or live birth rates 
after low dose aspirin use  [  20–  22  ] . Although 
Haapsamo et al. reported a decreased incidence of 
abnormal uterine artery pulsatility indices in the 
aspirin group, others showed no effect  [  21,   22  ] . 

 An expanded meta-analysis conducted by 
Ruopp and coworkers analyzed ten randomized 
clinical trials including 2,001 IVF cycles  [  23  ] . 
Although an increase in clinical pregnancy rate 
was noted in the aspirin groups (RR 1.15; 95% 
CI: 1.08–1.27), there was no effect on either 
implantation or pregnancy loss rates. Of note is 
the fact that live birth was not assessed. Thus, the 
impact of low dose aspirin on implantation, if any, 
remains undetermined in the typical IVF patient.  

   Acupuncture 

 Acupuncture has been an integral component of 
traditional Chinese medicine for several thousand 
years. More recently, this modality has been 
employed as an adjunct in the management of 
infertility. Its effectiveness remains controversial 
due to signi fi cant variations in study design, tech-
nique, patient populations, and description of 
controls  [  24  ] . 

 The rationale behind acupuncture is that energy 
(Qi)  fl ows along various pathways (meridians) in 

the body. Speci fi c areas along these meridians 
(acupoints) can be stimulated to alter the  fl ow of 
Qi and affect disease states. It has been proposed 
that, by stimulation of speci fi c acupoints, particu-
larly in the auricular region, uterine and ovarian 
blood  fl ow can be enhanced, along with a decrease 
in anxiety and stress along with modulation of the 
neuroendocrine system  [  24  ] . 

 IVF studies have employed either manual or 
low voltage electrical stimulation of the needle. 
Several of the dif fi culties in evaluating the impact 
of acupuncture on IVF outcomes center around a 
host of signi fi cant confounding variables: treat-
ments are individualized based on evaluation of 
patient energy imbalances or de fi ciencies and 
may be administered for a variety of time periods 
employing different techniques. Perhaps the 
greatest controversy surrounds the disparate types 
of control groups employed in published trials. 
These have included matched patients undergo-
ing similar care without acupuncture, true acu-
puncture performed on sites which are not 
acupoints for the treatment of infertility, and 
“sham” acupuncture in which either sham nee-
dles are attached to the skin but do not penetrate 
or regular needles are introduced but not placed 
at an appropriate depth  [  24,   25  ] . Clearly, it is 
impossible to compare outcomes from studies 
employing these different approaches. 

 Using a control group of patients undergoing 
routine care without acupuncture, Paulus et al. 
randomized 160 patients with good embryo qual-
ity to 25 min of therapy including needle rotation 
starting 25 min before and 25 min after embryo 
transfer in age matched controls using several 
therapists  [  26  ] . No differences in uterine artery 
pulsatility indices were reported, but a signi fi cantly 

   Table 12.4    Low dose aspirin and IVF outcome: a meta-analysis a    

 Parameter  RR  b   95% CI  c    P  

 Clinical pregnancy rate  1.11  0.95–1.3  NS  d  
 Live birth rate  e   0.94  0.64–1.39  NS 
 Pregnancy loss rate  1.06  0.53–2.11  NS 

   a Adapted from Khairy et al.  [  19  ]  
  b RR = Relative risk 
  c CI = Con fi dence interval 
  d NS = Not signi fi cant 
  e Two studies only  
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higher clinical pregnancy rate was noted in the 
acupuncture group (42.5% vs. 26.3%;  P  = 0.03). 
In contrast, Domar and colleagues employed a 
similar design but with the use of a single acu-
puncturist  [  27  ] . Controls were allowed to lie qui-
etly for an equal time period. There were no 
differences in pregnancy rates including the sub-
groups of patients with only good embryos. 

 Smith and coworkers used a different design 
in a single blind randomized trial of 228 IVF 
patients  [  28  ] . Acupuncture was performed using 
variable acupoints determined by the acupunc-
turist on day 9 of stimulation as well as immedi-
ately before and after embryo transfer. Controls 
underwent needle placement at sham points near 
but not at the true acupoints. Embryo scores, 
age, and body mass index were matched between 
the groups. Ongoing pregnancy rates were not 
signi fi cantly different between groups (30.9% 
vs. 22%;  P  = 0.08). 

 A more recent well-designed study attempted 
to address many of these variables  [  29  ] . So and 
colleagues performed a prospective randomized 
trial of 370 patients undergoing 25 min of therapy 
before and after embryo transfer. The placebo 
group was treated with retractable needles at the 
same acupoints. Patients were treated with simi-
lar stimulation protocols, and were matched 
based on age, ovarian reserve testing, duration of 
infertility, as well as day and number of embryos 
transferred. All acupuncture was performed by 
one experienced clinician. In this study, overall 
pregnancy rates were higher in the sham group, 
although all other outcomes were similar between 
the groups (Table  12.5 ). This would either sug-
gest that either there is no overall bene fi t of acu-
puncture or that the placebo may not be truly 
inert. Given the  fi ndings of prior studies which 

compared acupuncture to no treatment, it is 
unlikely that the sham acupuncture had no effect 
and pregnancy rates were lowered by true acu-
puncture. These  fi ndings were con fi rmed by 
   Andersen et al. in a similarly designed prospec-
tive randomized trial of 635 patients with a con-
trol group undergoing placebo acupuncture using 
a “validated” placebo needle  [  30  ] . There were no 
differences in clinical pregnancy, implantation, 
or live birth rates between the groups.  

 Zhang and coworkers recently reported 
encouraging outcomes employing transcutane-
ous electrical stimulation of acupoints  [  31  ] . Three 
hundred nine patients less than 45 years of age 
undergoing fresh or frozen embryo transfer were 
placed in one of three groups: mock treatment at 
the appropriate acupoints but with “weak” stimu-
lation 30 min after transfer, a single stimulation 
treatment 30 min after embryo transfer and two 
treatments 24 h before and 30 min after the trans-
fer. Implantation (15.6% vs. 20.7% vs. 25.9%) 
and live birth rates (21.2% vs. 37.8% vs. 42%) 
were signi fi cantly lower in the “mock” treatment 
group than in either of the study groups. There 
were no signi fi cant differences between the two 
treatment groups. 

 Three meta-analyses have attempted to pool 
and analyze the available data despite the hetero-
geneity in techniques and controls  [  32–  34  ] . 
Manheimer et al. evaluated seven trials of 1,366 
women randomized to needle acupuncture within 
1 day of embryo transfer or to either no treatment 
or sham acupuncture  [  32  ] . Acupuncture resulted 
in a signi fi cant improvement in ongoing preg-
nancy rates in  fi ve trials (RR 1.87; 95% CI: 1.40–2.49) 
and live birth rates in the four trials in which this 
was reported (RR 1.91; 95% CI: 1.39–2.64). 
Based on this analysis, the number of patients 

   Table 12.5    Acupuncture pre- and post-embryo transfer a    

 “Real”  “Sham”   P  value 

 Overall pregnancy (%)  43.8  55.1  0.038 
 Ongoing pregnancy (%)  31.9  40.5  0.105 
 Live birth (%)  29.7  38.4  0.100 
 Implantation (%)  28.0  32.8  0.189 
 Miscarriage (%)  32.1  30.4  0.931 
 Ectopic (%)   2.5  1.0  0.585 

   a Adapted from So et al.  [  28  ]   
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who would need to undergo acupuncture in order 
to achieve an additional live birth was nine (95% 
CI: 6–17). 

 El-Toukhy and coworkers identi fi ed 13 rele-
vant trials of similar design involving 2,500 
women  [  33  ] . Five trials including 877 patients 
evaluated acupuncture performed around the time 
of oocyte retrieval, analysis of which showed no 
impact on clinical pregnancy rates (RR = 1.06; 
95% CI: 0.82–1.37,  P  = 0.65). A similar lack of 
bene fi t was noted after analysis of trials including 
1,623 patients for whom acupuncture was per-
formed around the time of embryo transfer 
(RR = 1.23; 95% CI: 0.97–1.58;  P  = 0.1). 

 A more recent and extensive meta-analysis 
was performed by Cheong et al.  [  34  ] . Fourteen 
randomized trials involving 2,670 subjects were 
included. The studies were divided into three 
groups based on the timing of acupuncture: near 
the time of aspiration, the day of embryo transfer, 
and repeated acupuncture performed on and after 
the day of embryo transfer. Only six of these tri-
als included data on live birth. The authors 
emphasized the dif fi culty in merging outcomes 
from studies that were so heterogeneous in 
design. The authors concluded that acupuncture 
around the time of oocyte retrieval had no impact 
on IVF pregnancy rates and that acupuncture on 
the day of embryo transfer was bene fi cial only 
when therapy was repeated subsequently 
(Table  12.6 ). It is interesting to note that out-
comes were enhanced in those control groups in 

which sham acupuncture as opposed to no treat-
ment was employed. This may suggest that 
“sham” acupuncture is likely not inert.  

 Clearly the ideal acupuncture trial has not yet 
been performed. Patients must be matched based 
on history, protocol, and embryo quality. 
Acupuncture technique must be standardized and 
performed by a small number of experienced 
acupuncturists for aggregate results to be inter-
pretable. Ideally, two control groups should be 
considered: “sham acupuncture” and “no treat-
ment.” The study must be of adequate power to 
evaluate the two most important outcomes: 
implantation and live birth.  

   Summary and Conclusions 

 The current state of knowledge of the four adjunc-
tive therapies discussed in this chapter remains 
incomplete. Meta-analyses cannot compensate 
for heterogeneous patient populations, treatment 
regimens, indications for therapy and outcome 
parameters. However, based on this review of 
currently available evidence, the following com-
ments can be made.
    1.     Growth hormone : The administration of 

growth hormone as adjunctive therapy for 
controlled ovarian stimulation regimes has 
been evaluated in a variety of randomized 
clinical trials. This approach does not appear 
to be bene fi cial for the average patient. There 

   Table 12.6    Acupuncture and IVF: a meta-analysis a    

 Group  Parameter  Trials  Outcome  OR b   95% CI c  

 All acupuncture  LBR d   7  32% vs. 29%  1.31  0.88–1.95 
 CPR e   14  38% vs. 35%  1.21  0.90–1.63 

 Acupuncture at retrieval  LBR  2  33% vs. 36%  0.87  0.59–1.29 
 CPR  5  37% vs. 35%  1.08  0.82–1.44 

 Acupuncture day of transfer  LBR  4  33% vs. 29%  1.43  0.77–2.65 
 CPR  8  39% vs. 37%  1.14  0.76–1.69 

 (Sham vs. No sham)  LBR  5  Not reported  1.35  1.04–1.75 
 Repeated acupuncture  LBR  2  28% vs. 17%  1.83  1.00–3.35 

 CPR  2  35% vs. 19%  2.23  1.41–3.51 

   a  Adapted from Cheong et al.  [  34  ]  
  b  OR = Odds ratio 
  c  CI = Con fi dence interval 
  d  LBR = Live birth rate 
  e  CPR = Clinical pregnancy rate  
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is suggestive evidence that live birth rates and 
ovarian response may be improved in a subset 
of prior poor responders. Given the heteroge-
neity of regimens assessed, the ideal dose or 
duration has not been determined, therefore 
there are inadequate data on which to base a 
recommendation for treatment.  

    2.     DHEA : Currently, the only prospective ran-
domized trial which has been published dem-
onstrated enhanced pregnancy rates and 
embryo quality after pre-cycle DHEA admin-
istration in a small group of poor responders 
who had previously failed IVF. Case–control 
studies do not consistently con fi rm enhanced 
IVF pregnancy rates, although oocyte yields 
may be increased and cancellation rates 
decreased. The appropriate dose and duration 
of therapy has not been de fi ned.  

    3.     Low dose aspirin : An earlier meta-analysis 
showed slight increases in IVF clinical preg-
nancy rates with no evidence of any impact on 
implantation or live birth rates. Recent ran-
domized clinical trials demonstrate no bene fi t 
when administered routinely prior to IVF. 
Whether this approach may improve IVF out-
comes, in speci fi c patient subsets such as those 
with antiphospholipid syndromes, recurrent 
pregnancy loss, or a history of prior failed 
cycles despite adequate embryo quality 
requires further evaluation, so that there is lit-
tle basis for routine treatment.  

    4.     Acupuncture : Analysis of data from pub-
lished trials investigating the effect of acu-
puncture on IVF cycle outcomes is 
confounded by a host of variables including 
variations in technique, patient populations, 
timing, and control groups, and the fact that 
sham acupuncture may have an effect. The 
aggregate of randomized controlled trials 
show no clearly de fi ned bene fi t of acupunc-
ture on IVF pregnancy and delivery rates, 
although the ideal study has not been per-
formed. If there is a bene fi t of acupuncture, it 
may be when performed on the day of embryo 
transfer and possibly thereafter as well. The 
ideal candidate or technique has not been 
de fi ned, and patients should be educated 
about this if acupuncture is discussed.     

 In our quest to maximize pregnancy rates 
 associated with the assisted reproductive tech-
nologies, it is vital that new techniques, technolo-
gies, and adjunctive therapies be critically 
evaluated in appropriately designed trials before 
they are generally accepted and introduced into 
widespread use. It is vital that clinicians evaluate 
the literature themselves as well as their own out-
come data so that patients can be appropriately 
informed and educated decisions made.      
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         Introduction 

 The vast majority of people who have dif fi culty 
conceiving will experience some level of stress. 
The process of pursuing a diagnosis of any med-
ical condition is inherently stressful and when 
the source of this condition is related to our 
innate biological need to procreate, coupled 
with the cultural expectation to produce chil-
dren, the resulting level of psychological stress 
can be overwhelming. The interplay between 
stress and infertility has led to the current conun-
drum facing the infertility patient and the medi-
cal team. Does infertility cause stress? Does 
stress cause infertility? What are the implica-
tions of patient stress on the success of treat-
ment? These questions have been and continue 
to be the focus of intense research and debate. 

 Recent research has speci fi cally focused on 
this relationship with signi fi cant implications 
for the patient, physician, and treatment team. 
Stress greatly impacts the likelihood that a 
patient will enter and continue treatment, the 
overall disposition of the patient (stress creates 
a patient population that could be regarded as 

dif fi cult and miserable to treat) and the outcome 
of that treatment re fl ected in pregnancy rates. 
Therefore, it is of paramount importance that 
the relationship between stress and the assisted 
reproductive technologies (ARTs) be fully 
appreciated in order to successfully treat and 
support the patient. This chapter covers the 
prevalence of stress in the infertility popula-
tion, de fi nes the stressors, and considers the 
types and impact of psychological interventions 
on the outcome of infertility treatment. The 
goal of this chapter is to give the treatment team 
an overview of the importance of the complex 
interplay of psychological stress on the physi-
cal well-being of the patient and its effect on 
successful infertility treatment.  

   Prevalence of Stress in the Infertility 
Population 

 Confronting a failure in one’s capacity to 
reproduce can easily overcome typical coping 
mechanisms in most people. In a study by 
Freeman et al. approximately half of infertility 
patients reported infertility as the “most stress-
ful experience of their life,” testing even the 
strongest of coping mechanisms  [  1  ] . Another 
study by Mahlstedt et al. found that infertility 
itself was described as a stressful or very stress-
ful experience by 80% of infertile couples  [  2  ] . 
It is important to remember that well before the 
patient’s initial consultation the patient typi-
cally presents with a history of infertility that 

    A.   Domar ,  Ph.D.   (*)
     The Domar Center , Boston IVF,   130 Second Avenue , 
 Waltham ,  MA   02451 ,  USA    
e-mail:  domar@domarcenter.com  

     J.   Gross ,  M.S.  
     Boston IVF , 130 Second Avenue,
  Waltham ,  MA   02451 ,  USA    
e-mail:  jill.gross@bostonivf.com   

  13      Stress and ART       

     Alice   Domar        and    Jill   Gross          

E.S. Ginsburg and C. Racowsky (eds.), In Vitro Fertilization: A Comprehensive Guide, 
DOI 10.1007/978-1-4419-9848-4_13, © Springer Science+Business Media New York 2012



202 A. Domar and J. Gross

has been persistent for at least 6 months, and 
sometimes years, during which time stress lev-
els are increasing. This fact illustrates that 
patients have a high “baseline” level of stress 
even before beginning the demanding series of 
tests and medical procedures typical of infertil-
ity diagnosis and treatment. This high level of 
chronic stress can lead to depression and anxi-
ety. A study by Chen et al. concluded that of 
112 infertile women entering an ART clinic 
who underwent a structured psychiatric inter-
view prior to their  fi rst consult with a physi-
cian, 40% had a diagnosable psychiatric 
disorder. Generalized anxiety disorder was the 
most common (23.3%) followed by major 
depression (17%) and dysthymic disorder (low-
grade chronic depression) (9.8%)  [  3  ] . Another 
study on couples with infertility reported com-
parable results: 25% of women and 9% of men 
reported clinically elevated scores on a mea-
sure of anxiety  [  4  ] . The recurring cycle of 
hope, elation, and disappointment created by 
months of infertility treatment can have a sub-
stantial negative psychological impact on both 
the individual and the couple. A similar study 
by Volgsten et al. found psychiatric disorders 
present in 30.8% of females and 10.2% of 
males undergoing IVF treatment. Anxiety dis-
orders were the most common diagnosis: 
14.8% of females and 4.9% of males were 
determined to be suffering from anxiety. Major 
depression was also common, with 10.9% of 
females and 5.1% of males presenting with 
symptoms  [  5  ] .  

   Depression and Anxiety 

 Highly emotional responses are expected when a 
patient presents with a serious medical condition, 
but when the patient presents with a condition 
such as infertility that is not life threatening, it can 
be dif fi cult to fully appreciate the profound psy-
chological effect it may have on the patient. In 
fact, psychological factors such as depression and 
anxiety in women experiencing infertility have 
been found to be similar to those of women with 
terminal illnesses such as heart disease, HIV+ sta-

tus, or metastatic cancer  [  6  ] . Despite the inherent 
physical invasiveness of IVF, most patients report 
the procedure as more of a psychological stressor 
than a physical one  [  7  ] . Speci fi cally, the most 
stressful period of IVF is consistently reported as 
the 2-week interval between embryo transfer and 
the pregnancy test even though this period has no 
additional physical intervention—no regular 
of fi ce visits or additional procedures  [  8  ] . 

 Even the USA legal system has acknowl-
edged the seriousness of infertility within the 
context of disabilities. The inability to conceive 
has been de fi ned as a major condition by the US 
Supreme court under the Americans with 
Disabilities Act. Bragdon v. Abbott, 524 U.S. 
624 (1998) (majority opinion). The court found 
that reproduction was a major life activity and 
conditions that interfere with reproduction can 
be severely debilitating. This psychological 
stress is consistent around the globe, as other 
studies have described signi fi cant increases in 
negative affect and anxiety in samples on infer-
tile persons from other parts of the world. 
Mahajan et al. compared infertile groups to con-
trol groups in India and found as the period of 
infertility persisted, negative affect and anxiety 
continued to rise  [  9  ] . 

 In addition to anxiety and depression, other 
psychiatric disorders have been found to be 
more prevalent in the infertile population, fur-
ther documenting the psychological disorders 
that the infertility population experiences. 
Sbaragli et al. conducted a psychological assess-
ment of 70 fertile and 81 infertile couples and 
found, in addition to depression and anxiety, a 
signi fi cant occurrence (18%) of binge eating 
disorder among the infertile group and none 
among the assessed fertile group  [  10  ] . In another 
study by Freizinger et al. past or present eating 
disorders were found in 20.7% of the infertile 
participants,  fi ve times higher than would be 
expected in the general population. It is interest-
ing to note that none of the participants in this 
study disclosed their eating disorder to their 
health care provider, indicating that this is a 
very dif fi cult population to identify and treat 
 [  11  ] . It is hypothesized that the lack of control 
that the patient experiences in their infertility 
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diagnosis and treatment can manifest itself as an 
eating disorder characterized by practicing overt 
control over food intake.  

   Relationship Issues 

 In addition to psychiatric symptoms, infertility 
distress can create discord in a couple’s relation-
ship which paradoxically, can be the very rela-
tionship identi fi ed as a helpful coping mechanism 
for managing the stress. Infertility is considered 
a life crisis and has an impact on both the indi-
viduals and the partnership. While women tend 
to have high levels of distress from the begin-
ning of the evaluation through the treatment, 
men also experience acute stress from the treat-
ment demands  [  12,   13  ] . The intense treatment 
schedules surrounding infertility treatment, and the 
timed (not spontaneous) nature of intercourse, 
can lead to a decreased desire for intimacy. Male 
sexual distress, speci fi cally erectile dysfunction, 
ejaculatory disorders, loss of libido, and a 
decrease in the frequency of intercourse, has 
been associated with lengthy diagnosis and 
treatment of infertility  [  14  ] . In a study by 
Peterson et al. it was found that couples were 
more likely to experience marital satisfaction if 
the partners perceived equal levels of infertility 
stress in each other. An incongruence of the 
intense need for parenthood was associated with 
low marital satisfaction and depression in 
women  [  15  ] . Consequently, communication 
about speci fi c stressors and the emotional invest-
ment in parenthood are very important in main-
taining a strong relationship which can help 
relieve stress. Marital strength is noted as one of 
the strongest predictors of treatment longevity 
as relational strain was frequently reported as 
the reason for premature discontinuation from 
treatment  [  16–  20  ] . The prevalence of stress in 
the infertile population is well documented 
throughout the diagnosis and treatment cycle. 
The speci fi c stressors can vary somewhat, but 
most have a cumulative effect. That is, if a 
patient or couple experiences many stressors at 
once without suf fi cient coping mechanisms, the 
resulting stress can be severely debilitating. It is 

therefore important to understand the different 
types of stressors to accurately assess the pres-
ent state of your patient.  

   Stressors: Social, Loss of Control, 
Biological, and Financial 

   Social Stressors: Family and Friends 

 The stressors experienced by the infertility 
patient can be obvious and well known to both 
patient and practitioner, or more covert, but all 
elicit a profound effect on the overall treatment 
experience, duration, and outcome. One of the 
most obvious and seemingly innocuous stres-
sors is the verbal pressure to conceive by family 
and friends. This social pressure can be over-
whelming, especially in some religious and tight 
knit communities, to the point of becoming 
debilitating to relationships within the commu-
nity and the couple itself. Some cultures may 
overtly ostracize those who cannot conceive or 
may allow a man to divorce his wife based on 
her infertility  [  21  ] . The infertility diagnosis is 
not only a medical diagnosis, but it also de fi nes 
a social condition in that childlessness is deemed 
unacceptable in many societies. A study con-
ducted by Noorbala et al. on Iranian infertile 
couples states that “as in many oriental coun-
tries, the extended family type is dominant in 
Iran, with relatives providing opinions and com-
ments”  [  22  ] . Furthermore, an additional study 
by Noorbala et al. found a total of 81.3% of sur-
veyed infertile participants reported that the 
main stressor in their lives was relatives’ com-
ments about their infertility  [  23  ] . Thus, para-
doxically, the very support system, family and 
friends, that can be bene fi cial for the couple, can 
also be the most intense source of stress. Over 
time, the couple chooses not to participate in the 
social activities within their community, avoid-
ing the questions but also the support that could 
be bene fi cial. Even in western nations such as 
the USA, parenthood provides access to certain 
social circles and exclusion from these groups is 
both painful and isolating. Understandably, 
women describe the most dif fi cult aspect of 
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infertility as being in the presence of women 
who are pregnant or have infants; attempting to 
avoid these stressful triggers leads to the social 
isolation which can exacerbate the level and 
severity of stress  [  24  ] . 

 Menning describes the infertile couple as 
being in a state of mourning over the loss of unre-
alized potential in the unborn child, and the cou-
ple or individual passes through all the known 
stages of grief (state of shock, denial, anger and 
isolation, and  fi nally acceptance)  [  25  ] . Some 
individuals in the couples’ lives may have 
dif fi culty acknowledging the grieving process as 
they may not understand the loss of something 
that never existed. This leads again to yet greater 
isolation and deterioration of the psychological 
state  [  26  ] .  

   Loss of Control as a Stressor 

 The loss of unrealized potential and the loss of 
control over one’s future identity generate an 
additional stressor. Particularly in the modern 
world, individuals expect to have some level of 
control over their future and what roles they 
will undertake in society. There is an assump-
tion that birth control will control our repro-
ductive future and most assume this control 
includes an ability to conceive as soon as the 
birth control is removed. One of the most 
dif fi cult situations to handle is the loss of con-
trol resulting from infertility  [  24  ] . Experiencing 
a lack of control over one’s own body and 
reproductive choice can result in anger and 
confusion. The unrealized identity as “mother,” 
“dad,” or “parent” can raise core identity issues 
resulting in diminished self-worth and dam-
aged self-esteem  [  27  ] . The inherent impact of 
this perceived loss of control may manifest 
itself by imbalance, being so focused on 
becoming a parent that all other goals become 
superseded by the need to have a baby, further 
deteriorating social connections even career 
goals. “For many couples, their infertility 
becomes the focal point of daily discourse and 
tasks, often to the exclusion of other important 
aspects of life”  [  24  ] .  

   Biological Stressors 

 Waiting to conceive creates additional problems 
because as the biological processes of the body 
ages, fertility is reduced  [  28  ] . The social pressure 
for a woman to succeed in a career is also strong 
in some contemporary societies, especially in 
highly educated groups. This situation may com-
pel women into postponing the attempt to con-
ceive until after a career is established or after 
schooling is  fi nished. A survey of university stu-
dents in Sweden revealed that about half of the 
women reported that they intended to wait to 
have children until after the age of 35  [  29  ] . In this 
scenario, the couple is likely to face a “biological 
clock” stressor in addition to the pressure pre-
sented by family and friends.  

   Financial Stressors 

 Finances can have a signi fi cant impact on the 
stress a couple experiences during infertility diag-
nostic testing and treatment. While some insur-
ance providers cover the cost of consultation, 
diagnosis, and treatment, many do not. Therefore, 
the choice to pursue a family through the ARTs is 
not only an emotional one but also can pose 
 fi nancial challenges. The couple that has waited 
to conceive until they are  fi nancially stable may 
very well  fi nd themselves in danger of  fi nancial 
ruin in order to conceive. The typical ART pro-
cess, including consultation, diagnosis, medica-
tions, and treatment can cost many thousands of 
dollars for one attempt at conception, frequently 
with less than a 50% chance of being successful. 
Obviously, cost alone is a very dif fi cult burden to 
bear but the addition of time taken off work for 
clinic visits is additionally stressful. Schenker 
describes the investigation into infertility as highly 
stressful because of the disturbance in day-to-day 
functioning from the repeated of fi ce visits, blood 
tests, and frequent ultrasound examinations in 
addition to several painful procedures such as 
hysterosalpingography (HSG), laparoscopy, and 
hysteroscopy. All of which are “time consuming 
and affect other aspects of life such as work and 
social activities”  [  26  ] .   



20513 Stress and ART

   Impact of Psychological Intervention 
on the Outcome of Infertility 
Treatment 

 Sources of stress and the resulting severity will 
vary somewhat, depending on the coping mecha-
nisms, social support, and the length of time the 
couple has attempted conception. While some 
individuals and couples will have strong coping 
strategies in place prior to treatment, some 
patients will need additional help securing 
resources and the skills to cope with the chronic 
stress which accompanies infertility treatment. 
Some patients will present as having strong cop-
ing mechanisms but as treatment and treatment 
failure persists, the coping mechanisms begin to 
weaken. Therefore, it is imperative that the prac-
titioner continually assess the patient’s present 
coping strategies as these can be very  fl uid with 
the treatment course. 

 Psychological stress can have a profound 
impact on physical and emotional health regard-
less of fertility, but the impact of stress reduction 
on infertility patients has, as of yet, been inade-
quately researched. Reducing the psychological 
burden on the patient can create a more pleasant 
infertility experience for both the patient and the 
staff, resulting in more positive feelings, or at 
least fewer negative experiences, for both. 
Theoretically, this creates an environment condu-
cive to continuing treatment until a successful 
outcome has been attained. As stated before, 
stress is a common occurrence during the treat-
ment process and a study by Domar et al. states 
that 39% of patients who prematurely dropout of 
treatment do so because of reported psychologi-
cal stress  [  30  ] . Boivin et al. state that treatment 
discontinuation is frequently linked to three fac-
tors: fear and negative treatment attitudes, psy-
chological and emotional factors, and relational 
strain  [  31  ] . Similar conclusions were made by 
Domar et al. and Rajkhowa et al. in two separate 
studies. Employing self-report questionnaires, 
these studies found that the most frequent reason 
for ending treatment was stress, speci fi cally the 
stress on the couple’s relationship followed by 
being too anxious and depressed to continue 

treatment  [  30,   32  ] . Consequently, psychological 
and psychosocial treatment has been noted as an 
essential element in the treatment of infertility, 
particularly with the most invasive of all treat-
ments, ART. It can be concluded that stress has 
an effect on fertility if only because patients may 
discontinue infertility treatment before success, 
the implications of which are profound on the 
patient and the infertility treatment team. In 
“willingness to pay” studies, it has been found 
that the infertile patient experiences some mental 
health bene fi ts from undergoing infertility treat-
ment with or without a live birth solely because 
the treatment reduces feelings of regret as the 
couple has a sense that they have done everything 
possible to secure a birth. It can also negatively 
impact the treatment team when the patient opts 
to prematurely end treatment, because the team 
may feel regret that they were not able to provide 
a successful pregnancy within the context of 
everything they could do  [  31  ] . For these reasons, 
it is imperative that the patient remain in treat-
ment as long as reasonably necessary to ensure 
physical and psychological health. In order to 
create an atmosphere where this is possible, it is 
necessary to address and reduce stress levels in 
the patient.  

   The Effectiveness of Psychological 
Interventions 

 The ability to reduce psychological stress in 
infertility patients will yield bene fi t on multiple 
fronts. Several studies have examined the effec-
tiveness of various approaches to reduce stress. 
In a meta-analysis of the literature on psychoso-
cial interventions Boivin et al. state that about 
half of the studies employing interventions to 
reduce stress were successful, of particular note, 
these interventions uniformly reduced infertility-
speci fi c distress. It is hypothesized that when 
stress is reduced among patients undergoing 
infertility treatment, the tendency to end treat-
ment prematurely will likewise be reduced, 
thereby increasing the chances that a patient 
will successfully end treatment with a baby. 
Additionally, Boivin found that psychosocial 
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interventions were successful in reducing stress 
and had a positive impact on pregnancy rates not 
just treatment longevity  [  33  ] . Another study by 
Ramezanzadeh et al. found a combination of 
psychotherapy and antidepressant medication 
on depressed infertile patients yielded a 
signi fi cantly higher pregnancy rate in the inter-
vention group (47.1%) when compared to the 
control group (7.1%)  [  34  ] . This underscores the 
importance of including psychosocial resources 
in order to produce the best and most successful 
care for the patient.  

   Types of Effective Psychosocial 
Therapy 

 Several studies have found speci fi c types of psy-
chosocial interventions to be effective in reduc-
ing the stress of patients participating in infertility 
treatment  [  35–  37  ] . Some of the most common 
highly researched therapies for infertility distress 
include cognitive behavioral therapy (CBT), 
relaxation training, behavioral modi fi cation, and 
group education/support. 

 Cognitive behavioral therapy (CBT) was 
designed by Aaron Beck and has been widely 
used to treat many different psychological issues. 
CBT is based upon the premise that maladaptive 
thought patterns are the cause of psychological 
pain and by restructuring the negative thoughts, 
the patient can change the resulting negative feel-
ings. The negative thoughts shape the patient’s 
reality, creating a self-ful fi lling prophecy in 
which the patient can only focus on the events 
that con fi rm the negative thoughts (i.e., a failed 
IVF attempt) as opposed to the other very real 
facts that can give hope (a normal FSH level, sev-
eral frozen good quality embryos). Sole attention 
to the negative aspects allows the mind to spiral 
into hopelessness and loss of control leading to 
depression and anxiety. Through several sessions, 
CBT critically examines defective thought pat-
terns that create the psychological pain and 
teaches the patient techniques to restructure the 
thoughts to allow for a paradigm shift into hope-
fulness. The effectiveness of this technique has 
been well researched. A study by Faramarzi et al. 

randomly assigned 89 depressed infertile women 
in Iran to three groups: receiving CBT, antide-
pressant drug therapy, or no intervention. The 
CBT group participated in ten sessions of therapy 
providing relaxation training and cognitive 
restructuring typical of CBT. 79.3% of the women 
in the CBT group were free of depression, while 
drug therapy provided relief for 50% of women 
and only 10% of the control group experienced 
relief  [  37  ] . 

 Research has uncovered additional effective 
means for treating distress symptoms in patients 
undergoing infertility treatment, including a cog-
nitive behavioral approach speci fi cally designed 
for those participating in infertility treatment. The 
 fi rst mind/body program for infertility was devel-
oped in 1987 using a combination of approaches 
including cognitive strategies, group support, 
relaxation techniques, and stress management 
with the goal of teaching basic skills for reducing 
distress. Participation in the mind/body program 
resulted in signi fi cant decreases in psychological 
symptoms such as depression, anxiety, and hostil-
ity in addition to decreases in physical symptoms 
such as fatigue, headaches, insomnia, and abdom-
inal pain  [  38  ] . Of particular note, an additional 
study published in 2011 found a positive effect on 
pregnancy rates in IVF patients randomized to 
participate in a mind/body program. Domar et al. 
found that signi fi cantly higher pregnancy rates 
occurred in patients randomly assigned to attend a 
10 week mind/body program as compared with 
those assigned to the control group. Fifty-two per-
cent of the women who attended more than half of 
the mind/body program were pregnant in their 
second IVF cycle, compared to a pregnancy rate 
of 20% in the control group  [  39  ] . Additional 
research further illustrates that effective interven-
tions consisting of at least  fi ve sessions of coun-
seling, education, and group support results in 
less depression and anxiety and an increase in life 
satisfaction. In the control group undergoing 
infertility treatment with no psychosocial treat-
ment, no such improvements were seen  [  40,   41  ] . 
The aforementioned meta-analysis by Boivin 
found that interventions including a cognitive and 
educational component, focusing on teaching 
coping skills and providing information were 
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more effective than traditional counseling or sup-
portive interventions, the latter emphasizing emo-
tional expression  [  33  ] . It has been acknowledged 
that traditional counseling may be more effective 
in a population with chronic mental health issues. 
The infertile population experiences depression 
and anxiety acutely in correspondence with their 
infertility diagnosis and otherwise experiences 
strong mental health which may account for the 
lack of effectiveness of traditional psychotherapy 
 [  35  ] . Importantly, an additional randomized 
controlled study by Domar et al. found that 
patients participating in counseling interventions 
emphasizing emotional expression experienced 
signi fi cantly higher pregnancy rates and lower 
levels of psychological symptoms than the control 
subjects  [  36  ] . Psychosocial interventions have 
been found to have a signi fi cant effect on reduc-
ing distress in the infertility population through 
mind/body programs emphasizing cognitive 
behavioral techniques, relaxation training, group 
support, and education. It is through these 
resources that the treatment staff can support the 
patient participating in infertility treatment, and 
ensure the most positive outcome of treatment.  

   Does Stress Cause Infertility? 

 The effect stress has on fertility itself is an intensely 
debated topic. A recent study concluded that the 
likelihood of conception in women that have just 
started attempting pregnancy was negatively 
affected by distress  [  42  ] . Another study revealed 
strong evidence supporting the notion that stress 
affects pregnancy outcome. Klonoff-Cohen found 
that subjects who expressed the lowest baseline 
level of distress were 93% more likely to have a 
live birth when compared to subjects who reported 
the highest baseline level of distress  [  43  ] . However, 
some studies ended with the opposite conclusion. 
A recent meta-analysis of 14 studies indicated that 
there is no relationship between distress and preg-
nancy  [  44  ] . It is notable that the 14 studies reviewed 
represented roughly half of the studies available at 
the time, and in these studies, distress was only 
ascertained at one point in time and this point var-
ied from 3 months prior to cycle start to early in 

the cycle. In addition, another study found that 
stress may have a positive effect on pregnancy. 
Domar et al. concluded that a moderate level of 
stress prior to IVF treatment resulted in higher 
pregnancy rates, as long as the stress was reduced 
during the course of treatment  [  45  ] . This conclu-
sion follows the Yerkes-Dodson Law in psychol-
ogy stating that there exists an optimum level of 
stress—not too much and not too little. 
Consequently, these studies illustrate the need 
for further research to determine the effect that 
psychological stress has on fertility.  

   Summary 

 It is widely accepted that patients who go through 
infertility treatment experience high levels of 
depression and anxiety as well as stress. The 
types and severity of emotional distress will vary 
with the individual patient and couple. It is impor-
tant to recognize the relationship that exists 
between infertility and stress, and the different 
stressors, in order to fully and successfully treat 
the patient. This chapter has reviewed some of 
the most widely researched psychosocial inter-
ventions that have been found to be effective in 
reducing stress, and encourages use of these 
interventions. No matter how stress is reduced, 
reduction will help create a positive experience 
for both the patients and the treatment team 
involved in infertility diagnosis and treatment.      
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         Introduction 

 With the development of combination chemo-
therapy and radiotherapy for the treatment of 
malignancies, prognoses have dramatically 
improved, shifting the area of focus towards 
preventing posttreatment complications, such as 
infertility. At the same time, the last decade has 
seen signi fi cant progress in the  fi eld of fertility 
preservation. Several methods are now available 
to safeguard fertility, and it is the oncologist’s 
and the reproductive endocrinologist’s ethical 
and moral responsibility to discuss these issues 
with all girls and women with reproductive 
potential, who are subjected to potentially 
gonadotoxic therapy.  

   Indications for Fertility Preservation 

 Fertility preservation may be required for both 
oncological and non-oncological indications. 

   Oncological Indications 

 Cancer treatment is the most frequent cause of 
ovarian damage in women. Both chemo- and 
radiotherapy may result in ovarian damage. 

   Chemotherapy 
 Ovaries are very sensitive to cytotoxic treatment, 
especially to alkylating agents (e.g., cyclophos-
phamide, busulfan, melphalan, chlorambucil, 
dacarbazine, procarbazine, ifosfamide, thiotepa, 
and nitrogen mustard), which are classi fi ed as 
high risk for gonadal dysfunction (for review, see  [  1  ] ) 
(Table  14.1 ). Cyclophosphamide is the agent 
most commonly implicated in causing damage to 
oocytes and granulosa cells in a dose-dependent 
manner  [  2    ].  

 Follicular destruction induced by alkylating 
agents generally results in loss of both endocrine 
and reproductive function, depending on the dose 
and age of the patient. For example, Larsen et al.  [  3  ]  
reported a fourfold increased risk of POF in teenag-
ers treated for cancer, and the risk increased by a 
factor of 27 in women between 21 and 25 years of 
age. Complete amenorrhea was reported after a 
dose of 5 g of cyclophosphamide in women over 40 
years of age, and after doses of 9 and 20 g in women 
of 30–40 and 20–30 years of age, respectively  [  4  ] . 
A combination of various chemotherapeutic agents 
further increases gonadal toxicity. After MOPP/
ABV [Mustargen ( mechlorethamine—nitrogen 
mustard), Oncovin (vincristine—plant alkaloid), 
Procarbazine (alkylating agent), Prednisone/
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Adriamycin (doxorubicin), Bleomycin (antibiotic), 
Vinblastine (plant alkaloid)] hybrid chemotherapy, 
Schilsky et al.  [  5  ]  found that amenorrhea developed 
in 89 and 20% of patients over and under 25 years 
of age at the time of treatment, respectively. The 
median age of patients who became amenorrheic 
after therapy was signi fi cantly higher than that of 
patients who maintained normal menses (26 years 
vs. 20 years;  p  = 0.008). 

 The mechanisms by which chemotherapy 
impairs ovarian function have not yet been com-
pletely elucidated. Besides direct destruction of 
primordial oocytes  [  6,   7  ] , vascular damage and 
 fi brosis may contribute to follicular loss  [  7  ] . 
Another potential mechanism of primordial 
oocyte loss is explained by the burnout theory. 
When exposed to chemotherapy, growing folli-
cles are destroyed and, as a consequence, inhibi-
tory paracrine factors like anti-Müllerian hormone 
are decreased. These changes induce continuous 
recruitment of primordial follicles “burning out” 
the ovarian reserve.  

   Radiotherapy 
 Gonadal damage by radiotherapy mainly depends 
on total irradiation dose and age at irradiation, 
with very little hope of persistent ovarian function 
after 10 Gy of radiotherapy. A model has been 
developed to predict the age of menopause onset 
according to radiation dose and age at irradiation 
 [  8  ] . This model has the great virtue of showing 
that even if ovarian function is maintained after 
irradiation, the risk of POF is nevertheless high. 
On the other hand, when chemotherapy is associ-
ated with radiotherapy, as is usually the case, this 

model often overestimates the age of menopause 
onset and omits the additional deleterious effects 
of combined chemotherapy. 

 In addition to ovarian injury, total body irradia-
tion (TBI) may cause damage to uterine vascular 
and muscular structures, resulting in diminished 
uterine blood  fl ow, reduced uterine volume, 
decreased endometrial thickness, and loss of dis-
tensibility. When analyzing reports on pregnancy 
after bone marrow transplantation (BMT)  [  9–  12 ], 
it appears that for women who conceive, there is 
an increased risk of preterm delivery (PTD) and 
low birth weight in women who have previously 
undergone BMT, and that the increased risk of 
PTD is more pronounced after TBI  [  12,   13  ] . 
Irradiation affecting the uterus in childhood and 
adolescence is associated with a higher incidence 
of spontaneous miscarriage and intrauterine 
growth retardation  [  13,   14  ] . The extent of the 
impact of radiation on the uterus may be less pro-
nounced if administered after puberty. Women 
exposed to pelvic radiation after puberty have a 
larger uterus and a greater likelihood of live birth 
than those exposed prior to puberty  [  15  ] .   

   Non-oncological Indications 
(Table  14.2 ) 

    Certain benign conditions, such as myelodyspla-
sia, aplastic anemia, thalassemia, drepanocyto-
sis, and multiple sclerosis, as well as severe 
rheumatic diseases, like Wegener’s syndrome, 
polyarthritis, and systemic lupus erythematosus, 
may also necessitate administration of high doses 

   Table 14.1    Gonadotoxicity of cytotoxic agents   

 High risk  Intermediate risk  Low/no risk 

 Cyclophosphamide  Adriamycin (doxorubicin)  Methotrexate 
 Busulfan  Cisplatin  Bleomycin 
 Melphalan  Carboplatin  5-Fluorouracil 
 Cholarambucil  Actinomycin D 
 Dacarbazine  Mercaptopurine 
 Procarbazine  Vincristine 
 Ifosfamide 
 Thiotepa 
 Nitrogen mustard 
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of chemotherapy with or without BMT. In these 
patients too, fertility preservation options should 
be contemplated. 

 Repeat ovarian surgery, especially for endo-
metriomas, may be associated with POF. 

 POF may also be related to endocrine or 
genetic diseases, such as galactosemia and Turner 
syndrome. Although 30% of girls with Turner 
syndrome undergo spontaneous pubertal develop-
ment, only 2–5% experience spontaneous menses 
with the potential to achieve pregnancy without 
medical intervention  [  16  ] . Ovarian function 
appears to be preserved for longer in patients with 
mosaic Turner syndrome  [  16,   17  ] . Cryopreservation 
of ovarian tissue has therefore been proposed to 
girls with Turner syndrome, especially those with 
the mosaic type  [  1,   16,   18,   19  ] .   

   Options for Fertility Preservation 

 Several options have been proposed for the pres-
ervation of fertility in cancer patients. The choice 
of the most suitable strategy depends on different 
parameters, such as age, type of gonadotoxic 
treatment, timing of chemotherapy, partner  status, 
and risks related to the technique. Fertility coun-

seling should be adapted to individual patients 
and based on a thorough knowledge of the 
ef fi cacy, risks, and technical aspects associated 
with the different fertility preservation methods. 
The most important issue to consider is ensuring 
that the intervention does not harm the patient or 
alter her prognosis by signi fi cantly delaying can-
cer treatment. 

   Medical Therapy 

 On the basis of observations that premenarchal 
girls are less affected by gonadotoxic treatments, 
oral contraceptives and gonadotropin-releasing 
hormone agonists (GnRHa) have been used to 
create a hypogonadotropic state, with low folli-
cle-stimulating hormone (FSH) and luteinizing 
hormone (LH) concentrations causing decreased 
follicular recruitment. However, no protective 
effect of oral contraceptives has been identi fi ed 
 [  20–  22  ] , and serious doubts remain about the 
ef fi cacy of GnRHa. Initial studies showing a 
protective effect were nonrandomized, with 
small patient numbers and historical controls, 
and used menstruation, not fertility, as an end-
point measure. Although meta-analyses  [  23–  26  ]  
and three randomized controlled trials (RCTs) 
showed a protective effect of GnRH agonists 
 [  27–  29  ] , a third RCT in women with Hodgkin’s 
lymphoma treated with highly gonadotoxic regi-
mens was recently prematurely halted due to 
lack of protection  [  30  ] . The recent ZORO study 
reported no signi fi cant difference in the restora-
tion of spontaneous cycles and hormone pro fi les 
after GnRHa cotreatment compared with con-
trols in patients up to 45 years of age treated for 
breast cancer  [  31  ] . 

 At present, the only clear advantage of hormone 
treatment is prevention of uterine bleeding, which 
is especially important in women with hematologi-
cal malignancies or those undergoing myelosup-
pressive therapy who may experience severe 
menorrhagia requiring transfusion due to low plate-
let counts. The  fi ndings of ongoing RCTs in the 
UK and the US need to be taken into account before 
any de fi nitive conclusions can be reached. In the 
meantime, this approach is not recommended. 

   Table 14.2    Nonmalignant pathologies with risk of pre-
mature ovarian failure   

  Bone marrow   transplantation  
 Sickle cell anemia 
 Thalassemia major 
 Aplastic anemia 
 Autoimmune diseases unresponsive to immunosuppres-
sive therapy 
  Autoimmune diseases   requiring chemotherapy  
 Systemic lupus erythematosus 
 Rheumatoid arthritis 
 Behçet’s disease 
 Wegener’s disease 
 Multiple sclerosis 
  Ovarian pathologies  
 Recurrent ovarian cysts 
 Ovarian torsion 
  Endocrine or   genetic diseases  
 Turner syndrome 
 Galactosemia 
 Family history of premature ovarian failure 
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 Other molecules are under investigation for 
fertility preservation. These molecules could 
directly prevent DNA damage caused by chemo-
therapeutic agents on gonads without interfering 
with their ef fi ciency. In mice, oocytes lacking the 
gene for acid sphingomyelinase or wildtype 
oocytes treated with sphingosine-1 phosphate 
resisted apoptosis induced through anti-cancer 
therapy  [  32  ] . Sphingosine 1-phosphate also pre-
served fertility in irradiated female mice without 
propagating genomic damage to offspring  [  33  ] . 
Other experiments in mice show that AS101, a 
nontoxic immunomodulator, can speci fi cally pro-
tect against cyclophosphamide-induced damage 
in the testes  [  34  ] .  

   In Vitro Fertilization and Embryo 
Cryopreservation 

 In vitro fertilization (IVF) followed by cryo-
preservation of embryos is a well established pro-
cedure for fertility preservation. Several issues 
should nevertheless be discussed when consider-
ing this technique for fertility preservation 
purposes. 

   Fertility Preservation Outcomes 
 The latest  fi ndings from the Society for Assisted 
Reproductive Technology and the European IVF 
Monitoring Program report a pregnancy rate of 
34% following frozen-thawed embryo transfer in 
women under 35 years of age and an overall preg-
nancy rate of 19%  [  35,   36  ] . However, there are 
few published studies on pregnancy rates after 
IVF carried out as an emergency procedure in 
cancer patients. In most studies, the mean num-
ber of oocytes retrieved and embryos obtained in 
women undergoing IVF before chemotherapy is 
not different from women undergoing routine 
IVF  [  37–  39  ] , although the duration of stimula-
tion and gonadotropin doses may be increased 
 [  40  ] . A recent meta-analysis on ovarian response 
to stimulation for fertility preservation in women 
with cancer  [  41  ]  found that slightly fewer mature 
oocytes were obtained from women with cancer, 
but stimulation durations and fertilization rates 
did not differ between women with or without 

cancer. An average of 9–10 oocytes  [  42  ]  and 6 
embryos  [  39  ]  (60% fertilization rate)  [  43,   44  ]  
may be expected, but this is variable and depen-
dent on a woman’s ovarian reserve and age, and 
ovulation-induction protocol chosen.  

   IVF Protocols 
 A classic IVF cycle starts during the early follicu-
lar phase and takes approximately 2–5 weeks. This 
delay before cancer treatment could potentially 
alter the prognosis, so it is essential to have the 
oncologist’s approval before discussing this option 
with the patient. However, luteal phase IVF is now 
feasible, reducing the delay before chemotherapy. 
Follicular recruitment occurs in waves, so it is pos-
sible to stimulate recruitment of a new wave of 
oocytes even after ovulation. Preliminary results 
suggest that this timing may yield similar results to 
follicular phase IVF  [  45  ] . 

 Emergency IVF should not be proposed after 
a  fi rst course of chemotherapy. Indeed, the num-
ber of embryos obtained is very low  [  46  ]  and 
concerns have been raised about the quality of 
embryos derived from oocytes harvested after 
recent exposure to chemotherapy and the risks of 
increased congenital malformations  [  47  ] . 

 Protocols using GnRH antagonists should be 
favored, as they are associated with a lower risk of 
ovarian hyperstimulation syndrome (OHSS)  [  44  ] , 
and there is no wait to ensure downregulation has 
occurred prior to the start of ovulation induction. 

 In some hormone-dependent cancers (e.g., 
breast cancer, endometriod ovarian cancer, endo-
metrial cancer), elevated estrogen levels associ-
ated with ovarian stimulation and IVF might have 
a deleterious effect on the disease or on treatment 
ef fi cacy  [  42  ] . Stimulation protocols using tamox-
ifen and aromatase inhibitors alone or in combi-
nation with exogenous FSH have thus been 
proposed to women suffering from breast cancer 
 [  48  ] . Stimulation protocols using letrozole along-
side gonadotropins are currently preferred over 
tamoxifen protocols, as treatment with letrozole 
has been shown to be associated with a higher 
number of retrieved and fertilized oocytes, and 
lower circulating estradiol levels, compared to 
tamoxifen protocols  [  49  ] . Moreover, short-term 
(2 year) follow-up of breast cancer patients 
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undergoing ovarian stimulation with letrozole for 
fertility preservation has not shown any detri-
mental effects on survival  [  50  ] . However, as 
breast cancers may recur 20 years later, long-term 
follow-up data are needed. 

 Further improvements in letrozole stimulation 
protocols have been reported. Triggering oocyte 
maturation with GnRHa instead of human chori-
onic gonadotropin (hCG) decreases estradiol 
exposure after trigger more rapidly, further reduc-
ing the risk of OHSS, a known complication of 
controlled ovarian stimulation  [  51  ] . Although 
aromatase inhibitors are contraindicated during 
pregnancy, data indicate that fertility treatments 
with letrozole are safe and that letrozole use 
before conception is not associated with increased 
risks for the fetus  [  52  ] . 

 As far as the actual cryopreservation technique 
is concerned, there is no statistical difference 
between pregnancy rates after slow freezing or 
vitri fi cation of embryos  [  53  ] , although vitri fi cation 
might prove to be more effective in the future, par-
ticularly when blastocysts are frozen. At present, 
the method of choice should be determined by the 
assisted reproductive technology (ART) center 
itself based on its own experience and statistics.  

   Limitations of IVF and Embryo 
Cryopreservation 
 Besides the previously mentioned risks of delay 
in cancer treatment and potential stimulation of 
estrogen-dependent tumors, embryo cryopreser-
vation is mostly reserved for adult women with a 
partner. However, living with cancer, enduring 
oncological treatment, and being a cancer survi-
vor are all psychologically very demanding. Even 
when a relationship appears secure, it is impos-
sible to guarantee that this will remain the case. 
Other techniques that preserve the patient’s own 
fertility should therefore be proposed in addition 
to embryo cryopreservation.   

   IVF and Cryopreservation of Mature 
Oocytes 

 Cryopreservation of oocytes obtained by ovula-
tion induction and oocyte retrieval for future 

use in IVF represents an alternative method for 
fertility preservation, especially in women 
without a partner. 

 The  fi rst birth after human oocyte cryopreser-
vation was reported back in 1986  [  54  ] . However, 
low oocyte survival rates and low fertility poten-
tial due to problematic freezing processes (slow 
freezing) were impediments to successful repro-
duction, with live birth rates of just 2% per oocyte 
 [  55  ] . Vitri fi cation protocols have since greatly 
improved upon these results. In a meta-analysis 
conducted by Cobo and Diaz in 2011, vitri fi cation 
methods were shown to yield higher fertilization, 
cleavage, and embryo quality rates than slow 
freezing in egg donors  [  56  ] . 

 In experienced hands, vitri fi ed oocytes 
obtained after IVF in a non-oncological popula-
tion yield 80–95% survival rates after thawing, 
75% fertilization rates, clinical pregnancy rates 
per cycle of 45–65% and live birth rates of 40% 
 [  35,   57  ] . Pregnancy rates in centers specialized in 
egg donation are similar with fresh and vitri fi ed 
oocytes  [  58  ] . Despite concerns being raised about 
the toxicity of high doses of cryoprotectants 
needed for vitri fi cation of oocytes, no increase in 
congenital anomalies was observed in a series of 
more than 1,000 infants born following oocyte 
vitri fi cation  [  59,   60  ] . 

 The  fi rst live birth achieved after vitri fi cation 
of mature oocytes before cancer treatment was 
reported in 2007  [  61  ] . However, success rates of 
vitri fi cation of mature oocytes in the context of 
cancer are much less well documented. Very little 
has been published on pregnancy rates, making it 
dif fi cult to give any clear idea of likely success 
rates when discussing this alternative with women 
prior to cancer treatment.  

   In Vitro Maturation for Oocyte or 
Embryo Cryopreservation 

 Immature oocytes can be collected during unstim-
ulated cycles for fertility preservation. The speed 
of the technique, absence of elevated estrogen 
levels and OHSS risks, and possibility of applica-
tion to oocytes obtained during ovarian tissue 
sampling for cryopreservation  [  62–  64  ]  make this 



216 P. Jadoul et al.

technique very attractive for women suffering 
from cancer. In vitro maturation (IVM) has 
become an effective treatment option for many 
infertile women, especially with polycystic ova-
ries, resulting in the birth of over 2,000 healthy 
infants without any increase in fetal abnormali-
ties or miscarriage rates in comparable subjects 
 [  35  ] . However, despite satisfactory pregnancy 
rates, overall pregnancy rates remain lower than 
those achieved in IVF cycles using in vivo 
matured oocytes  [  65  ] . 

 In experienced centers, women undergoing 
IVM before cancer treatment can expect retrieval 
of 8–17 immature oocytes, maturation rates of 
50–60% and fertilization rates of 60–70% 
 [  66,   67  ] . HCG is administered when the largest 
follicle seen on ultrasound measures 12 mm, and 
oocytes are collected approximately 36 h after 
HCG injection  [  67  ] . Compared to the 2–5 weeks 
required for a stimulated IVF cycle, immature 
oocyte retrieval can be done within 2–10 days. 
Immature oocytes can even be collected during 
the luteal phase, with similar results to follicular 
phase retrieval  [  35,   66  ] . The process of luteal 
phase retrieval is performed either 36 h after hCG 
administration, or after a few days of gonadotro-
pin administration followed by hCG administra-
tion. However, to our knowledge, no pregnancies 
have been reported after fertilization of in vitro-
matured oocytes harvested and vitri fi ed before 
cancer therapy.  

   Ovarian Cortex Cryopreservation 

 Harvesting and cryopreservation of ovarian tis-
sue before sterilizing chemo- and/or radiother-
apy have been increasingly implemented and 
documented during the past decade. The main 
aim of this strategy is to reimplant ovarian tis-
sue in case of POF, and its major advantage is 
that it is applicable in prepubertal girls  [  68  ]  and 
women who cannot delay the start of chemo-
therapy. The  fi rst live birth obtained using this 
technique was published in 2004  [  69  ] . At least 18 
pregnancies have since been described after reim-
plantation of frozen-thawed ovarian tissue 
 [  70–  72  ] , with estimated pregnancy rates of 

30%. Analysis of the literature yields a wealth 
of information that can be used when counsel-
ing such patients.  

   Ovarian Tissue Cryopreservation 

   Important Points That Should Be Included 
in the Research Protocol 

    Ovarian tissue harvesting can be performed by • 
laparoscopy at any age, without postponing 
chemotherapy. A maximum age limit of 
35–37 years is recommended. All pregnancies 
but one achieved by this technique were in 
women who had had their ovarian tissue cryo-
preserved before the age of 30.  
  The risks of general anesthesia must be • 
assessed, particularly in patients with medi-
astinal masses.  
  The quantity of ovarian tissue removed should • 
be in fl uenced by the expected probability of 
POF (i.e., biopsy of a portion of the ovarian 
cortex of one ovary vs. oophorectomy). At the 
time of ovarian sampling, once the tissue is in 
the laboratory, visible follicles can be aspirated 
and IVM performed  [  62–  64  ] .  
  Biopsies should be histologically evaluated to • 
exclude tumor cells and con fi rm the presence 
of follicles.  
  Removed ovarian tissue should be transported • 
on ice. If necessary, transport is feasible over an 
extended period of time (up to 24 h)  [  70,   73  ] .  
  The most ef fi cient method of cryopreservation • 
at present appears to be slow freezing.     

   Ovarian Tissue Reimplantation 
    The oncologist’s approval should be obtained • 
before proceeding with ovarian tissue reim-
plantation. All pregnancies achieved after 
reimplantation of frozen–thawed ovarian tis-
sue occurred after orthotopic reimplantation 
(i.e., reimplantation into the original site 
where the ovary was located). Orthotopic 
ovarian tissue reimplantation can be performed 
by laparoscopy or laparotomy, and the choice 
of technique depends on the individual sur-
geon’s skill and experience. In the largest 
reported series  [  71  ] , a peritoneal window 
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(Fig.  14.1 ) created close to the ovarian hilus 
and the ovarian medulla (Fig.  14.2 ) both 
appear to be equally ef fi cient sites of reim-
plantation. Large strips (8–10 mm × 5 mm) 
and small cubes (2 × 2 mm) of tissue both 
restore ovarian function. Restoration of ovar-
ian function occurs 3½–6½ months after reim-
plantation, and takes longer in patients who 
underwent chemotherapy before cryopreser-
vation than in those who did not. Persistence 
of restored ovarian function has been described 
for up to 5 years. This duration is shorter in 
women who received chemotherapy before 
cryopreservation, and longer in patients 
younger at the time of cryopreservation. 
Several women have obtained more than one 
pregnancy after ovarian tissue reimplantation. 
More than 50% of women who achieved preg-
nancy were able to conceive naturally.    
  In women undergoing IVF, an increased rate • 
of empty follicle syndrome (as high as 
29–35%) was observed  [  73–  75  ] . No congeni-
tal anomalies have so far been encountered in 
children born using this technique. A 
signi fi cant concern is the possibility of ovar-

ian tissue contamination by malignant cells. 
In case of Hodgkin’s and non-Hodgkin’s 
lymphoma, the risk is minimal, if not nonex-
istent. In case of leukemia, malignant cells 
may be present in the bloodstream, running 
the risk of being transferred  [  76–  78  ] . 
Whenever there is a theoretical risk that the 
frozen tissue may contain malignant cells, all 
available tests to exclude minimal residual 
disease should be performed. Besides histo-
logical evaluation, analyses by PCR and 
xenografting to nude mice are available 
options. Meirow et al.  [  77  ]  recently identi fi ed 
chronic myeloid leukemia (CML) cells in 
frozen-thawed ovarian tissue from a patient 
with the disease using reverse transcription 
quantitative real-time polymerase chain reac-
tion (RT-qPCR), which proved positive for 
BCR-ABL1 transcripts. This avoided trans-
plantation of the stored tissue.    
 In a recent study by our team  [  76  ] , histology 

failed to detect malignant cells in fresh and fro-
zen ovarian tissue from CML and acute lympho-
blastic leukemia (ALL) patients. However, using 
disease-speci fi c PCR techniques, we found 

  Fig. 14.1    Ovarian cortex reimplantation in a peritoneal 
pocket. ( a ) Peritoneal pocket in the broad ligament. ( b ) 
Large pieces of ovarian cortex placed in the peritoneal 

pocket. ( c ) Small cubes of ovarian cortex placed in a peri-
toneal pocket under the fallopian tube       
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 contamination of ovarian tissue by leukemic 
cells in respectively 33 and 70% of CML and 
ALL patients. Indeed, tissue from two out of six 
CML patients proved positive for BCR-ABL1 by 
RT-qPCR. Among the 12 ALL patients, 10 had 
available molecular markers and seven of them 
showed positive leukemic markers in their ovarian 
tissue (translocations or rearrangement genes). 
This study demonstrated that RT-qPCR was able 
to detect ovarian contamination by malignant 
cells in acute as well as chronic leukemia, while 
histology failed to do so.  

   What to Do if Cancer Cells Are or May Well 
Be Present in Ovarian Tissue 
 In case of risk of contamination, ovarian reimplan-
tation should be avoided. To avoid possible reim-
plantation of malignant cells (in case of leukemia, 
for example), two approaches are possible:
    1.    Reimplantation of isolated follicles in an 

arti fi cial ovary or scaffold  [  71,   76,   79  ] .  
    2.    IVM of primordial follicles  [  80–  82  ] .     
 The  fi rst approach involves grafting isolated fol-
licles enzymatically puri fi ed from frozen-thawed 
ovarian tissue  [  83,   84  ] . Research is currently 

under way to design a scaffold to act as an 
 effective support for these follicles. Creation of 
an arti fi cial ovary  [  71,   76,   79  ]  is a further avenue 
warranting ongoing investigation, with the poten-
tial to solve all these issues in the future. 

 IVM of follicles within pieces of cryopreserved 
ovarian tissue is another way of circumventing this 
problem, but has not yet yielded pregnancies. 
Protocols for long-term in vitro culture of human 
ovarian cortical tissue are nevertheless being devel-
oped  [  80,   82,   85  ] . It was recently demonstrated that 
it is possible to achieve accelerated maturation and 
development of primordial and primary follicles 
using a two-step culture system  [  82  ] . Follicles were 
shown to maintain bidirectional communication 
between somatic cells and germ cells, creating an 
environment conducive to oocyte growth and nor-
mal steroid production  [  86  ] . Our preliminary results 
indicate that alginate hydrogels may be a suitable 
system for in vitro culture of isolated human prean-
tral follicles. A total of 159 small preantral follicles 
from frozen-thawed tissue were incubated in a 3D 
system (alginate hydrogel). After 7 days, all of them 
showed an increase in size, with a survival rate of 
90% (oocyte and all granulosa cells viable)  [  79  ] . 

  Fig. 14.2    Ovarian cortex reimplantation on the ovarian 
medulla. ( a ) The cortex of the native atrophic ovary is 
removed. ( b ) Small strips of thawed ovarian cortex are 
placed on the medulla. ( c ) The ovary is covered with 

Interceed (Johnson and Johnson, New Brunswick, USA) 
to prevent the strips from sliding. ( d ) Larger pieces of 
thawed ovarian cortex can be sutured to the medulla       
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 The next frontier will be maturation of oocytes 
grown in vitro up to metaphase II, fertilization 
and embryo development, and adaptation of these 
techniques to primordial follicles and cryopre-
served tissues. Signi fi cantly accelerated growth 
of in vitro-cultured oocytes and follicles from 
primordial to antral stages has been extensively 
studied  [  87  ] . Preantral follicles were obtained on 
day 6 and then cultured after nonenzymatic isola-
tion for a further 4 days in individual culture 
medium. Early follicular recruitment was 
achieved following activin A supplementation in 
two-step serum- and stroma-free culture  [  82  ] . A 
dose-dependent activin A effect, combined or not 
with FSH, was shown to inhibit or promote folli-
cle activation and to preserve morphology in both 
human  [  82,   88  ]  and bovine  [  89  ]  experiments.   

   Ovariopexy and Ovarian Transposition 

 When radiotherapy is indicated, ovariopexy or 
ovarian transposition can be proposed in order to 
displace the ovaries away from the radiation  fi eld. 
In case of craniospinal irradiation, the ovary can 
be  fi xed laterally as far as possible from the spine. 
In case of pelvic irradiation, the ovary can be 
moved outside the pelvis, which may require sec-
tion of the utero-ovarian ligament and fallopian 
tube. The ovary is then anchored, as high as pos-
sible, to the anterior abdominal wall, laterally in 
the paracolic gutter. Titanium clips are placed on 
the two opposite borders of the ovary to allow 
radiological identi fi cation prior to radiotherapy. 
The success of preservation of ovarian function 
by means of ovarian transposition prior to radio-
therapy ranges from 16 to 90%  [  90–  93  ] . 

 Success rates are affected by the degree of 
scatter radiation, vascular compromise, patient 
age, radiation dose, and use (or not) of concomi-
tant chemotherapy  [  94  ] . When the ovaries are 
transposed to an abdominal position, spontane-
ous pregnancy may not be possible unless a sec-
ond procedure is performed to relocate the 
ovaries back to the pelvis. Furthermore, should 
these patients require IVF in the future, oocyte 
retrieval may be technically more challenging 
(see Chap.   4     on Oocyte Retrieval for procedure 

for transabdominal oocyte retrieval). Candidates 
for ovarian transposition should therefore be 
selected carefully, taking into account all vari-
ables that may affect its success rate. Ovarian 
cryopreservation should be performed at the 
same time as transposition, even in the absence 
of highly gonadotoxic chemotherapy.  

   Ethical Issues 

 The two most important ethical issues to consider 
are to ensure that the intervention does not harm 
the patient by dangerously delaying cancer treat-
ment and that no remnant cells are reintroduced 
by subsequent transplantation. Taking these 
points into account, we agree with Dudzinski 
 [  95  ]  that policies to protect the patient’s future 
rights to her gametes should be developed, as 
well as policies addressing the disposition of the 
gametes if the patient dies. 

 Although an adolescent is more vulnerable 
when consent is sought in the rush to begin che-
motherapy, she must be mature enough to under-
stand the risks and bene fi ts of the procedure. 
Consent must then be discussed extensively, the 
discussion including both the adolescent patient 
and her parents, to minimize the risk of con fl ict 
of interest or inadvertent caution  [  96  ] . Respecting 
the code of good practice, all patients who may 
become infertile have the right to receive proper 
consideration of their interests for future possi-
bilities in the  fi eld of ovarian function preserva-
tion. Case selection should be carried out on the 
basis of a multidisciplinary staff discussion 
including oncologists, gynecologists, biologists, 
psychologists and pediatricians. Counseling 
should be given and informed consent obtained 
from the patient. Cancer treatment takes priority 
over potential restoration of fertility, but offering 
the chance to preserve fertility may greatly 
enhance quality of life for cancer survivors. 

 In 2012, we believe it is our ethical responsibil-
ity to propose cryopreservation of ovarian tissue to 
all adolescents and young women under IRB pro-
tocols, who have to undergo chemotherapy with 
alkylating agents. If a program does not provide 
the option of ovarian tissue cryopreservation, 

http://dx.doi.org/10.1007/978-1-4419-9848-4_4
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practitioners who treat women with cancer should 
be familiar with programs that do, so that referral 
may be suggested. Indeed, is it ethical to simply 
accept the existing discrepancy between males and 
females with regard to their chances of preserving 
their fertility following cancer treatment?   

   Conclusions 

 Fertility counseling should be given to all women 
with reproductive potential and parents of all girls 
subjected to potentially gonadotoxic treatment. 
The counseling should be adapted to individual 
patient needs and based on thorough knowledge of 
the ef fi cacy, risks and technical aspects of the dif-
ferent fertility preservation options. All applicable 
methods should be discussed in the counseling ses-
sions and, whenever possible, different techniques 
should be combined to increase the chances of 
future pregnancy. Primary care physicians and 
oncologists need to be made aware of the available 
fertility preservation options in order to prevent 
loss of valuable time and allow referral to ART 
centers that offer fertility preservation alternatives. 

 In addition, social, legal and ethical issues 
should be taken into account, though these may 
vary from country to country. The two most 
important ethical issues to consider are ensuring 
that the intervention does not harm the patient by 
dangerously postponing cancer treatment and 
that no remnant cells are reintroduced by subse-
quent transplantation. Finally, it is mandatory to 
give the patient clear information on the expected 
results and possible risks of the procedures.      
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         Introduction 

 The overriding goal in all medical  fi elds is to pro-
vide the highest level of care to each patient. In 
an infertility clinic, this is largely measured by 
the program’s success rate, particularly by the 
delivery rate. Thus, the overall goal is to maxi-
mize the possibility of every couple conceiving a 
healthy singleton pregnancy. Until that goal is 
achieved, there will always be room for improve-
ment, and even if that point is reached, a strong 
total quality management (QM) system must be 
in place in order to maintain that success. Towards 
that end, there are numerous variables that go 
into each in vitro fertilization (IVF) cycle that 
must be monitored and maintained. 

 When a clinic experiences any decrease in 
success it is common for both the clinical team 
(physicians and nurses) to question the labora-
tory for these declines and, likewise, for the labo-

ratory staff to question performance in the clinic. 
In an ideal infertility practice, both the clinical 
staff and laboratory staff will have strong quality 
management systems in place which, when com-
bined with collegial and open communication, 
will help identify the root cause of a decline in 
success rates. 

 It would be bold to suggest that the laboratory 
is exclusively responsible for any changes in 
success rates of a clinic. There are clearly many 
clinical variables that impact success, such as 
patient stimulations, egg retrieval ef fi ciency, and 
embryo transfer expertise. However, perfor-
mance of the laboratory is a critical component 
of an infertility program. As such, each IVF lab-
oratory is obligated to maintain consistency in 
performance and to strive for continuous 
improvement through an effective quality man-
agement program. In the USA, the Clinical 
Laboratory Improvement Amendments of 1988 
(CLIA 88) mandates that all laboratories imple-
ment a quality management program that moni-
tors and evaluates the overall quality of laboratory 
services  [  1  ] . 

 In this chapter, we  fi rst de fi ne quality control, 
quality assurance, and quality improvement, and 
then describe four major areas of quality man-
agement that must be adhered to in order to 
ensure performance standards are maintained, 
patient safety is ensured, and overall care to 
patients is of the highest quality. Finally, we con-
sider the design of trials focused on quality 
improvement.  
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   General Principles of Quality 
Management 

   De fi nitions 

     Quality control  ( QC ): Quality control is focused 
on collection of data, and therefore involves 
measures and activities undertaken to control 
the quality of products, methods, equipment, 
and the environment to ensure that the labora-
tory is functioning correctly. These activities 
should be undertaken at regular and de fi ned 
intervals to prevent ongoing undetected prob-
lems that lead to a compromise in patient care 
 [  2  ] . Accordingly, QC activities should run con-
currently with laboratory activities to ensure 
that the laboratory produces the same results 
every time  [  3  ] .  

   Quality assurance  ( QA ): In general terms, QA is 
de fi ned as the entirety of systematic activities 
implemented within a quality management sys-
tem that are necessary to provide adequate 
con fi dence that a product or service will satisfy 
its required quality characteristics  [  4  ] . In a labo-
ratory, QA is the comprehensive program to 
monitor and to evaluate the entire process that 
goes on within the laboratory. This includes all 
activities and programs intended to ensure or 
improve the performance of the laboratory and 
therefore the quality of care to patients. Quality 
assurance includes both analyses of the QC data 
that are collected, as well as measures such as 
record keeping, maintaining up-to-date compre-
hensive laboratory manuals, routine evaluation 
and education of laboratory staff, results report-
ing, treatment auditing, incident reporting, 
pro fi ciency testing, as well establishing the pro-
tocols for QC methodology  [  2,   3  ] . Most QA 
activities run concurrently with laboratory proce-
dures as an integral part of daily work, although 
those involving QC data review and analyses are 
typically performed retrospectively  [  3  ] .  

   Quality improvement  ( QI ): QI is the process used 
to enhance all phases of the laboratory perfor-
mance and so differs from QA because QA is 

designed to  fi nd problems/errors and correct 
them. QI includes those procedures that are incor-
porated into the lab in an effort to improve a 
speci fi c aspect of the lab  [  3  ] .  

   Total quality   management  ( TQM ): Total Quality 
Management is an all-encompassing concept that 
integrates quality control, quality assurance, and 
quality improvement. It is more of a philosophy 
than a model. The objective of TQM is to strive 
continuously to improve every aspect of a service 
and to provide an optimal product as ef fi ciently 
as possible. This requires continuous scrutiny of 
all components of the QC, QA, and QI programs. 
Keck and colleagues  [  2  ]  identi fi ed 14 important 
elements that make up a TQM program 
(Table  15.1 ).      

   The Plan-Do-Check-Act Cycle 

 Continuous measurement and feedback are cru-
cial elements in a TQM Program  [  2  ] . One of the 
most simpli fi ed and most recognizable models 
utilized to identify and test process changes is the 
“Plan-Do-Check-Act” or PDCA Cycle (Fig.  15.1 ), 
sometimes referred to as the Shewhart or Deming 
Cycle  [  4,   5  ] . This model is recognizable to most 
scientists, as it follows the same principles as the 
scienti fi c method. The model can be applied to 
all aspects of QC/QA/QI and can serve as a guide 
for monitoring a laboratory’s performance and 
for making quality improvements. Once the area 
for monitoring or improvement has been 
identi fi ed, these four basic steps (plan, do, check, 
and act) can be followed to test process changes. 
    1.     Plan : This is the step where objectives are 

established, whether it be to identify a prob-
lem or implement an improvement. Expected 
outcomes should be established and appropri-
ate indicators for measurement are identi fi ed. 
When possible, it is best for the focus to be 
narrowed, with effects tested on a small scale. 
This approach will help eliminate compound-
ing variables  [  6,   7  ] .  

    2.     Do : At this step, the action is taken to imple-
ment the plan or execute a new process. This 
step involves preparation of criteria, data col-



22715 Ongoing Quality Assessment/Improvement in Clinical IVF

lection, measurements, charting, and analysis, 
i.e., QC activities  [  6,   7  ] .  

    3.     Check : During this step, the results collected 
in the “Do” step are analyzed and compared 
against expected outcomes previously estab-
lished in the “Plan” phase of the cycle. This 
step is used to detect any differences or devi-
ations in the implementation of the plan and 

also to look at the appropriateness and com-
pleteness of the plan. Results from these 
analyses may also in fl uence the way in which 
the “Do” step is executed for future measure-
ments  [  6,   7  ] .  

    4.     Act : During this  fi nal step, all signi fi cant dif-
ferences between the actual and planned 
results are closely scrutinized. Each of these 
differences is analyzed for their root causes 
and corrective actions are put into place to 
improve the process.     

 When progression through the above four steps 
does not result in the need to improve, the objec-
tive of the previously implemented PDCA should 
be re fi ned for use in the next iteration of the cycle. 
Alternatively, the plan can shift to a new focus at 
a different stage of the process  [  6,   7  ] .   

   Patient and Tissue Identi fi cation 

 The importance of patient and tissue identi fi cation 
in the IVF laboratory cannot be overstated. In the 
 fi eld of assisted reproduction, there is no room 
for mistakes. From a patient’s perspective, going 
through IVF can be a very vulnerable experience. 
These patients entrust the laboratory with the 
care of their gametes and embryos. While this 

   Table 15.1    The elements comprising a total quality improvement program   

  1  Appropriately educated and trained personnel with training records 
  2  Complete listing of all technical procedures formed 
  3  Housekeeping procedures: cleaning and decontamination procedures 
  4  Correct operation, calibration, and maintenance of all instruments with manuals and logbook records 
  5  Adequate and current procedure policy and safety manuals 
  6  Consistent and proper execution of appropriate techniques and methods 
  7  Proper documentation, record keeping, and reporting of results 
  8  Thorough description of specimen collection and handling, including veri fi cation procedures for patient 

identi fi cation and chain of custody 
  9  Safety procedures, including appropriate storage of materials 
 10  Infection control measures 
 11  Documentation of suppliers and sources of chemicals and supplies, with dates of receipt/expiry 
 12  System for appraisal of test performance correction of de fi ciencies and implementation of advances and 

improvements 
 13  Quality materials, tested with bioassays when appropriate 
 14  Quality assurance programs 

  From Keck et al.  [  2  ]   

  Fig 15.1    The Plan-Do-Check-Act or “PDCA” cycle. 
This cycle illustrates the process for continuous measure-
ment, monitoring, and feedback in a Total Quality 
Management Program       
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responsibility may be routine for laboratory staff, 
the idea of relinquishing this care and control 
may feel very unnatural and stressful for couples. 
These fears can be overwhelming when the pos-
sibility of any type of identi fi cation error within a 
clinic or laboratory is considered. Unfortunately, 
errors such as using the wrong sperm for insemi-
nation  [  8  ]  or transfer of the wrong embryos  [  9, 
  10  ]  have been reported in our  fi eld. In such dire 
incidents, there was a clear breakdown in 
veri fi cation of patient identi fi cation. The possi-
bility of misidentifying or mixing up a sample is 
probably the single greatest concern for any IVF 
laboratory. 

   Regulatory Requirements for Patient 
and Tissue Identi fi cation 

 The College of American Pathologists (CAP) has 
developed detailed regulations for patient 
identi fi cation during specimen collection and 
handling in the IVF laboratory. These regulations 
are incorporated into the General Laboratory 
Checklist  [  11  ]  and the Reproductive Laboratory 
Checklist  [  12  ] . The most salient of these regula-
tions include the requirements for two patient 
identi fi ers (e.g., patient name, date of birth, hos-
pital number, social security number, requisition 
number, accession number), a written policy 
regarding correction of information on specimen 
labels, a chain-of-custody protocol for all repro-
ductive gametes or embryos, and a “time-out” 
prior to an egg retrieval and embryo transfer 
procedure.  

   Identi fi cation Checkpoints: Protocol 
Development 

 Each laboratory must identify all points along the 
way in which patient identi fi cation is required 
and by whom. One very effective way of identi-
fying such checkpoints is to create a process map 
or  fl owchart for all steps of IVF. Several excellent 
examples and illustrations of such process map-
ping can be found in David Mortimer’s textbook, 
“Quality and Risk Management in the IVF 

Laboratory”  [  4  ] . This textbook describes how to 
build both simple and complex process maps, and 
how to develop  fl owcharts, top-down and swim-
lane process maps and textual top-down process 
maps for the IVF laboratory. With such process 
maps, one can pinpoint exact points in the IVF 
process that patient identi fi cation needs to be 
veri fi ed (Table  15.2 ).  

 Once the points of patient identi fi cation have 
been ascertained, the laboratory can establish 
checklists to monitor the chain of custody of 
each sample and to ensure that misidenti fi cation 
does not occur. Use of checklists in extremely 
complex processes, such as those performed in 
the IVF laboratory, help reduce or greatly elimi-
nate procedural drift and the possibility of errors 
 [  13  ] . Therefore, it is strongly recommended that 
checklists are developed for the following 
procedures:

   Sperm receiving/processing  • 
  Oocyte retrieval  • 
  Insemination/ICSI  • 
  Embryo transfer    • 
 The authors  fi nd that such checklists in their 

own laboratory are extremely useful as active and 
visual reminders for the completion of these daily 
routines, which potentially carry very high risk 
(Figs.  15.2 ,  15.3 ,  15.4 , and  15.5 )  [  7  ] .      

   Monitoring the Identi fi cation Process 

 There is natural drift in the way most operations 
are performed however, in an ART laboratory, it 
is critical that protocol or procedural drift is read-
ily identi fi ed and corrected. This is particularly 
true for patient and tissue identi fi cation where 
there is absolutely no room for error; the pro-
cesses must be watertight and stable at all times. 
Therefore, ongoing monitoring of the utilization 
and effectiveness of the patient identi fi cation pro-
cess is essential. Without such a monitoring sys-
tem in place, a failure in the process may occur 
that could be disastrous. 

 Depending upon the goal of the monitoring, 
an entire checklist can be analyzed or just a 
speci fi ed section. For example, one way to moni-
tor the success of the insemination checklist is to 
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perform regular audits on the relevant docu-
mented steps and sign-offs for a speci fi ed series 
of patient charts. Any identi fi ed deviation from 
protocol must be immediately addressed with a 
written Incident Report, root cause analysis, and 

corrective action to prevent repeat of such an 
incident. 

 Another bene fi cial way to measure and con fi rm 
effectiveness of patient and sample identi fi cation 
protocols is to perform mock cases. These dem-

TEMPLATE FOR SEMEN VERIFICATION/REQUISITION

PHYSICIAN REQUESTING THE TEST: __________________________________________________

Directions for collecting a semen specimen are posted on the wall of the lounge.  Please read them and carefully follow all 
directions.  After collecting your specimen, please give your specimen to the unit receptionist.

WRITE YOUR NAME ON THE LABEL PROVIDED AND PLACE THIS ON THE SPECIMEN CUP
UNLABELLED CONTAINERS WILL NOT BE PROCESSED

PATIENT TO COMPLETE THE FOLLOWING

DATE/TIME COLLECTED:    DAYS SINCE LAST EJACULATION: __________
This sample has been collected as follows (please explain any changes on the comments line):
SPECIMEN COLLECTED FOR: Fresh ART cycle Comments:______________________________________

METHOD OF COLLECTION: Ejaculation Comments:______________________________________

COLLECTION VESSEL: Sterile Specimen Cup  (provided) Comments:_____________________________

ENTIRE SAMPLE COLLECTED? Yes If no, 1stor 2nd portion lost (circle) Comments:_________________________

SAMPLE STORED AT ROOMP TEMP AFTER COLLECTION? Yes Comments:_____________________ 

PLEASE LIST ANY MEDICATIONS YOU ARE ON: ___________________________________________________

IF YOU HAVE HAD MEDICAL CONDITION CHANGES IN PAST 60 DAYS, PLEASE EXPLAIN:

_____________________________________________________________________________________________

Do you or your partner currently smoke cigarettes?     I do ___________ My partner does______________

If so, how many packs per day? I smoke ____________packs My partner smokes _______ packs 

OTHER COMMENTS: ______________________________________________________________________________

I certify that this is my sample to be used for inseminating the eggs of my partner as indicated above: 

Signature: __________________________________________________ Date: __________________________

STAFF TO COMPLETE: Do not accept the sample if: mislabeled, illegible, or the patient has not completed this form.

Picture ID'd (y/n)

(y/n)
(y/n)

Comments:
Sample Labeled Correctly: Comments:
Received Intact? Vessel appears sterile and tightly capped)

Date/Time Received: Received by:

Chain of custody #1

Chain of custody #2

Chain of custody #3

Case Identifier (ER Date-Case#)
Comments

Partner LabelFemale Label

  Fig. 15.2    An example of a Semen Veri fi cation/Requisition form. This form is used in the IVF laboratory at Brigham 
and Women’s Hospital, Boston, MA       

 



TEMPLATE FOR CHECKLIST FOR OOCYTE RETRIEVAL

(Retrieval embryologist must check all boxes, initial patient chart after each confirmation performed,

and also initial below to confirm check completion)

HOOD SETUP 

Hood surface and microscope stage area clean

Dissecting microscope turned on with oculars and focus adjusted ready for use

Numbered Petri dishes present and pre-warmed in hood

At least 2 fire-polished, smooth tipped Pasteur pipettes available with pipettor or 
pipette bulb at hand

1ml syringes with needles, and Ultra Fine Sharpie by microscope

RETRIEVAL INCUBATOR

Only contains unlabeled dishes (on top shelf) and dishes labeled with ID’s of the 
patient being retrieved

Patient last name and Case ID confirmed on dishes to be used for the retrieval

Dish ID confirmed, and confirmation documented by embryologist doing the 
retrieval, by initialing on Egg Retrieval Sheet

ID of dishes confirmed by second embryologist and confirmation documented by 
initialing on Egg Retrieval Sheet

SURGICAL PAUSE

Retrieval embryologist present at surgical pause which includes 2 identifiers, the 
planned procedure stated and confirmation of written physician orders in chart

Visual confirmation of patient ID from her hospital bracelet

Documented confirmation of patient ID by initialing on the Egg Retrieval Sheet

PROCEDURE
All oocyte-cumulus complexes (OCCs) collected and set-up in labeled dishes per
protocol

Any unlabelled (“spare”) dishes used?

No

Yes, then:

Dishes checked for absence of any OCCs before use

Dishes labeled with patient last name and Case # immediately after 
placement of OCCs

OCC tallies confirmed, number of OCCs in each dish recorded on the lids

Final egg tally recorded on Oocyte /Embryo Sheet

Dishes with OCCs set up in a culture incubator with the Incubator and Shelf Number 
recorded on the Oocyte /Embryo Sheet (e.g. 17-3 for Incubator #17, Shelf #3).

No OCCs in any remaining dishes in Retrieval Incubator

Lids of any remaining dishes labeled with pt IDs replaced with new, clean lids; 
dishes placed on top shelf

Chart updated

Hood wiped down with Multiclean and UV light turned on for at least 10 minutes

Initials:

Partner ID StickerPatient ID Sticker

  Fig. 15.3    A template for the Checklist for Oocyte Retrievals. This form is used in the IVF laboratory at Brigham and 
Women’s Hospital, Boston, MA       

 



TEMPLATE FOR CHECKLIST FOR INSEMINATION/ ICSI (circle as appropriate)

(Insemination / ICSI embryologist must checkall boxes, initial patient chart after each confirmation 

performed, and then initial below to confirm check completion)

HOOD SETUP 
Hood surface and microscope stage area clean of any 1ml pipettes or used pipette tips

Dissecting microscope turned on with oculars and focus adjusted ready for use

Hood clear of any dishes containing OCCs

Hood clear of any micro-vials containing sperm

Hood clear of any used pipette tips

Pipettor WITHOUTpipette tip attached, rack, and 1ml unused sterile pipette at hand

CHART AND INCUBATOR CHECK

Immediately before removing sperm from incubator:

Double sign-off by two staff on Oocyte/Embryo Sheet that no tip on pipette

Link between Incubator/Shelf #’s (e.g. 17-3 for Incubator #17, Shelf #3) to 
Name and Case# on Oocyte/Embryo Sheet, cross-checked and matched 
against incubator board.

IVF INSEMINATION
Confirmed double sign-off on Oocyte/Embryo Sheet of inseminate volume indicated 
on Sperm Prep Sheet and pipettor adjusted to that volume

Patient name and Case# re-confirmed against Incubator/Shelf location

Confirmation by two staff of sperm micro-vial ID linkage with name and Case# on 
patient chart whose OCCs are to be inseminated

Patient name and Case# confirmed on all dishes

Inseminate mixed with 1 ml pipette attached to blue pipettor and pipette discarded

1st dish inseminated and checked for sperm concentration under inverted scope, any 
adjustments made if necessary and remaining OCCs inseminated per protocol

Dishes containing inseminated OCCs returned to their home Incubator/Shelf #

Sperm micro-vial discarded

Insemination volume, and date/time insemination done documented and initialed on
Oocyte/Embryo Sheet

Chart placed in dedicated station for fertilization check

ICSI
Patient name and Case# re-confirmed against Incubator/Shelf location

Confirmation by two staff of sperm micro-vial ID linkage with name and Case# on 
patient chart whose OCCs are to be injected

Sperm drop in ICSI dish loaded with patient sperm

Oocytes injected per protocol and then oocytes returned to their home
Incubator/Shelf #

Date/time ICSI recorded and Oocyte/Embryo Sheet initialed

Any sperm needed for day 1 injections?

No: Sperm discarded Yes: Sperm micro-vial in incubator

Chart placed in dedicated station for fertilization check

Initials:

Partner ID StickerPatient ID Sticker 

  Fig. 15.4    A template for the Checklist for Insemination or Intracytoplasmic Sperm Injection (ICSI). This form is used 
in the IVF laboratory at Brigham and Women’s Hospital, Boston, MA       

 



TEMPLATE FOR CHECKLIST FOR EMBRYO TRANSFER

(Embryologist assisting with the transfer must checkall boxes, initial patient chart after each confirmation 

performed, and then initial below to confirm check completion)

HOOD SETUP 
Hood surface and microscope stage area clean

Dissecting microscope turned on with oculars and focus adjusted ready for use

HEPES dishes prepared and pre-warmed in hood per protocol

Stripper with new tip attached

PAPERWORK AND INCUBATOR CHECK
Information relating to number of embryos to transfer recorded on Oocyte /Embryo Sheet

No dishes in the Transfer Incubator

PREPARATION OF EMBRYOS FOR TRANSFER
Link between Incubator / Shelf #’s (e.g. 17-3 for Incubator #17, Shelf #3) to Name and Case# 
on Oocyte/Embryo Sheet, cross-checked and matched against incubator board

Patient name and Case# re-confirmed against Incubator / Shelf location

Dishes relocated to Transfer Incubator

Patient name and Case# re-confirmed by physician performing the transfer

Documented confirmation of embryo ID by inserting initials in “Emb’s ID” box on the 
Oocyte/Embryo Sheet

SURGICAL PAUSE
Present at surgical pause, which includes pt 2 identifiers, the planned procedure stated and as
written in physician orders and confirmation of number of embryos to be transferred

Documented confirmation of patient ID from hospital bracelet and with verbal patient 
confirmation by inserting initials in“Pt ID” box on the Oocyte /Embryo Sheet

Verbal confirmation with patient regarding number of embryos to transfer

PROCEDURE
Transfer catheter loaded with embryos and passed off to physician per protocol

If difficulty with transfer, embryos returned to original culture dish

After transfer, catheter immediately rinsed to confirm absence of embryos

Any remaining selected embryos re-loaded and passed off to physician

Embryos destined for freezing?

No: All dishes checked and then discarded

Yes, then:

Dishes returned to “home” Incubator and Shelf; Cryo person notified

Chart updated and placed at appropriate station per protocol

Initials:

Partner ID StickerPatient ID Sticker

  Fig. 15.5    A template for the Checklist for Embryo Transfers. This form is used in the IVF laboratory at Brigham and 
Women’s Hospital, Boston, MA       
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onstrations should mimic the laboratory’s process 
of receiving sperm samples, frozen tissues, egg 
retrievals, and should be performed for all steps 
involved with each of the protocols including rou-
tine insemination, ICSI, PGD, embryo transfer, 
embryo cryopreservation and embryo disposition. 
The laboratory should label all paperwork, collec-
tion containers, incubators, dishes, etc., as if they 
were handling a real case. These demonstrations 
should include all embryology team members so 
that each member can participate during each step 
of the identi fi cation process. 

 It is during these mock cases that problems 
and areas of confusion can be most readily 
identi fi ed, discussed, and corrected. Such mocks 
also provide an opportunity to reinforce the 
importance of all the patient identi fi cation check-
points; a designated person should take notes as 
these will be used as the measurement for moni-
toring the identi fi cation process. 

 During mock cases, one may learn that some 
embryologists label dishes differently from 
others or that some have a more dif fi cult time 
reading different color markers or names writ-
ten with a diamond cutter. During these trials, 
one may also learn that some team members 
only read names from the dish lids and not the 
bottom of the dish or that they are verifying a 
patient’s name from laboratory notes (eraser 
board) instead of directly from their medical 
record.   

   Supply Management 

 Human embryos exhibit plasticity, which allows 
them to develop in a variety of culture environ-
ments. However, they are exquisitely sensitive to 
suboptimal or compromised conditions which, in 
turn, may result in impaired development and 
potentially compromised pregnancy outcomes  [  14, 
  15  ] . The toxicity of supplies used for human 
embryo culture has been well-documented  [  3,   16, 
  17  ]  and recent reports provide evidence that qual-
ity of supplies remains variable  [  18–  23  ] . Therefore, 
it is critical that all materials and reagents used for 
handling gametes or culturing embryos in a clini-
cal IVF laboratory are tested for toxicity. 

   Standards for Supply Management 

 The International Organization for Standard-
ization, (ISO), and the Fertility Clinic Success 
Rate and Certi fi cation Act (FCSRCA) model 
program in the USA, each spell out standards for 
a comprehensive quality management program, 
including those relevant to supply management. 
CAP follows the principles and standards of these 
organizations and serves as a model for Good 
Laboratory Practices for IVF laboratories. 
Commercial suppliers provide Certi fi cates of 
Analyses for all IVF-speci fi c products. 
Nevertheless, to meet the requirements of the 
above organizations, the IVF laboratory must 
have required standards for supply management 
( Appendix 1 ).  

   Bioassays for Supply QC 

 The two assays most utilized for assessing toxic-
ity in contact materials are the human sperm sur-
vival assay, and the mouse embryo assay 
(Table  15.3 )  [  3,   26  ] . In this context, “contact 
materials” are, quite literally, any materials with 
which gametes or embryos come into contact and 
include culture media, supplies and equipment.  

 The strength of a bioassay is dependent on the 
sensitivity of the assay and the standards set for 
determining “pass” for a test material. If the bio-
assay is too robust with, for example, all embryos 
in the mouse assay routinely reaching the blasto-
cyst stage, it may make it very dif fi cult to detect 
subtle changes or toxicity in the culture environ-
ment. Conversely, if the assay is too sensitive 
such that the control conditions intermittently 
and unpredictably do not pass the test, then one 
loses the ability to assess acceptability of the so-
called “contact” material in the assay. 

 The manner in which contact materials are 
tested is critically important. Ideally, each mate-
rial should be evaluated in the same manner that 
it is used clinically, but this is frequently not pos-
sible. Moreover, evaluation of several samples 
from each lot might increase the likelihood of 
identifying toxicity within the lot. For example, 
in 2010, we identi fi ed toxicity in a lot of oil that 
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was only identi fi able in some bottles within the 
lot. Based on this result, we now test oil using a 
sample from pooled aliquots taken from all bot-
tles in a lot. Regardless of the manner in which 
contact materials are tested, protocols for each 
material should be established and adhered to 
consistently from one bioassay to another.  

   The Sperm Motility Bioassay 

 In this assay, the motility of sperm after exposure 
to a test condition followed by culture (typically 
24 or 48 h) is compared with that of sperm cultured 
in control conditions  [  26,   27 ,  28  ] . Any test condi-
tion associated with a percentage motility below 
a preset minimum threshold for acceptable per-
formance is re-tested. Contact materials that fail to 
pass the second test are not used in the laboratory.  

   The Mouse Embryo Bioassay 

 The mouse embryo assay (MEA) is the most 
widely used bioassay for QC of clinical IVF sup-
plies  [  3,   29–  31  ] . In the 1980s, the MEA was con-
sidered to be performing acceptably providing 
the control embryos progressed through two cell 
divisions to reach the 4-cell stage. Thus, if 
embryos cultured in a test “contact” condition 

reached the 4-cell stage, it was assumed that that 
contact material did not contain a high concentra-
tion of toxins  [  32  ] . However, with improvements 
in culture systems, the assay endpoints have been 
expanded, and bioassays are now considerably 
more sensitive. Some very sensitive mouse bioas-
says only utilize mouse embryos derived from 
IVF  [  33–  35  ]  while others measure the number of 
live pups born to assess the strength of their bio-
assay  [  36,   37  ] . 

 The sensitivity of the MEA is inversely pro-
portional to the age of the embryos at recovery, 
i.e., 1-cell embryos are more susceptible to their 
environment than embryos collected at the 2-cell 
stage  [  29  ] . A major criticism of the 2-cell MEA is 
that it lacks sensitivity  [  8,   29,   38,   40  ] . The sensi-
tivity can, however, be improved if in vivo-de-
rived zygotes are collected from a uterine  fl ush, 
and only those that have reached the 2-cell stage 
are used in the bioassay  [  30  ] . Furthermore, 
removal of the zona pellucida further increases 
the sensitivity of the embryo to toxins in the cul-
ture environment  [  41  ] . 

 The strain of mouse also affects the sensitivity 
of the MEA. Several commercial suppliers per-
form additional testing beyond the scope of their 
Certi fi cate of Analysis using an outbred or inbred 
strain of mouse. This is in part because of the 
general consensus that embryos from these strains 
are more sensitive to adverse conditions than 

   Table 15.3    The distribution of IVF laboratories according to the bioassay used   

 Testing year 
 Shipment 
number/year 

 One-cell 
mouse bioassay 

 Two-cell 
mouse bioassay 

 Human 
sperm bioassay 

 Hamster 
sperm bioassay 

 2008  1 
 2 

 62 
 65 

 142 
 134 

 142 
 138 

 2 
 0 

 2009  1 
 2 

 67 
 57 

 140 
 125 

 140 
 143 

 0 
 0 

 2010  1 
 2 

 56 
 51 

 114 
 120 

 135 
 145 

 3 
 1 

 2011  1 
 2 

 53 
 58 

 118 
 119 

 146 
 134 

 2 
 2 

 2012  1  48  108  128  2 
 Mean  –  57  124  139  1 
 % of Total  –  18% (517/2,900)  39% (1,120/2,900)  43% (1,251/2,900)  <1% (12/2,900) 

  The data show the number of laboratories reporting results for each bioassay to the American Association of 
Bioanalysts Pro fi ciency Testing Service, Brownsville, TX, 2008–2012 (  http://www.aab-pts.org/statistical-
summaries/2012-statistical-summaries    ) 
 Adapted from Boone et al.  [  3  ]   

http://www.aab-pts.org/statistical-summaries/2012-statistical-summaries
http://www.aab-pts.org/statistical-summaries/2012-statistical-summaries
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those from F1 hybrid mice, and thus may be a 
more appropriate model for human embryos  [  16,   42  ] . 
Moreover, Byers and colleagues compared ten 
different strains of mice and found signi fi cant 
differences regarding the response of mice to 
superovulation, with different strains producing 
different numbers of oocytes, varying rates of 
fertilization, and variances in the ability of 
embryos to be cryopreserved and even to produce 
pups  [  43  ] . Given the great variability among 
strains, it is important that each lab carefully 
selects a strain that will allow them to detect tox-
icity in their QC assay, and that the same strain is 
consistently used to allow for meaningful inter-
assay comparisons  [  3  ] . 

 One other major consideration in establishing 
a sensitive mouse bioassay is the selection of the 
media and conditions used for the assay. To 
strengthen the sensitivity of the MEA, the assay 
should be performed in simpli fi ed media, as those 
more complex (e.g., Ham’s F-10) contain amino 
acids which may chelate potential embryotoxins 
and mask possible toxins  [  44–  46  ] . Additionally, 
MEA assays should be performed in protein-free 
media as serum or serum albumin can chelate 
toxins such as heavy metal ions, and mask poten-
tial negative effects from the media  [  46  ] . 

 An example of a well established and sensitive 
MEA for testing embryo toxicity is shown in 
 Appendix 2   [  46  ] . A minimum number of embryos 
should be cultured in each treatment group to 
enable reliable conclusions to be drawn. 
Moreover, attention must be paid to the timing of 
embryo grading, the  fi nal stage of development to 
be used for analysis and the denominator/per-
centage of development deemed acceptable. As a 
rule, if test products routinely pass the MEA or 
the percent development far exceeds the mini-
mum acceptable rate, the sensitivity of the assay 
should be adjusted by, for example, tightening 
the acceptable range.  

   Sperm or Mouse Bioassay? 

 There is no consensus regarding which of these 
bioassays is superior for detecting toxicity of IVF 
contact materials  [  21  ] . While the sperm assay is 

much cheaper and easier to run, some argue that 
it is less suitable than the MEA which at least 
uses embryos from a mammalian species. 
However, mouse embryos are much less sensitive 
to toxicity than human embryos. In our own lab, 
we use the MEA as our  fi rst-line QC bioassay, 
but will occasionally use the sperm assay.   

   Equipment 

 A critical aspect of setting up an ART laboratory 
is the selection of appropriate equipment. 
Laboratory personnel are frequently contacted by 
sales representatives who promote each product 
as being “state of the art” with additional prom-
ises of customer and patient satisfaction. It is the 
responsibility of the Laboratory Director to deter-
mine which products best meet the needs of the 
program. Each equipment purchase must be scru-
tinized for cost, usability, biological relevance, 
and its ability to be properly controlled and main-
tained. All equipment from pipettors, embryo 
work station hoods to laboratory HVAC systems 
fall under these standards. 

   Selecting the Right Culture Incubator 

 The embryo culture incubator is arguably the 
most important piece of equipment in an ART 
laboratory as deviations from acceptable perfor-
mance will affect implantation rates. For this rea-
son, selection of the right incubator is of 
paramount importance. A multitude of questions 
need to be considered when selecting the most 
suitable incubator to meet the needs of a practice 
(see  Appendix 3  for a detailed list). Similar lists 
and thought processes should be considered when 
making any signi fi cant equipment purchase in an 
ART laboratory. 

 The laboratory director must consider both the 
size of the IVF practice and the laboratory space 
when selecting incubators. If incubators need to 
accommodate more than one patient at a given 
time, there must be considerations for the number 
of shelves in an incubator as well as the  incubator’s 
rate of gas and temperature recovery between 
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door openings. For instance, if incubators are 
going to be accessed frequently, it may be more 
bene fi cial to select water-jacketed incubators 
with infrared CO 

2
  sensors, as these incubators 

will maintain their temperatures better and will 
quickly adjust to the appropriate CO 

2
  environ-

ment during active use. The downside of these 
incubators is that they are more expensive and 
can require more maintenance than those that are 
not water-jacketed or that utilize a thermal con-
ductivity (TC) sensor for monitoring CO 

2
 . The 

conditions in which the embryos are cultured also 
play a big role in incubator selection. Programs 
that wish to culture embryos under low oxygen 
tension need to select incubators that are compat-
ible with nitrogen sources or mixed gas tanks or 
have adequate space if they decide to culture in 
low oxygen chambers. Other considerations 
include: the ability to integrate into the clinic’s 
alarm system, the ability to calibrate and adjust 
incubator parameters, the ease of collecting daily 
QC measurements, the required maintenance for 
the incubator and,  fi nally, the cost of the incuba-
tor and its and annual maintenance charges.  

   Equipment Selection and Maintenance 

 All equipment must be validated for acceptable 
performance before being implemented for clini-
cal use. In addition, a separate QC protocol must 
be established for each item and ongoing QC and 
routine maintenance is mandatory. Protocols 
should not only follow the manufacturer’s guide-
lines for operation and maintenance, but also 
include the frequency of QC assessment, (e.g., 
daily, weekly, monthly, or annually), the thres-
holds and tolerance limits, the corrective mea-
sures, and all records of QC analyses (see 
 Appendix 4 ). 

 The laboratory should always maintain copies 
of equipment manuals and make them readily 
available to all laboratory staff. It is the responsi-
bility of the staff to identify and document any 
unusual trends observed during routine QC mon-
itoring and notify the supervisor and/or the labo-
ratory director. Likewise, actions should include 
requests for technical assistance from the manu-

facture to ensure appropriate repair; any malfunc-
tioning equipment should be removed from lab 
operations. Equipment maintenance must be per-
formed by quali fi ed individuals or companies 
that are able to repair and certify equipment to 
the speci fi cations established by the unit’s 
manufacturer. 

 Each piece of laboratory equipment must be 
fully serviced and cleaned on an established rou-
tine basis. The frequency of this preventative 
maintenance should be based on the volume and 
usage in the laboratory. For example, a laboratory 
using a micromanipulator ten times a day needs 
more frequent maintenance than a clinic utilizing 
a micromanipulator once a week. This preventive 
maintenance is designed to prevent breakdowns, 
reduce or eliminate operational drift and extend 
the life of equipment. 

 It is critical that each laboratory establish a 
schedule for maintaining and cleaning equip-
ment (see Table  15.4 ). The simplest way to mon-
itor completion of these activities is to include 
them on a laboratory calendar or on a permanent 
QC log with each activity recorded with a date 
and a laboratory staff member’s initials once 
completed. This record can serve as a visual 
reminder that the activity was completed and can 
also be used to monitor that the assigned mainte-
nance activity is being properly completed within 
the de fi ned timeframe. A routine audit of the 
maintenance and cleaning activities should be 
performed to ensure strict adherence to labora-
tory procedures.  

   Table 15.4    Preventative maintenance schedule for 
incubators   

 Incubator activity  Frequency performed 

 Water pans sterilized and 
replaced 

 Biweekly 

 Fan doors to prevent styrene 
buildup 

 Biweekly 

 Wipe down incubator shelves  Monthly 
 Oil sink for VOCs exchanged  Monthly 
 Full cleaning and sterilization 
of incubator 

 Semi-annually 

 Change incubator  fi lters and 
tubing 

 Annually 

 Preventative maintenance and 
service 

 Annually or as needed 
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 The incubator is the most vigilantly monitored 
piece of equipment in the ART laboratory. Each 
incubator must be monitored on a daily basis 
using an independent measuring device. In addi-
tion, successful operation is dependent on many 
outside pieces of equipment such as N 

2
  and CO 

2
  

gas tanks and manifolds, alarm systems, back-up 
power generators as well as all devices used to 
calibrate and measure the incubator’s settings. 
For this reason, it is important to establish a rou-
tine for monitoring incubator QC activities using 
an activity log that stipulates acceptable ranges 
for each parameter being measured (Table  15.5 ). 
Clear instructions must be available for making 
corrective actions when measurements fall out-
side an acceptable range.   

   Data Analysis and Quality Improvement 

 Data analysis is a crucial part of an effective IVF 
laboratory QM program. Routine review of 
identi fi ed key indicators are important to ensure 
proper laboratory functioning and, perhaps more 
importantly, to identify potential problems to 
 permit timely correction. In fact, this is the pri-
mary reason for data analysis: to achieve early 

identi fi cation of factors that could negatively 
impact laboratory function which, in turn, allows 
timely insight into targets for corrective action.  

   Frequency of Data Analysis 

 The frequency of data analysis will depend on a 
number of factors including program volume and 
the QA indicator being monitored. In programs with 
low cycle numbers, it is tricky to draw meaningful 
conclusions while attempting to troubleshoot. 
However, at least monthly review is recommended. 
In larger programs biweekly or even weekly assess-
ment of a subset of indicators should be performed. 
For laboratories that batch cycles, assessment of QC 
data points should be performed shortly after com-
pletion of each cycle batch to enable timely detec-
tion of possible adverse trends and to permit 
corrective actions prior to the next patient series.  

   Key Laboratory Indicators 

 The most important aspect of QA data analysis is 
identi fi cation of key indicators or endpoint 
 variables that will provide meaningful insight 

   Table 15.5    Incubator QC activity log   

 Parameter  Frequency  Target  Acceptable range  Corrective action 

 CO 
2
   Daily while in use  Based on pH of 

culture media 
 Adjusted by pH ± 1%  Adjust when out of range for 

2 consecutive days 
 O 

2
   Weekly  5%  ±1%  Adjust when out of range for 

2 consecutive days 
 Humidity  Daily while in use  95%   ³ 70%  Add sterile water 

 Temperature  Daily while in use  37°C  36.7–37.0°C  Adjust when out of range for 
2 consecutive days 

 pH  Weekly  Based on media 
speci fi cations 

 Based on media 
speci fi cations 

 Adjust CO 
2
  when out of range 

2 consecutive days 
 Alarm check  Monthly  Email and phone 

noti fi cation 
 100%  Contact IT support 

 CO 
2
  tanks  Daily  Full back-up supply   ³ 1,500 psi in primary 

tank 
 Order new tanks 

 Liquid N 
2
   Daily  Full back-up supply   ³ 1 Available for use  Order new tanks 

 N 
2
  tanks  Daily  Full back-up supply   ³ 1,500 psi  Order new tanks 

 1-Cell MEA  Semi-annual   ³ 70% Blastocyst 
development 

  ³ 70% Blastocyst 
development 

 Clean and sterilize incubator, 
repeat MEA 
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into laboratory functioning. While the key indi-
cators may vary among laboratories, some are 
routinely assessed and considered standard. 
These include the following:

    Oocytes retrieved : Tracking the number of 
oocytes retrieved, and, more importantly, the 
number of mature oocytes retrieved, gives some 
insight into, respectively, ef fi ciency of embryolo-
gists  fi nding oocytes and the effectiveness of the 
stimulation protocols used.  

   Fertilization rates : This is a particularly useful 
indicator that provides real-time insight into vari-
ance in laboratory performance in addition, pos-
sibly, to changes in stimulation protocols. 
Fertilization rates from both standard IVF and 
ICSI should be evaluated with data strati fi ed by 
the andrologists preparing the sperm, and the 
embryologists inseminating or injecting the 
oocytes. Assessment of 2PN, 3PN, 1PN, and 0PN 
rate/mature oocyte should be determined, as well 
as the degeneration rate from ICSI.  

   Day 2   cleavage : The rate of embryo development 
is a predictive indicator of embryo quality. The 
number of 4-cell embryos on day 2 is a common 

indicator of quality of the culture system. 
Additionally, assessment of multinucleation in 
day 2 cleavage embryos may provide insight into 
nuances of culture system ef fi cacy. High rates of 
multinucleation could indicate problems with the 
culture system  [  47  ] .  

   Day 3   embryo development : The number of cells 
on day 3 gives considerable insight into perfor-
mance of the culture system as failure to undergo 
embryonic genome activation will be re fl ected 
in arrest at around the 4- to 6-cell stage. Human 
embryos developing along the normal timeline 
should have progressed to the 7- to 8-cell stage 
 [  48  ] . Therefore, the percentage of 2PN zygotes 
with  ³ 7-cell embryos provides a useful marker 
of overall embryo quality. In our program, we 
use a performance chart (P-chart) to monitor 
this variable on a weekly basis with deviations 
below the 95% con fi dence interval being a trig-
ger for a QA investigation (Fig.  15.6 ). In addi-
tion to cleavage rate, subjective grading scales 
assessing fragmentation and cell symmetry are 
also employed  [  49,   50  ] . The incidence of high-
quality 8-cell embryos exhibiting early compac-
tion may also be a sign of a high-performing 
culturing system  [  51  ] .   
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  Fig. 15.6    A P-chart for tracking embryo quality. In this 
example, the percentage of embryos with  ³ 7-cells is plot-
ted weekly and assessed to identify outliers that fall below 
the lower 95% con fi dence limit. The % of  ³ 7-cell embryos 
is shown as  fl uctuating within the upper con fi dence limit 

(UCL) and lower con fi dence limit (LCL) through Week 
#38, but as falling below the LCL in Week #39, followed by 
a substantial decrease in Week #40 (indicated by  arrow ). If 
intervention was effective, recovery in performance would 
occur, as shown in this theoretical example for Week #41       
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   Day 5   blastocyst formation : Early blastocyst for-
mation on day 5 is an excellent marker of  culture 
system ef fi ciency; transfer of blastocysts formed 
on day 5 results in higher implantation rates com-
pared with those from blastocysts formed on day 
6  [  52,   53  ] .  

   Day 5 / 6 blastocyst   formation and   embryo freez-
ing : Tracking total blastocyst formation, as well 
as quality of blastocysts as evidenced by those 
that meet a minimal freeze criteria helps give 
insight into quality of the culture system. Low 
rates of blastocyst formation or high rates of 
degeneration after 6 days of culture indicate sub-
optimal conditions may exist  [  53–  55  ] .  

   Cryo-survival : Tracking cell survival following 
cryopreservation/thawing of cleavage stage 
embryos is an important marker of technical 
ef fi ciency of a cryopreservation program. Though 
success rates may vary based on stage of embryo 
frozen  [  53–  55  ]  as well as method of cryopreser-
vation (   slow-rate vs. vitri fi cation)  [  53  ] , a speci fi ed 
minimum survival rate should be established for 
each laboratory.  

   Pregnancy ,  implantation and   live birth   outcomes : 
The clinical outcome of an IVF cycle is perhaps 
the best indicator of system ef fi ciency with 
implantation rates providing the most robust and 
timely marker of embryo quality. Assessment of 
pregnancy rates per physician performing the 
transfer is critical. If decreases in pregnancy rate 
per transfer for a particular clinician are identi fi ed, 
and ensuring that embryo quality and patient 
characteristics were equivalent to those of other 
clinicians, it is our policy to alert the Medical 
Director for investigation and potential corrective 
action.     

   Thresholds 

 Quality assurance data review and examination of 
key indicators is a useless exercise unless mean-
ingful threshold values are identi fi ed. These 
thresholds can initially be set based on national or 
peer/published data. However, individualized 

thresholds should eventually be set based on the 
performance of each laboratory. Thresholds should 
not be set too low, as the goal is constantly to 
improve outcomes. A useful approach when start-
ing a QA program is to compare current means 
and standard deviations of selected performance 
indicators with those from an optimized program 
or published data. Threshold values can then be 
adjusted over time as the program is   fi ne-tuned.  

   Methodology 

 Paramount to a comprehensive QA program is 
establishment and upkeep of a thorough database. 
While a simple spreadsheet may suf fi ce for 
smaller programs, specialized software, such 
as that which is commercially available, may be 
more appropriate for larger programs. Ideally, 
data entry should be a shared responsibility 
among the team so as to encourage all members 
of the laboratory to take an interest in the QM 
program. This, in turn, helps reinforce the impor-
tance of the exercise. Importantly, just as too little 
data can render analysis a pointless exercise, 
large amounts of data must be analyzed appropri-
ately (e.g., with multiple logistic regression anal-
yses to control for potential confounders). 
Over-analysis of small numbers of cycles can 
monopolize time, offer very little additional 
insight and should be avoided. As illustrated by 
the P-chart discussed above (Fig.  15.6 ), one use-
ful method of tracking trends is to graph out-
comes at regulator intervals, rather than simply 
summarizing data in tabular form. Data can then 
be easily presented to the group for review and 
discussion of corrective actions as necessary.  

   Regulation in the IVF Laboratory 

 The 2010 Reproductive Laboratory CAP 
Checklist  [  12  ]  lists the following requirements 
for recording IVF laboratory outcome data:
    1.    Laboratory records are generated for each 

individual patient’s treatment cycle and a copy 
is retained in the laboratory to include the fol-
lowing as applicable.
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   (a)    Results of oocyte retrieval procedure  
   (b)    Semen analysis before and after processing  
   (c)    Outcome of insemination (e.g., fertilization)  
   (d)    Outcome of any culture (e.g., cleavage)  
   (e)    Relative timing of protocol events (incu-

bation hours, etc.)      
    2.    The laboratory at least annually reviews clini-

cal outcome in relation to all data collected.
   (a)    The laboratory must keep statistical 

records and review the clinical outcome 
in relation to this data. The frequency of 
these reviews should be appropriate to the 
size of the laboratory and the number of 
patient cycles, but must be documented at 
least annually.         

 Routine data analysis should be considered a criti-
cal component of a comprehensive QM program. 
Currently, reporting in the US of assisted repro-
ductive technology outcomes is mandated by the 
1992 Fertility Clinic Success Rate and Certi fi cation 
Act. The Society for Assisted Reproductive 
Technology (SART) monitors its member clinics 
annually. Recently, SART has proactively taken 
steps to ensure compliance with its requirements 
and has included quality of outcome parameters 
to the oversight process. These guidelines were 
established to assist clinics in identifying where 
quality can be improved. Governing bodies, such 
as SART and the CDC, are passing stricter regula-
tions and imposing sanctions on laboratories that 
do not meet or exceed key threshold outcome 
indicators. Below is a list of the categories evalu-
ated by SART      :
    1.    Outcomes of two standard deviations (SD) 

below SART mean for Live Births per cycle 
(LB/cycle) in fresh, nondonor cycles for 
women under age 38 (combined two lower 
age categories).  

    2.    Triplet (or greater number) rate of 2SD above 
the SART mean for women under age 38 
(combined two lower age categories) in fresh, 
nondonor cycles or in recipients of donated 
eggs of any age.  

    3.    Transfer of >3 embryos on average in women 
under age 35.  

    4.    Any transfer of  fi ve or more embryos in 
women under age 35 without adequate clinical 
justi fi cation.     

 Programs found de fi cient in any of these areas are 
subject to disciplinary actions ranging from a warn-
ing to losing their SART membership status  [  56  ] .   

   Quality Improvement Trials 

 The introduction of any new product or protocol 
into the clinical IVF laboratory should be under-
taken with great care, recognizing that compromise 
to patient care should be kept to an absolute mini-
mum. There are two main designs for QI trials: 

   Randomization of Patients 

 In this design, the patients themselves are ran-
domized to the two conditions: either the stan-
dard, currently used protocol in the lab or the 
intervention arm. The advantage of this approach 
is that one can track the developmental fate of the 
embryos transferred and therefore obtain com-
parative implantation rates for the two treatment 
groups. The disadvantages of this design are: (1) 
the possible compromise to patient care if any 
risks to the intervention treatment are unknown; 
and (2) the time required to recruit suf fi cient num-
bers of patients to demonstrate any signi fi cance.  

   Randomization Within Patients 

 In this design, the gametes or embryos for each 
patient are randomized between the two treat-
ment groups. If, for example, a new type of fertil-
ization medium is being evaluated, the oocytes 
are randomized at retrieval using a coin toss to 
determine which ovary will provide the oocytes 
for each treatment arm. Conversely, if a new cul-
ture medium is being evaluated, zygotes are ran-
domized at the fertilization check, again using a 
coin toss. To reduce the likelihood of any com-
promise to patient care, the typical inclusion cri-
teria for such trials in our laboratory are patients 
<37 years with a minimum of ten follicles on the 
day of hCG trigger. 

 The advantage of this type of design is that one 
is not putting “all the eggs in one basket.” 
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Moreover, as the patient is serving as her own 
control, a matched pair analysis can be performed 
allowing effective comparisons of embryo quality 
between the two treatment groups. The main dis-
advantage of this approach is that embryo implan-
tation potential can only be tracked in cases of no 
implantation or when either a singleton is con-
ceived with transfer of a single embryo, or dizy-
gotic twins occur after transfer of two embryos.   

   Summary 

 A comprehensive and effective QM program 
must be in place in the IVF laboratory in order 
to maximize the possibility that every couple 
conceives with a healthy pregnancy. With this 
goal in mind, each program must not only 
strictly adhere to its de fi ned protocols for QC 
and QA, but must also strive for constant 
improvement through QI activities. By using the 
basic steps of the PDCA cycle, each area de fi ned 
in a QM program can be effectively managed to 
help provide consistent, optimal conditions for 
gametes and embryo culture and ultimately to 
ensure the best care for patients. An operational 
environment in the IVF laboratory must exist so 
that all team members realize that constant sur-
veillance through QC and QA programs is not a 
process of  fi nger pointing but, rather, is a proac-
tive process that identi fi es problems and de fi nes 
the necessary corrective actions needed to 
resolve them.       

   Appendix 1: Requirements for Supply 
Management in the IVF Laboratory 

     1.    Maintenance of records of the batch or lot 
number, date of receipt and date placed in use 
of all reagents and media.  

    2.    Reagents and solutions are properly labeled, 
as applicable and appropriate, with the follow-
ing elements  [  12  ] .
   (a)    Content and quantity, concentration of titer  
   (b)    Storage requirements  
   (c)    Date of prepared or reconstituted by 

laboratory  

   (d)    Expiration date      
    3.    All reagents are used within their indicated 

expiration date  [  12  ] .  
    4.    Explicit procedures for media preparation and 

modi fi cation are documented  [  12  ] .  
    5.    For each batch of culture media prepared in-

house, the quality of the media, including pH, 
osmolarity and culture suitability using an 
appropriate bioassay system should be 
con fi rmed  [  24  ] .  

    6.    Media storage and expiration requirements 
are documented  [  12  ] .  

    7.    The laboratory has a documented method for 
quality control of media  [  12  ] .
   (a)    Culture media must be able to support the 

viability of gametes and/or the growth of 
embryos. Media must be evaluated using a 
bioassay system such as the one or two 
cell mouse embryo culture assay or a 
sperm motility assay. If culture media or 
protein supplement is modi fi ed or pre-
pared in-house, there must be documenta-
tion that it has been tested on site. 
Commercial media must be used within 
the labeled expiration period. 
Documentation of quality control testing 
using an appropriate bioassay system must 
always be supplied by the manufacturer 
and retained for quality control records. 
The media quality control process must 
include steps to document the acceptabil-
ity of the receiving conditions for trans-
ported commercial media  [  12,   25  ] .      

    8.    The laboratory tests and documents the quality 
of the contact material using a bioassay  [  12  ] . 
Materials pretested by the manufacturer with an 
appropriate bioassay system do not require fur-
ther in-house testing. Documentation of testing 
performed by the manufacturer must be retained 
as part of the quality control records  [  12  ] .      

   Appendix 2: One-Cell Mouse Bioassay 
Protocol 

  Super ovulation : Inject 4 to 6-week-old virgin 
females with 5–10 i.u. pregnant mare serum 
(PMS), followed 48 h later with 5–10 i.u. human 
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chorionic gonadotropin (hCG). Place females 
with males immediately following the hCG injec-
tion; mating is assessed the following morning by 
the presence of a vaginal plug. 

  Embryo collection : Sacri fi ce females around 
10 AM on the day of plug, excise the oviducts 
and place in warm collecting medium in a Petri 
dish. After tearing open the ampullary region of 
the oviduct close to the cumulus mass cluster, the 
cluster is expelled under positive pressure into 
the medium containing hyaluronidase (1 mg/ml). 
The cumulus masses are disaggregated after 
about 1 min, leaving denuded zygotes. Wash the 
embryos in collecting medium then and then once 
in the culture medium before placing them into 
culture. Embryos from each female should be 
allocated equally to each treatment group in order 
to overcome any donor variation. 

  Embryo culture : Place embryos into protein-free 
culture media that was pre-equilibrated overnight 
in a 6% CO 

2
  atmosphere. Culture embryos in 

groups of 10 in 20  m l drops of medium under an 
oil overlay at 37°C for 96 h. 

  MEA assessment : Assess embryo development in 
the afternoon of Day 4 and record the stage of 
development to determine the % of embryos that 
formed blastocysts. Ideally, culture the embryos 
for an additional 24 h to obtain the number of 
hatched blastocysts; in addition, obtain the total 
blastocyst cell count for each blastocyst using an 
inverted microscope. 

 Below is an example of acceptable criteria for 
using a 1-cell assay:
    1.    There must be 20 1-cell embryos in each 

treatment.  
    2.    When evaluated at 96 h, the controls must 

yield  ³ 70% expanded blastocysts to pass:
   (a)    Expanded blastocysts ÷ 1 − cell embryos = % 

expanded blastocysts      
    3.    The average total expanded blastocyst cell 

count must be  ³ 80 cells.  
    4.    Items whose treatments pass the mouse assay 

are suitable for use in human embryo culture.  
    5.    Those treatments that fail are tested again; if a 

treatment fails the assay twice, it is not consid-
ered further for use in the IVF laboratory.     

 Adapted from  [  46  ]   

   Appendix 3: Questions to Ask When 
Selecting an Incubator for Your 
Laboratory 

    (a)    What size incubator do you need?  
   •    How large is your lab space?  

   −    Do you have room for stackable 
incubators?  

   −    Do you have room for benchtop 
incubators?  

   (b)    What is the patient volume for your lab?  
   •    How many patients will you place in one 

incubator at a time?
−    How many patients will you place on a 

shelf?      
  •    What about any program growth?  

   (c)    Do you need additional space for more 
advanced technologies?  
   •    Time lapse video recording?  
   •    Micro fl uidic embryo culture?  
   •    Real-time bioanalyses of embryos?     

   What Is the Set Up and Flow for Your 
Culture System? 

    What size are your dishes?• 
   Do you place them within a larger dish or  –
on a platform during culture?     

  Do you perform all steps of IVF in one • 
incubator?  
  Do you euse the same incubator for both dish • 
equilibration and culture?  
  How many oocytes/embryos do you place in a • 
dish?

   For IVM?   –
  For IVF/ICSI?   –
  For Embryo Culture?      –

  How often do you change dishes for embryo • 
culture?

   No media changes?   –
  Daily?   –
  Every 2 days?   –
  After 3 days?         –
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   What Kind of Atmosphere Do You Plan 
to Use for Your Culture System? 

    What will be the O • 
2
  Tension (atmospheric or 

low O 
2
 )?  

  What will be the N • 
2
  source?  

  N • 
2
  Generator?  

  N • 
2
  Cylinders?  

  Liquid N • 
2
  Vapor?  

  Mixed gas tanks?     • 

   How Do You Plan to Regulate 
the Incubator Atmosphere? 

    What is your preference for measuring CO • 
2
 ?

   Infrared (IR) sensor?   –
  Thermal Conductivity (TC) sensor?      –

  How do you want your incubator insulated?• 
   Air jacketed?   –
  Water jacketed?      –

  Do you want internal doors for your incubator?• 
   How many?      –

  How is the access to the water pan?     • 

   What Level of External Monitoring 
Do You Require? 

    (a)    What readings are on the digital display?
 •   CO

 2
 ?  

 •  O 
2
 ?  

 •  Temperature?  
 •  Humidity?     

   (b)    Can each of these parameters be adjusted?  
   (c)    Can you set your own critical limits for each 

parameter being measured?
  •  How sensitive can you establish these 

limits?
  −  ±1.0° or 0.1°?  
 −  ±1.0% or 0.1%?        

   (d)    How is the access to sampling ports?  
   (e)    Can this incubator be integrated with your 

external alarm system?  
   (f)    Can this incubator be placed on a back-up 

generator?
  •  What happens to the internal atmosphere 

when the incubator switches to a generator?

  −  Does the incubator also need to be 
placed on a UPS machine?            

   What Is Required for the Maintenance 
of the Incubator? 

    How often do you need to clean the incubator?• 
   Can the incubator easily be taken apart and  –
cleaned?     

  How often do probes need to be replaced?  • 
  How often do  fi lters need to be replaced?     • 

   How Much Does the Incubator Cost? 

    How much does it cost for preventative • 
maintenance?  
  What type of warranty does the incubator • 
come with?  
  What’s the proximity of the distributer?• 

   How fast can I have a problem addressed  –
by a technician?  
  How much are technical fees?         –

   What Are Other Considerations 
for Purchasing an Incubator? 

    Have other successful IVF programs used this • 
incubator for embryo culture?

   Have you contacted these programs for  –
references?  
  How are their statistics?      –

  How user-friendly is the incubator?      • 

   Appendix 4: College of American 
Pathologist Guidelines for the 
Maintenance and Quality Control 
of Equipment 

 Following installation and validation of your 
equipment, it is imperative that there is continu-
ous monitoring while in clinical use. Close 
 monitoring of equipment helps to ensure its per-
formance is maintained and that problems are 
detected as they occur. The 2010 Reproductive 
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Laboratory CAP Checklist  [  12  ]  lists the follow-
ing requirements for maintaining general lab 
equipment and incubators:
    1.    There is documentation of monthly evalua-

tion of instrument maintenance and function, 
including temperatures of refrigerators/freez-
ers in which reagents or patient specimens 
are kept.  

    2.    There is a schedule or system available at the 
instrument for the regular checking of the 
critical operating characteristics for all instru-
ments in use.
   (a)    This must include, but is not limited to 

electronic, mechanical, and operational 
checks. The procedure and schedule 
must be as thorough and as frequent as 
speci fi ed by the manufacturer. There 
must be a routine plan or schedule avail-
able at the instrument for the regular 
checking of the critical operating charac-
teristics of all the instruments in use. The 
laboratory should have an organized sys-
tem for monitoring and maintaining all 
instruments. Function checks should be 
designed to check the critical operating 
characteristics to detect drift, instability, 
or malfunction, before the problem is 
allowed to affect test results. All servic-
ing and repairs should be documented.      

    3.    There is documentation of checks of incuba-
tor function each day of use using an inde-
pendent measuring device for the following.
   (a)    Temperature of incubators  
   (b)    Gas concentrations in incubators

   In lieu of measuring daily gas concentra-• 
tions, the laboratory may verify accept-
able incubator culture conditions by 
monitoring and documenting daily checks 
for pH. Alternatively, laboratories using 
premixed gas may retain the manufactur-
er’s certi fi cate of analysis as documenta-
tion of acceptable QC records instead of 
performing independent measurements         

    4.    Acceptable limits of temperature, humidity, 
gas content, and/or pH are de fi ned.  

    5.    The laboratory has a method to detect and 
prevent incubator gas failure.  

    6.    The laboratory’s incubator for embryos and 

gametes has emergency backup power, and it 
is tested at least quarterly.  

    7.    All critical incubator, storage, refrigeration, 
and freezing units are monitored and checked 
each day of use.                  

    8.    The laboratory’s incubator for embryos and 
gametes has emergency backup power, and it 
is tested at least quarterly.  

            9.    Incubator alarms are monitored 24 h/day 
(either remote or in the laboratory).
   (a)    Alarm systems, if used, must be checked 

at least annually. Audible alarms are only 
effective if someone is able to respond to 
the dif fi culty and is trained to follow the 
appropriate methodology to correct the 
problem or take alternative measures.           
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         Introduction 

 The regulation of any social activity is exceedingly 
complex because of the numerous stakeholders 
involved. Furthermore, regulations mandate legal 
requirements with societal sanctions if stakehold-
ers do not meet those requirements. This necessar-
ily creates concerns regarding potential sanctions 
because they can have  fi nancial and other serious 
consequences for the individuals affected.  

 Since Louise Brown was born in 1978, in vitro 
fertilization (IVF) has evolved extensively. IVF is 
de fi ned as an ART procedure that involves extra-
corporeal fertilization  [  1  ] . Assisted reproductive 
technologies (ART) is de fi ned as all treatments or 
procedures that include the in vitro handling of 
both human oocytes and sperm or of embryos for 
the purpose of establishing a pregnancy. This 
includes, but is not limited to, IVF, gamete intra-
fallopian transfer, zygote intrafallopian transfer, 
tubal embryo transfer, gamete and embryo cryo-
preservation, oocyte and embryo donation, and 
gestational surrogacy. It also includes intracyto-
plasmic sperm injection (ICSI), preimplantation 
genetic diagnosis/screening (PGD/S) and assisted 
hatching (AH). ART does not include assisted 
insemination (“arti fi cial insemination”) using 

sperm from either a woman’s partner or a sperm 
donor  [  1  ] . For the purposes of this chapter IVF 
and ART terms will be used synonymously. 

 The regulation of IVF began early after its 
inception. The UK and Australia both had early 
interventions in ART with government-appointed 
panels, reports with recommendations, and sub-
sequent regulations. These regulations and laws 
both limited and enabled different aspects of the 
development of IVF. Other countries soon fol-
lowed with a variety of laws but the development 
of professional guidelines also began. The USA 
has been a leader in this regard but many other 
countries have also developed guidelines  [  2,   3  ] . 

 It is important to differentiate between regula-
tions and guidelines  [  4  ] . Regulations are created 
by federal or state authorities and are associated 
with formal state sanctions, such as loss of medical 
license,  fi nes, or prison sentences. Guidelines are 
developed by professional organizations and are 
usually only associated with professional sanc-
tions, such as requirement for participation in a 
quality assurance program or loss of membership 
in the professional organization. Such sanctions do 
not carry the weight of the state. Blended models 
with regulations based on professionally developed 
guidelines are also present in some  federal, state, 
and provincial jurisdictions. Furthermore, some 
countries have federally developed guidelines with-
out legislation, but these guidelines are universally 
adopted. The different models seem to have the 
potential for both success and failure; success being 
de fi ned as a model that enjoys generally wide sup-
port of patients, professionals, and the public. Some 
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regulatory models appear to be generally successful 
and some do not, and some guideline models have 
been generally successful while others have not. 

 Many countries have neither regulations nor 
guidelines. This appears to be the least successful 
model, particularly because very little is known 
regarding ART activity in such jurisdictions. If it 
is not possible to measure healthcare activity it is 
not possible to improve it. This chapter will 
address some of the contemporary issues sur-
rounding regulations, guidelines, and legal con-
cerns with respect to IVF.  

   Factors Affecting Regulation of IVF 

 Approximately  fi ve million babies have been 
born worldwide as a result of ART procedures. In 
many developed countries between 1 and 5% of 
babies are born as a result of IVF  [  5  ] . 

 The signi fi cant role of IVF in reproduction 
places it in the mainstream of medicine. Recognition 
of this important role has been con fi rmed by the 
awarding of the Nobel Prize to Robert Edwards, 
whose pioneering work led to the birth of Louise 
Brown. Furthermore, many of the recent techno-
logical developments in ART are at the forefront of 
science, including somatic cell nuclear transfer 
(“cloning”), PGD/S, oocyte cryopreservation for 
cancer management and reproductive “insurance,” 
as well as the use of donor sperm, oocytes, and 
embryos (third party reproduction). 

 Medicine generally is a social activity that 
affects individuals in personal ways and, there-
fore, is highly regulated. Nevertheless, because it 
is so personal, there is the potential for con fl ict 
among society, patients, health care professionals, 
other involved entities, regulatory organizations, 
and even government. This is especially true in 
reproductive medicine and IVF because it involves 
reproduction, sexuality, technology, and multiple 
parties—factors evoking complex responses  [  4  ] . 

   Religion 

 There are, of course, major religious differences 
among and within countries. The primary reason 

these religious differences affect regulation is 
that they create a divergence of opinion on the 
moral status of the embryo  [  6  ] . The moral and 
legal status of the embryo are interlinked and are 
often the key to the acceptability of many ART 
procedures. There can be great legal dif fi culty in 
dealing with an entity that is neither a thing nor 
a person, and on this issue there is great diversity 
of opinion. Countries with a very strict view of 
the embryo as a person commonly limit ART 
technologies either through religious edict, social 
discouragement, or legislation. For example, 
Costa Rica is a strictly religious Roman Catholic 
country and has banned IVF. Some religions 
have a more permissive view of the moral status 
of the embryo, while others have a very restric-
tive and de fi nitive view, e.g., Roman Catholicism. 
There is much variation within some religions, 
e.g., different types of Protestantism. For exam-
ple, some Episcopalians tend to be very liberal 
with regard to the embryo and others are very 
conservative, considering it to have the moral 
status of a person, similar to some southern US 
Baptists who can be extremely conservative. 
Some religions tend to be pragmatic, but with 
speci fi c limitations, e.g., Islam. Among different 
countries of the same religion, there can be dif-
ferent interpretations of what is morally correct, 
possible or desirable. Individuals of the same 
socioeconomic level living in the same country, 
and having the same religion, can have dramati-
cally different perspectives on the moral status 
of the embryo and therefore how they feel about 
IVF and how it should be regulated. Overall, 
however, religion plays a central role in deter-
mining regulation of IVF because it affects indi-
vidual perspectives, social norms, and availability 
of IVF services. 

 Other cultural forces can either reinforce or 
counterbalance the effect of religions on the 
availability of ART. Saudi Arabia and Turkey are 
both Muslim countries, but Saudi Arabia is very 
conservative and performs a small number of 
cycles annually compared with Turkey, a far more 
liberal Muslim country, that performs tens of 
thousands  [  5  ] . Therefore, cultural factors can 
reinforce or mitigate the religious perspective on 
the moral status of the embryo and regulation. 
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  Politics 

 Political factors can also affect policy. For example, 
Turkey’s desire to join the European Union has 
led to closer communication between Turkey and 
European countries on the provision of ART ser-
vices in a manner that is harmonious with that of 
Europe. A symposium was organized by govern-
ment and professional representatives in 2009 to 
develop improvements that could be implemented 
in documenting IVF services through a Turkish 
registry. However, as political commitment towards 
the European Union has waned in the last few 
years, Turkey has implemented strict regulations 
forbidding their citizens from traveling abroad for 
third party reproduction and threatening criminal 
prosecution of both physicians and patients.  

   Economics 

 Economics can affect the regulation of IVF simply 
because the lack of resources in many developing 
countries means that other healthcare priorities 
take precedence. It is in these situations that the 
risk of abusive practices by  fi nancially motivated 
providers can cause the most harm. Mitigating 
these problems is a long and dif fi cult process that 
can be initiated by requirements for reporting the 
existence of IVF clinics and reporting results to 
registries. In many countries, the burden of the 
cost of regulation is passed on to the providers of 
the service, and then often to the patient. In coun-
tries that are suf fi ciently wealthy, this allows the 
government to establish quite signi fi cant regula-
tion with expenditure of minimal resources. One 
aspect of this problem, however, is that even well-
intentioned and appropriate regulation in principle 
can become overly expensive and not cost-effec-
tive  [  7  ] . An additional role of economics is the 
driving of provider behavior towards desired regu-
latory outcomes. For example, some countries, 
e.g., Belgium, link reimbursement to providers 
and/or patients to adherence to regulations regard-
ing the number of embryos to transfer. 

 Regulation of IVF can be affected by the 
health care system. Publicly funded systems gen-
erally can  fi nd it easier to regulate than mostly 

private ones. In some countries health care is the 
responsibility of a province or state and not the 
federal government. In such countries regulations 
can vary from jurisdiction to jurisdiction.  

   Technology 

 Technology affects regulation. The birth of Dolly, 
the world’s  fi rst somatic cell nuclear transfer or 
cloned animal, had a profound impact on the global 
view of reproduction and raised many challenging 
questions with many con fl icting perspectives. 
Somatic cell nuclear transfer (SCNT) or “cloning” 
has been classi fi ed into therapeutic cloning (i.e., 
the use of SCNT to produce cells and tissues for 
use to treat disease), which is considered appro-
priate by many people, and reproductive cloning 
(i.e., the use of SCNT to create a genetically 
“identical” individual), which is considered inap-
propriate use of the technology by almost every-
one. ART technologies are also used to create 
stem cells for both research and potential thera-
peutic purposes. A resolution was passed by the 
United Nations prohibiting scienti fi c or other 
activities to enable reproductive cloning. Some 
countries, e.g. Singapore, passed regulations pro-
moting the development of such technologies, 
while others, e.g. the USA, passed regulations gen-
erally preventing federal funding of such research.  

   Societal Changes 

 Societal changes also affect regulation. Current 
controversial topics include assisting single 
adults with IVF and the rights of those with non-
heterosexual orientation to become married and 
have children. Perspectives on issues such as 
these vary widely among and even within coun-
tries and drive much legislation directed at regu-
lating IVF. It is important for IVF practitioners to 
remain abreast of such social trends and issues so 
that they can participate in the resolution of these 
issues in the best interests of their patients. 

 What is notable is that regulations are dynamic 
in many countries. The IFFS has published three 
surveillance documents in the last 12 years, and 
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there are many changes re fl ected globally in the 
documents  [  3  ] . These changes can be expected in 
the future as new technology and social trends 
occur, as genetics plays an even larger role in 
IVF, and as globalization “ fl attens” the world.   

   Regulatory Environment in the USA 

 There is a widely held but inaccurate perception 
that ART is unregulated in the USA. In fact, the 
USA has more regulation than most countries. 
There are a number of possibilities why this per-
ception has developed: absence of a socialized 
healthcare system with its attendant controls; 
absence of a single national regulatory body; lim-
ited insurance coverage for infertility services; 
illegal, immoral, irresponsible, and unethical 
behavior by a few practitioners; minimal federal 
involvement in reproductive research; rapid 
scienti fi c advances; different values and ethical 
perspectives on reproductive medicine; and a 
media presentation of reproductive issues that 
focuses on sensationalism. Regulation of ART in 
the USA was initially, and remains, fragmented, 
although efforts at coordination among the differ-
ent stakeholders have had some success. While 
the overall process of IVF is highly regulated, 
reproductive choice for individual women and 
men remains unregulated. This has become an 
area of signi fi cant social disagreement, however, 
as stakeholders and society debate, often in the 
government and media, how best to protect and 
promote the rights of the individual while at the 
same time respecting the divergent values of a 
very heterogeneous society. The issue of repro-
ductive rights vs. responsibility looms large when 
discussing multiple births, third party reproduc-
tion, single parenting, family balancing and 
genetic diagnosis and screening. 

   Mandatory Regulations Affecting ART 

 Numerous general mandatory regulations affect 
ART either directly and/or indirectly  [  8  ] . The 
Centers for Medicare and Medicaid Services 
(CMS) are responsible for implementation of the 

Federal Clinical Laboratory Improvement Act of 
1988 (CLIA 88) that governs endocrinology and 
andrology laboratories performing, respectively, 
hormonal assays and semen analysis tests for 
IVF. CMS CLIA 88 inspections can be performed 
with “deemed status” by individual states. 
Furthermore, CMS oversees the accreditation of 
ambulatory surgery centers and provides 
certi fi cation, sometimes through the Accreditation 
Association for Ambulatory Health Care 
(AAAHC) which has “deemed status” for such 
accreditation. The National Institutes of Health 
(NIH) and federal research regulations cover all 
human research, including that performed in IVF 
laboratories. The Food and Drug Administration 
(FDA) has regulations that govern SCNT, and 
other federal government laws restrict research 
on embryos, SCNT and stem cell research. The 
Federal Trade Commission (FTC) has intervened 
to sanction ART clinics that marketed or adver-
tised their results in a manner that the FTC con-
sidered inappropriate. CMS sets payment levels 
for all medical services, including those provided 
by ART centers. Even though Medicare and 
Medicaid do not pay for IVF, the setting of reim-
bursement levels in general has a direct effect on 
payment by insurance companies and others to 
ART centers. The Department of Health and 
Human Services (DHHS) has multiple policies 
that affect ART genetic testing and genetic pol-
icy. The Public Health Service Act prohibits 
human embryo research; the embryo was 
classi fi ed as a “human subject” in 2002. These 
federal policies have had the primary impact of 
limiting human embryo research and support for 
reproductive research, including stem cell 
research. Importantly, all stakeholders in health-
care must follow the Health Insurance Portability 
and Accountability Act of 1996 which protects 
con fi dential patient information  [  9  ] . Practitioners 
must take remedial actions when patient 
con fi dentiality is compromised and can be sanc-
tioned for not following this law. Additionally, all 
data submitted to the Society for Assisted 
Reproductive Technology (SART) and the 
Centers for Disease Control must be protected 
according to the requirements of Section 308(d) 
of the PHS Act (42 USC 242m(d))  [  10  ] . 
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 There are also many levels of state and institu-
tional regulation that affect ART. For example, 
states regulate licenses to practice medicine and 
have removed licenses from ART practitioners for 
transgressions unique to ART (e.g., not informing 
a patient that she had a different woman’s embryos 
implanted into her uterus, or transferring too many 
embryos to a patient). They require licenses for 
hospitals, operating and procedure rooms in which 
egg retrievals for IVF are performed. In some 
states (e.g., New York and California) the state 
requires an embryology laboratory license. Some 
states have laws that regulate ART technologies 
regarding embryo use and research (e.g., 
Louisiana), surrogacy (e.g., Michigan), sexually 
transmitted infection screening (e.g., California), 
informed consent regarding disposition of gam-
etes (e.g., California), or the use of gametes post-
humously (e.g., California). Additionally, 
institutions in which ART is practiced, such as 
universities, have regulations affecting clinical 
care, research, ethics, and funding. The require-
ment for Institutional Review Board (IRB) 
approval for all research treating human subjects 
is universal. This includes the universal need for 
informed consent by patients. So ART clinics in 
the USA must, in fact, abide by many general 
regulations in order to provide their services.  

   Research and ART 

 Regulation of research in ART has a long and tor-
tuous history in the USA. Since 1975, federal 
regulations required review and approval of 
research involving IVF by an Ethical Advisory 
Board (EAB). In 1979 this body released a report 
supporting IVF research, but in 1980 the Board 
was disbanded because political differences over 
the abortion issue prevented the selection of a 
chairman. In 1993 the Human Embryo Research 
Panel recommended that some embryo research 
(up to 14 days) be acceptable and that other 
research (e.g., “cloning”) not be. In 1994 President 
Clinton limited the Panel’s recommendations and 
he would not support the “creation of human 
embryos for research purposes.” In 1996 President 
Clinton signed a “Continuing Resolution” that 

banned funding for human embryo research. In 
2000 the NIH expressed an interest in funding 
some ART, but only non-embryo, research which 
has been extremely limited because of the lack of 
federal funding. 

 The USA also has mandatory speci fi c regula-
tion of stem cell research, including guidelines 
established by the NIH in 2000. On August 9, 
2001, President George W. Bush announced cri-
teria for federal funding of stem cell research, 
limiting it to 64 stem cell lines in existence at that 
time. Subsequently it has been determined that 
fewer than a dozen of these lines are functional 
for research, and many scientists and others are 
critical of this limitation. However, the regula-
tions do not preclude private funding of stem cell 
research and federal law does not prevent private 
funding of production of embryos for research 
purposes. California passed an initiative in 2004 
to provide $3 billion over 10 years for stem cell 
research. One of the requirements is that there is 
no payment to women for donating their eggs for 
stem cell research. Efforts to revoke this aspect of 
the law have been initiated by the California 
Medical Association. In 2005 the state of 
Massachusetts passed Senate Bill No. 2039, an 
Act Relative to Enhancing Regenerative Medicine 
in the Commonwealth, to encourage stem cell 
research in their state. Other states have also 
passed legislation regarding stem cell research. 

 Somatic cell nuclear transfer (SCNT), com-
monly referred to as cloning, has been very con-
troversial. After the cloned sheep, Dolly, was 
born in 1996, the political consequences were 
such that oversight of SCNT was given to the 
FDA by Congress. The FDA instructed all ART 
laboratories that FDA permission by way of a 
New Drug Application (NDA) is required in 
order to perform SCNT of any type in humans. 
To date, several controversial bills have been 
introduced to Congress, but none have passed 
both the House of Representatives and the Senate 
and been signed into law. California passed a pro-
therapeutic SCNT bill, SB253, in 2002, as have 
several other states. 

 Regulations affecting genetics also impact 
ART, in an increasing manner, because of the 
application of PGD/S which is performed by 
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testing cells biopsied from embryos that have 
been created by IVF. The Department of Health 
and Human Services (DHHS) oversees genetic 
tests through the CDC, FDA, CMS, and Of fi ce 
for Human Research Protection (OHRP). CLIA 
has laboratory oversight and the NIH oversees 
genetics research activities. The Secretary’s 
Advisory Committee on Genetic Testing 
(SAGCT) made comprehensive recommenda-
tions in 2000 regarding genetics testing. The 
Health Care Portability and Accountability Act 
of 1996 restricts use of genetic test data and the 
Equal Opportunity Commission prohibits dis-
crimination based on genetic tests. State health 
agencies have additional oversight roles.  

   The Fertility Clinic Success Rate and 
Certi fi cation Act of 1992 (“Wyden Law”) 

 In the late 1980s it became clear that a mecha-
nism to report results of ART procedures would 
be useful for both physicians and patients for 
clinical care and research. Congressman Ron 
Wyden from Oregon also felt that a reporting sys-
tem would be important so that consumers (i.e., 
patients) could make more informed choices 
about different ART programs. With the support 
and active participation of the American Society 
for Reproductive Medicine (ASRM) and its 
af fi liated society, SART, he developed and passed 
the Fertility Clinic Success Rate and Certi fi cation 
Act of 1992 (FCSRCA), commonly referred to as 
“the Wyden Law”  [  11  ] . This law required annual 
reporting of clinic-speci fi c success rates; listing 
of clinics that do not report; development of a 
model program for certi fi cation of embryo labo-
ratories; and promulgation of criteria and proce-
dures for approval of accreditation programs to 
inspect and certify embryology laboratories. 

 The FCSRCA has been implemented by the 
CDC, and currently over 97% of ART programs 
report their results to them annually, most report-
ing through SART. The few programs that do not 
report are listed as “non-reporters.” This has not 
been considered a suf fi cient penalty to cause them 
to report. A major criticism of the FCSRCA is 
that it does not contain serious  fi nancial or other 

sanctions for those who do not report their results. 
However, the CDC is not a regulatory body and 
does not have the authority to sanction nonre-
sponders other than to report them as such. The 
results that are reported are validated annually by 
randomly selecting approximately 10% of the 
reporting clinics for on-site visits and chart review 
with the possibility of contacting patients to 
con fi rm the birth outcomes of ART treatment. 

 The results that are reported by ART clinics 
are analyzed by the CDC and a sophisticated 
report is presented on the web  [  12  ] . Another 
signi fi cant criticism of the FCSRCA is that the 
complexity of the data results in patient misin-
terpretation and inappropriate comparison of one 
clinic to another. There are many who feel this 
has resulted in ART clinics competing with each 
other on the basis of pregnancy rates which, in 
turn, has contributed to the dramatic increase in 
multiple births resulting from ART during the 
1990s and an inability to reduce the twin preg-
nancy rate. Much discussion and debate has 
taken place regarding the balance between infor-
mation that assists patients as opposed to that 
which confuses, especially when many con-
founding variables affect the data. 

 The CDC did develop a model program for 
certi fi cation of IVF laboratories, but since 
responsibility for implementing such programs 
is a state function, no national certi fi cation pro-
gram was actually implemented. However, pro-
fessional societies and organizations do have 
standardized embryo laboratory certi fi cation 
programs, and with recent FDA regulatory 
involvement this is not considered an area of 
signi fi cant de fi ciency. Since model programs for 
certi fi cation of embryo laboratories were not 
developed in the states based on the CDC’s rec-
ommendations, there has also been no promulga-
tion of criteria and procedures for approval of 
accreditation programs to inspect and certify 
laboratories as called for in the FCSRCA. 

 Overall, despite many dif fi culties in being the 
 fi rst “regulation” directly addressing ART in the 
USA, the FCSRCA has generally been considered 
a success by physicians, patients, and the govern-
ment. Implementation, which has improved over 
time, has provided useful information to patients, 
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and has been used by SART, the CDC and others 
for publication of papers regarding ART. The 
SART/CDC report has provided some of the most 
detailed and speci fi c data regarding IVF available 
in the world because it records individual cycles 
and reports these with identi fi cation of the indi-
vidual ART clinics.  

   Food and Drug Administration 
Regulation 

 The FDA  fi rst became involved in ART when 
Congress gave them the authority to oversee 
“cloning” in 1996. The FDA  fi rst exercised this 
authority in an obvious way in 2002 when, in 
response to professional and others’ concerns, 
they sent letters to ART clinics informing them of 
the need for a New Drug Application (NDA) for 
cytoplasmic transfer (a technique involving trans-
fer of cytoplasm from the cell of one person to 
that of another, with the transfer also of some 
mitochondrial genes) and use of coculture (which 
involved the use of some animal-sourced prod-
ucts that came into contact with human cells). 
Subsequently, the FDA began developing regula-
tions requiring registration of laboratories, 
requirements for gamete donor screening, and 
requirements for good tissue practices. There are 
three regulations of particular signi fi cance. 

 The  fi rst regulation, Establishment Regi-
stration and Listing for Human Cells, Tissues 
and Cellular and Tissue-Based Products (HCT/
Ps) became effective January 21, 2004  [  13  ] . 
Registration is required within 5 days of begin-
ning IVF operations and annually in December. 
The second regulation, Eligibility Determination 
for Donors of Human Cells, Tissue and Tissue-
Based Products (HCT/Ps) became effective May 
25, 2005  [  14  ] . The third regulation is Current 
Good Tissue Practice for Human Cell, Tissue 
and Cellular and Tissue-Based Product 
Establishments: Inspection and Enforcement 
which became effective May 25, 2005  [  15  ] . 
However, reproductive tissues are temporarily 
exempt from this third GTP regulation and it is not 
known when they will become subject to the GTP 
regulations. Although compliance with the Good 

Tissue Practices is not mandatory, the FDA is 
urging “voluntary compliance” for reproductive 
tissue facilities. 

 To emphasize the mandatory nature and seri-
ousness of these regulations, the FDA performs 
unannounced on-site inspections of clinics approx-
imately every 2 years. Infractions can result in 
sanctions including penalties for an individual of 
up to $100,000 per violation and up to $250,000 if 
death results from the violation. For organizations, 
each violation is punishable by a  fi ne of up to 
$200,000 and if death results from the violation a 
 fi ne of up to $500,000. Additionally, criminal pen-
alties can involve imprisonment for up to 1 year.  

   Professional Society Accomplishments 
Overseeing ART in the USA 

 The ASRM was founded in 1944 and since that 
time has been the leading professional organiza-
tion for reproductive medicine. The SART was 
formed in 1987 in response to the rapid develop-
ment of ART technology in the USA and else-
where. SART began publication of clinic-speci fi c 
success rates on a voluntary basis in 1989. SART 
initiated collaboration with the CDC and assisted 
Congressman Wyden in developing the FCSRCA 
that was passed in 1992. The American 
Association of Bioanalysts (AAB) developed 
pro fi ciency testing for laboratories. SART and 
ASRM worked with the College of American 
Pathologists (CAP) to create the Reproductive 
Laboratory Accreditation Program in 1992. This 
program set requirements and performed on-site 
accreditation every 2 years for embryo laborato-
ries. Currently two-thirds of SART programs are 
accredited through this CAP/SART/ASRM pro-
gram. The other one-third are accredited through 
New York State or through the Joint Commission 
on Accreditation of Healthcare Organizations 
(JCAHO). SART also has worked with the FDA 
developing their recently enacted regulations. 
Furthermore, SART and ASRM have developed 
dozens of Practice, Laboratory and Ethical guide-
lines that are widely distributed and implemented 
and that have dramatically improved the quality 
of clinical and laboratory ART care  [  2,   16  ] . 
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 One of the biggest criticisms of regulation in 
the USA is that it has not controlled the increase 
in multiple birth rate that has occurred with ART 
procedures. While some countries have intro-
duced regulations with arbitrary limitations on 
the number of embryos transferred, the USA has 
not. This is an extremely complex clinical prob-
lem, because limiting the number of embryos 
transferred does reduce multiple pregnancy rates, 
but can also reduce overall pregnancy rates and 
the number of infertile patients who will success-
fully have a family. Most professionals in the 
USA do not believe that rigid regulation is the 
appropriate solution to this problem. Professional 
societies, however, have actively advocated for 
limitations on the number of embryos transferred 
based on evaluation of the evidence regarding 
number of embryos transferred, multiple preg-
nancy rates, and individual patient clinical cir-
cumstances. Triplet birth rates have been reduced 
over 80% from 1996 to 2010 as a result of imple-
mentation of these guidelines, showing they can 
be effective. Current efforts are now focused on 
reducing the twin pregnancy rate. Constant eval-
uation of data, new technology, new clinical 
approaches, improved patient understanding, and 
professional education should assist in continu-
ing to reduce the number of embryos transferred 
and the multiple pregnancy rate while maintain-
ing the live birth rate. Signi fi cant attention is 
being paid to the possibility of changing the way 
results are reported in order to encourage replace-
ment of fewer embryos, in particular elective 
single embryo transfer. 

 SART has as its mission “setting the standards” 
for ART. It has established rigorous mandatory 
requirements for membership, and approximately 
85% of the programs performing over 90% of the 
IVF cycles in the USA have met these require-
ments and are SART members. These require-
ments include personnel requirements: the 
Medical Director must have completed a Board-
certi fi ed fellowship in reproductive endocrinol-
ogy and infertility; the Laboratory Director must 
have a Ph.D. degree, 6 months of training in ART, 
2 years’ experience in ART, and be certi fi ed as a 
High Complexity Laboratory Director. SART IVF 
clinics must agree to on-site accreditation of their 

laboratory by CAP/ASRM, JCAHO, and/or New 
York State inspectors every 2 years. SART clinics 
must report their results annually to SART and to 
the CDC and agree to participate in on-site valida-
tion of their results. They also must agree to on-
site review of their adherence to SART Practice, 
Laboratory, Advertising and Ethics Guidelines. 
There is mandatory participation in SART’s 
Quality Assurance Program for programs with 
low pregnancy rates, high multiple pregnancy 
rates, and/or other clinical problems. 

 In addition to these activities with its mem-
bers, both SART and ASRM have continued to 
cooperate with and lead initiatives with other 
professional, governmental, and patient advo-
cacy organizations and institutions which are 
stakeholders in ART. ASRM continues to advo-
cate for appropriate insurance coverage also. 
These activities are intended to improve access, 
effectiveness and safety of IVF and demonstrate 
that self-regulation and constructive involvement 
in the major issues affecting IVF make regula-
tion unnecessary. 

 The American Bar Association has been 
actively involved in social issues that would 
bene fi t from regulation. The Family Law Section 
through its Continuing Legal Education pro-
gram is addressing issues such as posthumous 
reproduction, international law, donor anonym-
ity, and payment to donors. The Uniform 
Parentage Act passed by the ABA does not 
address issues related to cloning. Therefore, a 
resolution was passed in August, 2004 which 
opposes reproductive cloning. However, should 
reproductive cloning occur in the future, it sets 
forth the rights of the cloned offspring. The 
ABA passed a resolution in favor of therapeutic 
cloning (SCNT) in August, 2003.   

   The International Regulatory 
Environment 

 The IFFS Surveillance 2010 is the third and latest 
document describing the international regulatory 
environment  [  3  ] . It reports a wide range of regu-
lation, guidelines, and hybrid oversight systems 
affecting many aspects of ART globally. 
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 Some countries have very restrictive regula-
tions. For example, Germany severely restricts the 
creation and cryopreservation of embryos. Many 
countries regulate and restrict use of donor gam-
etes. Donor embryos are not permitted in some 
countries, and approximately one-third of countries 
require some type of information on gamete donors 
if requested, with a few of these being non-identi-
fying information. Many countries have laws 
regarding the right to information about the donor 
if necessary for the health of the child. In France 
anonymity is protected, while in Australia lack of 
anonymity is a major problem for recruitment. The 
UK, which previously prohibited payment to gam-
ete donors, has now reversed itself because of the 
lack of donors under the former policy. Canada has 
a shortage of gamete donors because of prohibition 
of payment. Fetal reduction is not allowed in some 
countries. PGD for known genetic conditions is 
allowed in the majority of regulated countries. PGS 
to identify “normal” embryos is speci fi cally not 
allowed in a few countries. The use of gestational 
carriers is performed infrequently, with limitations 
in many countries including the need for a panel or 
court to approve, availability only in altruistic situ-
ations and/or with serious medical conditions, and 
with restrictions on the marital status of the carrier 
and others involved. Payment to a carrier is illegal 
in many countries  [  3  ] . 

 Although some have hoped that international 
comparison of regulations and guidelines might 
lead to standardization of the provision of ART 
services, it has become clear that this is highly 
unlikely. Indeed, at most international meetings it 
has now become recognized that different societ-
ies, religions, and cultures need to have their val-
ues respected, and that the best approach is to try 
to understand what works and doesn’t work in 
different settings, and why. In this way, each 
society can develop approaches most consistent 
with its own cultural and socioeconomic settings. 
While the actual situation is not optimal, it does 
allow for countries to make their own choices, for 
change to occur over time, and for patients to 
obtain and physicians to provide reproductive 
services at least in some situations. When coun-
tries are developing regulations or guidelines, it 
is important to include all the stakeholders in the 

process. This includes not only policymakers, 
ethicists, and lawyers, but also physicians, embry-
ologists, their professional organizations and, 
most importantly, patients  [  4  ] . 

 Regulation of ART is extremely variable in 
different countries around the world, and is 
changing rapidly, just as it has in the USA. The 
country that has widely been considered to have 
the most comprehensive and well thought out 
regulatory framework has been the UK and their 
Human Fertilization and Embryology Authority 
(HFEA) that came into force in 1991  [  17  ] . A 
comprehensive review of the HFEA by the 
Department of Health found that licensing of 
clinics, reporting of results and the use of embryos 
for research were functional. However, it was 
quite critical of many aspects, especially regard-
ing those issues not included in the initial Act or 
that have become controversial: rules on embryo 
screening, assessing the “welfare of the child,” 
and the “need for a father” which is supposed to 
be taken into consideration before providing ART 
services, sex selection, what happens when cou-
ple’s disagree about an embryo’s use, the regula-
tion of web-based gamete donation services and 
the role of the independent regulator itself, the 
HFEA. One of the controversial aspects of the 
HFEA’s actions has been the limitation to trans-
fer a maximum of two embryos for women under 
40 and three for women over 40. HFEA policy 
now sets a maximum twin birth rate of 15% for 
each clinic, but leaves clinics to draw up their 
own patient selection criteria to meet that target. 
The HFEA also determined that cryopreservation 
of embryos that were abandoned could be dis-
continued after 5 years if serious attempts to 
locate their creators were unsuccessful. However, 
after several thousand embryos were destroyed 
the expressed public concern over this policy 
caused the time period to be increased to 10 years. 
It can be learned from the UK that regulation has 
brought advantages, and also disadvantages, and 
has not created unanimous agreement among 
those affected. Their experience also shows that 
the best regulations require intermittent reassess-
ment since scienti fi c progress and clinical and 
social changes can render some aspects of regula-
tion irrelevant or detrimental. 
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 Australia, and particularly the state of Victoria, 
has strongly regulated IVF beginning in 1984 
with The Medical Procedures (Infertility) Bill, 
which was updated in 2008. The bill de fi ned life 
as starting at the time of fertilization, mandated a 
2 year wait for commencement of IVF unless 
both fallopian tubes were blocked, made a sec-
ond medical opinion necessary before IVF could 
be performed, did not allow the physician ini-
tially recommending IVF to perform the proce-
dure, and made marriage compulsory before a 
couple could gain access to reproductive technol-
ogy  [  18  ] . Other Australian states generally have 
fewer restrictions on the practice of IVF. Many 
countries have enacted strict laws limiting the 
number of embryos that can be transferred. In 
nations with such legislation, the penalties for 
violation of the laws may be severe; they include 
withdrawal of the license to practice medicine (in 
the UK and Sweden),  fi nes or imprisonment (in 
Germany), and imprisonment with a substantial 
 fi ne (in Switzerland). Even though double embryo 
transfer has reduced triplet rates wherever imple-
mented, twin rates still remain at 20–35%. It has 
been shown that elective single embryo transfer 
(eSET) can reduce the twin rate to less than 5% 
(monochorionic twinning still occurs). On the 
basis of data from Finland, Sweden, and Belgium, 
the European Society for Human Reproduction 
and Embryology in 2001 recommended eSET for 
women less than 34 with a “top-quality embryo” 
 [  19  ]  (   see Chapter   5    ). Belgium amended its 
national embryo-transfer policy to allow the 
transfer of only one embryo in women less than 
36 years of age (on the  fi rst attempt). Sweden’s 
national health plan will cover an unlimited num-
ber of IVF cycles in which a single embryo is 
transferred, but only up to four cycles if more 
than one embryo is transferred. In Finland there 
is no regulation, but ART clinics, by professional 
consensus, perform eSET in approximately 70% 
of patients  [  20  ] . 

 Regulating the number of embryos to transfer 
can be a complex task. In Germany, The Embryo 
Protection Act of 1990 states that no more than 
three eggs can be cultured for a patient undergo-
ing IVF, and these must all be transferred  [  21  ] . 
Cryopreservation is allowed only at the pronu-

clear stage, soon after sperm penetration, before 
occurrence of syngamy. Overall, this regulation 
results in lower pregnancy rates because poorer 
quality embryos are created on average, yet 
higher multiple pregnancy rates occur because 
too many good quality embryos must be replaced 
in some women. 

 Italy passed regulation in 2003 that is at least 
as restrictive as that in Germany  [  22,   23  ] . The law 
restricts fertility treatments to heterosexual cou-
ples who live together and are of childbearing 
age, prohibits egg or sperm donation or gesta-
tional carrier, forbids freezing embryos for use at 
a later date and mandates that all, but no more 
than three, embryos must be implanted at the 
time of embryo transfer. It also outlaws embryo 
research, including cloning or genetic therapy. 
Sanctions include  fi nes up to $726,000 for using 
donors and 10- to 20-year jail terms and  fi nes up 
to $1.21 million for doctors who try to clone 
humans. Parts of this law were eventually over-
turned and now embryo transfer decisions can be 
more individualized. 

 In Spain it is legal to freeze embryos and put 
them in storage, but it is illegal to destroy them or 
donate them to research. Since many patients 
would like to donate them to research, but not to 
other couples, many embryos remain in storage, 
some beyond the 5 year storage limit. The central 
government has also  fi led a lawsuit contending it 
has regulatory control over research on embryonic 
stem cells and that even private research must be 
supervised by the national government  [  24  ] . 

 Canada had no regulation in place until 2004 
when a comprehensive act was passed  [  25  ] . This 
Act created the Assisted Human Reproduction 
Agency of Canada. The objectives of the Agency 
are to protect and promote the health, safety, 
and human dignity and rights of Canadians, and 
to foster the application of ethical principles in 
relation to assisted human reproduction. The 
regulations allow some embryo research, pro-
hibits sex selection except to diagnose or treat a 
sex-linked disease, forbids changing the genome 
if the change could be transmitted to descen-
dants, prohibits payment to gamete or embryo 
donors or surrogates, requires written informed 
consent, sets out con fi dentiality and disclosure 
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requirements, regulates research, allows for on-
site inspections of clinics, and has penalties of 
up to $500,000 and up to 10 years in prison for 
violations of the Act. The Act was challenged 
by the province of Quebec because it was a fed-
eral law which Quebec argued interfered with 
their provincial health care rights. The Supreme 
Court of Canada agreed with some of their posi-
tions and overturned important aspects of the 
bill leading to the dissolution, early in 2012, of 
Assisted Reproductive Health Canada which is 
the government entity which had been estab-
lished to oversee and enforce the law.  

   Cross-Border Reproductive Care 

 The  fi rst international meeting on cross-border 
reproductive care was sponsored by the 
Government of Canada in Ottawa in January, 2009 
 [  26  ] . This meeting brought together a broad range 
of international stakeholders. It was recognized 
that respect for the very diverse approaches to 
reproductive care and its regulation was essential 
for discourse and progress on this important topic. 
It was also noted that almost no comprehensive 
data exist on this important area of reproductive 
health care. No countries have actual cross-border 
data in their registries. An approximate estimate of 
the amount of cross-border reproductive care was 
that about 3–5% of US cycles were performed on 
European, Canadian, Asian, and other nationals. 
In Europe approximately 7–10% of care was pro-
vided to foreign nationals, mainly from other 
European countries. 

 It would appear that most patients seek cross-
border care to avoid restrictive regulations in their 
own country that limited the general availability 
of services (e.g., payment to gamete donors, sex 
selection), prevented their own to access services 
(e.g., age limitations, long waiting times), or 
intruded on their con fi dentiality and anonymity 
(e.g., need to participate in a gamete donor regis-
try). Patients also traveled to access what is per-
ceived as higher quality care (e.g., higher ef fi cacy 
or safety, more personal, and/or convenient care) 
and/or to access less expensive treatment  [  27  ] . 
Patients often go to countries in which they have 

relatives. Geographical proximity of services 
seemed to be important in at least some cross-
border travel situations, for example, Swedish 
women traveling to Denmark for egg donor ser-
vices. In other cases cross-border traveling did not 
seem to deter patients; for example, North 
Americans and Europeans traveling to India for 
gestational carrier services. The conclusions from 
this meeting were that better consent forms for 
patients and improved information for physicians 
were needed for patients to enhance the quality 
and safety of care; much better data were needed 
on the care provided, and a mechanism was 
needed to promote further progress in the under-
standing of cross-border reproductive care. There 
is concern that high patient motivation levels, 
poor information, limited informed consent, unfa-
miliar cultural and healthcare systems, travel and 
language dif fi culties increase the possibility of 
less ef fi cacious and safe reproductive care in for-
eign countries. 

 Cross-border care can also create ethical 
dilemmas for physicians who have patients desir-
ing services they cannot provide for legal or other 
reasons in their country of origin, or who have 
unrealistic requests in the country of destination. 
There is the potential con fl ict of following 
national regulations and/or guidelines or social 
norms versus physicians’ professional obliga-
tions to their patients. Clearly, laws must be fol-
lowed. However, the involvement of the physician 
in providing information, referral services, or 
supportive medical care before or after foreign 
treatment can be problematic. It would also be 
ethically and otherwise dif fi cult for a country to 
forbid travel of its citizens to another country for 
care, but it might limit funding for services for 
those who did on their return, for example, obstet-
rical care following egg donation. However, it 
should be noted that Turkey has recently enacted 
laws that create penalties for citizens traveling 
abroad to access reproductive services that are 
illegal in Turkey. Published March 6, 2010 in the 
Of fi cial Gazette, the new law states that any 
clinic, doctor, or patient using or encouraging the 
use of overseas sperm or egg banks will be 
reported to state prosecutors and face possible 
criminal charges  [  28  ] . This has caused some non-
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Turkish professionals who provide reproductive 
services to Turkish citizens to decide not to travel 
to Turkey because of their concern over the risk 
of prosecution. Also, the UK and other countries 
limit access to public funding for foreign patients 
accessing reproductive services in that country 
and for their own citizens who travel abroad for 
reproductive services not available at home. 
Although cross-border reproductive travel can 
act as a safety valve for a country with many 
patients leaving for care in other countries, it can 
also signal a need for individual countries to eval-
uate their own health policies to ensure that they 
re fl ect the needs of their citizens  [  4  ] . 

 Additional issues of major concern with 
cross-border reproductive care include exploita-
tion of involved parties, informed consent in for-
eign languages, coordination of services with the 
home country health care provider, immigration 
issues with offspring, especially with third party 
reproduction, and reporting/documentation of 
services, gametes, embryos, and children that is 
accurate and truthful but also complies with the 
laws of multiple countries. Professionals involved 
in providing such services must be knowledge-
able about these issues or seek collaboration 
with those who are.  

   Responding to Regulatory and Legal 
Concerns 

 Regulations have created many legal concerns for 
IVF professionals. CMS, FDA, and FTC are regu-
latory bodies that have authority to make on-site 
visits, perform assessments and levy sanctions 
that have  fi nancial, licensing, and criminal com-
ponents. Physicians must make themselves aware 
of them. The appropriate personnel with neces-
sary quali fi cations need to be hired to perform 
speci fi c services. The physical facilities must 
meet the required standards and be accredited/
certi fi ed. Internal operating systems, either paper 
or preferably electronic, need to be created and 
used. Internal quality assurance systems involving 
all relevant providers must be set up and followed. 
All activities need to be documented and reported 
as required. All of the systems and processes must 

be regularly reevaluated and updated. Preparation 
of systems and staff for both announced and unan-
nounced inspections needs to be undertaken and 
regularly reviewed. 

 SART and ASRM Practice Guidelines and 
Ethics Committee Opinions are just that—guide-
lines and opinions. However, in addition to the 
risk of sanctions and/or losing membership in 
SART, it is possible that practitioners could place 
themselves at medico legal risk if they are not 
followed—especially if there is a bad outcome. 
So it is recommended that clinical indications 
and fully informed consent be documented in the 
medical record in instances in which patient care 
deviates from SART or ASRM guidelines. 

 Informed consent is an area of increasing inter-
est. IVF practitioners function in a complex clini-
cal, scienti fi c, laboratory, surgical, ethical, and 
emotional area of medicine. It behooves all practi-
tioners to provide comprehensive, understandable, 
balanced, evidence-linked information to their 
patients so that together they can share in decision 
making. Such activities, not just the signing of 
consent forms, should be well documented. 

 Bad outcomes dramatically increase medico 
legal liability and lawsuits. Such actions cost 
time, money, potential business to the practice 
and take a large emotional toll on physicians, 
other professionals and their families. The most 
preventable bad outcome in IVF is multiple preg-
nancy, as discussed in Chap.   5    . Multiple birth, if 
not preventable, can be reduced signi fi cantly 
below current rates by reducing the number of 
embryos transferred. Patients and society will 
likely be increasingly unsympathetic towards 
poor outcomes from multiples, including twins, 
in the future. 

 Third party reproduction is an area of partic-
ular legal risk because of the increased number 
of individuals involved in a more complicated 
clinical situation and, often, the vagueness of 
laws. Comprehensive information and informed 
consent regarding rights, responsibilities, deci-
sions, and treatment now and in the future need 
to be provided to all parties. Legal documents 
from expert attorneys knowledgeable about state 
and federal laws are mandatory. Psychological 
counseling to ensure  fi rm understanding of current 
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and future issues in third party reproduction 
should be mandatory. And, of course, all appro-
priate laws must be followed. Laws with respect 
to commitments of anonymity or the nature of 
the relationship between parties in third party 
reproduction are often vague or absent, and dif-
ferent jurisdictions often have different laws. If 
the laws change, future relationships could be 
affected. Recent developments in Australia in 
which new regulations require retroactive appli-
cation of identity disclosure of donors raises 
new and troubling complexity to third party 
reproduction. 

 The legal environment in which IVF is prac-
ticed can be vague even in the USA. It is impor-
tant for practitioners to be aware of federal and 
state laws and know where there might be issues. 
Expert attorneys should be utilized in unusual 
clinical situations to avoid potential liability. This 
is especially true when agencies or individuals 
that are not licensed or regulated are involved in 
third party reproduction. 

 Many ethical issues are raised even in the 
 routine practice of IVF. These include those asso-
ciated with third party reproduction, welfare of 
the child, age of the intended parent(s), uncon-
ventional life-style of intended parents, gender 
selection, intentional exposure to risk (e.g., with 
respect to multiple births), con fi dentiality, and 
many others. Each practice should have in place 
a documented system for identifying and manag-
ing clinical and laboratory situations that raise 
ethical issues. This system should identify the 
process, the individuals involved, patient man-
agement in ethically challenging situations, and 
management of discordant views.  

   Conclusions 

 ART is a complex and rapidly changing clinical, 
scienti fi c and ethics-laden  fi eld of medicine 
involving highly visible and emotional issues. It 
is not surprising that there are many parties inter-
ested in the regulation and oversight of ART and 
that a multitude of country-speci fi c and, in some 
cases, state or province-speci fi c regulations and/
or guidelines currently prevail. 

 Continuing international communication and 
cooperation is furthering collaboration, especially 
in scienti fi c and medical endeavors. Reductions in 
economic disparities between the developed and 
developing world should lead to further interna-
tional standardization of ART services, greater 
access and some harmonization of regulations. 
Increased cross-border care can be expected as 
information about ART becomes more accurate, 
sophisticated and available through the Internet 
and other sources. Newer technologies and 
research opportunities, particularly in stem-cell 
research, will likely lead to increased cross-border 
reproductive travel. Differences in quality of care 
will likely lessen over time, but some differences 
will undoubtedly remain and cause some cross-
border travel along with cost differences. There 
will likely be increased efforts to regulate cross-
border care. 

 The recognition by the WHO of infertility as a 
disease and increased utilization of IVF is increas-
ingly causing IVF to be seen as in the mainstream 
of medicine. This recognition will likely result in 
better insurance coverage and also closer surveil-
lance and more regulation. Payers will want to 
ensure not only effectiveness but also safety and 
practice consistent with societal values. This will 
result in regulation that mandates access and also 
payment amounts, limitations on the number of 
embryos transferred and restricted availability of 
some services. Genetic services and other areas 
of technology improvement might also be major 
areas of regulation. 

 In the USA, the signi fi cant progress in devel-
oping regulation and oversight of ART is 
re fl ected in the involvement of a great diversity 
of institutions, organizations, and perspectives 
on federal, state, professional, and private levels 
that together, re fl ect the unique social composi-
tion and public and private institutions and val-
ues of this country. The current system 
substantially meets many of the objectives of an 
ideal regulatory and oversight mechanism. IVF 
in the USA is highly regulated, except for repro-
ductive choice. It is important for all IVF practi-
tioners to recognize that we will continue to have 
to represent the interests of our patients and the 
infertile population against inappropriate and 
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restrictive regulation. Yet we must be sensitive 
and responsive to legitimate societal concerns 
regarding safety and proper utilization of the 
powerful technology that we have developed. In 
a pluralistic society, it is reasonable to consider a 
“hierarchy of interest”  [  29  ]  (Fig.  16.1 ) in balanc-
ing patient reproductive choice, the practice of 
medicine, research and the values, needs and 
desires of society. As all aspects of IVF continue 
to evolve, including regulation, we can also con-
tinue to learn from the experiences of the inter-
national community.      
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