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v

Performed for other than trauma, congenital defects and cosmetics, ‘surgery’ repre-
sents the failure of medicine; failure of elucidating the etiology of the disease and 
developing specific and effective preventive and therapeutic measures.  – Victor 
Gomel, 2019 [1]

We are still very far from achieving this level of success; hence we must 
continue to train skilled surgeons to properly treat women with reproductive 
problems.

Gynecologic practice, like medicine, continues to evolve. The gynecologi-
cal surgeon of the twenty-first century is typically different from many of 
those of the other surgical specialties. They must function as both the “inter-
nist” and the “surgeon” for women with reproductive disorders. In addition, 
scientific developments and technical inventions are permitting treatment of 
many conditions medically, avoiding procedures, including traditional sur-
gery altogether.

The transition of gynecological surgical practice from laparotomy, to 
largely hysteroscopic and laparoscopically directed procedures, has been 
both dramatic and uneven. Complicating this transition, specialty training 
programs are inconsistent. Furthermore, the development of laparoscopic 
technique has eroded training in vaginal surgery, the original minimally inva-
sive technique, and hysterectomy in particular [2]. While these advances con-
tribute to an overall reduction in the number of gynecologic surgical 
procedures per population, the complexity of the surgical procedures per-
formed is increasing [3]. Indeed, there is already evidence that complication 
rates associated with hysterectomy are on the rise [4, 5].

Duration of specialty training is another approach that could result in sur-
geons who are better prepared to provide the spectrum of minimally invasive 
approaches. Although training programs in the USA are only 4 years long, 
those in other developed countries are frequently 5–7 years in duration, or, in 
some, even based on competency, with no established program duration. The 
addition of sub specialization to the “core” residency training programs in 
obstetrics and gynecology clearly prolongs the duration of training. It has 
been suggested that a solution would be the separation of obstetrics and gyne-
cology, a process that to an extent is already occurring [6].

Reproductive surgery requires very special skills, beyond that of the typi-
cal minimally invasive gynecologic surgeon, where reproductive surgeons 
encounter many unique cases. Most often, the surgery is not intended to 
remove a reproductive organ but instead to remove the pathology while trying 
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to maintain optimal reproductive function. Often, this can be handled with a 
minimally invasive approach; however, there are times when this must be 
handled via a traditional laparotomy. Thus, the approach to surgery is often 
not as critical as ensuring an optimal outcome for reproductive health. The 
content of the book Reproductive Surgery would certainly support this.

 The Book

The book, with its 24 interesting richly illustrated chapters, has a national and 
international authorship, each recognized in their own fields of expertise.

Chapter 1. Double Uterus with Obstructed Hemi Vagina and Ipsilateral 
Renal Anomaly (OHVIRA)
This first chapter commences with an interesting embryologic anomaly – a 
uterine didelphis, an oblique or transverse septum causing an obstructed semi 
vagina, and an ipsilateral renal anomaly (OHVIRA). The chapter covers the 
vaginal and abdominal surgical approaches.

Chapter 2: Surgical Techniques for Vaginal Agenesis With and Without 
a Functioning Uterus
Mullerian anomalies: The chapter commences with embryology and classifi-
cation. Treatment of vaginal agenesis, with or without a functional uterus, is 
discussed extensively following evaluation and diagnosis. In addition, non- 
surgical and various surgical approaches and alternative options have been 
discussed in great detail.

Chapter 3. Overcoming the Challenging Cervix
A patent cervical canal is essential for normal physiologic function and for 
reproductive procedures that require access to the uterus. The chapter reviews 
the various anomalies, several benign and malignant pathologies that create 
cervical stenosis, and covers the management options.

Chapter 4. Septate Uterus: Diagnosis and Management
A well-illustrated chapter that describes the developmental formation of uter-
ine septums and their classification. It reviews the available methods and 
techniques for their correction.

Chapter 5. Intrauterine Adhesions
This chapter reviews the etiology, clinical presentation, classification, and the 
diagnosis of uterine adhesions. Surgical considerations are discussed along 
with post-operative management and outcomes.

Chapter 6. Intraoperative Management of FIGO Type 2 Fibroids
This chapter provides a classification of fibroids, and discusses their effects 
on fertility and preoperative considerations starting with imaging and includ-
ing the use of GnRH and Misoprostol. It explains the hysteroscopic surgical 
approach in detail and discusses post-operative complications.
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Chapter 7. Proximal Tubal Obstruction
Addresses the pathophysiology of cornual tubal occlusion and the necessary 
measures to achieve a diagnosis. Describes the surgical techniques including 
microsurgical tubal anastomosis to achieve the best outcome for the patient.

Chapter 8. Diagnosis and Surgical Management of Adenomyosis
This well-illustrated chapter reviews the array of fertility-sparing surgical 
management options for diffuse adenomyosis and localized adenomyoma 
and explores the impact on future fertility.

Chapter 9. Hydrosalpinges: Repair or Excise
This chapter discusses hydrosalpinges: their etiology, diagnostic techniques, 
and the place of salpingostomy for fertility. It also reviews the impact of 
hydrosalpinx on IVF and the various treatment options.

Chapter 10. Cesarean Scar Defects
In 2018, 31.9% of all deliveries in the USA were cesarean deliveries. As the 
absolute number of cesarean deliveries increases, the sequelae of cesarean 
delivery are also expected to increase. Cesarean scar defects are increasingly 
recognized as the cause of various symptoms including irregular vaginal 
bleeding, dysmenorrhea, and infertility.

Chapter 11. Fertility Enhancing Ovarian Cystectomy
This chapter describes effectively and in minute detail the evaluation of ovar-
ian cysts and the surgical approach and technique of the benign cysts. The 
text also includes several colored illustrations of the procedures.

Chapter 12. Ovarian Transposition
This chapter commences with the radiation effects, indications, and preopera-
tive considerations. Reviews a detailed surgical technique, which is followed 
by ovarian function and pregnancy outcomes after transposition.

Chapter 13. Imaging Modalities to Pre-operatively Detect Fibroid 
Location
This well-illustrated chapter reviews the imaging modalities that may be used 
to accurately assess fibroid number, size, position, and site prior to surgery. 
While pelvic ultrasound may be sufficient in simple, uncomplicated cases, 
pelvic MRI is the problem-solving tool in complex cases.

Chapter 14. Image-Based Surgery: Treating Fibroids You Can’t See
Improvements in imaging technologies supplement surgical techniques in 
enhancing surgical outcomes. Laparoscopic ultrasound has provided a unique 
opportunity to find and remove intramural fibroids that would have either 
been missed or forced the surgeon to commit to an open approach. The use of 
fluorescent dye creates improved contrast between normal and abnormal tis-
sue and opens a whole new arena for tagged particles that can attach to dis-
tinct pathologies of interest to help in its removal. As MRI technology 
continues to evolve, opportunities for creating 3D models for pre-operative 
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surgical practice and improved pre-operative guidance will continue to pre-
pare the surgeon in providing an individualized approach to their patient.

Chapter 15. Cervical Fibroids
While less common (approximately 5% occurring in the cervix), cervical 
fibroids present additional challenges due to their proximity to the bladder, 
ureters, rectum, and the major vascular supply for the uterus. Evidence sup-
porting the use of various surgical techniques to address cervical fibroids is 
limited, likely due to their relative infrequency compared to fibroids arising 
from the uterine corpus. This chapter reviews the available literature and dis-
cusses some of the various pre-, intra-, and postoperative considerations 
involved in the management of these challenging lesions. Following a review 
of the literature, the text discusses the available surgical techniques and 
approaches including robotic.

Chapter 16. Adeno-myomectomy by the Triple-Flap Method
This is an excellent chapter by Professor Osada that demonstrates his recog-
nized technique of triple flap adeno-myomectomy with clear illustrations. 
The author presents results and discusses the surgery to pregnancy intervals.

Chapter 17. Uterine Transposition
Uterine transposition is an experimental evolving technique to preserve fertil-
ity in young women with pelvic malignancies that require radiation. The goal 
is to keep the uterus and adnexa outside of the radiotherapy field, with the 
view to preserve their function. The text includes indications and contraindi-
cations and the detailed surgical techniques supported with multiple illustra-
tions of both the initial and second repositioning surgery.

Chapter 18. Recognition and Management of Iatrogenic Injury to the 
Genitourinary System
This chapter reviews iatrogenic injury to genitourinary system starting with 
the bladder. The diagnosis and treatment are discussed and demonstrated in 
great detail with appropriate illustrations.

Chapter 19. Retroperitoneal Dissection
This obviously requires knowledge of anatomy, expertise, and meticulous 
microsurgical technique. The ability to go peritoneal and dissect the struc-
tures within the retroperitoneum is an essential skill for the gynecologic sur-
geon. This is an important chapter, and it explains this procedure very well 
with proper illustrations.

Chapter 20. Deep Infiltrating Endometriosis: Diagnosis and Fertility- 
Sparing Management in the ART Patient
In this chapter, the characteristics and diagnosis of deep infiltrating endome-
triosis (DIE) and its implications on fertility outcomes are discussed. DIE can 
be assessed clinically and via imaging (ultrasound, MRI), although definitive 
diagnosis is via surgical evaluation and pathology. DIE can cause debilitating 
pelvic pain as well as other symptoms (i.e., urinary, gastrointestinal) that 
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 correlate to the location of lesions. Although DIE has not conclusively been 
shown to cause infertility, it is believed to affect fertility outcomes. Surgical 
management and excision of lesions has been shown to improve both sponta-
neous pregnancy rates and success rates of assisted reproductive technologies 
(ART). Fertility-sparing surgical approaches for management of DIE based 
on anatomical locations are discussed, including rectovaginal, gastrointesti-
nal tract, genitourinary, and diaphragm. Advanced operative techniques 
reviewed in this section include shaving, discoid resection, and segmental 
resection.

The book ends with four interesting chapters.

Chapter 21. Crisis Management in the Office Setting
Crises management will always have importance in both office and operating 
room settings for the reproductive surgeon. This is an interesting chapter that 
includes case reports discussed extensively, including their prevention. It 
offers strategies to optimize patient safety.

Chapter 22. Risk Mitigation Strategies for Physicians
This is an extensive chapter the commences with historical origins of medical 
malpractice, reviews legal elements related to medical malpractice. It dis-
cusses the current litigation landscape (particularly obstetrics and gynecol-
ogy), explores the driving forces behind litigation, and covers strategies for 
mitigating legal risk and preserving wellness in the event a lawsuit is filed.

Chapter 23. Complications of Oocyte Retrieval
The chapter commences with a brief history of oocyte retrieval techniques. It 
then reviews complications starting from bleeding, urinary tract injuries, 
infections, and pain and anesthesia complications. It presents statistics and 
suggests what to do to minimize complications in each group.

Chapter 24. Reproductive Surgery in Austere Settings
Multiple elements that feed into optimal healthcare are usually lacking in 
resource-limited settings. This often results into lack of health services to 
poor populations. Minimally invasive reproductive surgery is such an exam-
ple in African countries.

I commend the editors and authors for the comprehensive and detailed 
writings to these unique clinical scenarios that the reproductive surgeon may 
encounter. I would argue, as this book suggests, that reproductive surgery is 
not a dying art in the era of assisted reproduction but rather a needed skill to 
augment outcomes for all infertile couples.

Victor GomelProfessor Emeritus, Former Head 
Department of Obstetrics and Gynecology
University of British Columbia 
Vancouver, BC, Canada
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1Double Uterus with Obstructed 
Hemivagina and Ipsilateral Renal 
Anomaly (OHVIRA)

Phillip A. Romanski, Pietro Bortoletto, 
and Samantha M. Pfeifer

 Introduction

Double uterus with obstructed hemivagina and 
ipsilateral renal anomaly, better known as 
OHVIRA, is a unique Müllerian anomaly in that 
it involves a constellation of anatomic abnormali-
ties and therefore meets criteria to be considered 
a syndrome. This syndrome is also known as 
Herlyn-Werner-Wunderlich syndrome, named 
after those who were some of the first to describe 
the associated findings, though the name 
OHVIRA syndrome has become the more com-
monly used terminology today [1, 2]. This syn-
drome is classically characterized by a triad of a 
uterus didelphys, an oblique or transverse vaginal 
septum causing an obstructed hemivagina, and 
renal agenesis ipsilateral to the obstructed hemi-
vagina, though variations do occur (Fig. 1.1).

 Development

Central to successful management of OHVIRA 
syndrome is an understanding of the embryologic 
origins of urogenital organs. Up until the 5th 
week of embryonic life, the genital system 
remains largely undifferentiated with bipotential 

gonads before mesonephric and paramesoneph-
ric ducts develop.

The mesonephric duct first arises from meso-
dermal tissue and elongates to form the epididy-
mis, vas deferens, and seminal vesicles in males. 
In females, the mesonephric duct will regress but 
not before it outpouches to form a diverticulum 
that will mature into a ureteric bud that migrates 
cephalad & induces metanephric tissue to form 
the metanephros (i.e., kidneys). By the 7th week 
of development, in the absence of anti-Müllerian 
hormone and SRY genes being expressed, 
paramesonephric ducts will originate lateral to 
the upper poles of mesonephros and descend cau-
dally into the pelvis crossing anteriorly to the 
mesonephric ducts to form the uterus. The 
paramesonephric ducts undergo fusion at the 
midline and resorption of the median septum to 
form a uterine cavity as well as cervix, upper 
third of the vagina and proximal fallopian tubes.

Classically, the upper third of the vagina is 
thought to arise from paramesonephric tissue 
with the lower two-thirds originating from the 
urogenital sinus. However, OHVIRA syndrome 
challenges this assumption. In 1992, Spanish 
gynecologist Paul Acién postulated that the 
upper vagina is derived from the mesonephric 
ducts with paramesonephric tissue contributing 
to the vaginal epithelium [3]. As a result, when 
the mesonephric duct develops abnormally it 
causes a lateralization of the ipsilateral 
Müllerian duct away from the urogenital sinus, 
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a b

c d

Fig. 1.1 Classic OHVIRA triad of findings. (a) 
Laparoscopic view of a didelphic uterus (b) Axial MRI 
image of obstructed hemivagina with hematocolpos (blue 
arrow) and a didelphic uterus. The obstructed right 
hemiuterus can be seen with hematometra (white arrow) 
as well as the patent left hemiuterus with a normal appear-

ing endometrial cavity (green arrow) (c) Sagittal MRI 
image of an obstructed right hemivagina with hematocol-
pos (blue arrow) and hematometra (white arrow) (d) 
Coronal abdominal MRI image of a patient with OHVIRA 
demonstrating right renal agenesis (blue circle) and left 
kidney in typical location (white arrow)

causing the formation of a blind pouch that 
develops into the obstructed hemivagina. The 
distal portion of the vagina is unaffected as it 
arises from the urogenital sinus. Furthermore, 
given the influence of the mesonephros, which 
is under developmental control from the meso-
nephric duct, on development and fusion of the 
paramesonephric tissue this hypothesis may fur-
ther explain the concurrent uterine didelphys 
seen in OHVIRA syndrome [4].

 Classification

OHVIRA is most classically defined by a uterus 
didelphys, an oblique vaginal septum causing an 
obstructed hemivagina, and an ipsilateral renal 
anomaly. Müllerian anomalies are classified by 
the American Society of Reproductive Medicine 
primarily based on the uterine malformation 
involved. Because cases of OHVIRA classically 
contain a didelphic uterus, this syndrome has 
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often been considered to be a subcategory of the 
uterus didelphys [5]. However, many variations 
of the uterine malformation, point of obstruction, 
and type of renal anomaly have been reported and 
it is not uncommon for a patient to present with a 
variation on the classical syndrome [6, 7].

One series of 87 patients reported that about 
one in four patients with OHVIRA will present 
with a non-classic variant [7]. Some uterine vari-
ations that may occur are depicted in Fig. 1.2 and 
include a bicornuate bicollis uterus or a complete 
septate uterus with duplicated cervix and an 
oblique obstructing vaginal septum and ipsilat-
eral renal anomaly [7]. Another described presen-
tation includes a didelphic uterus with unilateral 
cervical atresia as the cause of the obstruction. 
The most common renal anomaly to occur with 
OHVIRA is ipsilateral renal agenesis, however 
other reported ipsilateral renal anomalies to occur 
include duplicated ureter, renal dysplasia, poly-
cystic kidney, or even the absence of any renal 
anomaly [6]. Given the many variations that can 
occur with each component of this syndrome, the 
definition of OHVIRA syndrome frequently var-
ies in the literature. It is important to recognize 
that all of these unilateral anomalies represent a 
continuum that frequently involves ipsilateral 
renal anomalies. Therefore, while the term 
OHVIRA is used in this chapter and throughout 
the literature as a general term to describe this 
syndrome, individual cases should be described 
by the type of uterine anomaly and level of 
obstruction, as is demonstrated in Fig.  1.2, and 
should also include a description of the renal 
anomaly when present. For example, if instead of 
a didelphic uterus there is a complete septate 
uterus with an obstructed hemivagina and ipsilat-
eral renal agenesis, the anomaly should be 
described as a complete septate uterus with an 
obstructed hemivagina and ipsilateral renal agen-
esis rather than the less specific term OHVIRA 
(Fig. 1.2b). Note that if the obstruction is due to 
cervical atresia instead of an obstructed hemiva-
gina, the anomaly should be described by the 
type of uterine anomaly with cervical atresia 
such as a didelphic uterus with unilateral cervical 
atresia (Fig. 1.2d), rather than using the less spe-
cific and in this case incorrect term OHVIRA.

 Presentation

As with many Müllerian anomalies, the time 
from onset of symptoms to diagnosis is fraught 
with delays and challenges. Typically, patients 
with OHVIRA present with worsening dysmen-
orrhea around the time of the onset of menses [8]. 

Didelphic uterus with
obstructed hemivagina

Septate uterus with
obstructed hemivagina

Bicornuate bicollis uterus
with obstructed hemivagina

Didelphic uterus with
unilateral cervical atresia

Bicornuate uterus with
septate cervix and 
obstructed hemivagina

a

b

c

d

e

Fig. 1.2 (a) Didelphic uterus with obstructed hemiva-
gina. (b) Septate uterus with obstructed hemivagina. (c) 
Bicornuate bicollis uterus with obstructed hemivagina. (d) 
Didelphic uterus with unilateral cervical atresia. (e) 
Bicornuate uterus with septate cervix and obstructed 
hemivagina. (Figure from Fedele et al. [7]. Permission to 
use this figure was granted by Oxford University Press)

1 Double Uterus with Obstructed Hemivagina and Ipsilateral Renal Anomaly (OHVIRA)
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Fig. 1.3 Large volume hematocolpos (blue arrow) with 
bladder compression (white arrow)

a

b

Fig. 1.4 Left obstructed hemivagina in a newborn pre-
senting as a vaginal mass. (Figure from Kueppers et  al. 
[10]. Permission to use this figure was granted by 
Elsevier). (a) Left oblique vaginal septum in a newborn 
causing mucocolpos and a protruding vaginal mass (white 
arrow). Gray arrows point to normal appearing labia. (b) 
Incision through the oblique vaginal septum reveals the 
opening to the left hemivagina (gray arrow)

Fig. 1.5 Microperforation of a right oblique vaginal sep-
tum (blue arrow) in a patient that presented with pyocol-
pos and was found to have OHVIRA syndrome. Drainage 
of the pyocolpos from the microperforation can be seen 
(white arrows). The left cervix can also be seen adjacent 
to the oblique vaginal septum (gray arrow)

Patients may also present with bulk symptoms 
such as urinary frequency and urgency or even 
urinary retention from the mass effect of the dis-
tended hemivagina on the bladder (Fig. 1.3) [9]. 
Less commonly, a pelvic mass may be identified 
in newborns antenatally via ultrasonography or in 
the neonatal period (Fig. 1.4) [10].

In adolescents, initial presentation can some-
times be complicated by a super-infection of the 
hematocolpos which requires urgent antibiotic 
treatment and drainage [6, 11]. The infection may 
be preceded by an inciting event and this risk 
may be increased in patients that are sexually 
active or have a microperforation of the vaginal 
septum (Fig. 1.5) or cervix by increasing the risk 
of ascending bacteria. Patients with a microper-
foration may present with persistent intermen-
strual spotting and/or malodorous vaginal 
discharge from pyocolpos.

Unfortunately, the length of time from symp-
tom onset to diagnosis is on average 37.8 weeks 
with the vast majority of patients being misdiag-
nosed initially [12]. During this period, obstruc-
tion of menstrual bleeding outflow can result in 
hematometra and retrograde menstruation  – 
both of which contribute to cyclic pain, adhe-
sions, and even infertility. Efficient and accurate 
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diagnostic work-up is essential as it may allow 
for symptom relief as well as prevention of 
long-term sequelae.

 Diagnosis

Magnetic resonance imaging (MRI) is consid-
ered the gold-standard assessment in patients 
with suspected Müllerian anomalies with accu-
racy approaching 100% in some studies [13]. 
MRI not only provides excellent characterization 
of the external uterine contour but also the uter-
ine zonal anatomy, allowing for differentiation 
between a hypoplastic, nonfunctional hemiuterus 
and a non-communicating hemiuterus with func-
tional endometrium, information which may be 
beneficial for surgical planning and counseling. 
Additionally, MRI allows for image capture 
 outside of the pelvis which will identify renal 
anomalies as well as lower urinary tract 
pathology.

MRI for the purpose of diagnosis should be 
performed when the patient is menstruating as 

this allows for distention of uterine cavity as well 
as the proximal upper vagina maximizing poten-
tial for careful delineation of the anatomy in what 
are otherwise collapsed tissues (Fig.  1.6). This 
step often requires discontinuation of oral contra-
ceptives which are commonly prescribed to man-
age dysmenorrhea and abnormal uterine bleeding. 
It is important to counsel patients that discontinu-
ation may potentiate acute exacerbation of pelvic 
pain and make plans for alternative pain manage-
ment during this window. In some patients, 
depending on their age and pain tolerance, seda-
tion may be recommended to facilitate the diag-
nostic study.

Pre-study planning with a radiologist who is 
experienced in pelvic imaging may be particu-
larly beneficial in the evaluation of suspected 
OHVIRA as specific imaging sequences may fur-
ther help delineate these anomalies. For example, 
T2-weighted sequences obtained without fat sup-
pression provide soft-tissue contrast that is useful 
in evaluating uterine zonal anatomy, identifying 
rudimentary uteri, as well as for assessment of 
the vaginal canal. When hematometra is sus-

a b

Fig. 1.6 Sagittal pelvic MRI image from a patient with 
OHVIRA before and after cessation of hormonal suppres-
sion to allow for the development of hematocolpos. (a) 
Obstructed right hemivagina (blue arrow) in a patient with 
OHVIRA syndrome on hormonal suppression resulting in 
no hematocolpos. Note the difficulty in discerning the 

vaginal anatomy and the relationship to adjacent pelvic 
organs (b) Obstructed right hemivagina (blue arrow) in 
the same patient with OHVIRA syndrome after 1 month 
off hormonal suppression. Note the presence of hemato-
colpos and clear anatomical borders of the hemivagina 
and right uterus (white arrow)

1 Double Uterus with Obstructed Hemivagina and Ipsilateral Renal Anomaly (OHVIRA)
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pected, T1-weighted images with and without fat 
suppression are essential as they allow for differ-
entiation between fat and blood products [13].

When delineation of the vaginal anomaly is 
inadequate, contrast dye or ultrasound gel may be 
instilled into the vagina to improve visualization 
(Fig. 1.7) [14, 15]. This is typically done using IV 
tubing or a small Foley catheter placed at the 
introitus immediately before the MRI images are 

collected. Contrast gel may be superior to con-
trast dye given its viscosity and likelihood of 
remaining within the vaginal canal.

Even though MRI remains the preferred imag-
ing modality to confirm the diagnosis of 
OHVIRA, most patients that present with pelvic 
pain will first receive a pelvic ultrasound because 
it is quicker and more affordable compared to 
MRI.  For patients with OHVIRA, two- 

a b

c

Fig. 1.7 Pelvic MRI images from a patient with OHVIRA 
with an obstructed right hemivagina before and after the 
addition of aqueous vaginal contrast gel. (a) Prior to the 
addition of aqueous vaginal contrast gel, the left uterus 
(blue arrow) can be seen adjacent to a patent compressed 
left hemivagina (white arrow). The cervix of the obstructed 
right uterus can also be seen in this image (green arrow). 
(b) After the addition of aqueous vaginal contrast gel, the 

left uterus (blue arrow) and patent left hemivagina (white 
arrow) are clearly seen in relationship to the hematocol-
pos of the obstructed right hemivagina (green arrow). (c) 
A sagittal pelvic MRI image from the same patient with 
the patent left hemivagina (white arrow) filled with aque-
ous vaginal contrast gel. The hematocolpos of the 
obstructed right hemivagina (green arrow) can also be 
seen in this image
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dimensional ultrasound can identify the uterine 
malformation, hematocolpos or hematometra, 
and a renal anomaly if it is present [16]. Three- 
dimensional ultrasound can help to improve the 
diagnostic accuracy by depicting both the endo-
metrial cavity and the serosal surface of the 
uterus so that the uterine shape and malformation 
can be accurately described [17]. When per-
formed by an experienced radiologist, three- 
dimensional ultrasound has even been shown to 
have a sensitivity and specificity comparable to 
MRI for the diagnosis of Müllerian anomalies 
[17]. It is important to recognize that the accu-
racy of ultrasound is highly operator dependent 
and the reported sensitivity and specificity in 
most studies comes from highly experienced cen-
ters and is likely lower when performed by less 
experienced radiologists. In addition, MRI allows 
for a more thorough evaluation of the urinary 
tract and vaginal canal compared to ultrasound 
which is an important part of the evaluation in 
patients with suspected OHVIRA syndrome. 
Therefore, when OHVIRA syndrome is sus-
pected based on ultrasound imaging, an MRI of 
the abdomen and pelvis should be performed to 
confirm the diagnosis and help with surgical 
planning.

 Management Objectives

Management of OHVIRA can be divided into the 
acute and definitive phases. The presenting symp-
tom for most cases of OHVIRA is dysmenorrhea 
secondary to the obstructed hemivagina. This 
pain is often severe and can be debilitating. The 
acute phase of treatment should focus on pain 
control and menstrual suppression in order to sta-
bilize the patient until a definitive treatment plan 
can be made.

First-line pain management should be with 
acetaminophen and ketorolac or ibuprofen in 
patients with normal renal function. Intravenous 
or oral opioids may be additionally needed for 
episodes of acutely worsening pain. Longer term, 
pain control can usually be achieved through 

menstrual suppression with oral contraceptive 
pills dosed continuously. Oral contraceptive pills 
should be initiated as soon as possible in order to 
decrease menstruation and limit the distension of 
the hematocolpos. In rare cases in which the 
above regimen is unable to adequately control the 
dysmenorrhea and there is not an available sur-
geon to perform definitive surgical management 
of the obstructed hemivagina, drainage of the 
hematocolpos can be performed as a temporizing 
measure either vaginally with an incision through 
the obstructing septum, laparoscopically with a 
small uterine incision, or percutaneously by an 
interventional radiologist.

Importantly, the symptoms and complications 
that occur with OHVIRA are due to the obstruct-
ing oblique vaginal septum, thus definitive man-
agement can only be accomplished with removal 
of the obstruction. An ideal time to perform 
resection of the vaginal septum in patients with 
OHVIRA is at the time of initial presentation 
when the vaginal tissue and septum are expanded 
by hematocolpos because this improves the 
identification of the obstruction and helps to 
delineate septum from normal vaginal tissue. 
However, there are multiple reasons why surgi-
cal management may not be appropriate at the 
time of initial presentation including uncertainty 
about the diagnosis, a lack of an available sur-
geon with expertise in Müllerian anomalies, or a 
patient that is not yet mentally prepared to 
undergo a vaginal procedure. In these cases, 
definitive surgical management should be 
delayed until a more appropriate time and oral 
contraceptives should be used in the interim for 
menstrual suppression to prevent dysmenorrhea. 
If at any time a superimposed infection of the 
hematocolpos is suspected, surgical manage-
ment must be performed urgently in order to 
evacuate the infection and preserve the gyneco-
logic organs. While uncommon, the develop-
ment of septic shock has been reported arising 
from an infection of the pelvic organs and 
removal of one or both fallopian tubes and pos-
sibly the uterus may ultimately be necessary to 
adequately resolve the infection [18].

1 Double Uterus with Obstructed Hemivagina and Ipsilateral Renal Anomaly (OHVIRA)
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 Operative Approach

Definitive management of OHVIRA can only be 
accomplished by the surgical resection of the 
obstructing vaginal septum with preservation of 
reproductive function. When the obstructed cer-
vix and vagina are parallel or near-parallel with 
the patent cervix and vagina, the oblique vaginal 
septum can most easily be accessed vaginally and 
in these cases, speculoscopic or vaginoscopic 
resection of the septum is the preferred approach 
[19]. In rare cases where the obstructed cervix 
and vagina are located too far cephalad to safely 
resect vaginally, or the distended vaginal cavity is 
extremely small, an alternative surgical approach 
is a laparoscopic hemihysterectomy with ipsilat-
eral vaginectomy of the obstructed side [14, 20]. 
Finally, diagnostic laparoscopy should be consid-
ered in complex presentations where direct visu-
alization of the abdominal cavity may help to 
determine the anatomy.

 Procedural Steps

 Vaginal Approach

Under general anesthesia, a careful pelvic exam 
should be performed to palpate the location of the 
obstructed uterus, cervix, and hemivagina and its 
relationship to the patent uterus and cervix. 
Careful evaluation of the remainder of the vagina 
and external genitalia should be performed to 
determine whether any additional anatomic vari-
ations are present. Next, the location of the blad-
der and the rectum and their proximity to the 
vaginal septum should be noted and carefully 
monitored throughout the resection to avoid 
injury to these structures. If needed at any point 
during the procedure, a rectal exam or retrograde 
saline distension of the bladder can be performed 
to better delineate these structures.

A key step in this procedure is the identifica-
tion of the oblique vaginal septum and determi-
nation of where the incision should be made [21]. 
If a large bulge is present in the vagina from the 
hematocolpos, the location of the septum is clear 
(Fig. 1.8) [22]. If the location of the septum is not 

clear on visual inspection, transabdominal or 
transrectal ultrasound can be used to help iden-
tify the correct location of the septum. If the 
patient has been on menstrual suppression prior 
to the surgery resulting in minimal or no hemato-
colpos, the oral contraceptive should be discon-
tinued 1–2  months prior to surgery to allow 
hematocolpos to develop to help with both the 
direct visualization and ultrasound-guided visu-
alization of the septum. Once the oblique vaginal 
septum has been identified, resection can be per-
formed under direct visualization via either spec-
uloscopy or hysteroscopy and simultaneous 
ultrasound-guidance should be used [23].

Speculoscopy Following speculum placement, 
the planned site of the incision on the oblique 
vaginal septum should be injected with a local 
anesthetic that contains epinephrine in order to 
minimize blood loss from the incision site to 
improve visualization throughout the procedure. 
Next, a cruciate incision should be made at the 
center of the septum using a long monopolar 
electrocautery needle. The length of the incision 
may vary depending on the anatomy and size of 
the septum; generally, an approximately 3  cm 
incision is sufficient to adequately drain the 

Fig. 1.8 Oblique vaginal septum bulging into patent 
vagina due to pressure from hematocolpos (blue arrow). 
(Figure from Cosgrove et al. [22]. Permission to use this 
figure was granted by Elsevier)
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Fig. 1.9 Incised oblique vaginal septum (blue arrow) 
with draining hematocolpos (white arrow). (Figure from 
Cosgrove et  al. [22]. Permission to use this figure was 
granted by Elsevier)

hematocolpos and prevent stenosis of the vaginal 
tissue (Fig. 1.9). Once the hematocolpos has been 
drained with suction and irrigation, the vaginal 
septum may be completely resected taking care 
to avoid injury to adjacent bowel and bladder. 
The edges may then be marsupialized using inter-
rupted stitches of 2–0 or 3–0 vicryl to create a 
functional connection and decrease the risk of 
stenosis at the site of resection. Stenosis at the 
site of resection occurs in generally <5% of cases. 
The surgeon should also keep in mind that the 
opening should ideally be large enough to pre-
vent dyspareunia in the future and so that the cer-
vix can be clearly visualized for cervical cancer 
screening. The cervix behind the resected septum 
should then be visualized either directly or with 
vaginoscopy. Some advocate a diagnostic hys-
teroscope can then be inserted into both cervices 
to visually inspect the endometrial cavities and to 
confirm no other cervical or uterine anomalies 
are present. However, if the pre-operative imag-
ing is accurate, the added benefit of hysteroscopy 
is debatable and can potentially increase post- 
operative infection risk. In OHVIRA cases with a 
septate uterus, concomitant incision of the uter-
ine septum at the time of the oblique vaginal sep-
tum resection is not advised because the uterine 

cavity may be distorted from the hematometra. In 
these cases, if a uterine septum incision is indi-
cated, it is best to perform this as a separate pro-
cedure after the oblique vaginal septum resection 
has healed.

Vaginoscopy The size and location of the 
oblique vaginal septum can often be in a location 
that is difficult to easily reach or directly visual-
ize and operative vaginoscopy has been used as 
an alternative option to resect the vaginal septum 
[23]. Vaginoscopy can also be used as an approach 
to help ensure the hymen remains intact through-
out the procedure. The same steps that are 
described above should be followed, except that 
the septum incision is made vaginoscopically 
with an electrocautery knife. After suction and 
irrigation, the cervix behind the incised septum 
should be visualized and the remaining edges of 
the septum can be resected with a resectoscope. 
Video depictions of the vaginoscopic technique 
have been published by Ludwin et  al. [23] and 
Xu et al. [24].

 Abdominal Approach

While a vaginal approach to remove the oblique 
vaginal septum is the preferred surgical route in 
most OHVIRA cases, in some cases of OHVIRA 
the obstructed uterus, cervix, and vagina are 
located too far cephalad to safely access vagi-
nally. In these cases, resection of the obstructed 
uterus, cervix, and vagina should be considered 
as an alternative approach to remove the obstruc-
tion while preserving the reproductive potential 
of the remaining hemiuterus [25].

This surgery can be completed laparoscopi-
cally in the majority of cases; however, a lapa-
rotomy may be necessary in cases of severe 
pelvic adhesions due to endometriosis or prior 
surgery [20]. The obstructed uterus, fallopian 
tube, and cervix should be dissected from the pel-
vic sidewall, carefully identifying and sealing all 
vessels leading to the hemiuterus. Often, a single 
uterine artery will not be identified as in cases of 
normal uterine anatomy, but instead an 
 unpredictable dispersion of small arteries and 
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veins. In addition, in cases that involve ipsilateral 
renal agenesis, there is no concern for ureteral 
injury during the retroperitoneal dissection. Once 
the dissection reaches the obstructed vagina, the 
vaginal wall should be grasped and similarly 
carefully dissected away from the pelvic sidewall 
[14]. It is important to ensure that the obstructed 
vagina is resected in its entirety; glandular secre-
tions from vaginal tissue not completely resected 
may lead to hydrocolpos and recurrent pain. A 
video depiction of the steps of a laparoscopic 
resection of an obstructed uterus, cervix, and 
vagina in a patient with OHVIRA syndrome has 
been published by Romanski et al. [14].

 Reproductive Outcomes

There is a paucity of literature on reproductive 
outcomes in patients with OHVIRA syndrome. 
Of the available literature most report favorable 
reproductive outcomes, both before and after sur-
gical management of the obstructed 
hemi-vagina.

Tong et al. reviewed their 15-year experience 
in caring for women with OHVIRA in mainland 
China [26]. They reported 52 pregnancies among 
28 of the 33 women (pregnancy rate  =  84.8%) 
who were actively trying to conceive. Of these 52 
pregnancies there were 20 live births, only 1 of 
which was delivered preterm. They go on to 
report that pregnancy occurred in the hemiuterus 
ipsilateral to the hemivagina in 33% of cases and 
that 8 women experienced separate pregnancies 
in each hemiuterus. Importantly, 54% of women 
with live births conceived prior to surgical treat-
ment for obstructed hemivagina.

In a similar sized case series by Haddad 
et al., 42 patients with OHVIRA were contacted 
an average of 6.5 years after their surgical treat-
ment regarding their symptoms and reproduc-
tive outcomes [27]. Of the 38 patients who 
responded to the telephone questionnaire, only 
11 of them had attempted to conceive. Among 
these 11 patients, 2 had been trying to conceive 
for 12 months or less and the other 9 had con-
ceived a total of 20 pregnancies resulting in 13 
live births.

Candiani et  al. have also retrospectively 
assessed reproductive outcomes in 36 women 
with OHVIRA [8]. Of the 15 women who 
attempted conception they reported a pregnancy 
rate of 87% and a live birth rate of 77%. A lower 
pregnancy rate was seen by Heinonen who 
reviewed 21 Finish women with OHVIRA and 
reported that 13 of the 21 were able to conceive 
(pregnancy rate 61.9%). Similar to Tong et  al., 
77% conceived in the hemiuterus contralateral to 
the treated obstructed hemivagina [28]. The 
median interval between surgical treatment and 
first pregnancy was approximately 10 years. Of 
the 22 pregnancies recorded, the preterm birth 
rate was 36% with a cesarean section rate of 
67%.

A larger body of literature is available regard-
ing reproductive outcomes in women with uter-
ine didelphys without hemivagina or renal 
anomalies. One systematic review of women 
with congenital uterine anomalies reported non- 
significant differences in conception rate, miscar-
riage rate, and second trimester miscarriage rate 
in some with uterine didelphys compared to 
women with normal uteri [29]. There was how-
ever an increased risk of preterm labor (RR: 3.58, 
95% CI: 2.00–6.40) and malpresentation (RR: 
3.7, 95% CI: 2.04–6.70), which was comparable 
to those seen in other unification defects such as 
bicornuate uterus and unicornuate uterus.

 Conclusion

OHVIRA syndrome, despite its classic presenta-
tion and triad of findings, is a frequently misdiag-
nosed syndrome due to its rarity in the general 
population. Understanding that the anomalies 
that occur as part of this syndrome can present 
with many slight variations is central in making 
the correct diagnosis and developing a treatment 
plan. Acute treatment should focus on pain man-
agement and menstrual suppression, but defini-
tive treatment requires removal of the obstructing 
tissue. The preferred surgical treatment is a vagi-
nal resection of the oblique septum, however in 
some cases an abdominal approach to remove the 
entirety of the obstructed side is necessary. 
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Regardless, surgical management of OHVIRA 
should only be performed by a surgeon with 
experience managing Müllerian anomalies. 
Reproductive outcomes in patients with OHVIRA 
are generally quite good, however they are driven 
by the particular uterine anomaly involved and 
may differ for patients with a bicornuate or sep-
tate uterus.

References

 1. Herlyn U, Werner H.  Simultaneous occurrence of 
an open Gartner-duct cyst, a homolateral aplasia 
of the kidney and a double uterus as a typical syn-
drome of abnormalities. Geburtshilfe Frauenheilkd. 
1971;31:340–7.

 2. Wunderlich M. Unusual form of genital malformation 
with aplasia of the right kidney. Zentralbl Gynakol. 
1976;98:559–62.

 3. Acién P.  Embryological observations on the female 
genital tract. Hum Reprod. 1992;7:437–45.

 4. Aswani Y, Varma R, Choudhary P, Gupta 
RB. Wolffian origin of vagina unfolds the embryo-
pathogenesis of OHVIRA (Obstructed Hemivagina 
and Ipsilateral Renal Anomaly) syndrome and places 
OHVIRA as a female counterpart of Zinner syn-
drome in males. Pol J Radiol. 2016;81:549–56.

 5. The American Fertility Society classifications of 
adnexal adhesions, distal tubal occlusion, tubal occlu-
sion secondary to tubal ligation, tubal pregnancies, 
Müllerian anomalies and intrauterine adhesions. 
Fertil Steril. 1988;49:944–55.

 6. Smith NA, Laufer MR.  Obstructed hemivagina and 
ipsilateral renal anomaly (OHVIRA) syndrome: man-
agement and follow-up. Fertil Steril. 2007;87:918–22.

 7. Fedele L, Motta F, Frontino G, Restelli E, Bianchi 
S. Double uterus with obstructed hemivagina and ipsi-
lateral renal agenesis: pelvic anatomic variants in 87 
cases. Hum Reprod. 2013;28:1580–3.

 8. Candiani GB, Fedele L, Candiani M. Double uterus, 
blind hemivagina, and ipsilateral renal agenesis: 
36 cases and long-term follow-up. Obstet Gynecol. 
1997;90:26–32.

 9. Mandava A, Prabhakar RR, Smitha S. OHVIRA syn-
drome (obstructed hemivagina and ipsilateral renal 
anomaly) with uterus didelphys, an unusual presenta-
tion. J Pediatr Adolesc Gynecol. 2012;25:e23–5.

 10. Kueppers J, Wehrli L, Zundel S, Shavit S, Stahr N, 
Szavay PO.  OHVIRA-syndrome in a newborn. J 
Pediatr Surg Case Rep. 2021;69:101859.

 11. Dhar H, Razek YA, Hamdi I. Uterus didelphys with 
obstructed right hemivagina, ipsilateral renal agen-
esis and right pyocolpos: a case report. Oman Med J. 
2011;26:447–50.

 12. Zurawin RK, Dietrich JE, Heard MJ, Edwards 
CL.  Didelphic uterus and obstructed hemiva-

gina with renal agenesis: case report and review 
of the literature. J Pediatr Adolesc Gynecol. 
2004;17:137–41.

 13. Rivas AG, Epelman M, Ellsworth PI, Podberesky 
DJ, Gould SW.  Magnetic resonance imaging of 
Müllerian anomalies in girls: concepts and contro-
versies. Pediatr Radiol. 2021. https://doi.org/10.1007/
s00247- 021- 05089- 6.

 14. Romanski PA, Aluko A, Bortoletto P, Troiano RN, 
Pfeifer SM. Aqueous vaginal contrast and scheduled 
hematocolpos with magnetic resonance imaging to 
delineate complex Müllerian anomalies. Fertil Steril. 
2022;117(1):221–3.

 15. Unlu E, Virarkar M, Rao S, Sun J, Bhosale 
P. Assessment of the effectiveness of the vaginal con-
trast media in magnetic resonance imaging for detec-
tion of pelvic pathologies: a meta-analysis. J Comput 
Assist Tomogr. 2020;44:436–42.

 16. Mishra N, Ng S. Sonographic diagnosis of obstructed 
hemivagina and ipsilateral renal anomaly syndrome: 
a report of two cases. Australas J Ultrasound Med. 
2014;17:153–8.

 17. Deutch TD, Abuhamad AZ. The role of 3- dimensional 
ultrasonography and magnetic resonance imag-
ing in the diagnosis of Müllerian duct anomalies. J 
Ultrasound Med. 2008;27:413–23.

 18. Kamio M, Nagata C, Sameshima H, Togami S, 
Kobayashi H.  Obstructed hemivagina and ipsi-
lateral renal anomaly (OHVIRA) syndrome with 
septic shock: a case report. J Obstet Gynaecol Res. 
2018;44:1326–9.

 19. Ludwin A, Lindheim SR, Bhagavath B, Martins 
WP, Ludwin I.  Longitudinal vaginal septum: a 
proposed classification and surgical manage-
ment. Fertil Steril. 2020. https://doi.org/10.1016/j.
fertnstert.2020.06.014.

 20. Romanski PA, Bortoletto P, Pfeifer SM.  Unilateral 
obstructed Müllerian anomalies: a series of 
unusual variants of known anomalies. J Pediatr 
Adolesc Gynecol. 2021. https://doi.org/10.1016/j.
jpag.2021.04.005.

 21. Ludwin A, Pfeifer SM.  Reproductive surgery for 
Müllerian anomalies: a review of progress in the last 
decade. Fertil Steril. 2019;112:408–16.

 22. Cosgrove P, Kahlden K, Barr L, Sanchez J. Obstructed 
hemivagina with ipsilateral renal agenesis (OHVIRA) 
syndrome with imperforate anus. J Pediatr Surg Case 
Rep. 2016;12:34–7.

 23. Ludwin A, Ludwin I, Bhagavath B, Martins WP, 
Lindheim SR.  Virginity-sparing management of 
blind hemivagina in obstructed hemivagina and 
ipsilateral renal anomaly syndrome. Fertil Steril. 
2018;110:976–8.

 24. Xu B, Xue M, Xu D. Hysteroscopic management of 
an oblique vaginal septum in a virgin girl with a rare 
variant of Herlyn-Werner-Wunderlich syndrome. J 
Minim Invasive Gynecol. 2015;22:7.

 25. Gungor Ugurlucan F, Dural O, Yasa C, Kirpinar 
G, Akhan SE.  Diagnosis, management, and out-
come of obstructed hemivagina and ipsilateral renal 

1 Double Uterus with Obstructed Hemivagina and Ipsilateral Renal Anomaly (OHVIRA)

10.1007/s00247-021-05089-6
10.1007/s00247-021-05089-6
10.1016/j.fertnstert.2020.06.014
10.1016/j.fertnstert.2020.06.014
10.1016/j.jpag.2021.04.005
10.1016/j.jpag.2021.04.005


12

agenesis (OHVIRA syndrome): is there a correlation 
between MRI findings and outcome? Clin Imaging. 
2020;59:172–8.

 26. Tong J, Zhu L, Lang J. Clinical characteristics of 70 
patients with Herlyn–Werner–Wunderlich syndrome. 
Int J Gynecol Obstet. 2013;121:173–5.

 27. Haddad B, Barranger E, Paniel BJ. Blind hemivagina: 
long-term follow-up and reproductive performance in 
42 cases. Hum Reprod. 1999;14:1962–4.

 28. Heinonen PK.  Pregnancies in women with uterine 
malformation, treated obstruction of hemivagina 
and ipsilateral renal agenesis. Arch Gynecol Obstet. 
2013;287:975–8.

 29. Chan YY, Jayaprakasan K, Tan A, Thornton JG, 
Coomarasamy A, Raine-Fenning NJ.  Reproductive 
outcomes in women with congenital uterine anoma-
lies: a systematic review. Ultrasound Obstet Gynecol. 
2011;38:371–82.

P. A. Romanski et al.



13

2Surgical Techniques for Vaginal 
Agenesis With and Without 
a Functioning Uterus

Andrea Zuckerman and Erin Fee

 Müllerian Anomalies

 Background and Terminology

Anomalies of the female urogenital tract vary in 
structure, etiology, location, and presentation. 
Müllerian anomalies are defects caused by mal-
formations or dysfunction in Müllerian duct 
development that occurs during female embryo-
genesis. Anomalies may have complete underde-
velopment of the Müllerian duct system with 
agenesis or atresia of the vagina, uterus, and/or 
fallopian tubes. These disorders are referred to as 
Müllerian agenesis, Müllerian aplasia, Mayer- 
Rokitansky- Küster-Hauser (MRKH) syndrome, 
and vaginal agenesis [1]. The incidence of 
Müllerian or vaginal agenesis is 1 per 4500–5000 
females [1], whereas the exact prevalence of all 
Müllerian anomalies is unknown. Defects in the 
female reproductive tract development are esti-
mated in 7% of healthy reproductive-aged women 
[2]. Many abnormalities of the female reproduc-
tive tract are likely undiagnosed, but may be seen 
more frequently in women with miscarriages or 
infertility [3].

The presentation of a Müllerian anomaly 
depends on the stage of embryogenesis dysfunc-
tion that occurs, the location and structure of the 
defect, and the presence or absence of obstruc-
tion. Obstruction refers to outflow blockage with 
backup of fluids, especially mucus or menstrual 
blood, when a uterus or uterine structure with a 
functioning endometrium is present. This occurs 
in patients with transverse vaginal septum, distal 
vaginal atresia, imperforate hymen, or obstructed 
uterine horn(s). Obstruction does not occur in 
patients with Müllerian agenesis or MRKH as 
they lack a uterus unless incomplete Müllerian 
duct development results in an isolated uterine 
horn. This is seen in patients with OHVIRA 
(Obstructed Hemivagina, Ipsilateral Renal 
Anomaly), or Herlyn-Werner-Wunderlich syn-
drome, who have complete duplication of the 
Müllerian duct system comprising of a uterine 
didelphys and two vaginas. In these patients, one 
vagina is not patent causing outflow obstruction 
on that uterine side and a renal anomaly is found 
on the ipsilateral side.

Terminology regarding Müllerian anomalies 
is often confusing as multiple names for each 
diagnosis may be used interchangeably. There is 
clinical distinction between patients with vaginal 
agenesis (Müllerian agenesis) who lack a devel-
oped uterus, and those with an obstructive 
Müllerian anomaly such as distal vaginal atresia, 
or vaginal agenesis involving a normal uterus. 
Multiple classification systems exist to attempt to 
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categorize the wide variety of these reproductive 
tract defects and are described in the following 
sections. The focus of this chapter will be con-
cerning Müllerian anomalies involving abnormal 
vaginal development. There is distinction 
between clinical recommendations for patients 
with Müllerian or vaginal agenesis who lack a 
uterus, and those with obstructive Müllerian 
anomalies or vaginal agenesis and a functioning 
uterus (distal vaginal atresia). Each type of 
Müllerian anomaly is unique, and patient man-
agement should always be individualized.

 Embryology

Development of the female reproductive struc-
tures begins at 6–7  weeks of gestation and is 
guided by the presence or absence of the SRY 
(sex-determining region Y) gene [4]. At approxi-
mately 37  days of fertilization, the Müllerian 
ducts appear lateral to the Wolffian duct system. 
In the absence of the SRY gene, the Müllerian 
structures fuse in the midline, and canalize until 
14 weeks to caudally join the sinovaginal bulb, or 
vaginal plate. The Müllerian ducts ultimately 
develop into the fallopian tube, uterine cavity, 
cervix, and upper one-third of the vagina. Distal 
to the vaginal plate, the urogenital sinus, which is 
derived from the fetal cloaca, fuses with the 
Müllerian structures and canalizes to form the 
lower two-thirds of the vagina and the hymen [2, 
4]. Defects in female reproductive tract develop-
ment can occur at any point in fetal development. 
Failed vertical fusion of the Müllerian duct with 
the sinovaginal bulb may result in cervical atre-
sia, a transverse vaginal septum, or distal vaginal 
agenesis. Underdevelopment and/or incomplete 
canalization of the upper Müllerian duct struc-
tures can cause structural uterine anomalies such 
as a uterine septa, a bicornuate uterus, or a longi-
tudinal vaginal septum.

 Classification Systems

There are several different classification systems 
for Müllerian anomalies. The most widely used 
system in the United States is proposed by ASRM 

(The American Society for Reproductive 
Medicine) and is based on the uterine structure 
(Fig. 2.1). In Europe, the most widely used clas-
sification terminology, also based on uterine 
shape, is from The European Society of Human 
Reproduction & The European Society for 
Gynaecological Endoscopy (ESHRE-ESGE) [5]. 
Another classification system that may be clini-
cally useful, called the Acién Classification of 
Genital Tract Anomalies, is based on the type of 
embryologic dysfunction that occurs during dif-
ferent phases of female urogenital development 
[5]. The VCUAM (vagina cervix uterus adnex- 
associated malformation) Classification was 
developed to simplify the grouping while remain-
ing precise [6]. There are downsides to all of the 
classification systems available, and most are dif-
ficult to apply in routine gynecologic practice. 
These limitations may include the lack of genetic, 
syndromic, or ovarian considerations. In addi-
tion, most of the existing classification systems 
may exclude those with hybrid or very rare 
anomalies. Disorders of the female urogenital 
tract are diverse and difficult to characterize in a 
precise way; they exist on a spectrum of struc-
tural and developmental issues that occur in 
embryogenesis. ASRM has published a more 
comprehensive classification system, ASRM 
MAC 2021, which describes anomalies involving 
the uterus, cervix and vagina for clinical applica-
tion. The focus of this chapter will be regarding 
ASRM Class 1 Müllerian anomalies from the 
1988 classification system and the mullerian 
agenesis category from the 2021 tool.

 Vaginal Agenesis With and Without 
a Functional Uterus

 Differential Diagnosis

A patient presenting with primary amenorrhea 
and evidence of vaginal or Müllerian agenesis 
should be evaluated for other reproductive tract 
anomalies that appear clinically similar and can 
be misdiagnosed. The differential diagnosis 
includes imperforate hymen, transverse vaginal 
septum, androgen insensitivity syndrome, and 
Swyer’s syndrome. In patients with MRKH 
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I Hypoplasia/agenesis II Unicornuate III Didelphys

IV Bicornuate
(a) Vaginal (b) Cervical

(c) Fundal (d) Tubal (e) Combined

V Septate

(a) Complete

(a) Complete

(b) Partial

(b) Partial

VI Arcuate VII DES drug related

(a) Communicating (b) Non-communicating

(c) No cavity (d) No horn

Fig. 2.1 Classification of Müllerian anomalies from The American Fertility Society. (Reprinted from Rackow et al. 
[67]. Copyright (2017), Elsevier publishing)

(Müllerian agenesis) and partial androgen insen-
sitivity syndrome, physical exam will show nor-
mal secondary sexual characteristics, such as full 
breast development, pubic/axillary hair, and 
absent vagina. Patient’s with Swyer’s syndrome 
present with delayed puberty, absent breast tis-
sue, and a normal functional vagina and uterus. 
An imperforate hymen and transverse septum 
may also present with obstruction, primary amen-
orrhea, and worsening cyclic abdominal pain 
similar to vaginal agenesis with a functioning 
uterus (distal vaginal atresia). Prior to puberty, a 
young girl with labial adhesions seen on physical 
exam can be mistaken for vaginal or Müllerian 
agenesis.

 Evaluation and Diagnosis

Patients with any type of Müllerian anomaly 
present at variable points in life depending on the 
severity of the defect and presence or absence of 
outflow obstruction. Identifying Müllerian anom-

alies on a routine pediatric exam is uncommon 
and diagnosis is often delayed. Neonates with an 
imperforate hymen or obstructive Müllerian 
anomaly, such as a transverse vaginal septum or 
distal vaginal atresia, may present with a protrud-
ing vaginal mass caused by obstructed mucus 
(mucocolpos). These reproductive tract anoma-
lies are ideally diagnosed prior to puberty in 
order to prevent the anticipated blockage, back-
up of menstrual products, and pelvic pain by edu-
cating the patient and parents and in some cases 
surgical correction. Unfortunately, most are diag-
nosed after puberty with symptoms of an acute 
outflow obstruction. These patients present with 
absent menses, abdominal discomfort and/or a 
pelvic mass caused by painful build-up of men-
strual blood in the upper genital tract (hematocol-
pos). For patients with vaginal agenesis, the 
diagnosis is often missed until late adolescence 
as patients are asymptomatic and have normal 
growth and development.

A thorough physical exam in the office is 
obligatory for any patient diagnosed with a 
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Müllerian anomaly. This exam should include an 
evaluation of the external genitalia and assessing 
the patient for secondary sex characteristics of 
breast development and pubic and axillary hair 
growth. Performing an exam under anesthesia 
may be necessary if a patient does not tolerate an 
exam in the office, and imaging is inconclusive. 
In this operative setting, complete visualization 
of the anatomy may include vaginoscopy and/or 
diagnostic laparoscopy especially for complex 
anomalies and if a vagina with incomplete 

Müllerian development is present. Müllerian 
anomalies are frequently associated with renal, 
vertebral, anorectal, cardiac, tracheoesophageal 
and limb anomalies, and assessment of defects 
involving these organ systems during a patient’s 
evaluation should be considered [7].

Imaging is helpful with both obstructive and 
nonobstructive Müllerian anomalies; a pelvic 
ultrasound should be performed early in the eval-
uation. A pelvic ultrasound assesses uterine 
structures, identifies masses or hematocolpos, 
and evaluates the adnexa (Figs. 2.2 and 2.3a, b). 
Ultrasound is beneficial as the initial imaging 
modality of choice as it is minimally invasive, 
low cost, and readily available. However, a nor-
mal ultrasound does not rule out the presence of 
a genital tract anomaly. Magnetic resonance 
imaging (MRI) is more useful in visualizing uro-
genital anatomy by looking more closely at soft 
tissue structures in close proximity (Fig. 2.4). An 
MRI study can be especially useful in girls with 
Müllerian agenesis and coexisting urogenital or 
colorectal anomalies. However, this should not 
be the initial diagnostic imaging of choice given 
its high cost, frequent challenges obtaining the 
study on young children, and overall good reli-
ability of images obtained with ultrasound 
instead.

Fig. 2.2 Pelvic ultrasound of a Müllerian anomaly. 
Example of a pelvic ultrasound showing a hypoplastic 
uterine structure in Müllerian anomaly work-up of a 
patient with an absent vagina

a b

Fig. 2.3 (a, b) Pelvic ultrasound of an obstructive 
Müllerian anomaly. Diagnostic ultrasound in a patient 
with primary amenorrhea and cyclic pelvic pain showing 
hematometra (a) and large distended hematocolpos (b). 

There are normally developed upper reproductive tract 
structures, including a uterus and ovaries, but an absent 
distal vagina (distal vaginal atresia)
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Fig. 2.4 Pelvic MRI of a Müllerian anomaly. T2-weighted 
magnetic resonance imaging (MRI) of the patient from 
Fig.  2.2. The hypoplastic uterine structure (red arrow) 
posterior to the distended bladder does not show an endo-
metrial stripe and there is no vaginal structure

In order to provide appropriate clinical coun-
seling, the complete evaluation (including his-
tory, physical, and imaging) should precede 
disclosure of the final diagnosis. Receiving the 
diagnosis of a Müllerian anomaly, especially 
vaginal agenesis, can be emotional with psycho-
social implications for patients and families, 
especially regarding vaginal dilation or vaginal 
surgery at a young age. Concerns over future 
reproductive capabilities and sexual functioning 
are common and deserve adequate counseling 
throughout care. There should be multiple visits 
with a multidisciplinary team, including pediatric 
gynecology or urology, psychology, and repro-
ductive endocrinology, to carefully review the 
patient’s anatomy, management options, and 
address any emotional or psychologic problems 
in the process.

 Reproductive Considerations

Women with Müllerian tract defects containing a 
functioning uterine structure can be reassured of 

favorable reproductive outcomes and fertility. In 
obstructive anomalies, patients can have normal 
sexual activity and child-bearing capabilities 
with surgical correction of the anatomic block-
age. In patients with distal vaginal atresia, there 
is a normal upper vagina, cervix, and uterus. 
These patients and those with vaginal agenesis 
involving a cervix and functioning uterus have 
reproductive success following surgical correc-
tion by pull-through vaginoplasty or a similar 
procedure. These surgical procedures are 
described in the following sections.

Almost all patients with Müllerian anomalies 
have normal functioning ovaries as the develop-
ment of the gonads is separate in embryogenesis. 
For patients with vaginal agenesis involving uter-
ine atresia, artificial reproductive technology 
(ART) by oocyte harvesting and in-vitro fertiliza-
tion can produce biologic offspring with the use 
of gestational surrogacy [8, 9]. Patients with dis-
orders that lack functioning ovaries, such as 
Turner syndrome, Gonadal dysgenesis, or 
 androgen insensitivity syndrome, may present 
similar to those with Müllerian anomalies or 
Müllerian agenesis; however, counseling and 
management in these patients are different and 
will not be discussed here.

In women who cannot carry a pregnancy and 
are opposed to gestational surrogacy, information 
should be provided regarding available reproduc-
tive options such as adoption or uterine trans-
plantation. The first live birth in a patient with 
MRKH syndrome after uterine transplantation 
was reported in 2014  in Gothenburg, Sweden. 
Since then, there has been rising clinical interest 
and several US centers have conducted uterine 
transplantation with successful results [10, 11]. 
In a survey of women diagnosed with Mayer- 
Rokitansky- Küster-Hauser (MRKH) syndrome 
by Chmel et al., 62% expressed interest in uterine 
transplantation at the time of Vecchietti neova-
gina creation after being counseled on the risks, 
benefits, and lack of long-term data on the experi-
mental procedure [12]. There is some debate 
regarding the ethics with living donors and the 
recipient patient’s risk-to-benefit of elective uter-
ine transplantation as it is a complex, lengthy 
procedure, and requires postoperative 
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immunosuppression. Reported data on adverse 
outcomes after transplantation is limited, but few 
cases of surgical complications include (but are 
not limited to): graft-vs-host disease, thrombo-
embolisms, hemorrhage, pelvic infections/
abscess, graft ischemia, emergency hysterectomy 
(transplant removal), fistula, cystitis, cuff dehis-
cence, and vaginal stenosis. However, most 
(more than half) of uterine transplant procedures 
performed internationally did not have any 
reported surgical or medical complications in the 
postoperative period. This innovative procedure, 
although complex, will likely continue to increase 
in success as a surgical option for select patients 
desiring fertility and pregnancy who have uterine 
absence.

 Vaginal Agenesis 
with a Functioning Uterus (Distal 
Vaginal Atresia)

 Presentation and Management

Unless diagnosed earlier in childhood, variants of 
vaginal agenesis with a functioning uterus, also 
referred to as distal vaginal atresia, present with 
pain and outflow obstruction at menarche. These 
anomalies, as well as transverse vaginal septum 
or imperforate hymen, are considered obstructive 
Müllerian anomalies and are treated similarly. 
Management of complex obstructive Müllerian 
anomalies, such as noncommunicating uterine 
horns or OHVIRA syndrome, is not discussed 
here.

Vaginal agenesis with a functioning uterus, 
imperforate hymen, or transverse vaginal septum 
will ultimately require surgery to allow for nor-
mal female reproductive function and spontane-
ous passage of menstrual blood. If one of these 
obstructive anomalies is identified before men-
arche, surgical management can be performed at 
an appropriate time to prevent obstruction at 
puberty. If not diagnosed before spontaneous 
menses begin, these patients will present with 
acute obstructive symptoms including abdominal 
pain, amenorrhea, and a pelvic mass or vaginal 
bulge caused by a hematocolpos (Fig. 2.5).

In the setting of an acute obstruction at the 
time of diagnosis, management options include 
either menstrual suppression to delay surgery or 
immediate surgical decompression. Delay in sur-
gical management can be considered if pain is 
well-controlled, the patient is uninfected, and is 
able to void without issues. This strategy is pre-
ferred for young girls who may not be appropri-
ately mature for surgery and possible 
postoperative vaginal dilator therapy if required. 
Pursuing immediate surgical management and 
decompression of an outflow obstruction is often 
necessary if the patient has uncontrolled pain, 
voiding difficulty, or evidence of infected 
hematocolpos.

The surgical procedure performed on patients 
with vaginal agenesis and a functioning uterus 
(distal vaginal atresia) is referred to as the pull- 
through vaginoplasty. Prior to surgery, the diag-
nosis of a suspected obstructive Müllerian 
anomaly should be confirmed, and the patient’s 
urogenital anatomy assessed by an external geni-
tal exam and imaging. If able, the distance 
between the leading edge of the upper vagina and 

Fig. 2.5 Acute obstruction with bulging hematocolpos. 
Vaginal bulge from obstructed menses (hematocolpos) in 
an adolescent with an obstructive Müllerian anomaly. 
Differential diagnosis includes vaginal agenesis with a 
functioning uterus (distal vaginal atresia), transverse vagi-
nal septum, and imperforate hymen

A. Zuckerman and E. Fee



19

the top of the vaginal dimple or lower vagina 
should be estimated preoperatively. In surgical 
planning, if there is a large distance between the 
proximal and distal vaginal ends, vaginal dila-
tion, or use of an interposition graft may be nec-
essary. The guidelines for management for these 
larger vaginal agenesis or septal defects are 
described below.

In performing the vaginal pull-through proce-
dure, the visible apex of the lower vagina, or vagi-
nal dimple is incised transversely and sharp 
dissection is carried toward the upper vagina that 
may be bulging from acute obstruction. A large 
hematocolpos can aid in this procedure by push-
ing the leading edge of upper vagina closer to the 
introitus and decreasing the thickness of the tissue 
being incised. Once old menstrual blood prod-
ucts, if present, have been adequately drained at 
entry into the upper vagina, the initial incision is 
extended laterally. For adequate diameter of the 
vaginal opening and to prevent stricture forma-
tion, additional small cuts are made at the supero-
lateral and inferolateral aspects of both ends of the 
transverse incision (at the 1 o’clock, 5 o’clock, 7 
o’clock, and 11 o’clock positions respectively). 
The upper vaginal mucosa should be tagged or 
grasped as soon as possible in the procedure and 
ultimately sutured circumferentially to the level 
of the lower vagina or introitus (Fig. 2.6).

Surgical management of transverse vaginal sep-
tum or an imperforate hymen is similar to that of 
distal vaginal atresia. Excision of a transverse vagi-
nal septum involves surgical removal of the inter-
vening septal tissue and anastomosis of the proximal 
and distal vagina. This is sometimes accomplished 
with a Z-plasty technique, involving creation of 
vaginal flaps sutured superiorly and inferiorly along 
the vaginal canal in order to increase vaginal length 
and minimize the risk of stenosis [1].

Larger transverse septal or vaginal atretic 
defects are those with more than 3–4 cm between 
the leading edges of the upper and lower vagina. 
These anomalies are managed differently as they 
have higher risk for stricture or stenosis. To 
decrease the risk in these patients, preoperative 
dilation of the lower vagina to approximate the 
upper and lower vagina and/or the use of a mucosal 
skin bridge (such as a buccal graft) at surgery may 

be useful [7, 13, 14]. Postoperative use of soft or 
hard dilators to prevent strictures is often recom-
mended after pull-through vaginoplasty, but has 
not been shown to benefit patients with defects 
measuring less than 3  cm. In those that vaginal 
dilator use after surgery is recommended, patients 
should perform vaginal dilation daily using hard 
dilators for 10- to 30-minute intervals. Alternatively, 
soft flexible vaginal dilators can be inserted and 
remain in place 24  hours-a-day for a week at-a- 
time with removal only to void. Patients with grafts 
placed surgically should not initiate dilator therapy 
until a follow-up exam confirms adequate graft 
healing and update though will likely need a vagi-
nal mold to help prevent stenosis [1].

Risks and complications of surgical manage-
ment of distal vaginal atresia, imperforate hymen, 
transverse vaginal septum, or vaginal agenesis 
with a functioning uterus include infection, vagi-
nal scar tissue formation, vaginal stenosis or 
stricture, dyspareunia and need for repeat surgery 
[15]. Repeat surgeries to manage recurrent 
obstructions from postoperative vaginal stenosis 
have increased morbidity. Each subsequent sur-
gery is more challenging with increasing risk of 
recurrent stenosis and treatment failure.

Fig. 2.6 Surgical correction of distal vaginal atresia by 
pull-through vaginoplasty. Vaginal canal after the pull- 
through vaginoplasty technique described in this chapter
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 Müllerian Agenesis (Vaginal 
Agenesis Without a Functioning 
Uterus)

A patient with Müllerian or vaginal agenesis 
without a uterus should be counseled on the man-
agement options including primary vaginal dila-
tion, surgical creation of a vagina (neovagina), or 
no treatment. The purpose of pursuing neovagina 
creation is for patient psychological wellness and 
sexual satisfaction. Primary vaginal dilation is 
considered the mainstay of treatment, but multi-
ple surgical procedures are available to create a 
vagina if this fails. Referral to a tertiary center 
with a qualified multidisciplinary team should be 
considered, especially for girls with complex 
urogenital, cloacal, or colorectal anomalies, as 
they may have more favorable outcomes for the 
management of vaginal agenesis [15].

 Nonsurgical Management (Primary 
Vaginal Dilation)

Vaginal elongation by using dilators is consid-
ered the first-line treatment of MRKH, vaginal 
agenesis, or Müllerian agenesis [16]. Important 
to the success of dilation is beginning when the 

patient is ready and committed to spending the 
time needed to perform dilation. Advantages of 
nonsurgical elongation of the vagina include the 
ability for the patient to proceed at her speed, no 
need for anesthesia, no hospitalization or scar-
ring, and less risk of vaginal stenosis, pain, and 
expense compared with surgical management 
[17]. Disadvantages include longer time until 
successful creation of a neovagina and the need 
for patient privacy. Possible risks of using dila-
tors to create or elongate the vagina include dis-
comfort during dilation, bleeding from abrasions, 
and inadvertent dilation of the urethra instead of 
the vagina. It is necessary to have frequent fol-
low- up visits with a healthcare provider comfort-
able with counseling and instruction of vaginal 
dilator use.

Graduated hard dilators come in a wide vari-
ety of sizes (Fig. 2.7). A knowledgeable medical 
professional should be able to select appropriate 
starting vaginal dilator size and the rate of 
advancing the diameter used during the dilation 
process. The usual process in selecting size is to 
start with the smallest size that is comfortable for 
the patient but provides appropriate soft tissue 
pressure and then advance up. Teaching adoles-
cent and adult women how to use the dilators 
requires educating the patient about their own 

Fig. 2.7 Graduated 
hard vaginal dilators. 
Graduated plexiglass 
vaginal dilators ranging 
from ¼ inch to 1½ inch. 
If desired and to assist 
with dilation using a 
stationary seat, the 
length of the dilator may 
be modified by a 
carpenter or professional 
who is comfortable with 
cutting that specific 
material qualified 
company
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external anatomy. The use of a mirror and fre-
quent office visits are helpful in the success of 
patient’s vaginal dilator therapy. Historically, 
vaginal dilation used hard dilators cut down to 
slightly extend beyond the patient’s introitus 
when placed in the vaginal space and was held in 
place with spandex underwear [18, 19]. Patients 
were then instructed to sit on a bicycle seat 
attached to a firm board in order to apply pressure 
on the dilator at the perineum in order to perform 
dilation. Now, patients often find it more com-
fortable to lie down with hips flexed, retract the 
labia with their nondominant hand, and hold the 
lubricated dilator using the dominant hand at the 
perineum pointing downward toward the sacrum 
to create pressure on the dilator (Fig. 2.8). Ideally 
the patient uses the dilator for 10–30 minutes one 
to three times a day and gradually advances to a 
larger sized vaginal dilator when appropriate. It is 
recommended patients empty their bladder 
before and after dilation sessions. Patients who 
need to stop or interrupt dilation therapy during 
the graduated dilator process may need to use a 
smaller size dilator than previously used when 
they start-up again.

One study of patients with vaginal agenesis 
reported 80–92% success in creating a functional 
vagina using graduated hard dilators [20]. 
Adequate vaginal length, typically 6–7 cm, is 
attained once the patient can comfortably have 
vaginal intercourse. Vaginal dilation can also be 
achieved by penetrative sexual activity exclu-
sively, or in combination with hard dilators, 

which has similar success rates [21]. Attention 
should be given to each patient’s self-esteem and 
mood during the treatment process. Often, 
patients feel depressed over the need to use dila-
tors, and are especially distressed if this treat-
ment fails.

 Surgical Management

Multiple surgical techniques to create a func-
tional vagina (neovagina) in patients with vaginal 
agenesis have been performed since the early 
twentieth century. These techniques are second-
ary to vaginal dilation in management, and are 
often reserved for those who have failed or are 
unable to perform dilation [22]. The advantage of 
surgery over primary dilation is more rapid cre-
ation of a functional vagina. No singular tech-
nique has been found to be superior in terms of 
outcomes and patient satisfaction [3]. Each sur-
gery has unique requirements, complications, 
and outcomes (Table 2.1). Regardless of type of 
surgery, complication rates are significantly 
reduced if performed prepuberty (14%) as 
opposed to postpuberty (58%) [23].

All surgical neovagina methods require close 
follow-up with a minimum of annual exams for 
evaluation of sexually transmitted infections, 
vaginal strictures, and evaluation of rare malig-
nancies that may be associated with certain neo-
vagina epitheliums [1, 24]. Almost all procedures 
require the use of vaginal dilators or molds after 

Fig. 2.8 Preferred 
patient positioning for 
vaginal dilation. The 
preferred patient 
position for vaginal 
dilation described in the 
text
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Table 2.1 Summary of options for vaginal creation (neovagina) in patients with vaginal agenesis

Procedure Description Advantages & outcomes Disadvantages & complications
Nonsurgical options
Primary Vaginal 
Dilation

Patient performs vaginal dilation 
using graduated hard dilators or 
coitus
Considered first-line option

Success in 80–92%
Vaginal length 
6.7–8.7 cm
Avoidance of surgery 
and hospitalization
Ability to perform at 
patient’s preferred speed
Decreased risk of 
stricture, stenosis, or 
dyspareunia
Low-cost

Complication 5–35%
Laborious and time consuming 
to patients
Longer time to end result
Emotional distress
Need for routine privacy
Discomfort during dilation
Bleeding caused by abrasions
Inadvertent urethral dilation
Failure of therapy and requiring 
surgery

Surgical neovagina techniques
Abbe-McIndoe 
Vaginoplasty, 1938
Or
Modified McIndoe 
Procedures

Perineal dissection with 
split-thickness skin grafting 
performed in two surgeries
Modified McIndoe techniques 
use of an alternative (mucosal-
like) material grafted into the 
vaginal space
Example:
   Human amnion
   Autologous buccal mucosa
   Surgical adhesive barrier
   Artificial created dermis

Success in 85%
Vaginal length 7.4 cm

Complications 19–65%
Prolonged hospitalization
Pain
Secondary surgery for vaginal 
mold removal
Required postoperative dilator 
use
Wound infection
Neovagina stricture or stenosis
Neovaginal fistula
Graft failure
Scarring at graft site
Complications requiring 
reoperation

Davydov Procedure, 
1974

Autologous pelvic peritoneum is 
surgically connected to the 
external vaginal opening

Success in 68–87%
Vaginal length 7.8 cm
High sexual satisfaction 
scores

Complications 14%
Required postoperative dilator 
use
Surrounding organ injury 
during procedure
Neovaginal fistula
Pelvic adhesions
Granulation tissue formation
Vaginal stricture, vaginismus
Complications requiring 
reoperation

Vecchietti 
Procedure, 1965

Active perineal dilation by 
gradual increased tension of a 
surgically placed device over 1 
week followed by a second 
surgery to remove the apparatus

Success in 80–98%
Vaginal length 9.5 cm
High sexual satisfaction 
scores

Complications 11–13%
Prolonged hospitalization
Secondary surgery for device 
removal
Pain
Required postoperative dilator 
use
Urinary tract infection
Granulation tissue formation
Postoperative fever
Vaginal stricture or stenosis
Complications requiring 
reoperation
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Table 2.1 (continued)

Procedure Description Advantages & outcomes Disadvantages & complications
Intestinal 
Vaginoplasty, 1892

Surgical transposition of a 
closed loop segment of large or 
small bowel

Success in 73–83%
Vaginal length 10 cm
Option for surgery 
before puberty
No requirement for 
postoperative dilation

Complications 7–79%
Introital stenosis and 
subsequent need for dilation
Trauma or discomfort with 
intercourse
Excessive malodorous vaginal 
discharge
Mucosal prolapse
Small bowel obstruction
Fistula formation
Complications requiring 
reoperation

Vulvovaginal Pouch 
or Williams 
Procedure, 1964

Full-thickness skin graft and 
external labial suturing to create 
a vertical perineal pouch for 
intercourse

Success in 95%
Vaginal length of 
10–12 cm
Minimally invasive 
reversible procedure
High sexual satisfaction
Low complication rates
No requirement for 
postoperative dilation 
unless vagina is short

Complications unknown to 4%
Immediate postoperative 
hospitalization
Bleeding with intercourse
Wound infection
Hematoma
Irritation from graft with 
hair-bearing skin
Disfiguring scars
Change in anatomic axis for 
intercourse
Awkward angle of vaginal 
intercourse
Scarring at graft sites
Complications requiring 
reoperation

Complied from data in McIndoe et al. [25], Buss et al. [52], Herlin et al. [38], Højsgaard et al. [53], Klingele et al. [54], 
Davydov et al. [36], Willemsen et al. [55], Allen et al. [56], Giannesi et al. [57], Borruto et al. [41], Borruto et al. [42], 
Brucker et al. [43], Rall et al. [58], Baldwin et al. [46], Karateke et al. [47], Carrard et al. [48], Communal et al. [59], 
Hensle et al. [60], Nowier et al. [61], Burgu et al. [23], Parsons et al. [62], Williams et al. [49], Creatsas et al. [51], and 
Creatsas et al. [63]

surgery for an extended period of time. With vag-
inal molds, the device can be created from flexi-
ble foam material covered by a condom that the 
patient wears continuously with removal only to 
urinate or defecate. Alternatives include intermit-
tent vaginal dilation with hard dilators and/or 
eventually regular intercourse. The appropriate 
length of time for postoperative vaginal dilation 
or mold placements is individualized to the type 
of surgery, risk of stenosis, patient goals for 
vaginal length, and if the patient plans to use 
coitus to maintain patency. Careful consideration 
should be taken in deciding candidates for a sur-
gical neovagina procedure. The risks of surgery 
and the postoperative requirements, including 
dilation and close follow-up, should be disclosed 
to the patient before surgery. As maturity to per-

form these tasks is needed, the provider may con-
sider delaying surgical neovagina surgery until 
the patient is more ready at an older age.

 Techniques for Surgical Vaginal 
Construction (Neovagina)

 Active Dissection of the Perineal Space
The Abbe-McIndoe or McIndoe Vaginoplasty 
was first described in 1938 [25]. This technique 
uses a split-thickness graft (0.018–0.022 in) from 
the buttock to line a surgically created neovaginal 
space in a two-step surgical technique for girls 
with vaginal agenesis [25, 26]. Similar to a pull- 
through procedure described earlier in this chap-
ter, the top of the distal vagina, or vaginal dimple, 
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is incised transversely and midline dissection is 
carried inward at the sub-urethral level. Once 
adequate space is obtained, a sterile mold is cre-
ated using expandable foam material within a 
condom, covered with affixed split-thickness 
skin graft, and placed in the surgically created 
vaginal space. The edges are then sewn to the 
introitus, and labia are sewn closed to keep the 
mold in place. The patient remains in the hospital 
for a week, on bedrest, with a foley catheter and 
placed on a stool softening bowel regimen before 
returning to the operating room for mold removal 
and graft assessment. After surgery, the patient 
must follow a meticulous regimen using vaginal 
dilators to maintain vaginal patency and prevent 
stricture or stenosis while the graft continues to 
heal. Initially, the patient keeps a mold or flexible 
dilator in place continuously for minimum of a 
month; removing only to urinate and defecate. 
This is followed by insertion of a flexible or hard 
dilator several times a day for 3–6  months. 
Eventually, the dilator is used only nightly until 
the patient can maintain vaginal patency with 
intercourse alone [26].

Modifications of the McIndoe technique with 
split-thickness skin grafts are frequently per-
formed and have variable functional outcomes. 
These modified techniques involve alternative 
graft materials which are placed on the vaginal 
mold similar to the initial McIndoe procedure. 
Tissues that have been successfully used in modi-
fied McIndoe procedures include autologous 
buccal mucosal grafts [27, 28], human amnion 
[29–31], and artificial adhesion barriers with 
Interceed [32, 33]. Similar to the split-thickness 
skin graft, these different mucosa-like materials 
are affixed to the temporary vaginal mold. 
Postoperative use of vaginal dilators is essential 
for preventing the vaginal strictures commonly 
experienced with the classic McIndoe procedure. 
More recently, the use of an artificially-created 
dermis by medical recombinant fibroblast growth 
factor mucosa has been described [34]. Lastly, 
full-thickness skin grafts obtained by harvesting 
myocutaneous rectus abdominis skin, gracilis or 
pudendal fasciocutaneous flaps, or skin taken 
from the lower abdominal wall by pfannensteil- 
like excision are reported [35]. These skin grafts 

can be associated with large disfiguring scars 
[35]. Full-thickness graft techniques are consid-
ered a last surgical option for creation of a neova-
gina, and are difficult to graft into the surgically 
created vaginal space [35].

 Autologous Pelvic Peritoneum
The Davydov method for surgical vagina cre-
ation was initially described in 1974, and has 
reported outcomes similar to the McIndoe tech-
niques [36–38]. The initial portion of the proce-
dure is identical to the perineal approach of the 
McIndoe procedure, but pelvic dissection is 
slightly deeper and directed toward the abdomi-
nal peritoneum of the Pouch of Douglas. Then, 
via laparoscopy, the peritoneum is advanced by 
“push-down” approach from the pelvis and 
brought to the level of the introitus [13, 37, 39, 
40]. The abdominal portion of the peritoneum is 
then closed in a purse-string fashion [13, 37, 39, 
40]. Complications of this approach can include 
vaginal stricture or stenosis, as well as potential 
bladder or ureteral injury, which may in time may 
lead to vesicovaginal fistula formation [37, 40].

 Active Perineal Dilation
The Vecchietti-technique, performed since 
approximately 1965, utilizes a method of active 
tension on the perineum for creation of a neova-
gina, and is the preferred technique used at 
European centers [41, 42]. A plexiglass olive, or 
modified dilator, is attached to the vaginal introi-
tus with permanent sutures and secured through 
the perineum. The sutures are run through the 
lower abdominal wall to a metal device that 
allows for increasing tension on the perineum by 
tightening the sutures externally to stretch the 
blind vaginal pouch until sufficient vaginal length 
is achieved [26, 41–44]. This surgery requires a 
week of hospitalization with parenteral anesthe-
sia for pain, as well as a second short-interval 
surgery for removal of the tension device and 
olive when dilation is complete. After removal of 
the device, the patient is instructed to perform 
continued vaginal dilation with hard dilators to 
maintain this newly created space and length [13, 
26, 41–44]. A more recent strategy to the 
Vecchietti is a laparoscopic-assisted balloon vag-
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inoplasty that was introduced in 2007 [45]. The 
active portion of dilation at the perineum is 
instead accomplished by feeding a retropubic 
foley catheter to the introitus and slowly increas-
ing tension on the opposite end of the foley [45].

 Intestinal Vaginoplasty
A method often preferred by pediatric surgeons, 
bowel loop or sigmoid vaginoplasty, is one of the 
oldest procedures for surgical creation of a 
vagina. As opposed to the other neovagina meth-
ods, bowel vaginoplasty for creation of a vagina 
can be performed in infancy or childhood [13, 
15]. First described in 1892, the procedure was 
made popular in the United States in the early 
1900s, and both small and large bowels have 
been used [46]. Steps of the procedure include 
open or laparoscopic mobilization of the bowel to 
the introitus with end-to-end re-anastomosis to 
create a blind vaginal pouch [15, 46–48]. Blood 
supply of the utilized bowel segment is main-
tained during the procedure.

 Labial Skin Flap or Vulvovaginal Pouch
The Williams vulvovaginoplasty is an alternative 
surgical option to consider in certain patients as 
the surgery is reversible, minimally invasive, and 
does not require entry into the pelvis. Good can-
didates for creation of an artificial vagina by the 
Williams technique may include those who have 
failed dilator therapy, are unable to perform vagi-
nal dilation, individuals with extensive urogenital 
malformations, such as a cloaca, or for patients 
who are unsuccessful in creating a functional 
vagina with one of the other described surgeries 
[13, 15, 49, 50]. This technique may be the pre-
ferred option for patients with severe pelvic scar-
ring from prior procedures or pelvic radiation 
[13, 15, 49, 50]. The Williams vaginoplasty 
involves the creation of an exterior “kangaroo 
pouch” horizontal to the perineum. The pouch- 
space is created by suturing full-thickness skin 
flaps from the labia in a “U-shaped” configura-
tion [15, 49–51]. Patients must be counseled on 
the different axis required for intercourse after 
this procedure, and the need for dilator use or 
regular intercourse to prevent adhesion formation 
and maintain the space as a functional vagina.

 Complications and Outcomes 
of Surgical Neovagina Techniques

In studies of surgical techniques for vaginal con-
struction in patients with Müllerian agenesis, no 
single procedure is superior and each carries 
unique disadvantages, side effects, or complica-
tions (Table 2.1). Although surgical management 
may produce more rapid results for these patients, 
surgery is still considered secondary to vaginal 
dilation in the management of vaginal agenesis 
due to their surgical risks and potentially morbid 
complications [22].

 Active Dissection of the Perineal Space
Long-term surgical outcomes for the McIndoe 
procedure have been well-studied and functional 
success was reported in 85% of girls who under-
went this procedure in a study by Buss et al. [52]. 
Reported complications of this procedure come 
in a wide range of severity and rates range from 
19% to 65% [38, 53]. Disadvantages of this tech-
nique include the need for two surgeries, hospi-
talization, prolonged postoperative dilator, and 
unique surgical risks including graft failure. 
Surgical complications include vaginal stenosis, 
disfiguring scar at donor graft site, wound infec-
tion, and fistula formation [52, 54]. The McIndoe 
techniques involving alternative material grafted 
into the vaginal space have similar reported out-
comes and there is inconclusive evidence demon-
strating advantage over the classic split-thickness 
Abbe-McIndoe procedure.

 Autologous Pelvic Peritoneum
In a retrospective cohort study by Willemsen 
et  al., 160 women with vaginal agenesis who 
underwent neovagina procedure by the Davydov 
technique were studied for long-term outcomes 
[55]. Women who underwent the Davydov proce-
dure had a 68–87% success in creating a func-
tional vagina (defined as length greater than 5 
cm) with a mean vaginal length of 7.8 cm; the 
results did not change significantly if the patient 
performed vaginal dilation prior to surgery [55]. 
Sexual satisfaction scores after this procedure are 
shown to be similar for scores in sexual arousal, 
lubrication, orgasm, and comfort in studies com-
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paring these patients to a random female control 
population [55, 56]. The rate of adverse outcomes 
associated with the Davydov peritoneal neova-
gina is reported at 14% in one study [57]. 
Complications associated with this procedure 
include rectal or bladder injury at the time of the 
procedure, recto-neovaginal fistula, pelvic adhe-
sions, granulation tissue formation, stricture, and 
vaginismus [55, 56].

 Active Perineal Dilation
The laparoscopically assisted neovagina creation 
by Vecchietti active perineal dilation results in a 
successful creation of a functional vagina in over 
98% [42, 58]. The reported mean length of 9.5 
centimeters with sexual satisfaction scores that are 
similar to female age-matched controls in several 
studies [43, 58]. Similar to the McIndoe proce-
dure, the Vecchietti method requires postoperative 
hospitalization and two surgeries 1 week apart. 
There must be aggressive pain control and close 
monitoring during the active portion of vaginal 
dilation. Typical complications of the Vecchietti 
procedure are postoperative fever, urinary tract 
infection, granulation tissue formation, vaginal 
stricture, and rarely, urethral necrosis [43, 58]. 
Rates of adverse outcomes of either laparoscopic 
or open approach Vecchietti are 11–13% [41].

 Intestinal Vaginoplasty
Bowel vaginoplasty has been performed for over 
a century with multiple long-term studies of out-
comes, complications, and modifications of the 
procedure. Most studies of this surgery report a 
73–83% patient satisfaction with final vaginal 
length (mean of 10 cm) and good sexual function 
[48, 59–61]. Advantages of bowel vaginoplasty 
include the lack of multiple procedures or 
required postoperative vaginal dilation.

Multiple complications and complaints after 
bowel vaginoplasty have been reported and the 
exact rate of all postoperative issues is difficult to 
know. The biggest disadvantages include the 
common complaint of copious foul smelling 
mucus discharge requiring daily pad use or 
douching, trauma with intercourse (especially if 
small bowel is used), and an abnormal vaginal 
length later in life if the surgery is performed in 

childhood [13, 15, 23, 47, 48, 62]. The occur-
rence rates of significant complications range 
from 7% to 79% and include introital stenosis 
requiring dilation (especially if blood supply is 
compromised), mucosal prolapse, small bowel 
obstruction, and fistula formation [23, 47, 62].

 Labial Skin Flap or Vulvovaginal Pouch
The Williams vulvovaginoplasty is the most sim-
ple, noninvasive neovagina surgical technique 
and is the only reversible option currently avail-
able. First described by Williams 1964, the 
Williams procedure and other reported surgical 
modifications demonstrate good results in sexual 
function and patient satisfaction with final vagi-
nal length [49, 51]. Creatsas et al. found that of 
178 patients with MRKH, approximately 95% 
were successful in obtaining a vaginal length of 
10–12 cm and 94% of patients reported satisfac-
tory quality of sexual life after surgery [51]. Data 
on complication rates is limited as this procedure 
is rarely performed. In reports by Creatsas et al., 
specific issues such as wound complications, 
hematoma formation, or need for dilation each 
occurred in about 4%. Those requiring dilation 
(4.5%) had a 7–9 cm neovagina and most reported 
good sexual function after dilator therapy [51, 
63]. Patient complaints after Williams procedure 
are often of postoperative bleeding, need for ini-
tial hospitalization, scarring at the graft site or 
vulva, different vaginal axis with intercourse, and 
irritating hair growth within the vagina [51, 63].

Criteria of “success” vary between surgeries 
and studies. Most cited sources define surgical 
success by a patient’s satisfaction with the neo-
vagina, subsequent sexual function, and/or a 
final vaginal length of more than 5–6 cm.

“Vaginal length” in centimeters is reported in 
the referenced studies as mean, range, or an 
average.

 Conclusion

Management of patients with vaginal agenesis, 
with or without a functional uterus, is complex 
and clinical recommendations depend on age at 
diagnosis and the clinical presentation. Disclosing 

A. Zuckerman and E. Fee



27

the diagnosis of a reproductive tract anomaly can 
be distressing especially with anomalies that 
affect future fertility or in patients that require 
vaginal dilation or surgery. Frequent counseling 
visits with the patient and family by a provider 
familiar with the management of these complex 
disorders are required. When appropriate, girls 
and women without a developed uterus should be 
provided with information on available advanced 
fertility options and their alternatives if childbear-
ing is desired. Referral to a specialty or tertiary 
center may be necessary as developmental defects 
involving other organ systems are frequently 
encountered in girls with genital tract anomalies 
and a multidisciplinary approach is preferred.

Patients with vaginal agenesis and their fami-
lies can be reassured of the favorable outcomes in 
most by vaginal dilation only. If dilation is not an 
option or is unsuccessful for these patients, many 
surgical techniques exist for the creation of a neo-
vagina with high success rates and good sexual 
satisfaction. If a provider is comfortable recom-
mending and performing one of these procedures, 
the postoperative requirements and unique surgi-
cal complications should be carefully reviewed 
before surgery.

Preventative health care and screening recom-
mendations for women and girls with Müllerian 
anomalies should not be overlooked. Genital 
tract anomalies are not contraindications to the 
human papillomavirus (HPV) vaccine [64]. This 
vaccine is administered in late childhood and is 
recommended for all patients regardless of their 
genital anatomy as it can help decrease virus 
transmission to sexual partners and prevent HPV- 
related oropharyngeal or genital tract malignan-
cies [64]. Patients with Müllerian agenesis or 
cervical atresia do not fall under the USPTF (US 
Preventative Services Task Force) criteria for 
routine cervical cancer screening regardless of 
sexual activity or HPV vaccination status [65]. 
Those with an identifiable cervix should undergo 
routine cervical cancer screening starting at age 
21 according to current guidelines [65]. Patients 
with duplicated Müllerian systems require cytol-
ogy samples of each cervix at each screening. 
Safe sex counseling and annual screening for 
sexually transmitted infections, especially 

Gonorrhea and Chlamydia, are recommended for 
all sexually active women younger than 25 years, 
or older if additional risk factors are present [66]. 
Lastly, preventative health visits that include an 
annual pelvic and breast exam by a healthcare 
provider are recommended for all women regard-
less of their anatomy.
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3Overcoming the Challenging 
Cervix

Pietro Bortoletto and Rony T. Elias

Access to the uterine cavity is a prerequisite for 
the reproductive surgeon. However, ready access 
can be obstructed by various iatrogenic and cer-
vical pathologies. Within this chapter, we will 
review the structure and function of the cervix, 
discuss cervical pathology, and review manage-
ment options for the challenging cervix.

 Development

By approximately the 6–7th week after fertiliza-
tion, the paired Müllerian ducts fuse to form the 
early precursors to the uterus, cervix, and upper 
third of the vagina. However, it is not until 
between the 13th and 15th week of gestation that 
endocervical glands begin to form the early rudi-
mentary cervix. The canal of the cervix is lined 
by glandular columnar epithelium and transitions 
to squamous epithelium near the vagina. With 
advancing age, the demarcation line (the squa-
mocolumnar junction) regresses from well 
beyond the external os in childhood & adoles-
cence to higher in the cervical canal in meno-
pausal women. The columnar epithelium is 
notably responsive to estrogen and progesterone 

and is capable of producing a watery, alkaline 
discharge or thick, acidic mucus, respectively. 
Additionally, the cervix contains stroma, elastic 
tissue, and smooth muscle fibers which aid in its 
reproductive function during childbirth.

At birth, the cervix is twice the length of the 
uterine body and by the time of the first menstru-
ation the cervix is approximately 1/2 to 1/3 the 
length of the uterus and can measure up to 5 cm 
in length. The visible portion of the cervix on 
exam is known as the portio vaginalis and the 
portion not visible, or the intraabdominal cervix, 
is known as the supravaginal cervix. The cervix is 
supported by bilateral uterosacral ligaments and 
cardinal ligaments and receives its autonomic 
innervation from the terminal portion of the pre-
sacral plexus to form two lateral semicircular 
plexuses entering from the upper vagina known 
as the Frankenhauser plexus. The blood supply to 
the cervix is from the descending branches of the 
uterine artery and lymphatic drainage extends to 
the parametria followed by obturator, common 
iliac, and para-aortic lymph nodes [1].

Failure of appropriate Müllerian duct develop-
ment may result in cervical anomalies ranging 
from agenesis to duplications. Cervical agenesis 
is categorized by the absence of not only the cer-
vix but also the upper vagina given its shared 
embryologic origin. If the cervix is hypoplastic, 
the amount visible on exam or imaging can be 
quite variable however, the upper vagina can be 
normal. The diagnosis of both cervical  hypoplasia 
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and agenesis are often made peri-menarche with 
teens presenting with primary amenorrhea and 
cyclic abdominal pain. Pelvic or abdominal ultra-
sonography and magnetic resonance imaging are 
essential for accurate diagnosis ahead of any sur-
gical intervention.

In cases where Müllerian ducts fail to fuse 
appropriately, the cervix may appear to be fused 
or may appear as two distinct cervices. Classically, 
the duplicated, two distinct cervix scenario is 
also accompanied by a duplicated uterus, but not 
always. The duplication can also arise from a lon-
gitudinal uterine septum and careful thought 
should be taken to differentiate between both 
prior to any surgical intervention. Surgical inter-
vention is indicated in symptomatic patients with 
an obstructive lesion from either or both 
cervices.

 Cervical Pathology

By nature of its various structural components, 
the cervix is able to manifest a wide variety of 
benign and malignant pathologies. Perhaps the 
most common benign finding is the Nabothian 
cyst, or mucinous retention cyst. Nabothian cysts 
are largely asymptomatic cystic structures that 
arise from plugged columnar epithelial clefts. 
While they are usually quite small, they may be 
dilated to be several centimeters in size. A vari-
ant, the mesonephric cyst (remnant of Wolffian 
ducts within the cervix), may also be encountered 
and often presents as small Nabothian cyst-like 
structures and can be managed in a similar fash-
ion. Surgical management is only indicated in 
cases of vaginal pain, fullness, or if the large cyst 
interferes with cervical procedures such as endo-
metrial biopsy, intrauterine insemination or 
embryo transfer. Hysteroscopic, vaginal and lap-
aroscopic approaches have been reported using 
both excision and ablative techniques [2–4].

Other common benign cervical pathologies 
that may require advanced surgical intervention 
include cervical endometriosis, polyps, and 
fibroids. Superficial endometriosis of the cervix 
has been reported in reproductive aged women 
and often masquerades as premalignant or malig-

nant glandular lesions. When encountered, it is 
typically confined within the superficial aspects 
of the cervix and amenable to resection and or 
electrosurgery ablation if patients report dyspa-
reunia, bleeding, or pelvic pain [5]. Cervical pol-
yps usually present with mid cycle or poscoital 
bleeding and in most cases can be safely man-
aged in an office setting. More commonly they 
are identified as an incidental finding during the 
annual gynecologic exam and expectant manage-
ment is reasonable. Cervical fibroids typically 
present concurrently with uterine fibroids and 
can often present as pedunculated uterine fibroids 
prolapsing out through the cervix. While they are 
not readily seen on visual inspection, a bimanual 
exam may reveal areas of tenderness or bulk 
within the cervical stroma. Vaginal excision is 
indicated when symptoms are present or if the 
leiomyoma obstructs routine care such as cervi-
cal cytology screening or reproductive proce-
dures. Removal of large cervical fibroids can be 
complicated due to proximity to bladder, rectum, 
and ureter. As such, sometimes a laparoscopic 
approach is utilized to safely develop retroperito-
neal spaces and minimize surgical morbidity [6].

 Cervical Stenosis

Cervical stenosis is another common benign cer-
vical pathology that is often encountered by 
reproductive surgeons. Cervical stenosis, defined 
as a narrowing of the canal preventing insertion 
of a 2.5 mm dilator, can be multifactorial, result-
ing from ablative or excisional cervical proce-
dures, prolonged hypoestrogenic milieu such as 
menopause, infection, and nulliparity. Typically, 
these patients present with amenorrhea, pelvic 
pain, and/or infertility but can often be diagnosed 
during collection of a cervical or uterine speci-
men in the office. Pelvic sonogram often reveals 
hematometra or fluid behind the area of stenosis, 
within the uterine cavity. Bettochi et al. have pro-
posed a classification system for cervical stenosis 
based on the localization of stenosis as follows: 
stenosis of external cervical ostium (ECO; type 
I); stenosis of distal third of cervical canal and 
the internal cervical ostium (ICO; type II); 
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Fig. 3.1 Bettochi et al. classification system for cervical stenosis

 stenosis of the ICO (type III), and combined ste-
nosis of ECO and ICO (type IV) [7] (see Fig. 3.1).

 Preoperative Management

The management of cervical stenosis depends on 
the clinical scenario. In the case of women whose 
pap smear, endometrial biopsy, or hysteroscopy 
are complicated by the stenosis, pre-treatment 
with vaginal misoprostol or vaginal estrogen is 
recommended. Typically 200–400 mcg of vagi-
nal misoprostol 12–24 h prior to procedure has 
been shown to facilitate cervical dilation while 
minimizing lacerations or false tracks [8]. Rectal 
administration is associated with slower time to 
onset while sublingual administration may afford 
fastest onset time. Intracervical laminaria dila-
tors, which work via osmosis-induced dilation, 
have also been shown to be effective alternatives 
to vaginal misoprostol but require an additional 
office visit, cost, and discomfort [9–11]. In post- 
menopausal women, the addition of 25 mcg vagi-
nal estradiol daily for 14  days to vaginal 
misoprostol is often utilized in cases where a 
hypoestrogenic source of stenosis is suspected 
[12]. Mifepristone, an antiprogesterone, pre- 
treatment 48 h ahead of dilation & curettage in 

postmenopausal women has been shown to 
increase mean preoperative dilation and decrease 
the subjective amount of force required to dilate 
the cervical canal [13].

 Intraoperative Management

Cervical stenosis is encountered in approxi-
mately 10% of postmenopausal women undergo-
ing outpatient hysteroscopy and 6% of women 
after a loop electrocautery excision procedure 
[14, 15]. For patients whose cervical stenosis is 
diagnosed intraoperatively, several technical 
options are available to facilitate safe dilation. 
First, a “no touch” vaginoscopy technique has 
shown to be useful in identifying the pinpoint/
invisible external cervical os when location of the 
os is in question due to the enhanced digital mag-
nification afforded by the hysteroscope [16]. 
Second, ensure adequate analgesia as further and 
more invasive surgical manipulation is forthcom-
ing. While most women are able to tolerate 
biopsy and pap smear without analgesia, diag-
nostic and operative hysteroscopy frequently 
require paracervical blocks or IV sedation. In 
post-menopausal women, the use of a 3.5  mm 
hysteroscope without anesthesia was associated 
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with significantly less pain than those undergoing 
hysteroscopy with a 5 mm hysteroscopy, despite 
use of a paracervical block [14]. However, when 
stenosis is encountered intraoperatively or 
expected preoperatively, and the patient is not 
anesthetized, we recommend the addition of a 
paracervical block as they have been shown to 
decrease pain with dilation, pain with uterine 
interventions, and reduces the risk of severe pain 
[17]. Paracervical block can be accomplished by 
injecting 10 cc of 1% lidocaine into the 8 and 4 
o’clock position of the cervical vaginal junction 
using a spinal needle. In all cases, we strongly 
recommend the concomitant use of transvaginal 
and/or abdominal ultrasound with back-filled 
bladder by an experienced assistant to help guide 
the cervical dilators.

With appropriate analgesia, several additional 
interventions can be considered. First, lacrimal 
dilators, utilized for lacrimal duct dilation by 
ophthalmologists, can often be requested and 
come in sizes as small as 0.5 mm. The dilators, 
when used serially, may help to facilitate initial 
cannulation of the stenosed external os but also 
run the risk of creating false tracts and perfora-
tion if not used judiciously. Their use with intra-
operative transabdominal ultrasound may help to 
lessen this risk as the operator can receive real- 
time guidance. A full bladder, or retrograde blad-
der distention, is essential for optimal 
visualization of the lower uterine segment. 
Infiltration of the cervix with sterile saline or 
water may help to further delineate the cervical 
canal when ultrasound guidance is being utilized. 
Lindheim et al. have reported on the use of a 5.7F 
coaxial catheter with an outer echogenic sheath 
and inter guidewire with coude tip that can be uti-
lized under ultrasound guidance to gain entry to 
the uterine cavity [18]. When these dilators or 
instruments are not available, one can consider 
the use of the single tip of an Adson surgical for-
ceps, with progression to both tips, and eventu-
ally gentle spreading to delineate the external 
cervical os. A disposable skin biopsy punch has 
also been reported for recanalization in patients 
with external cervical occlusion after conization 
procedures [19]. Lastly, surgical devices such as 
the Definity by Hologic have been brought to 

market to facilitate cannulation of stenotic or tor-
tuous cervices by utilizing a ballon to slowly dis-
tend the cervix.

If these maneuvers prove successful, more 
invasive incisional and excisional procedures 
can be explored. A cruciate incision at the level 
of the external os using an 11-blade may facili-
tate the opening of a distal stenotic site. The 
expulsion of blood products or mucous can often 
be indicators of successful identification of the 
cervical canal. This can similarly be accom-
plished by hysteroscopic scissors in a slow and 
careful manner. In extreme cases, where cannu-
lation is absolutely necessary, excisional options 
such as a conization or even loop electrocautery 
excision procedure may be considered. Laser 
vaporization of scar tissue using a CO2 laser has 
also been described in symptomatic cervical ste-
nosis following excisional cervical procedures 
but requires specialized training and machinery 
for unexpected intraoperative use [20]. Finally, a 
hysteroscopic morcellator technique has been 
described to where you both shave and remove 
tissue within the cervical canal to gain entry to 
the uterine cavity [21].

 Post-procedure Prevention 
Strategies

There are several post-procedure interventions 
that have been described to avoid re-stenosis of 
the cervix and to facilitate further transcervical 
procedures. In 1990, Luesley et al. developed a 
high-density plastic disposable stent that was 
hollow funnel in shape and fit into the cervical 
canal [22]. Their study of 33 patients with a his-
tory of cold knife conization treated with this 
novel stent for 14 days demonstrated a stenosis 
rate of 6% at 6-month follow-up. Grund et  al. 
have described the use of a self-expanding, 
nitinol- coated stent, typically used for the stent-
ing of large blood vessels, in a patient with recur-
rent cervical stenosis from conization procedure. 
The stent was left in place for 9 months to allow 
for normal menstruation. Two months after the 
removal of the stent, the patient became sponta-
neously pregnant [23]. Polyurethane-covered tra-
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cheobronchial stents (Alveolus, Inc., Charlotte, 
NC), used in stenting of large airways, have been 
described in the management of patients with 
Müllerian anomalies, cervical stenosis, and vagi-
nal agenesis as have the use of a Petit-Le Four 
tube, a silver-plated tube used primarily in Europe 
in the 1960s, post-trachelectomy [24, 25]. 
Recently, Nasu et al. have described the use of an 
intrauterine device tied up with nylon threads for 
treatment of cervical stenosis after conization in 
symptomatic patients. Using a commercially 
available intrauterine device (Multiload Cu 250, 
Multilan AG, Dublin, Ireland) they tied up with 
three 3–0 nylon threads to the existing nylon 
thread and left the device in-situ for 3  months 
prior to removal with complete relief of symp-
toms and no evidence of long-term restenosis 
[26]. Lastly, post-procedure placement of around 
2 cm of intercede (Interceed; Gynecare, Ethicon, 
Somerville, NJ), an absorbable adhesion barrier, 
in the cervical canal has also been described as a 
successful re-stenosis prevention strategy [27]. 
Regardless of what kind of transcervical device is 
used, the concern for infection exists with any 
prolonged indwelling device and those that artifi-
cially keep the cervix patent, potentiating an 
ascending infection. Care should be given to 
patient selection, duration of treatment, and anti-
biotic prophylaxis when considering any of these 
novel interventions.

 Post-procedure Medical 
Management

An additional consideration for the management 
of the challenging cervix is the promotion of reg-
ular menstruation. The regular egress of blood 
products through a cervix is thought to help mini-
mize early adhesion formation following surgical 
intervention and to help proliferation of the cervi-
cal lining. Additionally, regular menses provides 
additional reassurance to patients and clinicians 
alike that the canal is patent to some degree. The 
conversion from regular menses to scant or absent 
menses should be an early warning sign of cervi-
cal re-stenosis, warranting further investigation. 
In the immediate postoperative period after an 

initial cervical procedure with risk for stenosis, 
the use of oral or transdermal estrogens can be 
considered to avoid a hypoestrogenic environ-
ment followed by a progesterone-induced with-
drawal bleed to ensure early canal patency.

 Cervical Stenosis in the Infertile 
Population

Management of stenosis in patients undergoing 
ART procedures poses new and unique chal-
lenges. Abusheikha et al. retrospectively reviewed 
their experience of 57 patients with a history of 
previous failed embryo transfer attempts whose 
transfer was classified as “difficult” [28]. In the 
GnRH agonist downregulation phase of an 
upcoming stimulation cycle, they performed cer-
vical dilation under general anesthesia and found 
that 31.6% of women achieved a clinical preg-
nancy in their subsequent cycle and two-thirds of 
women had their subsequent transfer rated as 
“easy”. Higher pregnancy rates were reported 
when the transfer was rated as “easy” compared 
to difficult (40 versus 11.8%).

Groutz et al. and Visser et al. have previously 
described a strategy of cervical dilation performed 
under anesthesia at the time of transvaginal oocyte 
retrieval, 48 h prior to embryo transfer [29, 30]. 
Unfortunately, both studies reported exceedingly 
low implantation rates and the authors have spec-
ulated that trauma to the endometrial lining and 
presence of blood may be to blame. The use of 
laminaria tents 24 h prior to embryo transfer has 
also been reported by others [31].

When attempts at dilation and pre-treatment 
have failed, groups have attempted transmyome-
trial transfer of embryos to bypass cervical steno-
sis. Kato et  al. reported on ultrasound-guided 
transmyometrial puncture for embryo transfer in 
104 patients with a history of difficult transfers 
due to cervical abnormalities [32]. Thirty-eight 
patients conceived for a clinical pregnancy rate of 
36.5% per attempt. However, similar studies 
comparing to transcervical transfer in patients 
with cervical stenosis or in patients with at least 
three fresh transfers have failed to show benefit to 
the transmyometrial approach [33].

3 Overcoming the Challenging Cervix
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Noyes et al. described a technique of hystero-
scopic shaving of the cervical canal of a patient 
with extremely tortuous cervix and challenging 
embryo transfer [34]. Following hysteroscopic 
shaving, an intrauterine foley balloon was placed 
for 14  days. Subsequent embryo transfers were 
noted to be significantly easier and the patient 
went on to deliver at 36 weeks without evidence 
of cervical insufficiency. Placement of transcer-
vical catheters and stents has also been described 
in various case reports and series. Since then, 
commercially available catheters and stents have 
been used and reported on. Yanushpolsky et  al. 
described the placement of a transcervical 
Malecot catheter for an average of 10 days fol-
lowing hysteroscopic evaluation and/or correc-
tion of the endocervix [35]. They reported that in 
32 out of the 36 patients treated, subsequent 
intrauterine inseminations, embryo transfers, or 
endometrial biopsies were significantly easier 
after treatment with the Malecot catheter.

 Conclusion

A patent cervical canal is essential for normal 
physiologic function as well as for reproductive 
procedures that require access to the uterus. 
Given its unique composition and function, the 
cervix can be the source of both benign and 
malignant pathologies that may result in a “chal-
lenging cervix” for both patients and clinicians. 
Restoring access to the uterus requires a thought-
ful approach that draws from a mixture of 
evidence- based and novel strategies. Preoperative 
planning is essential when the diagnosis is 
known; however, there are multiple intraopera-
tive steps that can be taken to facilitate comple-
tion of the planned procedure. More attention and 
research are needed to stenosis prevention strate-
gies to minimize surgical and reproductive mor-
bidity from cervical pathology and treatment.
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4Septate Uterus: Diagnosis 
and Management

Phillip A. Romanski and Samantha M. Pfeifer

Objectives
• Describe the developmental formation of a 

uterine septum and review different variations 
that can occur

• Explain the classification systems used to 
define a uterine septum and the imaging 
modalities available to identify and diagnose 
this anomaly

• Discuss the literature evaluating the preva-
lence of this anomaly and the potential impact 
on reproductive outcomes

• Review the available methods and techniques 
used for uterine septum incision

 Introduction

A septate uterus is a müllerian anomaly that is 
commonly encountered during an evaluation for 
infertility or adverse pregnancy outcome. This 
anomaly is the most common of the müllerian 
anomalies, though the true prevalence is unknown 

because in many women, this anomaly is asymp-
tomatic. Many aspects of the diagnosis and treat-
ment of septate uteri are debated among experts 
including what defines a uterine septum, whether 
the septum causes abnormal reproductive out-
comes, whether surgical treatment of the septum 
improves reproductive outcomes, and what tech-
nique is best for septum correction. In this chap-
ter, these topics will be reviewed to provide a 
foundation for how to diagnose and manage 
patients with a uterine septum.

 Development

A uterine septum occurs when there is incom-
plete uterine septum resorption during fetal 
development. In female fetuses, by the tenth 
week of gestation, the two müllerian ducts fuse in 
the midline to create a Y-shaped luminal structure 
that is destined to become the fallopian tubes, 
uterine cavity, cervical cavity, and upper third of 
the vagina [1]. The midline fusion creates a thick 
septum, composed of fibromuscular tissue, 
attached to the upper pole of the uterus which 
resolves by the twentieth week of gestation in 
normal development [2, 3].

Alternatively, the uterine septum will persist if 
resorption fails or is incomplete. There is great 
variability in the structure and appearance of sep-
tate uteri. This relates to the developmental stage 
of the uterus achieved during organogenesis prior 
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to cessation of septum resorption. Developmental 
variations may be viewed as a continuum. The 
feature that distinguishes a uterine septum from 
other müllerian anomalies is the presence of a 
single fundus with normal external contour and 
internal fundal indentation. The etiology of this 
anomaly is not well understood and is most likely 
multifactorial. There are no consistently reported 
gene mutations or epigenetic alterations that lead 
to the formation of a uterine septum [3].

Septate uteri have been classified as either 
partial or complete. Partial septate uterus refers 
to a single outer uterine body with an indentation 

in the endometrial cavity. There is a spectrum of 
length and width that can occur ranging from a 
small internal indentation at the fundus to a thick 
septum from the fundus that extends down to the 
level of the external cervical os. A septum is con-
sidered partial if it extends towards but does not 
reach the internal cervical os (Fig. 4.1).

A complete septate uterus refers to a single 
external uterine cavity with an internal septum 
that extends through the cervical canal resulting 
in a septate cervix or duplicated cervices often 
seen in association with a longitudinal vaginal 
septum (Fig. 4.2). It is important to differentiate a 

a b

Fig. 4.1 Partial uterine septum. (a) Depiction of partial uterine septum. (b) 3D ultrasound image of partial uterine 
septum (Blue arrow: Normal fundal uterine contour) (White arrow: Partial uterine septum)

a b

Fig. 4.2 Complete uterine septum. (a) Depiction of complete uterine septum. (b) MRI of complete uterine septum 
(Blue arrow: Normal fundal uterine contour) (White arrow: Complete uterine septum)
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a b c

Fig. 4.3 (a) Cervical septum seen at vaginoscopy. (b) Cervical septum – dilator in each external os. (c) Cervical septum 
seen at hysteroscopy. Cervical mucosa easily identified. (Photos permission of Samantha Pfeifer MD)

a b c

Fig. 4.4 (a) Two well-defined cervices see following 
resection of longitudinal vaginal septum. (b) Two separate 
cervices associated with complete septate uterus. Right 
cervix smaller and higher in vagina, left cervix larger and 

inferior. (c) Duplicated cervix showing placement of 
stitches on anterior lip of cervix for traction rather that 
Allis clamps. (Photos permission of Samantha Pfeifer 
MD)

cervical septum from a double cervix as surgical 
management may differ. A cervical septum 
appears as a single cervix or widened cervical 
body with a septum typically in the midline 
dividing the cervical canal into two parts 
(Fig.  4.3). In contrast, a double cervix has two 
distinct ectocervices which are separated by an 
intercervical cleft (Fig.  4.4) [4]. Both of these 
anomalies are often seen in combination with a 
longitudinal vaginal septum. A complete septum 
is also not always contiguous from fundus to cer-
vix and may be observed to have been resorbed in 
the lower uterine segment creating a connection 
between the septum [5]. A complete septate 
uterus is often mistaken as a uterus didelphys by 
both clinicians and radiologists that are not famil-
iar with the differences between these two 
anomalies.

When a uterine septum is identified, a thor-
ough evaluation of the vagina, cervix, and fallo-
pian tubes should be done to determine whether 
any additional anomalies are present. While other 
müllerian anomalies are associated with renal 
anomalies in 30% of cases, this association is not 
observed with septate uteri, and therefore a renal 
evaluation is not necessary in these patients [6, 
7]. The structure of the septum has been demon-
strated to be primarily muscle fibers and less 
fibrous tissue as assessed by MRI and biopsy 
specimens [8, 9].

The true prevalence of septate uteri in the gen-
eral population is unknown because many 
patients with a uterine septum are asymptomatic 
and therefore never have this anomaly diagnosed. 
One study that evaluated uterine shape in nearly 
700 patients at the time of tubal ligation followed 
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by a hysterosalpingogram reported a prevalence 
of müllerian anomalies of 3.2% in women who 
desire sterilization [10]. Septate uteri are one of 
the more commonly identified müllerian anoma-
lies, accounting for 35–90% of diagnosed anom-
alies [10, 11]. The prevalence of septate uteri is 
increased in patients with a history of miscar-
riage (5%) and in patients with a history of both 
miscarriage and infertility (15%) [12]. Current 
data do not support an association between sep-
tate uteri and primary infertility; however, it is 
associated with first- and second-trimester mis-
carriage [11]. It should be recognized that the 
observed prevalence varies widely between stud-
ies. This is both due to the baseline prevalence in 
the study population (i.e., general population, 
infertile population, recurrent miscarriage popu-
lation) as well as the fact that multiple classifica-
tion systems to define a uterine septum exist and 
the prevalence depends on which definition is 
utilized in the study design.

 Classification

The variability in shape and appearance of the 
septate uterus has led to difficulty in developing a 
universally accepted classification system. The 
American Society for Reproductive Medicine 
(ASRM) defines a uterine septum as a uterus with 
normal external contour or with an external fun-
dal indentation of less than 1.0 cm and an internal 
fundal indentation that is greater than 1.0 cm in 
length measured from the interstitial line (a 
straight line drawn to connect the interstitial 
openings) to the tip and has an angle of indenta-
tion that is less than 90 degrees [13].

An arcuate uterus is defined as a fundal inden-
tation that is less than or equal to 1.0 cm in length 
and has an angle of indentation that is greater than 
90 degrees (Fig.  4.5) [13]. The arcuate uterus is 
thought to occur similarly due to an incomplete 
septum resorption during organogenesis. However, 
it is clinically important to distinguish an arcuate 
uterus because it is not associated with adverse 
reproductive outcomes and is thus considered a 
normal anatomic variant [7, 14]. Notably, the 
ASRM classification system was developed based 
on the current literature evaluating reproductive 

outcomes and the measurements were selected to 
differentiate between a septum that may cause 
adverse clinical outcomes and an indentation that 
is a normal variant.

The European Society of Human Reproduction 
and Embryology (ESHRE) and the European 
Society for Gynaecological Endoscopy (ESGE) 
jointly developed an alternative classification 
system that is more objective and leaves less 
room for clinical interpretation. ESHRE/ESGE 
defines a uterine septum as a uterus with normal 
external contour or that is indented less than 50% 
of the width of the uterine wall and with a fundal 
internal indentation with a length that measures 
greater than 50% of the width of the uterine wall, 
when measured from the interstitial line to the tip 
of the indentation (Fig.  4.6) [15]. The ESHRE/
ESGE definition of septate uterus by 3D imaging 
was developed without any input of clinical out-
comes associated with this definition. In addition, 
the ESHRE classification system does not include 
a separate definition for arcuate uteri and many 
uteri that would be classified as arcuate and a 
normal anatomic variant by ASRM criteria meet 
the definition of a uterine septum when using the 
ESHRE classification system [16].

The difference between the two classification 
systems was evaluated in a cohort of 44 patients 
with a uterine septum as defined by ESHRE cri-
teria. In that cohort, 16 patients (36.4%) had an 
internal indentation less than 1 cm and would be 
classified as arcuate based on ASRM criteria 
[16]. Clinically, the importance in correctly dif-
ferentiating a uterine septum from an arcuate 
uterus is that an arcuate uterus is considered a 
normal variant and does not require corrective 
surgery compared to the septate uterus that is 
associated with adverse reproductive outcomes. 
As there is no universally accepted standard 
definition of septate uterus, differences among 
the available definitions may lead to variability 
in diagnostic classifications with correspond-
ingly increased or decreased incidence of sur-
gery performed to correct these anomalies. 
Thus, there is concern that defining a septate 
uterus by ESHRE/ESGE criteria would lead to 
potential unnecessary surgery to correct an 
anomaly that is not associated with adverse 
reproductive outcomes.
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Septum length >1 cm
Septum angle <90°

Arcuate/Normal
length £1 cm angle >90°

a bFig. 4.5 ASRM 
Mullerian anomalies 
classification 2021 
depicting the specific 
measurements of depth 
and angle of indentation 
to define partial septate 
and arcuate/normal 
uterus

Class U2/septate uterus 

<50% <50%

>50%

a. Partial b. Complete

Fig. 4.6 ESHRE/ESGE definition of partial 
and complete septate uterus

 Diagnosis

The most important point to understand when 
diagnosing a uterine septum is that both the 
internal and external uterine contour must be 
adequately visualized in order to distinguish a 
uterine septum from a bicornuate uterus. The 
internal indentation may appear the same in both 
types of müllerian anomalies; however, in a 
bicornuate uterus, the external fundus will also 
be indented greater than 1  cm per the ASRM 
definition [13]. If a uterine septum is incorrectly 
diagnosed in a patient with a bicornuate uterus, 
the risk of uterine perforation during “septum” 
incision is very high.

Accordingly, the imaging modality utilized to 
diagnose a uterine septum must be able to assess 
both the internal and external shape of the uterus. 
The gold standard has traditionally been direct 

visualization with combined hysteroscopy and 
laparoscopy. However, with the advent of 
improved imaging modalities, the diagnosis can 
almost always be made with less invasive radio-
logic imaging techniques. Evidence supports 
that the two best methods to use are either mag-
netic resonance imaging (MRI) or three-dimen-
sional ultrasonography (3D) with or without 
saline infusion sonohysterography (SIS). 
Hysterosalpingography may also be a helpful 
adjunct to initially identify the presence of a 
müllerian anomaly; however, because this 
method is unable to assess the external contour 
of the uterus, it alone cannot distinguish between 
a uterine septum and a bicornuate uterus.

All studies that evaluate the sensitivity and 
specificity of imaging modalities to accurately 
diagnose uterine septum are limited by their 
small sample size and sometimes lack a gold 
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standard for comparison due to the invasive 
nature of surgical diagnosis. The sensitivity and 
specificity of MRI have been reported as high as 
100% due to the ability to clearly delineate both 
the external and internal shape of the uterus [9]. 
Another study showed the diagnostic agreement 
between MRI and final clinical diagnosis (based 
on history, pelvic exam, complete imaging stud-
ies, surgery, and clinical follow-up) to be 70%; 

however, a clear measurement cutoff to distin-
guish a septum from an arcuate uterus was not 
utilized, and this represents a good example of 
the clinical ambiguity that can occur when evalu-
ating the uterine shape without objective guide-
lines to distinguish between the different types of 
müllerian anomalies [17].

Transvaginal ultrasound is another excellent 
modality that can be used to accurately diag-
nose a uterine septum as it has comparable pre-
dictive value compared to MRI and it is readily 
available in many outpatient office settings. 
Both 3D transvaginal ultrasound (Fig. 4.7) and 
2D-SIS (Fig.  4.8) have a diagnostic accuracy 
greater than 90%. When 3D transvaginal ultra-
sound is performed in combination with SIS, 
the sensitivity and specificity have been 
reported as high as 100% and can distinguish a 
septum from an arcuate uterus with high preci-
sion [18]. When considering radiologic imag-
ing accuracy, it is important to remember that 
the test results are operator dependent and 
most studies that evaluate test accuracy are 
performed at high volume centers with gyneco-
logic imaging experts. Therefore, the diagnos-
tic accuracy of each imaging test is dependent 
on the evaluators experience with both the 
imaging modality and the diagnosis of uterine 
malformations.

Fig. 4.7 3D-ultrasound coronal view of a uterus with 
partial septum

Fig. 4.8 2D-SIS axial view of a uterus with partial septum. (a) Lower uterine segment. (b) Superiorly located view 
(compared to Fig. 4.6a) with partial septum visualized
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 Impact on Fertility and Obstetric 
Outcomes

As mentioned previously, many women with a 
septate uterus will not have any difficulty achiev-
ing a pregnancy or experience any adverse obstet-
ric events. Yet, there is a correlation between the 
occurrence of a uterine septum and history of 
miscarriage or preterm delivery. Most available 
literature evaluating this association is observa-
tional. Further, many studies are limited by a lack 
of a comparison group or by a paucity of delivery 
outcomes. In addition, many studies do not dif-
ferentiate size, shape of septum or distinguish 
between partial and complete septum. The cur-
rent management and counseling of patients with 
a uterine septum are mainly based on these 
descriptive and observational studies as well as 
expert opinion.

A uterine septum may often go unnoticed until 
a patient undergoes a uterine evaluation. This 
diagnosis will often occur at the time of an infer-
tility evaluation because all of these patients 
undergo a thorough uterine evaluation regardless 
of their obstetric history. This leads to an 
increased prevalence of septate uteri diagnosed in 
patients with infertility, but it is not clear if the 
septum is causal for infertility or if it is an inci-
dental finding [19, 20]. Small studies aimed to 
evaluate this association have failed to identify a 
significant relationship [21–23]. A systematic 
review on the topic concluded that there is a sig-
nificant gap in the literature of high-quality evi-
dence; based on the current literature, it cannot 
be concluded that there is an association between 
infertility and septate uteri [7, 24].

However, when a patient presents with infer-
tility and is diagnosed with a uterine septum, 
study results are mixed regarding whether sep-
tum incision will improve infertility treatment 
outcomes. The only randomized controlled trial 
to evaluate this question enrolled 80 women with 
a uterine septum and a history of either infertility, 
one or more miscarriages before 24 weeks, or a 
history of preterm delivery and randomized par-

ticipants to septum incision or expectant manage-
ment [25]. The outcomes of live birth, pregnancy 
loss, and preterm delivery were similar between 
groups. While this study provides the best pro-
spective data on the use of septum incision in this 
population, it was only powered to detect an 
absolute improvement in live birth of 35% and is 
limited by the heterogenous population enrolled 
and the 9-year enrollment period.

In contrast, multiple retrospective studies have 
provided evidence that septum incision in infer-
tile patients will improve infertility treatment 
outcomes [7]. Many otherwise good prognosis 
patients with infertility and a uterine septum are 
able to conceive spontaneously after septum inci-
sion [26]. In the largest study to evaluate the 
association between septum incision and embryo 
transfer outcomes, the authors observed that 
patients with a uterine septum have significantly 
lower odds of achieving pregnancy and live birth 
following embryo transfer compared to a matched 
control group, but that patients that are treated 
with uterine septum incision have similar odds of 
achieving pregnancy and live birth following 
embryo transfer compared to a matched control 
group (20).

In patients with a septum that achieve a preg-
nancy, many will go on to have an uncomplicated 
term gestation delivery. In a retrospective study 
of a heterogenous group of women who selected 
uterine septum incision compared to women who 
selected expectant management, uterine septum 
incision did not affect miscarriage, preterm deliv-
ery, or live birth outcomes [27]. Still, observa-
tional and descriptive studies that have assessed 
the impact of septate uteri on adverse pregnancy 
outcomes report an association with miscarriage 
and preterm delivery. Retrospective studies have 
reported that in women with a septate uterus, 
first-trimester miscarriage was observed in 
36–42% compared to a 9–12% occurrence in 
patients with a normal uterine cavity [22, 28, 29]. 
A meta-analysis that evaluated obstetric out-
comes similarly reported a higher risk of first tri-
mester miscarriage in patients with a septate 
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uterus (RR 2.65, 95% CI 1.39–5.06). This analy-
sis also reported that pregnant patients with a 
septate uterus have an increased risk for preterm 
delivery (RR 2.11, 95% CI 1.51–2.94), malpre-
sentation (RR 4.35, 95% CI 2.52–7.50), intra-
uterine growth restriction (RR 2.54, 95% CI 
1.04–6.23), and perinatal mortality (RR 2.43, 
95% CI 1.10–5.36) [24].

Based on these data, pregnant patients with a 
uterine septum should be counseled on the risks 
of adverse obstetric outcomes, but that the abso-
lute risk of these outcomes remains low. When a 
uterine septum incision is performed in patients 
with a history of infertility, miscarriage, or recur-
rent pregnancy loss, two meta-analyses report 
that miscarriage risk and live birth outcomes are 
improved [24, 30]. Again, it is important to 
understand that the published data on this topic is 
retrospective and some studies lack a comparison 
group and is therefore at risk of selection bias.

The size and shape should not be taken into 
consideration when determining whether to 
incise a uterine septum. Given the wide variabil-
ity in septum presentation in both length and 
thickness, most studies do not stratify patients by 
septum size. Studies that do stratify patients by 
either septum length, thickness, or both to assess 
the effect of septum size on obstetric outcomes 
have not observed an association between adverse 
reproductive outcomes (including miscarriage, 
preterm delivery, and live birth outcomes) and 
septum length or thickness [31–33].

Therefore, patients should be counseled to 
undergo uterine septum incision if they have a 
history of miscarriage, preterm delivery, and/or 
recurrent pregnancy loss. The effect of a uterine 
septum on implantation is still unclear because 
the data evaluating this association are limited. 
However, in patients that present with a history of 
infertility and a diagnosis of a uterine septum, 
incision should be offered to improve treatment 
outcomes. Finally, in a patient that desires  fertility 
with an incidentally diagnosed uterine septum 
but no history of infertility or adverse obstetric 
outcome, septum incision can be considered after 
a discussion regarding the risks, benefits, and 
alternatives discussed above. In a patient that 

does not desire fertility with an incidentally diag-
nosed uterine septum, there is no role for septum 
incision.

 Operative Technique

Uterine septum incision is most commonly per-
formed via the hysteroscopic route. Before the 
advent of hysteroscopy, septum resection was 
done via laparotomy using either the Jones 
metroplasty or modified Tompkins metroplasty 
techniques (Fig.  4.9). The Jones metroplasty is 
essentially a wedge resection of the septum and 
overlying myometrium and uterine serosa fol-
lowed by closure of the remaining myometrium. 
The Tompkins metroplasty differs in that no 
myometrium is removed. Instead, an incision is 
made through the fundal myometrium, anterior to 
posterior, and continues through the middle of 
the septum in order to divide it in half. A second 
incision is made perpendicular to the first inci-
sion, but through the septum only in order to 
incise it on each side. The myometrial and serosal 
layers are then closed. These invasive techniques 
now mostly serve as historical perspective.

In current practice, operative hysteroscopy is 
a less invasive option that produces effective 
results and is the standard of care for treatment 
of uterine septum. While the procedure is com-
monly referred to as septum resection, the proce-
dure most often utilized is actually septum 
incision or transection. This procedure can be 
safely performed in either the office setting or in 
an operating room under anesthesia. There are a 
few hysteroscopic instruments that are com-
monly used for septum incision including hys-
teroscopic scissors, monopolar or bipolar 
electrocautery, or laser. Each technique has theo-
retical advantages, but no large well-designed 
studies have been performed to compare tech-
niques [7]. All methods are considered to gener-
ally produce comparable clinical results, and the 
choice is determined by surgeon preference. The 
primary questions to consider to ultimately 
determine the best technique to use include the 
following:
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Fig. 4.9 Depiction of abdominal metroplasty techniques. (a) Jones metroplasty. (b) Tompkins metroplasty. (Figure 
from Rock and Jones [33]. Permission to use this figure was granted by Elsevier)

 1. Will the procedure be performed in the office 
or operating room?

 2. Does cervical dilation need to be avoided?
 3. Should energy sources be avoided?
 4. How does cost vary between instruments?
 5. How complex is the instrument to set-up or to 

operate?
 6. What distension media options are available?

Hysteroscopic cold scissors require the least 
amount of equipment and therefore are a cost- 
effective option and are ideal for use in the office 
setting. Hysteroscopes with an outer diameter as 
small as 5 millimeters have been made to accom-
modate the scissors, and cervical dilation is often 
not necessary when using a hysteroscope of this 
size. Additionally, some clinicians prefer to use 

scissors in order to avoid the use of energy 
sources in the endometrial cavity that may 
increase the risk of postoperative intrauterine 
adhesions or endometrial injury. Some difficul-
ties encountered include poor visibility if the 
scissors pass through the inflow channel as this 
reduces flow of distending fluid and clearing of 
blood. The true risk reduction to endometrial 
damage with the use of cold scissors for septum 
incision has not been well studied and remains 
more of a theoretical concern.

Many hysteroscopic electrocautery devices 
have been developed that can also be used for 
septum incision. These options include hooks, 
loops, and various pointed tip electrodes. Some 
of these options are designed to be used with 
larger diameter hysteroscopes (22 or 26 French) 
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and cervical dilation may be required. When 
using electrocautery, surgeons must always be 
aware of the thermal spread from the contact sur-
face of the instrument, which varies depending 
on the instrument type, power setting, and the 
application time. In general, bipolar devices 
result in less thermal spread compared to mono-
polar devices, with thermal spread up to 2–6 mm 
recorded for bipolar instruments and thermal 
spread of greater than 10 mm recorded for mono-
polar instruments [34, 35]. This risk is important 
to be aware of when operating within the 
 endometrial cavity as myometrial damage may 
occur, but also if uterine perforation occurs due 
to the injury that can then occur to intra- 
abdominal organs.

If uterine perforation occurs, the surgeon must 
decide whether to end the procedure and expec-
tantly manage the patient or whether abdominal 
exploration to evaluate for injury should be per-
formed. This decision should be made based on 
the risk of intra-abdominal injury at the time of 
perforation taking into consideration the risk of 
potential bladder, bowel, or vascular injury 
depending on the location of injury and causal 
instrument. Generally, if perforation occurs with 
a blunt instrument and no electrocautery, expect-
ant management can be considered if there are no 
other signs of vascular or visceral organ injury. If 
perforation occurs with the use of electrocautery 
or if the surgeon is concerned for possible intra- 
abdominal injury based on the type and location 
of perforation, abdominal exploration should be 
performed. The hysteroscopic surgeon should be 
aware and capable of performing management of 
uterine perforation.

The hysteroscopic use of laser (argon, KTP 
[potassium titanyl phosphate], and Neodymium- 
YAG) has also been described as a successful 
method for uterine septum incision [36, 37]. 
While effective, the use of laser is generally more 
expensive, more dangerous for the operating 
room staff, and leads to longer operating times 
when compared to incision with scissors [38]. 
Thus, this method is less commonly utilized than 
the other techniques previously described.

The choice of distension media to us depends 
on the time of operative instrument chosen for 

incision [39]. Both electrolyte-free and 
electrolyte- rich media can be used. Electrolyte- 
free media such as 3% sorbitol, 1.5% glycine, 
and 5% mannitol are commonly used with mono-
polar devices. The greatest risks that can occur 
when using these solutions is electrolyte imbal-
ance such as hyponatremia, which has been 
observed when high amounts of solution are 
absorbed into the systemic circulation. Maximum 
absorption of electrolyte-free media is 1000 ml 
[39, 40]. When using electrolyte-free solutions, 
the surgeon must always be aware of the operat-
ing fluid deficit and institutional procedures and 
guidelines used to mitigate the risks of fluid over-
load and electrolyte imbalance. High amounts of 
distension media absorption are more likely to 
occur with prolonged procedures. However, uter-
ine septum incision procedures are generally 
completed in under 30  minutes and therefore 
high fluid deficits are rarely observed with this 
procedure.

When using bipolar instruments, an 
electrolyte- rich media, such as normal saline, 
must be used for distention. This media is advan-
tageous because it is isotonic and contains physi-
ologic electrolytes, thus, mitigating the risk of 
electrolyte imbalances like hyponatremia making 
it the preferred choice by many surgeons, espe-
cially for cases with an expected longer operating 
time. The maximum fluid deficit with normal 
saline is far greater than with glycine and 
approaches 2000–2500 [39, 40]. However, high 
fluid deficits with normal saline can still cause 
fluid overload and the surgeon must always pay 
close attention to fluid management during any 
hysteroscopic procedure.

 Procedural Steps

 Partial Septate Uterus

Regardless of the hysteroscopic instrument 
chosen for septum incision, the principles of 
the procedure remain the same. Once the hys-
teroscope is in the uterine cavity, the surgeon 
should perform a careful survey of the cavity 
and identify the location of both tubal ostia. It 
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is easy to become disoriented within the endo-
metrial cavity during hysteroscopic septum 
incision if the surgeon is not constantly moni-
toring these landmarks. Two techniques can be 
utilized: shortening and thinning (Fig. 4.10 and 
Video 4.1). Shortening involves incising the 
septum starting at the leading edge and continu-
ing toward the fundal region. The septum is 
incised horizontally typically  starting at one 
side moving across to the other side, parallel to 
the anterior and posterior uterine walls and in 
the same plane defined by the tubal ostia. If the 
incision begins to deviate toward the anterior 
and posterior walls, this trajectory could even-
tually lead to uterine perforation if not recog-
nized and corrected. Thinning technique 
involves incising the septum along the lateral 
edges of the septum on both sides to reduce the 
width of the septum. The shortening technique 
can then be facilitated as the septum will be 
smaller. Another benefit of this technique is it 
helps to keep the surgeon in the intended plane 
throughout the procedure as these incisions are 
placed in the correct plane midline between 
anterior and posterior uterine walls and in the 

plane of the tubal ostia. In practice, it is often 
helpful to use a combination of these two tech-
niques depending on the size and shape of the 
septum to be incised.

If scissors are utilized, small incisions are 
made at the leading edge allowing the septal 
fibers to separate (Video 4.2). Blood vessels if 
visualized may be avoided to minimize bleeding. 
If using electrocautery, a combination of a brief 
incision with energy followed by gentle blunt 
dissection without energy can be used to safely 
incise the septum with the least amount of applied 
thermal energy. As the incision progresses, the 
surgeon must constantly be aware of the inci-
sional plane and the uterine orientation by moni-
toring the location of the tubal ostia in relation to 
the incision (Fig. 4.11). It is usually not possible 
to keep the ostia continuously visible during the 
procedure due to the proximity that must be 
maintained between the operating instrument and 
the surface of the septum. Thus, the surgeon must 
frequently move the camera from the incision to 
the ostium to ensure the orientation of the uterus 
has not been lost. If this occurs, there is a high 
risk of perforation as the surgeon will no longer 
be incising the correct plane.

 Complete Septate Uterus

With a complete septate uterus, there is debate 
regarding whether the cervical septum should be 
incised as part of the uterine septum incision or 
left intact. The concern with cervical septum 
incision is that it could compromise the remain-
ing cervical tissue leading to cervical insuffi-
ciency in pregnancy. However, there are no 
high-quality studies that evaluate pregnancy out-
comes after cervical septum incision and results 

a b

Fig. 4.11 (a) Correct plane of incision (red dashed line) – same plane as ostia (black dots). (b) Incorrect planes – can 
lead to damage to myometrium and possible perforation

Shortening technique

Thinning technique

Fig. 4.10 Depiction of incision techniques: shortening 
and thinning

4 Septate Uterus: Diagnosis and Management



50

are conflicting. Nor do these studies clearly 
define a cervical septum or differentiate it from a 
duplicated cervix. A cervical septum appears as a 
single thickened outer rim with a band that may 
be thin or thick dividing the cervix (Fig.  4.3). 
This band is typically continuous with the uterine 
septum and longitudinal vaginal septum when 
present. With a duplicated cervix, there are two 
distinct cervical entities, and the cervical ostia 
are separated by a large distance or may even be 
in different planes (Fig. 4.4).

Incising the cervical septum along with the 
uterine septum for a complete septate uterus has 
been advocated as this procedure has been shown 
to be significantly shorter, associated with less 
fluid absorption, less bleeding, and easier when 
compared to preservation of the cervical septum 
[41, 42]. Techniques described include cutting 
the cervical septum with Metzenbaum scissors 
[41], or cutting the cervical septum with scissors 
after first dilating each cervical canal to 10 mm 
[43, 44]. In lieu of scissors, a 5-mm hand-held 
tissue sealing device can be used to transect the 
cervical septum with minimal bleeding. Others 
have reported using the hysteroscopic resecto-
scope [42]. In these studies, the uterine septum 
was incised with hysteroscope and either scissors 
or bipolar or monopolar cautery independent of 
the technique to remove the cervical septum. All 
these techniques have been shown to be per-
formed immediately following resection of lon-
gitudinal vaginal septum. The cervical septum 
was observed to recur following incision in 3 of 
10 patients in one observational study [44]. 
Cervical incompetence following incision of cer-
vical septum is a concern with incidence of cer-
clage in studies ranging from 9% to 24% [42, 
43]. However, in a randomized controlled trial of 
28 patients comparing cervical septum incision 
versus preservation, rates of cerclage placement 
were not significantly different nor were preterm 
delivery rates between the two groups [41].

For a complete septate uterus with duplicated 
cervix, there are a couple of effective techniques 
to incise the uterine septum without compromis-
ing the cervical septum. The main strategy is to 
make an opening in the septum just above the 
level of the internal cervical os, to create a lead-

ing edge of the uterine septum that can be incised 
hysteroscopically. The challenge is to identify a 
thin portion of uterine septum in the correct loca-
tion and the correct plane to create this opening. 
One approach is to make a blind entry across at 
the presumed correct location, but this risks devi-
ating the incision toward the anterior or posterior 
wall especially if the uterus is rotated thereby 
increasing the risk of perforation. A safer option 
is to identify where to incise the septum by plac-
ing an instrument in the contralateral side to tent 
the septum where the incision should be made 
(Fig.  4.12). Instruments that have been used 
include a foley balloon, a uterine sound, or a thin 
curved clamp in the endocervical/uterine canal 
with the hysteroscope in the adjacent canal. The 
septum may then be incised over the area demar-
cated by these instruments using scissors, or any 
hysteroscopic tools used for uterine septum inci-
sion. When using a balloon, once it is beyond the 
cervix, it can be slowly inflated and the incision 
can be made through the septum above the cer-
vix, using the balloon to delineate the location for 
the incision and the prevent the instrument from 
perforating through the contralateral uterine wall. 
Although the foley is effective, it can distort the 
anatomy and make it difficult to pass the hystero-
scope. A thin long curved clamp can overcome 
these issues (Fig.  4.12a and Video 4.3). Once 
inserted through the contralateral side of the cer-
vix and beyond the cervix, the surgeon can angle 
the tip of the clamp into the septum and then open 
the clamp to delineate a clear area where the inci-
sion can safely be made to incise the cervix in the 
lower uterine segment without perforating 
through the contralateral wall.

Once the septum has been crossed, the hys-
teroscopic distending media will egress through 
the adjacent cervical canal and uterine distension 
may be difficult. When this occurs, occlusion of 
the second cervical opening can be helpful. This 
can be done by placing a figure-of-eight stitch 
around the cervical opening, using an Allis clamp 
to occlude the external cervical os, or by placing 
a foley balloon through the cervix, slightly inflat-
ing the balloon, and then pulling back on the 
foley catheter until the second cervical opening is 
occluded. Interestingly, incidence of cesarean 
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Fig. 4.12 Technique for complete uterine septum inci-
sion while preserving cervical septum. (a) Using a fine 
long curved clamp to identify where to cross lower uterine 
septum. (b) Use of foley balloon catheter to mark where to 

cross lower uterine septum. (c) Complete septate uterus 
following incision of uterine septum while preserving cer-
vical septum. (Figure from Jeff Goldberg MD, Cleveland 
Clinic Foundation)

a b c

section following preservation of the cervical 
septum was higher, 7% versus 2% (P < 0.05) in 
one randomized study [41]. However, vaginal 
delivery is not impeded with an intact cervical 
septum or complete duplicated cervix post hys-
teroscopic septum as the fetal head displaces the 
cervix or cervical septum to one side as it 
descends [44].

Septate uteri can also be associated with the 
presence of a longitudinal vaginal septum. In one 
retrospective study of patients with longitudinal 
vaginal septum, a septate uterus was present 
nearly 2/3 of cases [45]. The decision to resect a 
longitudinal vaginal septum and the available 
techniques are beyond the scope of this chapter, 
but it is possible to resect the vaginal septum at 
the time of cervical septum surgery. When these 
procedures are done together, it is usually best to 
first resect the vaginal septum to allow for easier 
vaginal wall retraction and visualization during 
the cervical septum incision.

Once the uterine septum is incised, the proce-
dure is complete. However, deciding when 
enough of the septum has been incised is a cru-
cial step. If the septum is incised too far resulting 
in thinning of the fundal myometrial wall, there 
is a risk for uterine rupture to occur in future 
pregnancies. Eighteen cases of uterine rupture in 

subsequent pregnancy have been reported fol-
lowing septum incision seen in association with 
excessive septum excision/incision, penetration 
of myometrium, uterine wall perforation, or 
excessive use of cautery or laser energy [30]. 
This risk can seemingly be mitigated by a careful 
surgical approach and appropriate knowledge for 
when to stop the incision. Ending the procedure 
once the septum has been incised down to one 
centimeter away from the interstitial line is a safe 
distance as this ensures that the myometrial wall 
remains intact and is a length of indentation that 
does not affect pregnancy outcomes [14].

Clues that the incision is nearing the intersti-
tial line can be gathered from visual signs, direct 
measurement, and external monitoring with lapa-
roscopy or ultrasound imaging. Visually, the 
myometrial wall is often much more vascular 
than the septum. When bleeding begins to occur 
at the level of the incision, this is a sign that myo-
metrium is near and the remaining length of the 
septum should be reassessed. It is important to 
remember that the septum can contain muscle 
and vessels which may also cause bleeding dur-
ing incision and this approach may lead to a large 
residual septum. Length of the residual septum 
may also be assessed by placing the extended 
operating instrument and directly measuring the 
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depth. When utilizing this technique, one should 
know the size of visual markers such as the length 
of scissors or insulation on the operating instru-
ment. Simultaneous transabdominal or transrec-
tal ultrasonography has been shown to be 
effective to assess when septum incision is com-
plete and has the advantage of being able to mea-
sure the remaining thickness of the uterine wall. 
Direct external visualization of the uterus with 
laparoscopy can be used; however, transabdomi-
nal ultrasound monitoring is less invasive and has 
similar efficacy and safety when used to monitor 
the procedure [46].

 Assessing for Adequacy of Septum 
Incision and Adhesion Formation

After uterine septum incision is complete, it can 
take weeks for endometrial growth to cover the 
anterior and posterior walls of the uterine cavity 
where the septum was previously located. In the 
interim, these opposing edges remain at risk for 
adhesion formation and distortion of the uterine 
cavity. Adhesion formation after septum incision 
has been reported to occur in 5.3–24.1% of cases 
[47–49]. Hormonal and barrier methods have 
been proposed to decrease the risk of postopera-
tive adhesion formation; however, studies evalu-
ating the use of these methods are small. Barrier 
methods create a physical separation between the 
uterine walls to prevent adhesion formation dur-
ing the period of endometrial growth, and hor-
monal methods may help to facilitate and 
expedite recovering of the incised uterine will 
with normal endometrium.

One study of 100 women treated with uterine 
septum incision was randomized to four groups: 
no adhesion prevention, estradiol plus norgestrel 
daily for 2 months, copper IUD, and a combina-
tion of estradiol plus norgestrel plus copper 
IUD.  Patients underwent cavity evaluation 
2  months postoperatively and adhesions were 
present in 5.3% of control group, 0% of the hor-
mone treatment group, 12% of the copper IUD 
group, and 10.5% of the hormone plus copper 
IUD group with no statistical significance in any 
treatment group compared to the control group 

[47]. Even though this study is one of the largest 
to prospectively evaluate adhesion prevention 
techniques after uterine septum incision, it is lim-
ited by the small patient cohort and a failure to 
perform an intention to treat analysis. Five 
patients in the hormone treatment group self- 
discontinued the medication, and four patients in 
the copper IUD group had the IUD removed.

Despite a lack of conclusive data, many sur-
geons recommend the use of adhesion prevention 
after septum incision given the high rate of post-
operative adhesion formation. When barrier 
methods are used, a barrier with a large enough 
surface area to prevent the uterine walls from 
touching should be used. Therefore, a foley bal-
loon or a balloon specially shaped to fit into the 
uterine cavity are likely to be more effective than 
a T-shaped IUD device. When hormone therapy 
is used by itself or in combination to a barrier 
method, a physiologic dosing schedule should be 
chosen by administering estradiol at physiologic 
doses for 21–28 days with the addition of a pro-
gestin around days 10–14.

Another method used to manage postoperative 
adhesions is a second-look office hysteroscopy 
with incision of any adhesions at that time. In one 
study that used this method, adhesions were 
observed in 25.6% of patients at 1 month postop-
eratively [48]. The majority of adhesions were 
filmy and were able to be incised with the tip of 
the hysteroscope or scissors. At repeat hysteros-
copy performed at 3  months postoperatively, 
adhesions were observed in only 1.7% of patients.

Due to the risk of adhesion formation or 
incomplete septum incision, all septum incision 
procedures should be followed up with a cavity 
evaluation to ensure that the septum has been 
adequately incised and that no intrauterine adhe-
sions are present. Office hysteroscopy, as 
described above, is an effective option because it 
can be both diagnostic and therapeutic. Other 
options include imaging techniques that are able 
to evaluate the cavity for both adhesions and 
residual septum with a high sensitivity and speci-
ficity  – either hysterosalpingography or a 
3D-SIS. If a residual septum or intrauterine adhe-
sions are identified, a second procedure to restore 
the cavity should be performed.
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 Attempting Pregnancy Following 
Septum Incision

Once a uterine septum has been incised, patients 
should wait to conceive until a follow-up evalua-
tion confirms a normal uterine cavity and the endo-
metrium has sufficiently covered the entirety of the 
uterine cavity. Data from second-look hysterosco-
pies have described the length of time that it takes 
for endometrium to cover the area of septum inci-
sion. One study of 19 patients was designed to spe-
cifically evaluate the endometrial repair that occurs 
after septum incision. Hysteroscopy was performed 
1, 2, 4, and 8 weeks following septum incision with 
hysteroscopic scissors [38]. At 1 week postopera-
tively, the incised area was still very clearly visual-
ized on hysteroscopy with an absence of epithelial 
cells on histological examination. At 2 weeks post-
operatively, the incised area was still depressed 
with areas still lacking endometrial covering with 
simple epithelium without stromal tissue observed 
on histology. Four weeks postoperatively, the 
incised areas remained depressed in comparison to 
the adjacent endometrium, but these were com-
pletely covered by a thin epithelium. Proliferative 
endometrium with epithelium and stroma was 
observed on histology. At 8 weeks postoperatively, 
the endometrial cavity and histology appeared nor-
mal, with only a slight depression at the incised 
area identified in three patients. Other studies that 
include second-look hysteroscopies have similarly 
reported that the endometrial lining appears normal 
in most patients after 2–3  months [49, 50]. 
Therefore, it is reasonable to wait for 2  months 
after uterine septum incision prior to attempting 
pregnancy, either naturally or with infertility treat-
ment [7].

 Conclusion

Septate uterus may be asymptomatic or lead to 
poor reproductive outcomes. Septum may be par-
tial or complete. Diagnosis may be confirmed by 
3D ultrasound, SIS, MRI, or HSG or hysteros-
copy in conjunction with ultrasound confirmation 
of external uterine contour. Septum incision is 

indicated following poor reproductive outcome 
or for those individuals with infertility. Septum 
incision may also be performed for asymptom-
atic individuals to decrease potential for poor 
reproductive outcome following counseling of 
the risks and benefits. Many techniques have 
been described and none have been proven supe-
rior. Care should be taken to avoid damage to the 
fundal myometrium by either excessive septum 
incision or cautery. Reproductive outcomes fol-
lowing septum incision have been shown to 
improve.
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5Intrauterine Adhesions

J. Preston Parry and Johannes Ott

 Background

Intrauterine adhesions (IUA) have been recog-
nized as a source for reproductive dysfunction for 
over a century. The condition was first described 
in 1894 by Henrich Fritsch for a woman who 
underwent curettage 24 days postpartum for 
bleeding, and then she subsequently became 
amenorrheic [1]. A more comprehensive descrip-
tion of the condition was published by Israeli 
gynecologist Joseph Asherman 54 years later in 
his landmark paper “Amenorrhoea traumatica 
(atretica)” [2]. Of note, this initial article by Dr. 
Asherman emphasized cervical adhesive disease. 
His article “Traumatic intrauterine adhesions,” 2 
years later gave greater emphasis to the more 
common finding of intrauterine disease [3].

The condition is often still referred to through 
terms relating to Joseph Asherman and his article 
titles, including Asherman’s syndrome, traumatic 
uterine atrophy, and uterine atresia, as well as 
endometrial sclerosis. When initially published 
and described as Asherman’s syndrome, there 
was emphasis on hematometra with associated 
pain. Intrauterine adhesions has come to be the 

preferred term, as it includes circumstances with-
out pain and covering the full spectrum of 
disease.

 Etiology

Setting aside deliberate creation of IUA through 
endometrial ablation, 90% of IUA or more can 
relate to curettage [4–6], consistent with how it 
was first described by Fritsch [1]. A study with 
hysteroscopy 8–10  weeks after dilation and 
curettage (D&C) saw a 31% incidence of post- 
D&C intrauterine adhesion formation [7]. Non- 
curettage surgeries can also contribute to IUA, 
including myomectomies (hysteroscopic, laparo-
scopic, and abdominal) (Fig.  5.1), metroplasty, 
and compressive uterine suturing post-partum, as 
well as inflammatory environments such as with 
an embedded IUD (Fig. 5.2) [8]. As a more gen-
eral principle, the greater the number of proce-
dures that can traumatize the endometrium, the 
greater the risk for intrauterine adhesions [9].

The reason surgery is often a driving force for 
IUA is that it can cause trauma to the stratum 
basalis, when damage to the stratum functionale 
can frequently be sloughed with menses. For this 
reason, it is uncommon to see IUA associated 
with ascending infections such as PID, unless 
there is concurrent surgery, such as with curet-
tage for septic abortion. Similarly, when chronic 
endometritis is found at hysteroscopic adhesioly-
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Fig. 5.1 Complete obliteration of the left portion of the 
endometrial cavity after open myomectomy

Fig. 5.2 Thick and filmy adhesions after removal of an 
embedded IUD

sis, there is a higher rate of IUA recurrence 
(44.8% vs 20.8%) [10]. Uterine tuberculosis (and 
arguably schistosomiasis) seems to be among the 
rare non-iatrogenic causes and can result in 
meaningful IUA [6, 11]. Also of note, etiology 
can influence distribution of IUA.  Curettage- 
associated adhesions are often midline with lower 
rates of loss of the ostial landmarks. However, 

IUA deriving from infection may be less likely to 
follow this pattern and appear more random in 
their distribution. IUAs after septal incision tend 
to be in the location of the transected septum and 
myomectomy-associated IUAs tend to be in the 
site of the previous myoma(s). Also notably, as a 
general surgical principle, juxtaposed trauma-
tized surfaces are more likely to result in adhe-
sions than when distant from each other, which is 
part of why laparoscopy results in fewer adhe-
sions than laparotomy. For IUA, curettage often 
traumatizes both the anterior and posterior stra-
tum basale. Similarly, hysteroscopic myomec-
tomy for a single fibroid is less likely to result in 
adhesions than resection of anterior and posterior 
“kissing” fibroids [12].

Estimates of the extent attributable to obstetri-
cal curettage (elective termination, miscarriage, 
and postpartum indications) vary widely. One 
summary suggested that misoprostol-induced 
expulsion of pregnancy led to negligible rates of 
IUA, while it was 15–20% after D&C and 
20–40% after curettage for postpartum hemor-
rhage [13]. Variation in estimates can relate to 
indications, instrumentation (sharp vs. suction 
curettage), and visualization (blind vs. ultrasound 
guided). Postpartum curettage may have IUA 
exacerbated by lactational amenorrhea hindering 
endometrial proliferation. It has been proposed 
that hysteroscopic management of retained prod-
ucts of conception may decrease IUA risk [14].

 Pathophysiology

Intrauterine adhesions at the microscopic level 
can be characterized by loss of ribosomes and 
mitochondria, as well as cellular hypoxia [15]. 
Correction of hypoxia relates to successful cor-
rection of IUA, where patients with higher VEGF 
levels and microvessel density appear more likely 
to redevelop the endometrium after surgical man-
agement [15]. Histology can be myometrial, 
endometrial, or connective tissue and may relate 
to etiology. Fibromuscular bands are the most 
common finding and these sometimes contain 
endometrial tissue [16].
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 Clinical Presentation

IUA are considered rare, with Orphanet estimat-
ing the prevalence at 1–5/10,000 people. 
(Orpha:137686, [17]) Paradoxically, Orphanet 
also estimates the prevalence in subfertile popula-
tions from 2.8% to 46%, when subfertility affects 
one in eight couples. Regardless, the true inci-
dence of IUA is likely underreported. If only 10% 
of the uterine cavity is annealed and 90% is nor-
mal, some women may not notice a 10% reduc-
tion in menstrual volume. Also, when IUA are 
more extensive, many women do not seek gyne-
cologic care to assess lighter menstrual flow. A 
recent study saw a trend toward lighter menses 
with increasing severity of IUA, where for mild 
disease 57.4% of women had light or absent men-
ses, for moderate 69.6%, and severe 90% (9/10), 
but this trend was not statistically significant [18].

Additionally, though IUA may be recogniz-
able to experienced sonographers, some are more 
attuned to finding masses than they are to endo-
metrial thinning or loss of the border delineating 
anterior from posterior endometrium. Because it 
is difficult to find what one is not looking for, 
IUA-associated absences on sonography can 
require insight similar to that in Sherlock 
Holmes’s recognition of a “dog that didn’t bark.” 
Wider use of office hysteroscopy will likely lead 
to increased estimates in the prevalence of IUA.

Acknowledging that the most common presen-
tation for IUA may be an absence of symptoms, 
menstrual disturbance is likely the most common 
complaint resulting from IUA. A large study from 
four decades ago noted in women with IUA a 
37% rate of amenorrhea and 31% reporting hypo-
menorrhea [4]. A more recent study in a subfertil-
ity population observed 14.6% and 46.3% rates 
respectively [19]. Symptoms do not clearly cor-
relate with the extent of adhesions [20].

If amenorrhea and hypomenorrhea relate to 
the extent of endometrial loss, then dysmenor-
rhea and pelvic pain are proportionate to men-
strual entrapment. In this setting, it is easier for 
pain-associated symptoms to derive from cervi-
cal adhesive disease than uterine. The reason is 
that it takes an extended area of adhesions within 

the uterus to fully obstruct outflow from a small 
area (and with proportionate reduction in men-
strual flow for that adherent region). However, 
adhesions only a few millimeters wide in the cer-
vix may be sufficient to completely block out-
flow. Tubal occlusion can further exacerbate 
dysmenorrhea and pelvic pain from intrauterine 
and intracervical adhesions when menses are 
obstructed, similar to that seen with iatrogeni-
cally induced adhesions found in post-ablation 
tubal sterilization syndrome (PATSS).

IUA can also contribute to subfertility and 
recurrent pregnancy loss. IUA don’t have overly-
ing endometrium favorable to implantation and 
typically lack vascularity that would help sustain 
a developing pregnancy. Though up to half of 
women with IUA can have difficulties conceiving 
and sustaining a pregnancy, this may be an over-
estimate influenced by detection bias [21, 22].

 Diagnosis of Intrauterine Adhesions

Multiple approaches are used to identify IUA, 
including hysterosalpingography (HSG), sonog-
raphy, saline infusion sonography (SIS), 3D 
sonohysterography (including 3D power 
Doppler), and MRI.  HSG seems to have a par-
ticularly high rate of false positives and negatives 
for IUA relative to SIS, with relative accuracies 
of 26.9% and 63.2% respectively [23]. 
Hysteroscopy remains the gold standard and can 
identify up to a third more IUA than 3D sonohys-
terography [24], but not all studies find a clear 
advantage [25]. Not only can saline infusion 
sonography be used for preoperative visualiza-
tion of IUA, but catheter placement and balloon 
inflation can even offer some development of the 
cavity. However, beyond detection of adhesions, 
there are multiple advantages to office hysteros-
copy relative to other approaches prior to surgical 
intervention. First, office hysteroscopy is the best 
proxy for intraoperative conditions. Knowing 
whether there are visible intraoperative land-
marks has important implications when address-
ing the balance of risk and benefit for informed 
consent, including expectations for the number of 
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procedures required for more extensive disease. 
Second, office hysteroscopy facilitates better 
preparation, such as whether intraoperative 
sonography would be advantageous. Third, office 
hysteroscopy allows for a degree of see and treat, 
where with gentle sweeping of filmy adhesions, 
one can better develop the cavity, better delineat-
ing surgical planes.

For detecting IUA, all estimates of accuracy 
through sonography should be interpreted in the 
light of the year of the study, the timing within the 
menstrual cycle, the nature of image analysis, and 
the type of IUA being identified. The earlier the 
study, the greater the risk for lower resolution 
which negatively affects sensitivity and specific-
ity. Within the menstrual cycle, the luteal phase 
allows for easier delineation of intracavitary 
structures that contrast with the robust endome-
trium. The greater the use of iatrogenic contrast or 
3D, the greater the amount of information, which 
enhances accuracy. Finally, the more prevalent 
hematometra are in studies, the easier it is to iden-
tify IUA due to contrasting intracavitary blood.

Intracervical adhesions often present sono-
graphically as an echogenic line that can be 
traced from the cervix to a point where the line 
dissipates. Depending on where the patient is in 
the menstrual cycle, a cervical mucocele or 
hematocele should prompt suspicion for adhe-
sions or stricture in the lower cervix. These may 
fill the upper cervix due to difficult egression, 
with difficulty identifying the lower path to the 
outer cervical os on sonography. When MRI is 
used due to cervical adhesions hindering SIS, 
T2-weighted images will visualize IUA as having 
low signal intensity within the uterine cavity.

When using sonography for intracavitary 
evaluation, intrauterine adhesions may present 
more as heterogeneous opacity, where there is 
homogeneous echogenicity across measurements 
of endometrial thickness, excepting portions 
where an interface between the anterior and pos-
terior can be segmentally identified. The less the 
interface can be visualized, the greater the poten-
tial for thicker adhesions. Saline and other con-
trast, such as fluids, foams, and gels, can further 
help delineate points of fusion between the ante-
rior and posterior endometrium. Hematometra 

may present as low-level homogeneous echoes, 
though this will be dependent on where the 
patient is in the menstrual cycle and the duration 
the hematometra has been present.

 Classification of Intrauterine 
Adhesions

In 1978, March proposed a hysteroscopic classi-
fication system for intrauterine adhesions that 
remains in wide use due to its simplicity [26]. It 
is broken into three categories: minimal (Fig. 5.3), 
moderate (Fig.  5.4), and severe (Fig.  5.5). This 
approximately correlates with the American 
Fertility Society classifications of I, II, and III 
respectively [27]. Though these classification 
systems are easy to understand and communi-
cate, their ability to predict subsequent menstrual 
function and fecundity are limited. However, 
more advanced classification systems, such as 
those proposed by the European Society for 
Hysteroscopy [28], Nasr [29], and others have 
had less widespread use (Table 5.1). Moreover, 
heterogeneity in IUA etiology, presentation, 
severity, and management (both technique and 
surgical skill) will hinder the predictive value for 
any model.

Fig. 5.3 Minimal adhesions after dilation and curettage 
for endometrial hyperplasia, followed by Megace 
treatment
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Fig. 5.4 Moderate adhesions after dilation and curettage 
for first-trimester miscarriage

Fig. 5.5 Severe adhesions, with almost complete intra-
cavitary obliteration after dilation and curettage to remove 
a polyp (rather than directed visualization and resection). 
Central and fundal location of the hysteroscope was con-
firmed with concurrent sonography

Table 5.1 Classification systems for intrauterine adhesions

References Findings at assessment Diagnosis Symptoms
March et al. 1978 [26] Minimal, moderate, and severe stratified by 

extent of obliteration (<1/4, 1/4–3/4, >3/4), 
agglutination, and visualization of landmarks

Hysteroscopic N/A

Hamous et al. 1983 [30] Stratified by location (isthmic, marginal, 
central) and severity

Hysteroscopic N/A

American Fertility Society 
1988 [27]

Mild, moderate, and severe stratified by 
extent of obliteration and adhesion quality

Hysteroscopic, 
HSG, and clinical

Menstrual

Valle and Sciarra 1988 [31] Mild, moderate, and severe stratified by 
partial or total obliteration at HSG

Hysteroscopic and 
HSG

Menstrual

Wamsteker and DeBlok 
(European Society for 
Hysteroscopy) 1989 [28]

Grades I–V stratified by the number and 
quality of adhesions, with subtypes

Hysteroscopic, 
HSG, and clinical

Menstrual

Donnez and Nisolle 1994 
[32]

Grades I–III based on location (central, 
marginal, complete obliteration), with 
subtypes. Emphasis is on anticipated 
postoperative fecundity.

Hysteroscopic or 
HSG

N/A

Nasr et al. 2000 [29] Prognostic scoring system based on adhesion 
location and density

Hysteroscopic and 
clinical

Menstrual and 
obstetrical 
history

 Surgical Considerations

In 1950, Joseph Asherman described the manage-
ment of IUA through hysterotomy and sweeping 
his finger to lyse adhesions [3]. With advance-
ments in intraoperative imaging and hysteros-
copy, such an approach should be rarely utilized 

for modern surgical management. Surgical plan-
ning to correct IUA focuses on patients wishing 
to preserve fertility, as hysterectomy and uterine 
artery embolization are less depending on the 
extent of intracavitary disease.

Under March’s classification system, mild and 
moderate diseases have lateral landmarks, which 
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a b

Fig. 5.6 (a, b). Transabdominal ultrasound-guided resection of intrauterine adhesions, where the distance from the 
endometrial apex to fundal serosa is less clear in a, but more clear after addition of air bubbles in b

would typically allow them to be managed as a 
single hysteroscopic surgery, whether in the 
office or in the operating room. Severe disease 
often should be managed in the operating room 
owing to the degree of risk for uterine perfora-
tion. Two preoperative steps have high value in 
facilitating surgery prior to the actual event. First, 
preoperative estrogen (2 mg estradiol BID or TID 
for 4–8 weeks) driving endometrial proliferation 
may help visualize the endometrium when intra-
operative sonography is used (particularly if 
adhesions prevent saline-associated delineation 
of the uterine cavity), as well as contribute to 
postoperative healing. Second, preoperative map-
ping within the office may enhance planes and 
efficiency within the operating room. Care is 
needed to avoid false tracts and patient analgesia 
must be considered if using sonographically 
guided dilators or small caliber office hysteros-
copy. However, sweeping filmy adhesions to 
define landmarks and more dense adhesions, 
coupled with a degree of healing preoperatively, 
can facilitate efficient use of time within the 
operating room, as well as guide expectations for 
outcomes. This preoperative approach parallels 
McComb and Wagner’s operative technique with 
laparoscopic observation of transcervical explo-
ration with 13 French Pratt dilators, followed by 
hysteroscopic resection of residual bands [33].

For surgical technique, there is significant 
debate among gynecologists regarding the use of 
scissors relative to energy (or laser), such as with 

a resectoscope or needle point cautery. Proponents 
of a cold scissors approach note that the use of 
cautery can hinder endometrial regrowth and per-
foration when energy has been used poses greater 
risk of meaningful bowel injury than when this 
occurs through mechanical means [34]. However, 
when adhesions have strictured the cervix and a 
cruciate incision for expansion is planned or 
when myometrial scoring is used to expand the 
uterine cavity, cautery can reduce bleeding that 
might otherwise lead to early cessation of the 
procedure [35, 36].

Intraoperatively, concurrent sonographic 
imaging can enhance confidence for location 
when surgical boundaries are obscured. 
Particularly in obese patients, transrectal sonog-
raphy may offer greater clarity through improved 
proximity to the anatomy. If transabdominal 
visualization of the remaining distance to the 
fundal serosa is suboptimal, a few air bubbles can 
be added and may be more readily visible due to 
their echogenicity (Fig. 5.6a, b).

 Postoperative Management

The need for postoperative adhesion prevention 
is proportionate to the extent of disease. One 
study did not observe adhesion reformation for 
mild disease, but it occurred in a sixth with mod-
erate disease and in 42% of those with severe dis-
ease [37]. There are three core approaches to 
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preventing adhesion recurrence postoperatively: 
hormonal therapy, barrier placement, and office 
hysteroscopy with lysis of newly forming adhe-
sions. All approaches appear beneficial in pre-
venting reformation of adhesions and there isn’t 
clear or convincing evidence that use in combina-
tion improves outcomes. However, this may also 
be a function of limited statistical power to assess 
such differences. Though estrogen is known to 
improve endometrial proliferation, it may not be 
able to cause regeneration over scarred and 
devascularized tissue. Of note, sildenafil has been 
used for endometrial proliferation after IUA, but 
this was a case report with only two patients [38].

IUDs have been used as barriers, but copper 
IUDs can be inflammatory. Though one trial 
showed improved menses with copper IUD use 
[39], another study showed worse outcomes than 
not using any postoperative treatment [40]. 
Similarly, progesterone containing IUDs can thin 
endometrium, when the goal is for endometrial 
proliferation. Inflating the balloon for a pediatric 
foley catheter is particularly good for midline 
disease and one study showed superior outcomes 
relative to the use of an IUD (33.9% vs 27.5% 
subsequent conception) [41]. However, when 
using this approach, one should avoid overinfla-
tion, as this can lead to significant discomfort. 
There are balloon stents designed for placement 
after hysteroscopic adhesiolysis, but these can be 
difficult to place and remove.

Though not shown to be superior for out-
comes, arguably second look office hysteroscopy 
should be the gold standard. The reason is that it 
is not only effective in treating recurring adhe-
sions, but will also validate the efficacy of the 
initial surgery [12, 42]. Cost in some settings can 
be an obstacle, and as such may be more appro-
priate for patients with moderate to severe IUA, 
where recurrence is more probable. Alternatively, 
pressure lavage under ultrasound guidance 
(PLUG) can be performed, where overdistention 
of the uterus can lead to lysis of filmy adhesions 
through separation of the anterior and posterior 
walls [43]. However, without direct visualization 
there may be a greater risk for missing lateral 
adhesion reformation. Additionally, though in the 
initial publication only 43% (three out of seven) 

patients reported moderate discomfort, proce-
dures that overdistend the uterus are inherently 
more likely to be uncomfortable than those that 
do not.

Regarding emerging approaches to prevent 
postoperative IUA recurrence, antibiotics do 
not appear to improve outcomes before or after 
surgical management of IUA [9]. The use of 
barriers derived from hyaluronic acid and 
freeze-dried amnion applied to a Foley balloon 
seem to have potential according to a meta-
analysis of randomized controlled trials [44]. 
However, the challenge in interpreting results 
relating to dissolvable barrier therapy is that 
few centers have published data relating to their 
use, leading to debate for external validity. The 
most supportive data seem to relate to alginate 
hyaluronate–carboxymethylcellulose use and 
to polyethylene oxide with sodium carboxy-
methyl cellulose. However comparative effec-
tiveness, as well as cost-effectiveness, relative 
to approaches such as postoperative estrogen 
and second-look hysteroscopy need to be better 
addressed before there is wider uptake. There 
has been a case report of successful stem cell 
use after bone marrow biopsy (coupled with 
estrogen therapy and subsequent IVF with 
donor eggs), but without additional data, this is 
likely best left to research settings at this time 
[45]. Similarly, aspirin, nitroglycerin, and 
sildenafil have been used for enhancing 
myometrial and endometrial perfusion, but 
additional studies are needed to have confi-
dence in recommendations.

 Postoperative Outcomes

The more severe the presence of adhesions, the 
greater the likelihood for needing additional sur-
gery. Patients with limited endometrium preop-
eratively are less likely to have a satisfactory 
postoperative outcome [46]. (Fig.  5.7) Minimal 
disease is almost always manageable with a sin-
gle procedure. For moderate IUA, 78% of women 
require a single surgery for completion, and 50% 
with severe IUA [31, 47]. Moreover, for severe 
disease, 26% may require three to four surgeries 
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Fig. 5.7 Partially reconstructed uterine cavity after endo-
metrial ablation

[47]. Additionally, Adhesion recurrence is highly 
dependent on the extent of initial disease. One 
large series with hysteroscopic reassessment 
8–10 weeks postoperatively in 683 women saw a 
28.7% rate of IUA recurrence [6]. Favorable out-
comes seem linked not only to preexisting pathol-
ogy, but also the age of the patient and adhesions 
being more in the uterus than the cervix [48].

Postoperative success is not simply surgical 
completion, or restoration of the uterine cavity—
for women with procreative goals, success is 
defined through conception leading to a live 
birth. Approximately half of women having 
adhesiolysis for IUA will subsequently conceive 
[49]. For good prognosis women, pregnancy 
rates can be as high as 79% with a 63.7% chance 
of live birth [5]. Of note, for these good prognosis 
women, two-thirds of them conceived spontane-
ously. Practically all of these conceptions were 
within the first year when followed as far as 5 
years postoperatively. However, for women with 
severe IUA, only 27–32% may successfully have 
a live birth [20, 47, 50]. A recent large retrospec-
tive study via phone survey saw 54.3% (38/70) of 
women with mild adhesions able to have a term 
or pre-term delivery or ongoing pregnancy and 
70.9% (51/72) of those with moderate adhesions 
[18]. However, for those with severe disease, 
only 28.8% (2/7) had a term, pre-term, or ongo-

ing pregnancy. Similarly, a large retrospective 
study from China’s largest women’s hospital 
showed subsequent conception rates of 60.7% for 
mild disease, 53.4% for moderate disease, and 
25% for severe disease [51].

Patients with severe disease should know that 
a quarter to a third of pregnancies may result in 
first- or second-trimester loss and 10.1% of live 
births may be associated with placenta accreta [5, 
49]. The recent large retrospective study previ-
ously cited saw 45.7% of those with mild disease 
having spontaneous loss, termination, or ectopic 
pregnancy [18]. This was only 29.2% of those 
with moderate disease but 71.4% (5/7) of those 
with severe disease. Another large study detailing 
obstetrical outcomes saw 17.6% with abnormal 
placentation, 4.7% with postpartum hysterec-
tomy, and 29.4% with prematurity [5].

 Conclusions

Intrauterine adhesions are a meaningful source of 
reproductive dysfunction. Causing hypomenor-
rhea, dysmenorrhea, pelvic pain, and subfertility, 
correction can improve reproductive outcomes. 
Imaging or hysteroscopic visualization coupled 
with an appropriate index of suspicion are central 
to diagnosis. Multiple treatment options exist, but 
limitations of sample size for many established 
approaches and single or a few centers having 
expertise for emerging approaches need to be 
considered when considering overall validity. 
However, many women after treatment, particu-
larly with minimal or moderate disease, will suc-
cessfully conceive without need for a gestational 
carrier. Core research opportunities include not 
only better understanding of the molecular mech-
anisms behind IUA, but also surgical technique 
and postoperative treatments to minimize 
recurrence.
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6Intraoperative Management 
of FIGO Type 2 Fibroids

Zaraq Khan

Leiomyoma/myomas or commonly referred to as 
fibroids are benign uterine tumors that are pres-
ent in up to 70–80% of premenopausal women by 
age 50 [1]. The prevalence in symptom-free 
women is as high as 40% in white and more than 
60% in black patients of the same age group [1]. 
Even though 1 out of 3 women in the United 
States have a hysterectomy by age 60, more than 
90% of these are performed for non-life- 
threatening indications [2]. The most common 
indication for hysterectomy in the United States 
remains leiomyoma at around 40% [3]. Most 
common symptoms caused by fibroids include 
abnormal uterine bleeding (AUB) – specifically 
heavy menstrual bleeding, bulk related symp-
toms due to the mass effect of the lesion, and an 
association with sub/infertility.

Approximately 40% of premenopausal 
women who seek evaluation for heavy menstrual 
bleeding are found to have intracavitary lesions 
like polyps or fibroids [4]. Submucosal fibroids 
are more likely to cause issues with AUB and are 
primarily lesions that have the potential to impair 
fertility. For these intracavitary lesions, myomec-
tomy is more often recommended  – especially 
for women seeking fertility in the future, and a 
hysteroscopic myomectomy is considered the 

gold standard for women who have symptomatic 
submucosal disease burden [5].

 Classification

Categorization of fibroids is very useful when 
evaluating the need to intervene in an otherwise 
asymptomatic patient with infertility. Location of 
the lesion within the uterus is most useful in such 
cases. It is also paramount when considering 
therapeutic options and surgical approach for 
patients with symptoms. There are primarily 
three different systems used to classify fibroids.

The ESGE (European Society of Gynecologic 
Endoscopists) classifies fibroids based on its 
location in relation to its location in one of the 
three basic layers of the uterus: the endometrium 
(submucosal fibroids), the myometrium (intra-
mural fibroids), and the visceral peritoneum or 
serosa (subserosal fibroids). The submucosal 
fibroids are further divided into type 0, 1, and 2 
[6, 7] (Fig. 6.1a) (Table 6.1).

The FIGO (International Federation of 
Gynecology and Obstetrics) utilizes the same 
classification for submucosal fibroids but adds 
several other categories (type 3–7) [8]. The FIGO 
classification system provides information on the 
myoma’s outer boundary within the uterine wall/
serosa. This is much needed information for a 
surgeon planning route of surgery. For example, a 
fibroid that has 20% cavitary component is 
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a b

Fig. 6.1 Classification of uterine fibroids based on loca-
tion is key for preoperative planning. Two most widely 
accepted classifications systems are shown (a) European 
Society for Gynecological Endoscopy (ESGE) classifica-

tion of uterine fibroids. (b) International Federation of 
Gynecology and Obstetrics (FIGO) classification of uter-
ine fibroids

Table 6.1 ESGE classification of submucosal fibroids

Type 
0

Entirely within the endometrial cavity
No myometrial extension (pedunculated)

Type 
1

<50% myometrial extension
<90° angle of myoma surface to uterine wall

Type 
2

≥50% myometrial extension
≥90° angle of myoma surface to the uterine 
wall

 classified as a type 2 fibroid by both ESGE and 
FIGO classification systems. If this fibroid how-
ever is large enough to occupy the entirety of the 
uterine wall and has a subserosal portion as well, 
it will still be a type 2 fibroid on ESGE system 
where as it would be a type 2–5 lesion per FIGO 
classification and therefore not a candidate for 
hysteroscopic surgery (Fig. 6.1b).

Lasmar classification of submucosal myomas 
addresses many limitations in the previous two 
systems and takes into account: (a) the penetra-
tion of the myoma into the myometrium (same as 
ESGE/FIGO submucosal lesion classification), 
(b) the size of the largest myoma, (c) proportion 
of the endometrial surface area occupied by the 
base of the myoma, and (d) topography of the 
lesion – the location of the myoma with the uterus 
(upper, middle, or lower body and whether it is 
present in lateral walls as opposed to anterior or 

posterior uterine wall) [9]. The classification sys-
tem provides a point system to calculate a score. 
The final score can predict the likelihood of com-
pleting a hysteroscopic myomectomy and the 
amount of fluid deficit during the procedure. The 
system was however not analyzed for its predic-
tion of other important outcomes like successful 
treatment of AUB or fertility.

 Fibroids and Fertility

The impact of fibroids on fertility is not well 
understood and is not without significant contro-
versy. Whether removal of myomas in asymp-
tomatic women improves fertility remains 
unknown and overall, there is insufficient evi-
dence that uterine fibroids (all types) reduce the 
likelihood of pregnancy [10]. Data evaluating 
reproductive outcomes related to fibroids are 
generated from observational studies with many 
biases. Most studies have a heterogenous study 
design, insufficient patient recruitment and fol-
low- up as well as lack of ideal controls (women 
without fibroids). Most reports have no means to 
control for size and location of the fibroids, have 
inappropriate primary outcomes (clinical preg-
nancy rates rather than live birth rates) and there 
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is no accounting for major confounders for fertil-
ity like age in most studies [10].

However, there is consensus to intervene when 
there is presence of cavity-distorting myomas for 
women with sub/infertility [11]. Pritts and col-
leagues observed lower fertility in women with 
cavity distorting fibroids and noted improve-
ments in fertility after removal of these lesions 
[12]. The American Society of Reproductive 
Medicine (ASRM) committee opinion also states 
that there is fair evidence that hysteroscopic 
myomectomy for submucosal fibroids improves 
clinical pregnancy rates [10]. This improvement 
in pregnancy rates is, however, not seen after 
removal of subserosal or intramural fibroids that 
are not distorting the uterine cavity [10, 12, 13].

It is widely accepted that type 2 fibroids up to 
4 cm in diameter and type 0–1 fibroids up to 5 cm 
in diameter can be safely excised with hystero-
scopic approach [5]. Prior to proceeding with 
hysteroscopic surgery, there are several preopera-
tive issues to keep in mind.

 Preoperative Considerations

 Imaging

Even though a thorough history and physical 
examination is the first step in evaluation of any 
patient, the importance of preoperative imaging 
especially in women with submucosal fibroids 
cannot be overemphasized. The three most 
important things to consider are (a) location, (b) 
size, and (c) number of fibroids present. Imaging 
can hence dictate the route of surgery (abdominal 
vs. laparoscopic vs. hysteroscopic myomec-
tomy). Additionally, imaging will help determine 
if asymptomatic patients need a myomectomy for 
enhancement/optimization of fertility. An asymp-
tomatic patient with a type 1 myoma may require 
hysteroscopic surgery for fertility enhancement 
compared to an asymptomatic patient with a type 
4 myoma that otherwise does not distort the cav-
ity. Likewise, a patient with multiple (>10), large 
(largest >18  cm) fibroids that range from type 
2–6 might require an abdominal approach com-
pared to a patient with a solitary type 2 myoma 

who would benefit from hysteroscopic excision. 
Likewise, women with larger type 2 myomas 
may need a multi-step hysteroscopic resection 
(mostly because of fluid deficit limits being hit in 
these cases with larger lesions) versus a single 
laparoscopic myomectomy, An individualized 
discussion with the patient and weighing risk and 
benefits of hysteroscopy versus laparoscopy is 
necessary.

Ultrasonographic evaluation is typically the 
first imaging modality used in most patients how-
ever, ultrasound imaging has operator-dependent 
variability, limited field of view (especially when 
evaluating large myomas), and can have diffi-
culty in accurately classifying a submucosal 
fibroid [3]. Other imaging modalities include 
3D-ultrasonography, saline sonohysterography, 
magnetic resonance imaging (MRI) and office 
hysteroscopy [2] (Fig. 6.2a–d).

Imaging of submucosal myomas can also help 
predict the likelihood of completing a hystero-
scopic myomectomy in one sitting based on the 
Lasmar classification system [9]. Additionally, 
depth of penetrance of submucosal fibroids in the 
wall of uterus and myoma size can help guide a 
surgeon in picking appropriate hysteroscopic 
instruments as well as help counsel the patient for 
the need of preoperative therapy to help reduce 
myoma volume and size for optimal surgical con-
ditions. Finally, imaging with gadolinium- 
enhanced MRI in combination with elevated 
lactate dehydrogenase isoenzyme-3 may be help-
ful in preoperatively diagnosing leiomyosarcoma 
and may help appropriate management [14].

 Evaluation of Hemoglobin/Iron 
Stores and Other Possible Causes 
of Heavy Menstrual Bleeding

Screening for anemia and assessment of iron 
stores prior to surgical intervention is critical in 
women who present with heavy menstrual bleed-
ing. A complete blood count and ferritin levels 
might be useful prior to surgery in patients with 
long-standing heavy menstrual bleeding. 
Although most hysteroscopic myomectomy pro-
cedures have limited blood loss, normalizing 
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Fig. 6.2 Imaging for submucosal fibroid of the same 
patient with different techniques. (a) Ultrasonography is 
the most used imaging modality for the diagnosis of uter-
ine fibroids. A sagittal view of the uterus is shown here 
with a fundal submucosal myoma. (b) Saline sonohys-
terography can further highlight the boundaries of the 
myoma. After saline infusion the myoma can be classified 
as FIGO type 1 as more than 50% of it is seen in the endo-

metrial cavity. (c) Magnetic resonance imaging (MRI) is 
another accurate way to assess a uterine fibroid. Here a 
sagittal T2-weighted image is shown of the same patient 
where the myoma can be classified as FIGO type 1 as 
more than 50% of it is seen in the endometrial cavity. (d) 
A hysteroscopy can help identify submucosal lesions as 
shown in this image. An anterior wall FIGO type 1 myoma 
is noted consistent with sonohysterogram and MRI

hemoglobin and iron stores prior to surgery 
reduces overall risk and can prevent unnecessary 
post-operative blood transfusions that can other-
wise lead to morbidity after myomectomy [15]. 
Oral, and intravenous iron, epoetin (a recombi-
nant form of erythropoietin) and gonadotropin 
releasing hormone (GnRH) analogs and antago-
nists have all been used for improving hemoglo-
bin and iron stores in otherwise anemic patients 
[16–18]. In general, the author utilizes oral iron 
therapy as first line and offers intravenous iron 
and GnRH analogs to induce amenorrhea if ane-
mia is not corrected with first line measures.

Assessing other common metabolic causes for 
heavy bleeding like thyroid dysfunction and 
abnormalities in prolactin is essential to rule out 
causes of abnormal bleeding other than the 
myoma.

 Use of Gonadotropin Releasing 
Hormone (GnRH) Analogs 
and Antagonists

The use of GnRH analogs is adopted by many to 
reduce myoma size prior to surgery. Typically, 
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submucosal myomas >4 or 5  cm could benefit 
from size reduction so the lesion could be ame-
nable to hysteroscopic removal in a single sitting. 
The use of GnRH analogs does make dissection 
of the myoma from its bed harder and the author 
in his practice prefers not to use this. The data 
supports the use of GnRH analogs for 3–4 months 
prior to surgery to decrease fibroid size, uterine 
volume, and postoperative anemia; however, its 
use has not been shown to improve rates of com-
plete myoma removal [19–21]. Most recently 
GnRH antagonist use has shown to reduce heavy 
bleeding in women with fibroids [49]; however, 
the specific use of GnRH antagonists in the peri- 
operative period is still understudied.

 Use of Cervical Ripening Agents

Most complications during hysteroscopy occur 
with entry of the hysteroscope [22]. Cervical rip-
ening with the use of prostaglandin E1 analog 
(Misoprostol 200–400  μg) taken vaginally or 
orally 12–24 h before surgery may facilitate cer-
vical dilation, reducing the risk cervical lacera-
tions and uterine perforations with stenotic 
cervices. A Cochrane review supports the routine 
use of ripening agents which lead to reduction in 
cervical lacerations and creation of false cervical 
passages [23]. Some intracavitary lesions can 
prolapse further into the cavity due to uterine 
contractions following administration of 
Misoprostol making them more amenable to hys-
teroscopic excision [2].

 Timing of Hysteroscopic Surgery

Timing of hysteroscopic surgery in relation to the 
menstrual cycle is key for adequate visualization. 
Most surgeons perform hysteroscopic procedures 
in the mid proliferative phase of the menstrual 
cycle after cessation of menses. A thin endome-
trial lining can be beneficial in adequate intra-
cavitary visualization. Alternatively, patients can 
be placed on combined oral contraceptives or 
GnRH analogs to induce amenorrhea to allow for 
scheduling surgery.

 Intraoperative Considerations

 Use of Preoperative Antibiotics

The overall risk of an infection after hysteroscopy 
is very low (0.01–1.42%) [24, 25]. The role of 
preoperative antibiotics in this scenario has not 
been well established. Given the low risk of infec-
tion the author does not use preoperative antibiot-
ics, an approach that is supported by the American 
College of Obstetricians and Gynecologists [26]. 
An exception to the rule includes resectoscopic 
surgery in women with a history of pelvic inflam-
matory disease (PID) [27].

 Choice of Distension Medium 
for Hysteroscopy

The uterine cavity is a potential dead space that 
needs to be distended by a medium for visualiza-
tion during surgery. Classically the distension 
medium used has either been carbon dioxide or 
some form of fluid [28]. The former is only used 
for diagnostic hysteroscopy and the latter for 
operative procedures. While distension of the 
cavity is key for surgical visualization, it also 
causes a common issue of fluid deficit in hystero-
scopic procedures. Absorption of large volumes 
of fluid can occur during hysteroscopy leading to 
serious complications arising from fluid overload 
[29]. Distension fluids are characterized by vis-
cosity and osmolality. The type of distension 
medium used for operative hysteroscopy is 
mainly dependent on surgeon preference and is 
dictated by the type of surgical instrument being 
used. (Table 6.2).

 High Viscosity Distension Medium
Dextran 32% is an example of high viscosity 
solution. This fluid produces excellent visualiza-
tion, especially in cases of bleeding as the solu-
tion is immiscible with blood, however, can cause 
anaphylactic reactions and also lead to crystalli-
zation within the hysteroscope [30]. The use of 
high viscosity fluids is hence not common at all. 
The recommended fluid deficit with high viscos-
ity medium is as low as 300–500 mL [31].
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Table 6.2 Details of common distension media and their applicability in operative hysteroscopy

Distension 
medium Classification

Osmolality (mOSm/L)- normal plasma 
285 mOsm/L

Electrolyte 
free

Compatibility of energy 
source

Glycine 1.5% Hypotonic 200 Yes Monopolar
Sorbitol 3% Hypotonic 165 Yes Monopolar
Mannitol 5% Isotonic 274 Yes Monopolar
Normal saline Isotonic 285 No Bipolar
Ringer’s lactate Isotonic 279 No Bipolar

 Low Viscosity Distension Medium
Low viscosity distension media can be divided 
into isotonic or hypotonic solutions in relation to 
the osmolality of plasma which is typically 
around 285 mOsm/L. (Table 6.2).

Hypotonic Distension Medium
Low viscosity hypotonic solutions can be used 
when utilizing monopolar energy devices during 
operative hysteroscopy. Common examples are: 
Glycine 1.5%, Sorbitol 3%, and Dextrose 5%. 
When the fluid deficit reaches 750 mL, the entire 
team including the anesthesiologist and nurse 
should be aware and surgery may be continued 
with caution. Strong consideration should be 
given to stopping the procedure when a fluid defi-
cit of 1000 mL is reached. Going over the recom-
mended deficit can lead to serious complications 
that include hypervolemia, hyponatremia, and in 
severe cases cerebral edema and increased intra-
cranial pressure [29]. Excessive absorption of 
sorbitol can lead to hyperglycemia and hypocal-
cemia [32].

Isotonic Distension Medium
Isotonic solutions may contain electrolytes such as 
normal saline solution and Ringer’s lactate solu-
tion, whereas some may be electrolyte free like 
mannitol 5% solution. Isotonic solutions contain-
ing electrolytes are used when bipolar energy 
devices are available. The use of isotonic fluid is 
considered safer as fluid absorption causes volume 
overload but not hyponatremia. When the fluid 
deficit reaches 1500 mL, the entire team including 
the anesthesiologist and nurse should be aware and 
surgery may be continued with caution. Strong 
consideration should be given to stopping the pro-
cedure when a fluid deficit of 2500 mL is reached. 
Complications of fluid overload include flash pul-

monary edema, which can usually be reversed 
with careful use of diuretics [29].

The ideal distension solution should be iso-
tonic, nontoxic, cheap, readily available, hypoal-
lergenic, and should be able to be rapidly cleared 
by the body. For these reasons the author sup-
ports the use of normal saline or lactated Ringers 
solution for almost all operative hysteroscopies, 
provided bipolar instruments are available.

 Choice of Hysteroscopic Surgical 
Instruments

The first description of hysteroscopic myomec-
tomy utilized a urologic monopolar energy resec-
toscope [33]. Since then major advancements 
have been made in the field and these days gyne-
cologic surgeons have a list of instruments to 
pick and choose from. As a rule, hypotonic fluid 
with electrolytes is utilized when monopolar 
energy devices are used, whereas isotonic elec-
trolyte fluid with bipolar energy devices [29].

Overall surgeons have a choice of the follow-
ing three types of devices for hysteroscopic 
myomectomy:

 A. Hysteroscopic resectoscope (monopolar or 
bipolar)

 B. Tissue retrieval systems/hysteroscopic 
morcellators

 C. Hysteroscopic vaporization probes

 A. Hysteroscopic Resectoscope
This technique requires a wire loop that 

can resect almost all type 0 and 1 and selected 
type 2 fibroids. The cutting current for mono-
polar devices is generally sufficient between 
60 and 80 Watts; however, denser and calci-
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fied fibroids might require higher energy in 
the range of 120 Watts. Bipolar devices use a 
default setting for both cutting and hemosta-
sis [2]. Resectoscopes have an added advan-
tage of being able to excise myomas with 
more uterine wall penetration when com-
pared to morcellators. These devices are also 
more helpful than morcellators when bleed-
ing is encountered at the time of myomec-
tomy. Bleeding typically obscures 
visualization (especially when using isotonic 
fluid). Loop resectoscope devices are helpful 
in the cauterization of a bleeding vessel 
which not only helps visualization but can 
also decrease fluid deficit. Briefly, the elec-
trode is activated with low voltage current to 
allow repetitive creation of strips of the 
myoma. The loop should only be activated 
when target tissue is in contact and once all 
landmarks within the cavity (both tubal ostia) 

are assessed to confirm correct placement of 
the scope within the uterine cavity (rather 
than a false passage). There is periodic inter-
ruption needed for removal of tissue frag-
ments, which can be removed one at a time or 
all at once [6] (Fig. 6.3a–c).

The use of loop resectoscope requires sur-
gical skill and experience. The risk of perfo-
ration can be high with deeper myometrial 
penetration [34]. Moreover, the risk of forma-
tion of intrauterine scar tissue is higher with 
use of electrocautery especially if energy is 
was used on opposing surfaces within the 
endometrial cavity. When targeting deeply 
seated type 1 (>40% in wall of the uterus) and 
type 2 fibroids, the author finds loop resecto-
scopes to be most useful for a hysteroscopic 
approach. Several techniques can be used to 
enucleate deeply seated type 1 and type 2 
myomas (see tips and tricks below).

a b

c

Fig. 6.3 Hysteroscopic myomectomy utilizing loop 
resectoscope. The loop resectoscope is helpful in removal 
of deeply seated myomas within the uterine wall. (a) 
Image of myoma prior to resection with the loop resecto-
scope. (b) The myoma bed can be seen after completion of 

the myomectomy. All myoma fragments were removed 
hysteroscopically. (c) Gross pathology picture of myoma 
fragments removed at the time of hysteroscopic myomec-
tomy. Large amounts of tissue can be removed efficiently 
with loop resectoscopic devices as shown here
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 B. Tissue Retrieval Systems/Hysteroscopic 
Morcellators

Newer techniques have utilized a tissue 
retrieval system which mechanically shaves 
and suctions out tissue into a trap or “sock” 
permitting adequate removal and histologic 
evaluation. The hand piece of a hysteroscopic 
morcellator has a window at the tip to feed 

target tissue into and a rotary-style morcella-
tor that is housed within the window. As the 
window is opened, the tissue is suctioned into 
it due to negative pressure. The rotary-style 
morcellator is then able to shave the tissue as 
it is being fed into the window, with the tissue 
fragments being suctioned into the trap or 
sock [2, 3, 6, 35] (Fig. 6.4a–c).

a b

c d

Fig. 6.4 Hysteroscopic morcellator can be used for FIGO 
type 0 and type 1 myomas that are not deeply seated within 
the wall of the uterus. In these images, a case of a previ-
ously incomplete resected type 2 myoma with loop resecto-
scope is shown. Most of the myoma had extruded into the 
cavity and for the second surgery a hysteroscopic morcella-
tor was used. (a) This image shows the end of the morcella-
tor with the window and blade within the window noted just 

above the black mark. (b) The previously partially resected 
myoma can be seen with the lesion extruded into the uterine 
cavity- changing it from a FIGO type 2 to a FIGO type 0 
myoma. (c) The specimen is fed into this window. 
Activation of the morcellator creates a suction and causes 
the blade to rotate within this window, resulting in shaving 
of the lesion. (d) The myoma bed can be appreciated after 
completion of myomectomy with a morcellator
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Hysteroscopic morcellators are user- 
friendly and several reports have described 
fewer complications and less risk of intra-
uterine scar tissue. New trainees acquire 
adept skills quicker than with the resecto-
scope [2]. Conversely, these devices tend to 
work mostly for type 0 and type 1 lesions 
where a significant amount of the fibroids is 
within the endometrial cavity. Compared to 
loop resectoscopes these devices also don’t 
work as well when fibroids are hard and cal-
cified based on pre-operative imaging. 
Finally, any bleeding during the procedure 
makes it much harder to visualize as the 
device does not have the ability to pin-point 
cauterize a bleeding vessel. The author uti-
lizes hysteroscopic morcellation for all 
endometrial polyps and type 0 fibroids as 
well as type 1 myomas with <40% wall 
encroachment.

 C. Hysteroscopic Vaporization Probes
A multiple edge density electrode can be 

used to desiccate larger leiomyomas hystero-
scopically. Vaporizing electrodes are avail-
able for mono and bipolar hysteroscopic 
devices [2]. This technique is beneficial for 
larger myomas that are not deeply seated in 
the uterine wall. Vaporization of the tissue 
makes it smaller and more amenable to 
removal with loop resectoscope. Although 
this technique has its advantages, its use pre-
cludes tissue for histopathology.

This technique should specifically be 
avoided at the cornua and isthmus since these 
anatomical areas are the thinnest and at high-
est risk of perforation and intraperitoneal 
injuries.

Many reports have compared outcomes 
from hysteroscopic morcellation to hystero-
scopic resectoscope use for myomas [5] 
(Table 6.3). Generally the deeper the extent 
of the lesion the lower the success rate of 
complete excision with both morcellation and 
loop resectoscope; however, a systematic 
review concluded that both modalities had 
similar resection rate [36]. Long-term out-
comes are also seen to be very similar 
between the two modalities [5].

 Miscellaneous Tips and Tricks 
for Deeply Seated Type 1, and Type 2 
Fibroids

It is recommended that deeply seated type 1 and 
type 2 submucosal fibroids be addressed by 
expert and experienced surgeons as the excision 
of these fibroids is technically difficult and 
these procedures are associated with higher risk 
of complications. Conventionally type 1 
fibroids should not exceed 5–6 cm, whereas a 
safe proposed cut off for type 2 fibroids is 
4–5 cm for hysteroscopic excision [37]. Several 
techniques have been described that can assist 
with safe removal of deeply seated myomas. 
The common shared objective for all hystero-
scopic resectoscope techniques is to expose the 
fibroid capsule as to extrude as much of the 
fibroid tissue into the cavity so it can be safely 
excised without  mechanical or thermal injury to 
adjacent endometrium. Some of these tips and 
tricks are:

• Cold Loop Technique
This technique is carried out by repeated 

and progressive passage of the loop electrode 
resectoscope up to the capsule of the fibroid. 
Once the plane between the fibroid and 
 myometrial bed is identified, a suitable cold 
blunt loop is used to roll the fibroid and mobi-

Table 6.3 Comparison of hysteroscopic resectoscope to 
tissue retrieval systems/hysteroscopic morcellator

Hysteroscopic loop 
resectoscope

Tissue retrieval systems/
hysteroscopic 
morcellator

Utilizes electric energy 
(mono or bipolar devices)

Utilizes mechanical 
force of rotary blade

Suited of deeply seated 
lesions (deep type 1 and type 
2 myomas)

Ideal for type 0 and 
most type 1 myomas

Has capacity to coagulate 
bleeding vessels

Visualization can 
sometimes be more 
challenging

Requires surgical expertise 
and skill

Can be easily adopted 
by newer trainees

Risk of formation of postop 
scar tissue is higher

Lower risk for scar 
tissue formation

Specimen pathology is 
preserved

Specimen pathology is 
preserved
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lize it from surrounding myometrial by trac-
tion and counter-traction rather than energy. 
Once a significant portion of the fibroid has 

delivered to the cavity, a loop resectoscope 
can be used to enucleate any remaining dis-
ease [38] (Fig. 6.5a–e).

a b

c d

e

Fig. 6.5 Hysteroscopic removal of difficult, deeply 
seated submucosal fibroid. (a) A deeply seated lateral wall 
FIGO type 2 myoma is noted on hysteroscopy. (b) The 
loop resectoscope is used to enter the myoma capsule as 
shown. This allows for some of the myoma to be extruded 
into the uterine cavity. (c) The plane between the myoma 
and the myometrium is identified, and a cold loop is used 

to roll the fibroid from the surrounding myoma bed as is 
seen. (d) Once most of the myoma is mobilized from the 
myometrial bed, the loop resectoscope is used to excise 
the extruded portion of the lesion. This process is repeated 
until the entire lesion is successfully excised. (e) The 
large, deep myoma bed is noted here after complete 
removal of a large type 2 fibroid
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• Enucleation in Toto (Litta’s Technique)
This method utilized a 90° Collins elec-

trode to make an elliptical incision on the 
endometrial mucosa that covers the fibroid. 
The incision is continued till the plane 
between the myoma and surrounding myo-
metrium is noted. Connecting tissue between 
the fibroid and myometrium is taken down 
with electrocautery. This maneuver leads to 
extrusion of the myoma into the cavity, which 
can then be excised in the traditional method 
with loop resectoscope [39].

• Lasmar Technique
Very similar to Litta’s technique where the 

Collins electrode is used to make an “L” 
shaped incision (instead of an elliptical) to 
get into the myoma capsule [9].

• Hydromassage
Reducing intracavitary fluid pressure aids 

the myoma to be extruded toward the cavity. 
This principle was first explored by Hamou, 
who was the first to propose a rapid cyclic 
change in intrauterine pressures using an 
electronically controlled irrigation and suc-
tion device [40]. This “hydromassage” could 
help the partially resected myoma to further 
deliver toward the endometrial cavity for con-
ventional excision with loop resectoscope.

• Manual Massage
A manual massage of the uterus has also 

been proposed to help a partially resected 
myoma in the uterine wall [41].

• Circumferential Incision into the Capsule
A circumferential incision around the pro-

trusion of a deeply seated myoma can also be 
another way of entering the capsule from all 
sides and allowing the myoma to deliver 
more toward the endometrial cavity [42].

• Use of Pharmacologic Agents
Most hysteroscopic procedures are termi-

nated primarily for safety and to reduce 
excessive fluid deficit. Intracervical injection 
of dilute vasopressin at 3 and 9 0’clock can 
help with vasoconstriction of endometrial 
vessels. This helps with reduced fluid deficit 
and allows for better visualization as bleed-
ing can be minimized [3].

Intracervical (at hysteroscopy) or intra-
myometrial injection (at laparoscopy) of 
Carboprost (a methyl analog of prostaglandin 
F (PGF) 2α) can cause uterine contractions 
and facilitate in excision of deeply seated 
lesions [43, 44].

Finally, as described previously, GnRH 
analogs can be used to reduce the size of the 
myoma and could help in reducing the risk of 
incomplete removal of a deeply seated 
myoma [19].

• Safely Completing the Procedure in Two 
Sittings

While the goal should always be to com-
pletely excise a myoma, some patients with 
larger, deep lesions can reach the fluid deficit 
safety sooner than later. In these cases, it 
might be best to schedule a second procedure 
20–30  days after the initial surgery. The 
observation of rapid migration of residual 
disease toward the endometrium with parallel 
increase in myometrial thickness at the time 
of hysteroscopic resection clarifies that once 
the myoma capsule is breached, it will typi-
cally deliver toward the cavity [45, 46]. An 
interval procedure will allow for more of this 
migration to occur, which could allow com-
plete excision at the second surgery.

• Convert to a Laparoscopic Approach
If the myoma is much larger than antici-

pated and completing the surgery in one sit-
ting is key, the procedure could be converted 
to a laparoscopic myomectomy which can 
facilitate the removal of the deeply seated 
lesion. Having surgical expertise and laparo-
scopic suturing skills are essential in being 
successful.

 Intra- and Postoperative 
Complications

Hysteroscopic myomectomy is generally consid-
ered a safe outpatient procedure with overall low 
complication rates at 0.1–5% [2]. A few common 
complications from the procedure are listed 
below:

6 Intraoperative Management of FIGO Type 2 Fibroids



78

 Uterine Perforation

The most reported complication during hysteros-
copy is uterine perforation. This commonly 
occurs at the time of entry into the cavity or occa-
sionally with uterine sounding. A sudden loss of 
visualization or drop in intrauterine pressure and 
a rapidly rising fluid deficit are some signs of per-
foration. If perforation occurs the procedure must 
be terminated. If increased bleeding is noted or if 
perforation occurred with a sharp object or with 
cautery, a laparoscopy is recommended [6].

 Acute Bleeding/Cervical Trauma

Bleeding is rare but occurs more frequently 
after hysteroscopic myomectomy than other 
hysteroscopic procedures. Localizing the site of 
bleeding is most important. If a cervical lacera-
tion or trauma is noted, it should be addressed 
with pressure, chemical cauterization with sil-
ver nitrate or suturing. If bleeding is from within 
the cavity and perforation has been ruled out, a 
hysteroscopic evaluation may be beneficial. A 
bleeding vessel can be cauterized with pin-point 
cautery. If bleeding continues, an intrauterine 
foley bulb can be placed to tamponade bleeding. 
Pharmacologic agents that aid in uterine con-
traction like prostaglandin E1, PGF 2α, 
methergine, etc., can be used as well to aid with 
hemostasis [2, 3, 6].

 Air/Gas Embolism

Air embolism during a hysteroscopic excision of 
a myoma can occur secondary to absorption of 
room air or gas generated during the procedure. 
Trendelenburg favors gas absorption, most likely 
due to the pressure difference in operating field 
and right atrium [31]. A sudden decrease in end- 
tidal carbon dioxide is typically the first sign of 
gas embolism. Avoiding excessive cervical dila-
tion, minimizing Trendelenburg position, and 
purging gas from fluid tubing can be helpful in 
prevention of this complication.

 Fluid Overload

Fluid overload is a common complication of 
large myomas that are deeply seated in the uter-
ine wall. Having an objective assessment of the 
fluid deficit is hence critical for operative hyster-
oscopy. This can be achieved using a closed loop/
circuit fluid management system that can accu-
rately determine the amount of fluid given to the 
patient through the hysteroscope and the amount 
of fluid returned.

Fluid overload can have serious health conse-
quences especially when it results in hypervol-
emic hyponatremia as has been described earlier. 
Knowing the fluid deficit limits for each type of 
distention fluid (high vs. low viscosity and iso-
tonic vs. hypotonic) is important. For high vis-
cosity and low viscosity hypotonic media, the 
author recommends stopping the procedure at a 
deficit of 500 and 1000 mL respectively. When 
using isotonic solution like normal saline the 
fluid deficit should not exceed 2500 mL, unless 
the surgeon, anesthesia team, and nurse are 
aware. In certain select cases when the patient is 
young and has robust cardiovascular system, the 
author does exceed that amount only if the proce-
dure is close to completion. In these scenarios the 
author will typically insert a foley catheter to 
record output closely and provide gentle diuresis 
with Lasix (10–20 mg).

 Postoperative Intrauterine Adhesions

Formation of intrauterine adhesions has been 
reported specifically after hysteroscopic myo-
mectomy that utilized the loop resectoscope and 
electrocautery. The rate of scar tissue was around 
1.5% in women who underwent a single leiomy-
oma excision, compared to 78% in those who 
underwent resection of apposing lesions [47]. 
Multiple methods have been described to reduce 
the chance of formation of scar tissue. These 
include the use of postoperative hormone therapy 
with high dose estrogen for 1 month followed by 
progestin-induced withdrawal bleed, use of phys-
ical barriers like intrauterine stents, intrauterine 
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devices, etc. Overall, none of these methods have 
shown superiority when compared with one 
another [48].

While the risk of postoperative scar tissue is 
low, liberal approach to an early “second” look 
hysteroscopy has been proposed by some which 
may help in reducing the formation of postop 
intrauterine scar tissue [31].

 Summary

Hysteroscopy overall and hysteroscopic myo-
mectomy in particular has made great advances 
in gynecologic surgery. Approaching submucosal 
fibroids is key as most of these lesions result in 
heavy menstrual bleeding and have an impact on 
fertility. Classification of these lesions is 
extremely important to select a surgical route. 
Preoperating imaging is essential in developing a 
surgical plan. Surgeons should be well versed 
with the various forms of distension media for 
hysteroscopy and different types of surgical 
instruments. Deeply seated myomas (some type 1 
and all type 2 lesions) require surgical experience 
and expertise and in most cases, the use of loop 
resectoscope. Certain tips and tricks have been 
described in the literature to facilitate the exci-
sion of these tricky lesions. Finally, to safely per-
form surgery, one must be aware of the common 
complications that can occur during and after 
hysteroscopic myomectomy.
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7Proximal Tubal Obstruction

Xiaohong Liu, Shadain Akhavan, 
and Laurel Stadtmauer

 Pathophysiology

Tubal disease is responsible for around 25–35% 
of female infertility cases of which proximal 
tubal disease accounts for 10–25% [1, 2] 
Proximal tubal disease is categorized into 
obstructions, which are reversible and occlusion, 
which are true anatomic blockage. Most common 
causes of obstruction are spasm of proximal 
tubal, mucus plug, or amorphous debris. Tubal 
occlusion is mainly due to pathological changes 
in the tube caused by disease processes leading to 
inflammation and scarring and fibrosis. This is 
commonly caused by salpingitis isthmica nodosa 
(SIN), acute and chronic salpingitis, cornual 
fibroids, intratubal endometriosis, pelvic adhe-
sive disease, prior ectopic pregnancy, polypoid 
lesions, and adenomyosis.

The oviduct which averages 10–12  cm is a 
seromuscular organ consisting of outer serous 
coat, middle muscular myosalpinx, and inner 
mucus coated endosalpinx with ciliated and 
secretory cells [3]. The muscularis layer consists 
of two smooth muscle layers, an inner circular or 
spiral and outer longitudinal muscle fibers. The 
most proximal portion of the fallopian tube, the 
intramural segment is 1.5–2.5  cm in length, its 

luminal diameter is 100 μm, and its route to fun-
dus may be tortuous (about 70% of the tubes), 
straight (about 20% of tubes), and curved (about 
10% of tubes) [4]. There is a muscular and vascu-
lar loop around the distal intramural segment, 
which, in addition to the commonly found tortu-
ous course and the narrowing of the intramural 
duct, is thought to be prone to build up of uterine 
content and eventually blockage or obstruction 
[5, 6].

 Occlusion

 Salpingitis

Infection of the upper genital tract in women may 
lead to acute salpingitis, causing epithelial 
destruction, luminal obliteration, and fibrosis. 
The cornual and the fimbriae are the two most 
common sites of occlusion. The rate of tubal 
blockage is 12.8% after first infection, 35.5% 
after two infection, and 75% after three or more 
infections [7, 8].

 Salpingitis Isthmica Nodosa (SIN)

Salpingitis isthmica nodosa is found in about 
35% of cases of tubal occlusion. It is often 
described as a progressive progress with uncer-
tain etiology, but likely inflammatory or acquired. 
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Fig. 7.1 Salpingitis isthmica nodosum associated with 
proximal tubal blockage and uterine fibroids and tubal 
infertility noted during Da Vinci assisted laparoscopic 
myomectomy

SIN can be identified on HSG.  Radiographic 
findings are significant for diverticula that extend 
from the intramural/isthmic lumens. On laparos-
copy, a proximal tubal nodule can be observed 
(Fig. 7.1). Definitive diagnosis is confirmed with 
histology. Selective salpingography or tubal can-
nulation should not be attempted once SIN is 
diagnosed [9].

 Endometriosis

The pathophysiology of attachment and implan-
tation of endometrial glands and stroma in the 
fallopian tube is still controversial but theories 
such as retrograde menstruation, hematogenous 
or lymphatic transport, bone marrow stem cell 
origin, and coelomic metaplasia have found pop-
ularity [10]. Prevalence of endometriosis is about 
6–10% of which one-third demonstrates tubal 
endometriosis [11, 12]. Tubal endometriosis is 
found more often in the left fallopian tube than 
the right based on histology from unilateral and 
bilateral salpingectomies. Pathologic examina-
tion has identified the mucosa of the proximal 
tubes as the most likely location [12]. Risk fac-
tors for tubal endometriosis include abnormal 
uterine bleeding, previous endometriosis surgery, 
and tubal ligation.

 Obstruction

 Mucus Plugs

Mucus plugs are a frequently unrecognized cause 
of unexplained infertility and generally are 
thought to form as a response to inflammation or 
tissue injury. Histological examinations have 
shown cast of debris containing aggregates of 
histiocytic-like cells of endometrial stromal or 
mesothelial origin, as well as white to yellow 
mucus-like fragments [13]. Mucus plugs are 
known to be one of the most common causes of 
reversible proximal tubal obstruction possibly 
and are often dislodged during a hysterosalpingo-
gram (HSG). About two-thirds of all proximal 
blockages found on initial HSG are due to mucus 
plug or uterotubal spams and will be patent on a 
subsequent HSG [14].

 Uterotubal Spasms

The spasm and transient closure of the tube is a 
functional anomaly that can mimic a mechanical 
tubal occlusion. Most common site of spasm is at 
the cornual portion of the fallopian tube where 
the tube is encased by the smooth muscle of the 
uterus [15]. Therefore, the tubal spasm is a physi-
ological response to uterine distention during 
diagnostic procedures and is a normal function of 
the uterotubal junction [16]. Delayed radiogra-
phy may help to differentiate tubal spasm from 
other true causes of tubal occlusion.

 Diagnosis

Proximal tubal blockage often refers to the fail-
ure of contrast dye to enter the intramural or isth-
mic portion of the fallopian tube using the most 
commonly available imaging modality, hystero-
salpingography (HSG). There are many readily 
available approaches to the diagnosis of proximal 
tubal blockage, including HSG, sonohysterosal-
pingography, and salpingoscopy, but laparo-
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scopic chromopertubation still remains the gold 
standard for investigating tubal blockage and 
patency [17].

 HSG

HSG has demonstrated a sensitivity of 65% and 
specificity of 83% when compared to diagnostic 
laparoscopy with chromopertubation [17]. Its 
inability to detect peritubal adhesions and false- 
positive diagnosis in presence of tubal spasms 
adds to its lower sensitivity as a diagnostic test. 
Although the use of spasmolytic agents to com-
bat such high false-positive rates has been pro-
posed in some literature, their efficacy has not yet 
been shown [18]. Rotation of the hips placing the 
obstructed tube more inferior has shown resolu-
tion of tubal patency in 63% of unilaterally 
obstructed HSG cases [19]. When proximal tubal 
blockage is found on initial HSG, a second HSG 
or laparoscopy is needed for confirmation [20].

 Sonohysterosalpingography 
(HyCoSy)

Although the quality of sonographic images may 
be inferior, sonohysterosalpingography with 
saline or contrast medium can be a great alterna-
tive to HSG for detecting tubal blockage. With 
sensitivity and specificity of 100% and 96% for 
abdominal ultrasound and 89% and 100% for 
vaginal ultrasound, sonohysterosalpingography 
is comparable in accuracy to laparoscopic chro-
mopertubation [21, 22]. Gel installation uses 
hydroxyethylcellulose gel instead of saline, 
which has a more stable filling of the cavity and 
proximal tube, making it easier to see [23]. Other 
alternatives for contrast include ExFoam. 
HyCoSy is advantageous as it does not involve 
the use of ionizing radiation, can be considered in 
women with iodine allergy, and can be performed 
by the reproductive specialist.

 Air-Contrast Sonohysterography 
(SHG)

With the use of air and saline mix (agitated 
saline) to assess the passage of air bubbles 
through fallopian tubes, SHG has shown sensitiv-
ity of 85% and specificity of 87% while detecting 
tubal blockage accurately, 79.4% when com-
pared to laparoscopic chromopertubation [24]. 
SHG allows for identification of uterine anoma-
lies but does not allow assessment of the mor-
phology of the fallopian tubes. It is a cheaper 
exam to use saline instead of contrast. The use of 
B flow or color Doppler can be used to improve 
visualization of the agitated saline. Figure  7.2 
shows a coronal view of the uterus after sonohys-
terography showing proximal tubal blockage 
using Doppler in color flow. Free fill into the 
peritoneal cavity is not seen.

 Surgical Treatment of Proximal 
Tubal Blockage

Treatment of proximal tubal obstruction histori-
cally included macrosurgical tubouterine implan-
tation and progressed to microsurgical techniques 
with tubocornual anastomosis. Tubouterine 
implantation was performed in occlusions that 

Fig. 7.2 Diagnosis of proximal tubal occlusion with 
HyCoSy
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spanned the entire intramural tubal segment. 
Pregnancy rates achieved through macrosurgical 
tubouterine implantation were reported between 
34% and 39% [25, 26]. Pregnancy rates achieved 
through microsurgical techniques have been 
reported to be between 53.8% and 69% [20, 27, 
28]. It is imperative to establish true cornual 
occlusion diagnosis prior to pursuing microsurgi-
cal anastomosis as false-positive results from 
HSG have been reported to be as high as 50%. 
Recently, transcervical cannulation of the oviduct 
using fluoroscopic or hysteroscopic guidance has 
been performed, which allows for diagnostic and 
therapeutic measures. Selective salpingography 
or tubal cannulation may be performed, unless 
proximal blockage appears to be due to SIN on 
HSG [29].

The exact effectiveness of these methods is 
difficult to establish because many patients have 
co-existing abnormalities.

 Microsurgical Anastomosis Technique

Microsurgical anastomosis is described in 1977 
by Dr. Gomel [27]. Delicate tissue handling, and 
meticulous technique are important to achieving 
successful anastomosis of tubes. The surgery is 
optimally conducted with an operating micro-
scope or surgical loupes. A uterine manipulator is 
placed to allow for uterine manipulation and 
chromopertubation. Once entry into the perito-
neal cavity has been made, the uterus and adnexa 
are identified and elevated with surgical lap 
sponges. The occluded end of the fallopian tube 
is resected, and damaged tube is cut back with 
microsurgical scissors until healthy patent tubes 
are reached. Hemostasis is achieved with micro-
electrode. Methylene blue is injected into the 
uterine cavity and through the fimbriated end to 
observe patency from the proximal and distal 
tubal segment, respectively. A cannula is passed 
through the fimbriated end through the distal end 
brought to the proximal end and into the uterine 
cavity to allow for approximation of the tubes. A 
4-0 Vicryl suture is placed in the mesosalpinx to 
bring together and relieve tension off the two 

tubal segments. End-to-end anastomosis is then 
performed in two layers first with approximation 
of the muscularis followed by approximation of 
the serosa. Four interrupted 8-0 sutures are placed 
through the muscularis at the 12, 3, 6, and 9 
o’clock positions. After placement and the proxi-
mal and distal tubes are brought together in 
proper alignment, the 4 sutures are tied. The sec-
ond layer is closed with 4 interrupted sutures 
through the serosa using 8-0 suture.

Throughout the procedure, heparinized 
Lactate Ringers solution is used for tissue irriga-
tion. Lactate Ringers helps to eliminate tubal 
edema and the heparin reduces fibrin deposition 
and subsequent adhesion formation [30].

 Radiographic Selective 
Salpingography

Fluoroscopic tubal cannulation has the advantage 
of being performed at the same time as HSG if 
cornual occlusion is diagnosed. Radiation expo-
sure risk is also minimal. Thurmond et al. in 1987 
described the technique, which uses a coaxial 
catheter system. Upon visualization of the cervix, 
an occlusive cannula or intrauterine balloon that 
allows for passage of a 5-French catheter is 
placed within the cervix. Under fluoroscopic 
guidance, the 5-F catheter, advanced over a 
guidewire, is directed toward the tubal ostium. 
Contrast agent is then gently injected to identify 
patency of the tube. If selective salpingography 
identifies tubal obstruction, a 3-F catheter, with a 
guidewire threaded within, is then gently directed 
through the tubal ostium and through the obstruc-
tion via the cornual catheter. Figure 7.3a, b shows 
proximal tubal blockage and successful cannula-
tion of the fallopian tubes under fluoroscopy.

Successful tubal recanalization was achieved 
in 71–92% of recanalizations. Of the patients 
who failed to achieve pregnancy in 6–12 months 
after successful recanalization, only 62% of tubes 
remained patent [31].

Tubal perforation has been reported in 2% of 
cases without adverse sequelae. Ectopic pregnan-
cies were reported in 3% of patients [31].
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a b

Fig. 7.3 (a, b) demonstrates fluoroscopic tubal cannula-
tion performed at the same time as HSG after tubal block-
age is diagnosed. Successful tubal canalization was 

achieved after a catheter with guidewire is threaded 
through the tubal ostium, opening the obstruction

 Laparoscopy with Hysteroscopic 
Tubal Cannulation

In tubal catheterization, a fine catheter, balloon, 
or guidewire is inserted into the fallopian tube 
from the tubal ostium. The tubal catheter is 
placed under hysteroscopic-laparoscopic or fluo-
roscopic guidance. Novy et al. in 1988 described 
transcervical cannulation of the proximal oviduct 
using a 3-French Teflon catheter [32]. A 
5.5-French outer cannula is placed through the 
operative hysteroscope and directed toward the 
tubal ostium. The 3-French catheter, through 
which a stainless-steel guidewire is threaded, is 
then directed toward the internal ostium and 
introduced within the tube. Laparoscopy is used 
to identify the cannula within the fallopian tube 
and help to manipulate the tube to facilitate can-
nulation. Chromopertubation using methylene 
blue is performed after cannulation to document 
tubal patency. This approach also offers the 
opportunity to survey the pelvis and identify and 
potentially treat any further tubal disease. 
Successful cannulation rate is 70% with preg-
nancy rate of 33% and live birth rate of 26% [33]. 
Figure 7.4a–c show cannulation of the right fal-

lopian tube at the time of hysteroscopy/laparos-
copy with a double set-up—Fig. 7.4a, b are via 
hysteroscopy and Fig. 7.4c laparoscopy.

 Pregnancy Rates

A systematic review performed by De Silva et al. 
in 2017 combined all studies regarding reproduc-
tive outcome after proximal tubal catheterization. 
The review included 27 studies and 1556 patients 
and reported a pooled clinical pregnancy rate of 
27% (95% CI 25–30%) after tubal catheteriza-
tion for unilateral or bilateral proximal tubal 
obstruction. Pooled clinical pregnancy rate was 
27% (95% CI 23–32%) for patients with bilateral 
obstruction. Pooled live birth rate from 14 studies 
(551 patients) was 22% (95% CI 1–26%). The 
pooled ectopic pregnancy rate was 4% (95% CI 
3–5%) and pooled miscarriage rate was 6% (95% 
CI 4–8%). Comparing hysteroscopic versus fluo-
roscopic approaches, the pooled pregnancy rates 
were 31% versus 26%, respectively, which was 
not significantly different (P = 0.596) [34].

Studies examining pregnancy outcomes 
after surgical treatment of proximal tubal 
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a b

c

Fig. 7.4 (a) Hysteroscopic placement of Novy catheter 
through the tubal ostium. (b) After placement of the outer 
sheathe of the Novy cannula into the tubal ostia, the inner 
sheathe (yellow in this picture) is then threaded through. 

(c) Laparoscopic chromopertubation is the gold standard 
for investigating tubal patency. After hysteroscopic tubal 
cannulation, chromopertubation using methylene blue is 
performed to confirm tubal patency

blockage may be affected by small sample 
size, patients with other contributing factors 
leading to infertility, and pregnancies achieved 
using ovulation induction regimens versus nat-
ural conception after surgical treatment of 
tubal blockage.

Decisions regarding tubal surgery versus 
in vitro fertilization (IVF) need to factor in safety, 
efficiency to achieving a successful pregnancy, 
cost-effectiveness, and patient’s health history.

If proximal tubal occlusion is found with other 
existing infertility factors, such as advanced 
maternal age, presence of significant male factor, 
SIN, chronic salpingitis or obliterative fibrosis, 

IVF is the most appropriate therapeutic strategy 
[2]. Management of proximal tubal occlusion 
must account for other variables including integ-
rity of distal tube, presence of pelvic disease, and 
other infertility diagnoses [35].
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8Diagnosis and Surgical 
Management of Adenomyosis

Audrey O. Chang and Linnea R. Goodman

 Introduction

Adenomyosis, a benign gynecologic disease often 
observed in women within their reproductive age, 
is defined as the presence of endometrial glands 
and stroma within the myometrium. The German 
pathologist Carl von Rokitansky provided the first 
description of adenomyosis in 1860, followed by 
the influential book “Adenomyoma of the Uterus” 
published in 1908 by the Canadian gynecologist 
Thomas Stephen Cullen in which he described 100 
cases [1]. Despite knowledge of the condition for 
over a century, the diagnosis, treatment, and impact 
of adenomyosis on reproductive outcomes remain 
enigmatic. Once believed to be a disease associated 
with multiparous women at the end of their repro-
ductive age, there has been a shift to identifying 
adenomyosis earlier in women suffering from pain, 
abnormal uterine bleeding, and infertility.

 Pathogenesis

The precise etiology and pathophysiology of ade-
nomyosis is unclear and multiple theories exist, 
one of which involves the idea of endometrium 

invading predisposed myometrium during peri-
ods of regeneration and healing. This is supported 
by increased incidence of adenomyosis after 
repeated sharp curettage during interruption or 
removal of pregnancy as this can disrupt the 
endometrial-myometrial border and support 
implantation and survival of endometrium in the 
myometrium [2]. Another theory suggests that 
there may be changes that occur in the uterine 
junctional zone during pregnancy, such as angio-
genesis, that can aggravate existing adenomyosis, 
supported by data that show sharp curettage in 
the non-pregnant uterus does not increase the risk 
of adenomyosis [2].

As adenomyosis has increasingly been 
observed in nulliparous women, investigation 
into additional theoretical etiologies has been 
undertaken over the past few decades. There is 
support based on animal studies that hormonal 
and genetic factors may play a role in the devel-
opment of adenomyosis. One such finding is the 
association of adenomyosis with early tamoxifen 
exposure in mice, which raises the possibility 
that events in-utero can lead to adenomyosis 
from estrogenic effects [3]. Other hormones such 
as prolactin, FSH, and oxytocin may also have 
roles in the development of adenomyosis [4, 5].

There is thought to be an association between 
endometriosis and adenomyosis as they both 
involve ectopic endometrium with some MRI 
studies approximating up to one-third of patients 
diagnosed with adenomyosis having concurrent 
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findings of endometriosis [6–8] and up to 80–90% 
concurrence of endometriosis in patients with 
adenomyosis [9, 10]. In addition, there are data to 
support that adenomyosis develops earlier in 
women with prior evidence of endometriosis 
[11]. In women with endometriosis, there have 
been documented hyperperistaltic contractions of 
the uterine musculature and an increased 
 intrauterine pressure, which may help to sustain 
the infiltration of endometrium into the myome-
trium and support the development of adenomyo-
sis [12, 13].

 Presentation

The most common clinical presentations of ade-
nomyosis include heavy menstrual bleeding and 
dysmenorrhea, which can occur in up to 60% and 
30% of women, respectively [14]. Heavy men-
strual bleeding is suspected to be due to the extra 
surface area of endometrial tissue in the enlarged 
uterus, while dysmenorrhea may be due to swell-
ing of the endometrial tissue within the myome-
trium. Patients can also present with chronic 
pelvic pain, back pain, dyspareunia, and infertil-
ity, with approximately one-third lacking symp-
toms [14].

 Diagnosis

There is no standardized histologic diagnosis of 
adenomyosis. Some pathologists use definitions 
of endometrial glands presenting deeper than 
one-fourth of the thickness of the myometrium or 
deeper than one-half of a lower-power field 
[2.5  mm] to define the disorder [15]. In gross 
appearance, the uterus is usually firm, enlarged, 
and somewhat globular with the cut surface of the 
myometrium occasionally containing hemor-
rhagic foci (Fig.  8.1). Under microscopy, the 
ectopic endometrium may form islands within 
the myometrium surrounded by myometrial 
hypertrophy (Fig. 8.2).

While the gold standard for the diagnosis of 
adenomyosis remains histological examination 
of a surgical specimen, improved resolution of 
imaging including MRI and 3D transvaginal 
ultrasound has led to promising non-invasive 
positive predictive values [16–18]. MRI has tra-
ditionally led the field for non-invasive imaging 
of adenomyosis with increased spatial and con-
trast resolution allowing for clearer focus on the 
uterine junctional zone, which is a transitional 
zone between the endometrium and myome-
trium. A review of 57 studies examining the util-
ity of ultrasound and MRI for evaluation of 

a b

Fig. 8.1 (a) Cross-section of diffuse adenomyosis of the uterus at time of hysterectomy (b), Enlarged and boggy uterus 
at time of laparoscopy. (Courtesy of Rebecca Flyckt, MD, University Hospitals, Cleveland)

A. O. Chang and L. R. Goodman



93

a b

c

Fig. 8.2 Histologic appearance of adenomyosis at 1× (a), 2× (b) and 10× (c). (Courtesy of UNC pathology 
department)

adenomyosis characterized adenomyosis into 
three subtypes: internal adenomyosis, external 
adenomyosis, and adenomyomas and reported a 
pooled sensitivity of 77% and specificity of 89% 
for all subtypes [17]. Other quoted sensitivities 
and specificities of MRI range from 88–93% and 
67–99%, respectively [16, 19, 20].

Defining features of adenomyosis on MRI 
include diffuse or focal thickening of the junc-
tional zone, forming an ill-defined area of low 
signal intensity occasionally with embedded 
bright foci on T2-weighted images in which com-
partments with water appear bright and compart-
ments with fat appear dark [21, 22]. On histology, 
the areas of low signal intensity correspond with 
smooth muscle hyperplasia, and bright foci on 
T2-weighted images correspond to islands of 
ectopic endometrial tissue which can vary 
depending on current treatments and current 

phase of the menstrual cycle. Additional defining 
features of adenomyosis include the presence of 
adenomyoma, defined as localized, circum-
scribed forms of adenomyosis and may manifest 
as intramural or protrusions into the uterine cav-
ity. On MRI, adenomyomas can have low signal 
intensity on T2-weighted images, similar to leio-
myomas. However, small areas of high signal 
intensity, representing ectopic endometrial tis-
sue, shift suspicion more toward adenomyoma. 
Another variant of adenomyoma includes polyp-
oid adenomyoma, which presents as a hypoin-
tense polypoid mass with hyperintense foci on 
T2-weighted images on MRI [23]. Overall, ade-
nomyomas have a high rate of misdiagnosis so 
clinical suspicion should remain vigilant 
(Fig. 8.3).

In comparison to MRI, ultrasound is a more 
cost-effective tool to evaluate intrauterine pathol-
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ogy. Transabdominal ultrasound has a high speci-
ficity [95–97.5%] but low sensitivity [30–63%] 
due to limited image resolution [23]. There is a 
wide range of reported sensitivity and specificity 
of transvaginal ultrasound [TVUS] for diagnosis 
of adenomyosis ranging from 53–89% and 
50–99%, respectively [16, 17, 20, 24–29]. If 
there is an adenomyoma present, then sensitivity 
[33%] and specificity [78%] of TVUS drop, 
likely due to resemblances with myomas [19].

Sonographic findings of adenomyosis on 
TVUS include the following: globular uterine 
enlargement that is not explained by the presence 
of leiomyomata, cystic anechoic lakes in myome-
trium, uterine wall thickening [which can show 
anterior-posterior asymmetry], sub-endometrial 
echogenic linear striations [due to invasion of 
endometrial glands into sub-endometrial tissue 
leading to a hyperplastic reaction causing linear 
striations fanning out from the endometrium], 
heterogeneous uterine texture, obscuring of the 
endometrial/myometrial border, and thickening 
of the transition zone [≥12  mm] [30–34]. Sun 
et  al. [2010] demonstrated that sub-endometrial 
echogenic linear striations, a heterogeneous 

myometrial echotexture, and myometrial 
anterior- posterior asymmetry showed greater 
accuracy for diagnosing adenomyosis and sub- 
endometrial linear striations has the highest diag-
nostic accuracy with sensitivity of 91.8%, 
positive predictive value of 67.8%, and negative 
predictive value of 92.9%. A globular uterine 
shape was the most specific feature at 78.1%, but 
had poor sensitivity at 50.6% [33].

Color doppler ultrasound is a useful tool to 
evaluate the involvement of vascular structures. 
Three-dimensional ultrasound [3DUS] allows 
visualization of the uterus in a coronal view simi-
lar to MRI. Previously established criteria for the 
3D US diagnosis of adenomyosis are the pres-
ence of one or more of the criteria depicted in 
Fig. 8.4 [33].

While a meta-analysis of eight studies revealed 
that there is no improved accuracy when utilizing 
2D versus 3D TVUS [35], a recent study evaluat-
ing the accuracy of 3D TVUS diagnosing adeno-
myosis in 54 women without any pretreatment 
showed those with two diagnostic ultrasound fea-
tures had an accuracy of 90% [sensitivity 92%, 
specificity 83%, PPV 99%, and NPV 71%] when 

a b

Fig. 8.3 (a) T2 MRI image of adenomyosis, (b) Post-contrast T1 MRI image of adenomyosis. (Courtesy of UNC 
radiology department)
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Fig. 8.4 (a) Globulous aspect of the uterus, defined as a 
global increase in uterine myometrial thickness not caused 
by fibroids or other pathologic uterine condition. (b) 
Irregular endometrium-myometrium interphase, or lack of a 
clearly visualized neat contour of the endometrial basal 
layer and the underlying myometrium, with no or incom-
plete visualization of the junction zone [JZ]. (c) 
Heterogeneous myometrial texture, or alternating hyper-
echogenic and hypoechogenic areas in terms of myometrial 
thickness without a precise margin, along with thin acoustic 
shadows with a radial pattern that are not induced by fibroids 

or intramyometrial hyperechogenic foci. (d) Linear stria-
tions from the endometrium to the myometrium, or hyper-
echogenic lines crossing the myometrial thickness, visible 
from the endometrial–myometrial interphase, and/or. (e) 
Presence of intramyometrial cysts, or areas with myometrial 
thickness of ≥1 mm and negative for color Doppler [power 
Doppler or high-definition Doppler]. (f) Uterine asymmetry, 
defined as thickening of the anterior uterine wall vs. the pos-
terior, or vice versa. (g) Adenomyoma, defined as a hetero-
geneous nodular mass lacking well-defined margins and 
without internal calcifications

compared to histopathologic features of targeted 
biopsy specimens of the uterus [36].

Other forms of diagnosis include endometrial 
biopsy via utero-spirotome employed during hys-
teroscopy, which allows for direct visualization 
of the endometrial surface [37] (Fig.  8.5). 
Visualized endometrial findings such as hyper- 
vascularization, strawberry pattern, endometrial 
defects, and submucosal hemorrhagic cysts are 
suggestive of adenomyosis [37]. A Trophy hys-
teroscope allows for biopsy of these areas using 
the Spirotome, which has a distal corkscrew that 
can cut through layers of the endometrium, the 
inner myometrium, and the outer myometrium 
and biopsy tissue (Fig. 8.6). The Trophy hystero-
scope can be loaded with the Spirotome or hys-
teroscopic 5 French instruments without 
removing the instrument. The spirotome contains 
a trocar with cutting cannula and receiving nee-
dle with helix. The helix can penetrate a distance 

up to 20 mm with a 1 cm corkscrew. It is inserted 
under ultrasound guidance to obtain a one centi-
meter cut of tissue and has a sensitivity of 54% 
and specificity of 78% [37]. The lower sensitivity 
may be attributable to false negatives in the cases 
of deep adenomyosis, but it does have the advan-
tage of leaving the outer myometrium intact.

 Adenomyosis and Fertility 
Outcomes

An association between adenomyosis and fertil-
ity has not been fully established; however, recent 
studies suggest that adenomyosis may have a 
negative impact on fertility. With more readily 
available uterine-sparing means of diagnosis, 
studies have aimed to determine the effect of ade-
nomyosis on fertility with mixed results. Several 
publications have reported a negative impact on 
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Fig. 8.5 Adenomyotic hysteroscopic images become 
pathognomic after sub-endometrial exploration: (a) visi-
ble endometrial defects on uterine septum; (b) after inci-
sion different cystic structures become visible; (c) incision 
of lateral wall of T-uterus reveals the presence of adeno-

myotic cyst; (d) formation of cyst, still small opening is 
present; and (e) opening of this defect shows the inner 
sight of the cyst. (From Gordts and Campo et  al. with 
permission)

a

b

c

Fig. 8.6 Use of utero-spirotome under ultrasound guid-
ance. (a) ultrasound-guided insertion of spirotome; (b) 
spirotome with 1 cm corkscrew; (c) biopsy obtained after 

use of spirotome. (From Gordts and Campo et  al. with 
permission)
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both spontaneous and assisted pregnancy out-
comes in women with adenomyosis compared to 
age-matched controls [38, 39], while others have 
not [40, 41].

A meta-analysis including nine studies of in- 
vitro fertilization [IVF] outcomes in women with 
and without adenomyosis aimed to investigate an 
association [38]. In these studies, where adeno-
myosis was diagnosed via MRI or TVUS, there 
was a total of 1865 women, 665 of whom were 
enrolled in four prospective observational studies 
and 1200 in five retrospective studies. The clini-
cal pregnancy rate was 123/304 [40.5%] in 
women with adenomyosis after IVF versus 
628/1262 [49.8%] in women without adenomyo-
sis. Pooling of the results yielded a risk ratio of 
0.72 [95% CI 0.55–0.95], concluding that women 
with adenomyosis had a 28% reduction in the 
likelihood of a clinical pregnancy after 
IVF. Miscarriage rate, a secondary outcome stud-
ied, was observed in 77/241 women with adeno-
myosis [31.9%] verses 97/687 [14.1%] in women 
without with a pooled RR of 2.12 [95% CI 
1.20–3.75].

Recently, a retrospective cohort study by 
Sharma et al. [2019] evaluated 973 women under-
going fertility treatment [39]. These women were 
divided into four groups: only endometriosis 
[n  =  355], endometriosis and adenomyosis 
[n = 88], only adenomyosis [n = 64], and tubal 
factor infertility as controls [n = 466]. The clini-
cal pregnancy rate in women with only endome-
triosis was 36.6%, women with endometriosis 
and adenomyosis 22.7%, women with only ade-
nomyosis 23.4%, and control group 34.6%. The 
miscarriage rates and live birth rates were 14.6%, 
35%, 40%, 13.0% and 26.5%, 11.4%, 12.5%, and 
27.5% in those groups, respectively. The live 
birth rates between controls and women with 
only adenomyosis [p  =  0.01] and women with 
both endometriosis and adenomyosis [p = 0.002] 
were statistically significant. The conclusion of 
this study was that the addition of adenomyosis 
contributed negatively to fertility outcomes.

Alternatively, Benaglia et al. [2014] evaluated 
implantation rates in 49 women with asymptom-
atic adenomyosis diagnosed by TVUS and 49 
controls [40]. In the women with adenomyosis, 

24 out of 76 embryos transferred implanted 
[32%] compared to 16 out of 76 [21%] in the 
controls, with an odds ratio of 1.73 [95% CI 
0.83–3.77]. This study concluded that implanta-
tion rate was not affected by asymptomatic ade-
nomyosis diagnosed by TVUS.  Mijatovic et  al. 
[2010] reached the same conclusion evaluating 
IVF outcomes in women with surgically proven 
endometriosis and adenomyosis diagnosed via 
TVUS [41]. This retrospective study encom-
passed 74 infertile patients with endometriosis, 
of which 90.4% of them were diagnosed with 
severe stage endometriosis and of these, 27% of 
these women had adenomyosis. There were no 
significant differences found in IVF outcomes 
compared to the women with and without 
adenomyosis.

A systematic review of the current literature on 
fertility-sparing treatment of adenomyosis was 
published in 2018 [42]. The review included 16 
studies, with 533 patients included in six studies 
that looked at surgical management of adenomyo-
sis and an additional 1052 patients in 10 studies 
evaluating outcomes of artificial reproductive 
technology in this population. The surgical meth-
ods for diffuse adenomyosis included adenomyo-
mectomy with unilateral salpingectomy, 
microsurgical adenomyomectomy, adenomyo-
mectomy with continuous horizontal mattress 
technique, and laparoscopic adenomyomectomy 
with laser. The spontaneous pregnancy rate with 
these various surgical techniques was low [18.2%]. 
A higher pregnancy rate was observed when sur-
gery was followed by 24 weeks of GnRH-agonist 
(a) therapy [40.7% vs. 15.0%, p = 0.002]. In the 
pooled analysis of studies looking at exclusively 
artificial reproductive technology [ART] for the 
treatment of adenomyosis-associated infertility, 
there was an overall clinical pregnancy rate of 
36.1%. When comparing the long and short stimu-
lation protocol of ART in these patients, there were 
higher rates of clinical pregnancy [43.3% vs 
31.8%, respectively; p = 0.0001], higher live birth/
ongoing pregnancy rate [43% vs 23.1%; 
p  =  0.005], and lower frequency of miscarriage 
[18.5% vs 31.1%; p < 0.0001] with long GnRH-a 
downregulation protocols. Overall, the data are 
limited by heterogeneity of disease, a wide variety 
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of treatment protocols and surgical methods, addi-
tional infertility diagnosis, and lack of long-term 
follow-up.

A recent study [43] evaluated 3D TVUS diag-
nosis and associated reproductive outcomes of 
adenomyosis by five independent reproductive 
endocrinology and infertility specialist reviewers 
of 648 patients undergoing a single thawed 
euploid blastocyst transfer. The 3D US was per-
formed on the day prior to transfer, with only fair 
inter-rate agreement of US assessment of adeno-
myosis. In addition, there were no differences in 
clinical pregnancy, miscarriage, or live birth rates 
in patients with adenomyosis compared to those 
without adenomyosis, suggesting that routine 
screening for adenomyosis in patients undergo-
ing frozen embryo transfer is not necessary.

Overall, the data regarding adenomyosis and 
fertility are mixed and a concrete association or 
causal mechanism of deleterious effect has yet to 
be elucidated.

 Management

The definitive treatment for adenomyosis in 
women who have completed childbearing is hys-
terectomy. Other treatment modalities include 
hormonal management, uterine debulking sur-
gery, adenomyomectomy, and uterine artery 
embolization [UAE]. Hormonal management 
includes levonorgestrel-releasing IUD, continu-
ous use of oral contraceptive pills, high-dose pro-
gestins, and gonadotrophic receptor hormone 
agonists (Table 8.1).

The levonorgestrel-releasing IUD [LNG-
IUD] works to treat adenomyosis-associated 
bleeding and pain by reducing the thickness of 
the myometrial junctional zone and total uterine 
volume [44–46]. It is thought to cause decidual-
ization and an increase in apoptosis in the endo-
metrial glands and stroma, as well as a local 
effect on adenomyosis by causing atrophy of 
adenomyotic lesions by downregulating estro-
gen receptors. This also prevents further stimu-
lation by estrogens [47]. Sheng et al. looked at 
the overall satisfaction rate of LNG-IUD after 
three years in 94 women with moderate to severe 
dysmenorrhea associated with adenomyosis 
using a visual analog scale [VAS] to evaluate 
dysmenorrhea. The VAS dropped from a base-
line score of 77.9 +/− 14.7 to 11.8 +/− 17.9 
after 36 months of the LNG-IUD [P < 0.001]. 
After these 36  months, the overall satisfaction 
rate was 72.5% [48]. In another study that 
looked at uterine volume in 47 women with ade-
nomyosis, they found that there was a signifi-
cant decrease in mean uterine volume at 12 and 
24 months after LNG-IUD insertion, but no sig-
nificant differences after 36  months [49]. In a 
randomized controlled trial that evaluated 62 
women with adenomyosis-related pain and 
bleeding, combined oral contraceptives [COCs] 
and LNG-IUD were both found to decrease pain 
and menstrual bleeding; however, the LNG-IUD 
was overall more effective [50]. One study 
looked at uterine volume as a predictor for 
LNG-IUD success and found that uterine vol-
ume >150  mL was associated with LNG-IUD 
treatment failure [51].

Table 8.1 Medical management options for adenomyosis

Class Mechanism of action Effects
Supporting 
evidence

LNG-IUD Decidualization of endometrial tissue
Downregulate estrogen receptors to cause atrophy of 
adenomyotic lesions

Reduces thickness of JZ
Reduces total uterine 
volume

45–52

COCs Decidualization of endometrial tissue Amenorrhea 53
NETA Inhibits estrogen-induced VEGF

Decidualization of endometrial tissue
Reduces bleeding 54, 55

GnRH 
agonist

Antiproliferative effect
Antiestrogen effect

Reduces bleeding
Reduces uterine size

53

LNG-IUD levonorgestrel-releasing intrauterine device; COCs combined oral contraceptives; NETA norethindrone; 
GnRH gonadotropin-releasing hormone
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Combined oral contraceptive pills [COCs] 
work to relieve the symptoms of adenomyosis via 
decidualization and subsequent atrophy of the 
endometrium. There are no well-conducted RCTs 
that support the pharmacological treatment of 
adenomyosis using COCs despite the common 
use of them off-label to treat adenomyosis-related 
symptoms [52]. Norethindrone acetate [NETA] is 
a studied progestin for treatment of adenomyosis 
symptoms, although there have been few studies 
that have compared NETA to other progestins or 
drugs. It works by inhibiting estrogen-induced 
VEGF in endometrial stroma, thus reducing 
bleeding and pain [53]. In a small retrospective 
chart review of 28 women taking NETA for 
adenomyosis- related symptoms, patients showed 
maximum response at three months of treatment 
with NETA, which was maintained throughout 
treatment. The study utilized “three weeks on, 
one week off” regimen to minimize the side 
effect of breakthrough bleeding. Both dysmenor-
rhea and bleeding were significantly improved 
while being treated with NETA [54].

GnRH-a has multiple mechanisms of action 
which can combine to alleviate symptomatic ade-
nomyosis [52]. Mainly, it is thought to have an 
antiproliferative effect on the myometrium via 
the action of GnRH receptors that are expressed 
on the adenomyotic lesions. In addition, it has a 
systemic and local anti-estrogenic effect through 
central downregulation and suppression of 
gonadotropin section. This can result in uterine 
size reduction and an improvement in pelvic pain 
and bleeding. The side effects of GnRH-a include 
hypoestrogenic effects, such as vasomotor symp-
toms, decreased bone mineral density, and geni-
tal atrophy. Therefore, add-back therapy can be 
considered to mitigate these side effects in cases 
of prolonged use.

Potential treatment options necessitating more 
study include: selective progesterone receptor 
modulators (SPRMs), aromatase inhibitors (AI), 
and danazol. SPRMs demonstrate progesterone 
agonist and antagonist activities in the endome-
trium. They can reduce pain, bleeding, and inhibit 
development of adenomyosis but need more 
investigation. AIs block the conversion of testos-
terone to estrogen. Aromatase has been found in 

the endometrium of women with endometriosis, 
adenomyosis, and leiomyomas but not in healthy 
women [55, 56]. Again, additional studies are 
needed. Danazol has antigonadotropic proper-
ties, creating a low estrogen environment, and 
increases free testosterone levels.

While UAE is uterus sparing, it should be 
reserved for women who have also completed 
childbearing. Clinical studies have shown that 
UAE has been successful in improving heavy 
menstrual bleeding [57, 58]. In a systemic review 
of UAE on adenomyosis outcomes, improvement 
of symptoms occurred in 83.1% [872/1049] of 
patients [59]. Further prospective studies regard-
ing UAE as a treatment option for adenomyosis 
are needed.

 Surgical Management

For women who desire to become pregnant in the 
future, there are options for uterus-sparing resec-
tions of adenomyosis. An MRI prior to the sur-
gery is often obtained to determine the extent and 
location of adenomyosis. Depending on size, 
location, diffusiveness of adenomyosis, and sur-
geon preference, minimally invasive and open 
techniques have been described including wedge 
resection of the uterine wall, transverse H-incision 
on the fundus with resection of the adenomyosis, 
Osada’s triple-flap method, and asymmetric dis-
section [60].

In the classic wedge resection technique via 
laparotomy, parts of the serosa and adenomyoma 
are removed via wedge resection. The defect that 
is created by the resection is then sutured together 
with the remaining muscular layer and serosa. 
One retrospective study [61] found that the rate 
of relief of dysmenorrhea was 88.9% and of men-
orrhagia was 50.0% with a mean follow-up time 
of 27.6 months. The relapse rate by ultrasonogra-
phy was 69.2% during this follow-up time.

Another partial reduction approach is the 
transverse H incision of the uterine wall [62]. 
Using this method, a transverse incision is made 
on the uterine fundus. The serosa is separated 
from the underlying myometrium, and then the 
adenomyoma tissue is removed after widely 
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opening the bilateral uterine serosa. The defect is 
closed in one or two layers, using a tension-less 
suturing technique. The first layer is for hemosta-
sis and to close the defect. In a study by Fujishita, 
this method was applied to six patients who 
desired to preserve fertility. Perforation occurred 
in one patient [17%], and one patient spontane-
ously conceived four months following the pro-
cedure. Fujishita also reported on another 41 
patients who underwent the H-incision tech-
nique, of which 31 attempted to conceive. Of 
these, 12 [38.7%] achieved a clinical pregnancy, 
five [16.1%] miscarried, and seven [22.5%] 
reported a live birth [60]. Another study looked at 
57 women who underwent adenomyomectomy 
via the H-incision technique in combination with 
intra-operative LND-IUD placement. Of the 53 
patients that followed up, there was an 88.9% 
complete remission rate for dysmenorrhea at 
36  months. Menstrual flow and uterine volume 
were also significantly decreased [63].

The triple flap method is effective for diffuse 
adenomyosis as well as nodular adenomyosis 
[64] (Fig. 8.7). The uterus is bisected in the sagit-

tal plane through the adenomyosis until the uter-
ine cavity is reached. Adenomyotic tissue is 
excised and the endometrial lining is first reap-
proximated with interrupted sutures. Then on one 
of the sides of the bisected uterus, the myome-
trium and serosa are reapproximated in the 
antero-posterior plane with interrupted sutures. 
The contralateral side of the uterine wall is 
brought over the reconstructed first side in order 
to cover the suture line. The myometrium of the 
underlying flaps is denuded of the overlying 
serosa. The uterine wall is reconstructed without 
overlapping suture lines via this triple flap 
method in order to prevent uterine rupture in sub-
sequent pregnancies [60, 64, 65]. In a study of 
104 women with severe adenomyosis who under-
went this method of treatment, all patients had a 
return to normal menses and there was a signifi-
cant improvement in dysmenorrhea. There were 
26 women in this study who desired fertility; 16 
became pregnant and 14 [53.8%] delivered a 
healthy baby at term. There were no cases of 
uterine rupture. Adenomyosis symptoms recurred 
in four patients out of the 104 [64].

a b c

d e f

Fig. 8.7 Osada’s triple-flap method. (a) The uterus is 
bivalved over the section of diffuse adenomyosis; (b) Cold 
scissors are used to undermine adenomyosis tissue which is 
excised; (c) Direct palpation to ensure adaquate tissue to 
repair; (d) The endometrial lining is reapproximated with 

interrupted surgures; (e) On one side of the bisected uterus, 
the myometrium and serosa are repproximated in the 
antero-posterior plane; (f) The myometrium of the underly-
ing flaps is denuded of the overlying serosa and the uterine 
wall is reconstructed. (From Osada et al. with permission)
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The asymmetric dissection method dissects 
the uterus longitudinally (Fig. 8.8). The uterine 
fundus is retracted upward and the uterine ade-
nomyoma is then dissected into slices. From 
the incision, the myometrium is dissected diag-
onally, followed by a transverse incision to 
open the uterine cavity. The adenomyotic 

lesions are excised to >5 mm of the inner myo-
metrium and this process is repeated on the 
outer side lesion. The uterine cavity is then 
closed and reconstructed. There have been five 
cases of uterine rupture out of 1349 cases of 
patients who underwent this surgical technique 
as of 2016 [60].

Fig. 8.8 Asymmetric dissection method. (a) Uterus is 
dissected; (b) Uterine cavity is opened; (c) Inner side 
lesion is excised; (d) Outer side lesion is excised; (e) 
Lesion is sutured; (f) Uterus is rejoined. (From Osada 

et  al. with permission, adapted from Nishida et  al. 
Conservative surgical management for diffuse uterine 
adenomyosis [63])

a b

c d
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Fig. 8.8 (continued)

Fig. 8.9 Laparoscopic resection of adenomyosis demon-
strating the ill-defined borders. (Courtesy of Rebecca 
Flyckt, MD, University Hospitals, Cleveland)

Fig. 8.10 Adenomyoma protruding from serosa viewed 
laparoscopically. (Courtesy of Rebecca Flyckt, MD, 
University Hospitals, Cleveland)

Laparoscopic methods of adenomyosis resec-
tion include a longitudinal or transverse incision 
of the uterine wall and then resection of the ade-
nomyoma [66] (Figs. 8.9 and 8.10). Suturing of 
the uterine wall can occur in two or more layers 
using the double-flap method. An incision is 
made in the midline of the fundal serosal surface 
and carried in the sagittal plane until the uterine 
cavity is reached. The incision is also carried 
along the posterior and anterior uterine walls to 
reach the internal cervical os. The adenomyotic 
tissue is removed, and then the endometrial lin-
ing is reapproximated. The double-flap closure 

entails bringing the first flap in one side wall of 
the uterus into the second flap of the other side 
such that the myometrium and endometrium are 
covered. The serosal surface of the underlying 
flaps is stripped to ensure that only myometrial 
flaps are overlapping [67].

In a study [68] that looked at 141 women who 
underwent laparoscopic adenomyomectomy, of 
whom 102 desired fertility, there was a 31.4% 
[32/102] clinical pregnancy rate. When these 
women were divided into two age groups [≤39 
and ≥40 years old], the clinical pregnancy rates 
were 41.3% and 3.7%, respectively. In the older 
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group, 5/6 of the pregnancies resulted in miscar-
riages. The women who had successful clinical 
pregnancies were all delivered via elective cesar-
ean section. IVF outcomes were also analyzed on 
women who had a history of IVF failures. In the 
younger age group, 60.8% had a postoperative 
clinical pregnancy versus 7.1% in the older group. 
There were no cases of uterine ruptures in this 
cohort, but there were 2 cases of placenta accreta 
that resulted in postpartum hysterectomies.

The risk of uterine rupture after adenomyo-
mectomy is not insignificant. One literature 
review has suggested the rate to be as high as 
6.0% [69]. Other reviews have reported rates 
anywhere from 1 to 3% [70]. Factors that appear 
to contribute to rate of uterine rupture after ade-
nomyomectomy include the method of uterine 
reconstruction, interval length to pregnancy after 
adenomyomectomy, skill of the surgeon, and 
removal method [60].

Other experimental treatment options include 
MRI-guided focused ultrasound surgery 
[MRgFUS] and ultrasound-guided transvaginal 
radiofrequency ablation. MRgFUS is a non- 
invasive procedure that delivers a concentrated 
quantity of ultrasound energy to deep tissue 
areas, avoiding thermal effects to the surrounding 
tissues [71]. Several studies have demonstrated 
the safety and efficacy of this technique [72–77]. 
Ultrasound-guided transvaginal radiofrequency 
ablation is another promising minimally invasive 
technique that could be used to treat adenomyo-
sis especially in patients who desire future fertil-
ity; however, more data are needed [78–80].

 Conclusion

Despite long-term knowledge of the presence of 
endometrial glands and stroma within hypertro-
phic myometrium defining the condition of ade-
nomyosis, the diagnosis, treatment, and impact 
of adenomyosis on reproductive outcomes remain 
somewhat mysterious. Once thought mainly a 
disease associated with multiparous women at 
the tail end of reproductive age, there has been a 
shift to identifying uterine shape and consistency 

deviations consistent with adenomyosis earlier in 
women suffering from pain, bleeding irregulari-
ties, and subfertility.

While the gold standard for the diagnosis of 
adenomyosis remains histological examination 
of a surgical specimen, improved resolution of 
imaging including MRI and 3D transvaginal 
ultrasound has led to promising non-invasive 
positive predictive values. With more readily 
available uterine-sparing means of diagnosis, 
studies have aimed to determine the effect of ade-
nomyosis on fertility with mixed results.

With increased diagnosis and unclear delin-
eation of the deleterious effects on reproductive 
outcomes, it is currently unknown which subset 
of asymptomatic patients would benefit from 
treatment. For patients with symptoms, treat-
ment options such as hormonal manipulation 
and surgery can provide symptomatic relief. 
Overall, more prospective data are needed to 
combat the heterogeneity of disease, the wide 
variety of treatment protocols and surgical 
methods, and the lack of long-term follow-up to 
allow more insight into this enigmatic 
condition.
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 Introduction

Tubal factor infertility accounts for 25–35% of 
female factor infertility [1]. Proximal tubal 
blockage, resulting from obstruction, such as 
spasm or mucous plug, or occlusion, secondary 
to salpingitis isthmica nodosa or fibrosis, 
accounts for 10–25% of tubal disease. The major-
ity of tubal disease is due to distal obstruction, 
with over 50% secondary to salpingitis, usually 
as a sequela of ascending sexually transmitted 
Chlamydia trachomatis and/or Neisseria gonor-
rhoeae infections. Other causes of pelvic inflam-
mation such as perforated bowel, prior ectopic 
pregnancy, septic abortion, endometritis, surgery 
or trauma to fallopian tubes, and endometriosis 
may also lead to distal tubal occlusion.

At initial insult of salpingitis, the fallopian 
tube becomes inflamed leading to cell necrosis 
with loss of the ciliated tubal epithelium. The 
inflammation also causes the fimbriae to aggluti-
nate resulting in distal obstruction of the fallo-

pian tube. Pelvic adhesions may develop as well. 
The physiological serous secretions of tubal epi-
thelium then accumulate within the occluded 
tube resulting in a hydrosalpinx. The number and 
severity of salpingitis episodes adversely affects 
the potential for fertility. A prospective cohort 
study of 1309 women in Sweden showed a rela-
tive risk (RR) for infertility of 7.0 after 1 infec-
tion, 16.2 after 2, and 28.3 after 3 infections. In 
this same study, in women with only one pelvic 
inflammatory disease (PID) episode, the severity 
of infection was directly correlated with infertil-
ity with RRs of 1, 1.8, and 5.6 for mild, moderate, 
and severe infections, respectively [2].

Between 2015 and 2018, in the United States, 
the Centers for Disease Control and Prevention 
data show chlamydia and gonorrhea rates 
increased 11.9% and 37.2%, for a total of 692.7 
and 145.8 cases per 100,000 females respec-
tively. Up to 10% of untreated chlamydial infec-
tions progress to clinically diagnosed PID and 
the risk with untreated gonococcal infection is 
even higher [3–5]. A retrospective cohort study, 
with 38,193 women, examined the incidence of 
hospitalization for PID following chlamydia and/
or gonorrhea diagnosis and found an incidence 
rate of 13.9 per 1000 person-years of follow-up 
(95% CI 12.6–15.1) for woman with a chlamydia 
diagnosis. The incidence rate for gonorrhea diag-
nosis was 50.8 per 1000 person-years of follow-
 up (95% CI 36.0–65.6) [6].
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Risk factors for PID include sexual inter-
course, multiple partners, history of PID, vaginal 
douching, menses, cigarette smoking, and sub-
stance abuse. Risk of PID is inversely related to 
age, with younger age being associated with 
greater risk. The use of barrier contraceptives 
reduce PID risk with condoms being the most 
effective [7]. Hydrosalpinges can be treated sur-
gically to improve fertility. There are several sur-
gical options for achieving patency in obstructed 
fallopian tubes, depending on the location and 
pathogenesis of the blockage. This chapter 
reviews these procedures and the factors that 
must be considered in distal tubal disease when 
deciding between surgical repair and salpingec-
tomy followed by in vitro fertilization (IVF).

 Diagnosis

Hydrosalpinx is most commonly asymptomatic, 
though it can present as chronic pelvic pain. 
Many women remain undiagnosed until present-
ing to a physician for infertility. The basic work 
up for infertility consists of an evaluation to 
exclude ovulatory disorders, semen abnormali-
ties, and other major reproductive problems 
including uterine and tubal pathology. A history 
of sexually transmitted infections, PID, ectopic 
pregnancy, ruptured appendix, or prior pelvic 
surgery raises the index of suspicion for tubal 
factor infertility.

The standard first-line diagnostic test to evalu-
ate tubal patency is hysterosalpingography 
(HSG) [8]. For this test, X-ray contrast medium 
is injected transcervically while observing the 
flow of contrast medium into the uterus and 
through the fallopian tubes under fluoroscopic 
visualization. It is important to eliminate air bub-
bles in contrast fluid prior to injecting and to 
inject with a slow, low pressure to prevent proxi-
mal tubal spasms. This technique is easily per-
formed, relatively low cost, and has a minimal 
radiation exposure. Results are interpreted instan-
taneously by the performing physician and dis-
cussed with the patient. Contraindication, risks, 
benefits, and alternatives to HSG are outlined in 
Table 9.1.

In addition to its diagnostic potential, HSG 
provides a therapeutic effect. A 2020 Cochrane 
review concluded tubal flushing with oil-soluble 
contrast media (OSCM) and water-soluble con-
trast media (WSCM) are both superior to no 
treatment, with an ongoing pregnancy OR of 
3.59  in the OSCM group and OR 1.14  in the 
WSCM group [9].

There has been much debate in the literature 
surrounding the fertility-enhancing effect of tubal 
flushing HSG with OSCM versus WSCM.  A 
2017 multicenter, randomized trial in the 
Netherlands with 1119 women showed higher 
rates of ongoing pregnancy and live births among 
women who underwent HSG with OSCM (39.7% 
and 38.8%) compared HSG with WSCM (29.1% 
and 28.1%) [10]. While this difference is signifi-
cant, OSCM has a high viscosity, resulting in 
slower tubal filling and sometimes necessitates a 
late film 24 hours later, higher cost per case, and 
it is associated with rare, albeit significant, risks 
including granulomatous formation and pulmo-
nary emboli. WSCM also provides superior 

Table 9.1 Risk, benefits, contraindications, and alterna-
tives to HSG

Risks
   Pain, normally limited and mild
   Radiation exposure; low risk
   Vasovagal reactions
   Post-procedure PID; increased with hydrosalpinges
   Granuloma formation with oil-based contrast
   Oil embolism with oil-based contrast
Benefits
   Non-invasive assessment of tubal patency with 

diagnostic information about tubal blockage location 
and tubal anatomy

   Uterine cavity evaluation
   Fertility enhancement
Contraindications
   Bleeding/menstruation; relative contraindication
   Active pelvic infection
   Known or suspected endometrial carcinoma
   Pregnancy
Alternatives
   3D sono-hysterosalpingography or hysterosalpingo- 

contrast sonography (HyCoSy)
   Hysteroscopy and laparoscopy with 

chromopertubation
   Perryscope air infusion into saline during office 

hysteroscopy
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detailed imaging of the internal architecture of 
the tubal mucosal folds and ampullary rugae as 
seen in Figs. 9.1 and 9.2 [9]. WSCM is also gen-
erally cheaper than OSCM.

The negative predictive value of HSG is high; 
when HSG results show tubal patency it is a 
highly accurate and reliable test [11]. However, 
when HSG suggests tubal occlusion, physicians 
should be aware this is less reliable, especially 
for proximal occlusion. A prospective study 
assessing 40 infertile women with proximal tubal 
obstruction found that 60% of women had bilat-
eral tubal patency documented with a second 

HSG one month later. Using laparoscopy as the 
gold-standard test to confirm tubal occlusion, a 
meta-analysis published in 2014 of nine studies 
allowed direct comparison of the accuracy of 
HSG. Pooled estimates of sensitivity and speci-
ficity for HSG were 0.94 (95% CI: 0.74–0.99) 
and 0.92 (95% CI: 0.87–0.95) respectively [12].

There are alternatives to HSG:

• Sono-HSG: The aforementioned meta- analysis 
also compared sono-HSG to laparoscopy and 
found pooled estimates of sensitivity and spec-
ify of sono-HSG to be 0.92 (95% CI: 0.82–
0.96) and 0.95 (95% CI: 0.90–0.97), 
respectively [12]. This is comparable to 
HSG. This test is a valid alternative to HSG and 
can provide additional details on pelvic anat-
omy with simultaneous transvaginal ultraso-
nography. However, clinicians must remember 
that it does not reveal the tubal anatomy, hydro-
salpinx diameter, presence of mucosal folds, 
SIN, or peri-tubal adhesions. Most commonly 
used contrast medium is saline with air bubbles 
introduced by agitation of saline prior to instil-
lation. Other options available on the market 
include FemVue® Saline-Air device, which 
introduces a consistent mixture of saline and air 
contrast, ExEm© Foam, and SonoVue®.

• Hysteroscopy and laparoscopy with chromop-
ertubation: The gold standard for uterine cav-
ity assessment is hysteroscopy and for 
determining tubal patency, it is chromopertu-
bation via laparoscopy. Even that, however, is 
not perfect with one study showing a 2% spon-
taneous pregnancy rate among women diag-
nosed with bilateral tubal occlusion by 
laparoscopy [13]. Laparoscopy also allows for 
the concurrent diagnosis and treatment of other 
pelvic pathology which may impair fertility 
such as pelvic adhesions and endometriosis.

 Impact of Hydrosalpinx on IVF

It is clear that hydrosalpinges negatively impact 
pregnancy rates in women undergoing IVF. Two 
large meta-analyses including over 5000 patients 
each demonstrated that implantation, clinical 

Fig. 9.1 Bilateral hydrosalpinx on hysterosalpingogram. 
Severely dilated distal left fallopian tube with complete 
loss of normal tubal mucosal folds and blunted ampullary 
segment. Neosalpingostomy on the left fallopian tube is 
unlikely to reveal normal tubal architecture. Salpingectomy 
should be considered first line for the left fallopian tube

Fig. 9.2 Hysterosalpingogram with bilateral hydrosal-
pinx. Normal internal architecture of the tubal mucosal 
folds and ampullary rugae are still visible making this 
patient a candidate for neosalpingostomy

9 Hydrosalpinges: Repair or Excise
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pregnancy, and delivery rates per transfer 
decrease by 50% in the presence of a  hydrosalpinx 
[14, 15]. Further, four randomized trials and a 
Cochrane review show that salpingectomy prior 
to IVF doubles clinical pregnancy rates (RR 2.02, 
95% CI: 1.44 to 2.82) [16–19]. Proximal tubal 
occlusion surgically prior to IVF also increases 
clinical pregnancy rates (RR 3.21, 95% CI: 1.72 
to 5.99) [17, 19], and current ASRM guidelines 
recommend salpingectomy or proximal tubal 
occlusion prior to IVF in women who are not 
candidates for reparative tubal surgery [1].

Interrupting the communication between the 
uterus and the hydrosalpinx, either by salpingec-
tomy or proximal tubal occlusion, restores IVF 
outcomes; therefore, the negative effect of hydro-
salpinx appears to be caused by the fluid itself 
(this is discussed in greater detail in the salpin-
gectomy and proximal tubal occlusion sections). 
Several mechanisms have been proposed to 
account for the impact of hydrosalpinx on IVF 
outcomes, including direct embryotoxicity, 
impaired endometrial receptivity, and mechani-
cal flushing [20–23].

The impact of hydrosalpinx fluid on embryo 
development has been tested by exposing both 
human and mouse embryos to human hydrosal-
pinx fluid in  vitro. Mouse embryos cultured in 
the presence of human hydrosalpinx fluid aspi-
rated at the time of laparoscopy showed higher 
rates of developmental arrest and degeneration 
compared to control embryos grown in conven-
tional culture media [21]. Similarly, human 
embryos exposed to hydrosalpinx fluid showed a 
50% reduction in blastulation rate compared to 
controls [24].

In addition to direct embryotoxicity, several 
lines of evidence suggest that hydrosalpinx fluid 
reduces endometrial receptivity by altering the 
profile of cytokines and growth factors necessary 
for implantation. Specifically, integrin αvβ3 is 
present both at the surface of the embryo and on 
the endometrial surface epithelium during the 
luteal phase of spontaneous cycles [22]. Integrin 
αvβ3 is thought to activate matrix metalloprotein-
ases and plasminogen activators that allow for 
trophoblastic invasion and adherence of the 
embryo to the endometrial surface. Women with 

hydrosalpinges show decreased endometrial 
expression of integrin αvβ3, which may contribute 
to failed implantation after embryo transfer [25]. 
Additionally, HOXA10 is a transcription factor 
regulated by estrogen and progesterone that is 
expressed in the human endometrium and is criti-
cal for embryo implantation [26]. Whereas 
hydrosalpinx fluid decreases the expression of 
HOXA10 [21], a small prospective trial shows 
that salpingectomy restores HOXA10 expression 
in the endometrium [26]. The presence of hydro-
salpinx has also been shown to reduce endome-
trial and subendometrial blood flow, as measured 
by Doppler ultrasound [27, 28]. Together, these 
data support the hypothesis that hydrosalpinges 
reduce pregnancy rates after IVF by impairing 
endometrial receptivity.

Finally, hydrosalpinx fluid may also prevent 
physical contact between the embryo and endo-
metrial surface and act as a mechanical barrier to 
implantation [20].

 Neosalpingostomy

The decision to proceed with neosalpingostomy 
to re-establish tubal patency versus IVF has many 
variables that must be considered when counsel-
ing patients. These include maternal age; co- 
existing fertility factors, especially male factor; 
number of desired children; the risks of surgery 
and IVF, as well as treatment costs and inconve-
nience [1]. Data comparing direct outcomes are 
limited due to the nature of reporting and lack of 
uniform registries for tubal surgery outcomes. 
Retrospective studies examining tubal surgery 
outcomes are heterogeneous, dated, and report 
success as percentage of patients conceiving 
within a given time interval, whereas pregnancy 
rates after IVF are reported per stimulation cycle 
initiated.

The benefits of IVF are high success rates, 
with the 2017 SART National Summary (SART.
org) reporting a 42.7% live birth rate after first 
embryo transfer per retrieval in woman <35 years 
of age with tubal factor diagnosis, 28.4% for age 
35–37, and 22.1% for age 38–40. However, IVF 
can be considerably more expensive, especially 
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where insurance coverage is not mandated, and 
more than one cycle may be required to achieve 
the desired number of children. While the overall 
safety of IVF is well established, there have been 
reported fetal and neonatal risks including con-
genital malformations, preterm delivery, low 
birth weight, and increased maternal risk includ-
ing multiple pregnancies and pre-eclampsia 
[29–31].

Successful neosalpingostomy allows for 
repeated attempts at spontaneous conception and 
multiple conceptions all without medical inter-
vention following surgery. However, the risks of 
ectopic pregnancy and tubal re-occlusion should 
be discussed with the patient.

The extent of tubal disease is directly corre-
lated with outcomes. Favorable prognosis 
patients have minimal adnexal adhesions, tubal 
dilation of <3 cm, pliable thin tubal walls, preser-
vation of mucosal folds seen on HSG, and normal 
appearing fimbria and mucosal endosalpinx upon 
opening the tube [1]. The preservation of muco-
sal folds and endosalpinx are probably the most 
important parameter intraoperatively. Brosens 
and Puttemans described a tubal scoring system 
where stage 1 is normal, stage 2 has decreasing 
mucosal folds, in stage 3 there are intra- ampullary 
focal adhesions, and in stage 4 and 5 the folds are 
absent and ampulla contains increased adhesions. 
https://www.sciencedirect.com/science/article/
pii/S2667164620300038#bib4 A 2014 study fol-
lowing 434 patient after laparoscopic neosalpin-
gostomy reported a 5-year live birth rate of 53.1% 
for stage 1, 43.1% for stage 2, 24.0% for stage 3, 
and 23.1% for stage 4. No significant difference 
was found in ectopic pregnancy rate in relation to 
tubal stage: 5.6% in stage 1, 11.0% in stage 2, 
11.4% in stage 3, and 6.2% in stage 4 [32].

When used indiscriminately, neosalpingos-
tomy results in a 10–60% pregnancy rate and up 
to a 21% ectopic rate. This has led many to aban-
don the procedure [33]. However, when limited 
to appropriate good prognosis patients, those 
classified as having mild disease, the clinical 
pregnancy rate (CPR) ranges from 58 to 77% 
with ectopic pregnancy rates of 2–8% [34]. 
Table 9.2 summarizes five studies looking at CPR 
and ectopic rates based on patient prognosis. 

Young patients with no other significant factors 
and mild tubal disease possess the best potential 
for spontaneous intrauterine pregnancy following 
salpingostomy.

Patients should be consented preoperatively 
for both salpingostomy and salpingectomy, as the 
final decision is made upon direct visualization 
of the fallopian tube during laparoscopy. 
Neosalpingostomy is performed via laparoscopy 
using microsurgical technique. The principles of 
microsurgery are attention to gentle tissue han-
dling, irrigation to prevent tissue desiccation, 
meticulous hemostasis with limited electrosurgi-
cal energy, avoidance of foreign body contamina-
tion, and use of a fine non-reactive suture placed 
without unnecessary tension to prevent tissue 
ischemia. There is no evidence to support any 
advantage of robotic surgery over conventional 
laparoscopy for this indication. Preoperative 
intravenous antibiotics should be administered 
given an increased history of prior infectious eti-
ology and risk of stimulating chronic salpingitis 
infection.

Surgery begins in the same fashion as routine 
gynecological laparoscopy; to reduce risk of 
trocar- related injury a Foley catheter and orogas-
tric tube are placed for decompression of the 
bladder and stomach. A uterine manipulator with 
chromopertubation capabilities is placed. This 
surgery can be completed through one 5  mm 
umbilical port and two additional 5 mm operative 
ports, one in each lower quadrant.

The first step in the surgery, as seen in Video 
9.1, is a detailed survey of the anatomy and com-
plete excision of all adhesions. Transcervical 
chromopertubation is performed to confirm prox-
imal tubal patency and delineate distal tubal anat-
omy. It is recommended that the distal 

Table 9.2 Summary of five studies evaluating clinical 
pregnancy rates and ectopic pregnancy rates following 
salpingostomy based upon patient prognosis

Prognosis
Number of 
patients

Clinical 
pregnancy 
rate

Ectopic 
pregnancy 
rate

Good 104 67% 3%
Intermediate 141 24% 28%
Poor 196 10% 31%

Rates are reported as average [35–39]
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mesosalpinx is injected with dilute vasopressin 
(20  units in 100  mL of injectable saline). This 
provides vasoconstriction of nearby vessels, 
improving hemostasis and limiting the need for 
electrosurgical energy and potential thermal 
injury. The neosalpingostomy is performed at the 
most distal end of the hydrosalpinx by incising 
with a unipolar needle on 35 watts cutting current 
which provides a high-power density to limit 
thermal spread. The incision is widely opened to 
fully assess the endosalpinx and to mobilize the 
tubal ends for suturing. If normal tubal mucosa is 
present, the edges of the tube are fully everted 
and sutured to adjacent tubal serosa with 4-0 
delayed absorbable suture using intracorporeal 
knot tying. In order to tie intracorporeally with 
only 2 contralateral operative ports, the surgeon 
and assistant work together to complete the knot. 
Alternatively, a 3rd accessory port can be placed 
to increase suturing agility and stabilization of 
the tube. A small half circle (SH) needle is used, 
and the suture end curvature is straightened using 
hemostats to form a ski needle. This facilitates 
passage of the needle through the 5  mm port. 
Alternatively, a half-curved (ski needle) suture 
could be used or the SH needle can be placed 
directly into the abdomen via the trocar incision. 
Tubal patency is confirmed by chromopertuba-
tion. To aid in the prevention of postoperative 
adhesions, an adhesive barrier such as Interceed 
(Ethicon, Somerville, NJ), a self-adhering 
absorbable sheet of oxidized regenerated cellu-
lose, is placed over the tube. Alternative tech-
niques to the aforementioned technique, include 
1) opening the distal hydrosalpinges with cold 
scissors to avoid electrosurgical energy, and 2) 
fixating the opened tube by heating the serosal 
surfaces of the tube around the fimbrial ostium 
(flowering of Bruhat). Outcomes of these alterna-
tives are compared in Table 9.3.

Postoperatively, patients are instructed to wait 
two cycles prior to attempting conception. 
Patients are also given ectopic pregnancy precau-
tions which include early pregnancy assessment 
of HCG trends and ultrasound to identify preg-
nancy location. If the patient is not pregnant fol-
lowing six months of timed intercourse, tubal 
patency should be reassessed using HSG.  If re- 

occlusion has occurred, salpingectomy prior to 
IVF would be recommended as repeat operations 
for distal occlusion have exceptionally low suc-
cess rates [40].

While neosalpingostomy is more commonly 
considered in patients who desire natural concep-
tion, consideration can be given for it as an alter-
native approach to management of hydrosalpinx 
in the IVF patient. A non-randomized prospec-
tive study found no difference in clinical preg-
nancy rate in IVF patients with hydrosalpinges 
treated with salpingectomy versus salpingos-
tomy. In this study group, the overall CPR was 
50% after IVF in patients who underwent bilat-
eral salpingectomy and 63.3% in patients with at 
least one function tube, with a spontaneous preg-
nancy rate of 30.4% [41]. This study shows a 
potential benefit of conservative surgical man-
agement in IVF patients with unilateral 
hydrosalpinges.

 Salpingectomy

Patients with poor prognosis for spontaneous 
conception following neosalpingostomy include 
those with extensive adhesions, tubal dilation 
>3 cm, thick fibrotic walls, and no normal lumi-
nal mucosa upon opening the tube. For these 
patients, IVF success rates far exceed those of 
neosalpingostomy with attempted spontaneous 
conception. As previously noted, salpingectomy 

Table 9.3 Clinical pregnancy outcomes following neo-
salpingostomy using varying surgical techniques; summa-
rization of published data [38]

Surgical 
technique

PregnancyN, 
(%)

Intrauterine 
pregnancy
N, (%)

Ectopic 
pregnancy
N, (%)

Cold 
scissors, 
eversion 
with suture

9, (39%) 5, (19%) 4, (15%)

Unipolar 
needle, 
Bruhat 
eversion

13, (48%) 10, (37%) 3, (11%)

Unipolar 
needle, 
eversion 
with suture

15, (52%) 14, (48%) 1, (3%)
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Table 9.4 Summary of treatment options for 
hydrosalpinx

Salpingectomy Tubal ligation Salpingostomy
Proven efficacy 
in RCTs

Proven efficacy 
in RCTs

Limited data

Cannot conceive 
without IVF

Cannot conceive 
without IVF

Spontaneous 
conception 
possible

Risk(s): may 
decrease ovarian 
reserve

Risk(s): 
hydrosalpinx 
may enlarge

Risk(s): tubal 
re-occlusion and 
ectopic 
pregnancy

For mod-severe 
hydrosalpinges

For 
hydrosalpinges 
with extensive 
adhesions

For mild 
hydrosalpinges 
only

overcomes the adverse effect of hydrosalpinges 
on embryo implantation and restores IVF preg-
nancy rates back those of matched controls with-
out hydrosalpinx (Table 9.4) [42].

Salpingectomy is performed endoscopically 
with a 5 mm port in each lower quadrant bilater-
ally and a 10 mm port in the umbilicus to extract 
the fallopian tube(s). The proximal tube is ligated 
and divided and the mesosalpinx is serially 
ligated and divided. This can be accomplished 
with any preferred modality such as reusable 
bipolar graspers and scissors, harmonic scalpel, 
or via vessel sealing device such as LigaSure 
(Covidien, Minneapolis). It is important to 
remain as close to the tube as possible to avoid 
compromising the vascular supply to the ovary 
which could result in diminished ovarian reserve. 
However, an RCT found no significant difference 
in ovarian reserve following prophylactic bilat-
eral salpingectomy using conservative surgery 
versus wide excision of the mesosalpinx [43]. 
Following this minimally invasive surgery, 
patients may begin IVF with the next menstrual 
cycle.

 Proximal Tubal Ligation

Salpingectomy is widely considered the gold 
standard in treating hydrosalpinx prior to 
IVF. However, proximal tubal ligation has been 
found to be an acceptable alternative, particularly 
for patients with extensive pelvic adhesions. Two 

randomized control trials (RCT) demonstrated 
proximal tubal ligation as an effective way of 
improving pregnancy rates in women with hydro-
salpinx with clinical outcomes comparable to sal-
pingectomy [17, 44]. A recent Cochran review 
concluded that proximal tubal ligation may pro-
vide an equally effective and safer alternative to 
salpingectomy (Table 9.4) [19].

There has been some debate as to whether the 
technique of proximal tubal ligation may affect 
clinical outcomes. A prospective RCT of 88 
patients found a significant increase of day 3 FSH 
and a decrease in antral follicle count (AFC) and 
ovarian volumes in women who underwent tubal 
ligation by electrosurgery as compared to those 
who underwent tubal ligation by mechanical 
clips [45]. Other studies have reported decrease 
in ovarian response and increase in gonadotropin 
dosing following tubal ligation using electrosur-
gery [46, 47]. While additional studies are 
required to determine the best technique for tubal 
ligation in this clinical scenario, limited studies at 
this time suggest that ligation without electrosur-
gery may have less impact on subsequent ovarian 
function.

As noted above, there is a concern that salpin-
gectomy may lead to diminished ovarian reserve. 
An RCT of 165 participants with hydrosalpinges 
randomized women to proximal tubal ligation or 
salpingectomy (n = 83 and n = 82, respectively). 
This study found there was a statistically signifi-
cant decrease in postoperative serum anti- 
Mullerian hormone (AMH) (3.7 ng/ml v. 2.6 ng/
mL; p < 0.001) and AFC (10.6 v 8.6; p < 0.001) 
in women who underwent salpingectomy, a trend 
not identified in women who underwent proximal 
tubal ligation. This same study found women 
undergoing salpingectomy required a greater 
dose of gonadotropins (3901 v. 3260; p < 0.001) 
over a longer period of stimulation (11.3 v. 10.2; 
p  <  0.001). Otherwise, these authors could not 
find a significant difference in rate of implanta-
tion, clinical pregnancy, miscarriage, or live birth 
rate between these two groups [44]. Overall, the 
authors found proximal tubal ligation to be a 
superior treatment of hydrosalpinx when com-
pared to salpingectomy. While some studies have 
indicated similar findings [48], others were 
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unable to confirm that there was any difference 
between the two treatment options [49]. At this 
time, the evidence continues to support the use of 
proximal tubal ligation as a comparable alterna-
tive treatment of hydrosalpinx.

When performing a tubal ligation for treat-
ment of a hydrosalpinx, there is a theoretical risk 
of continued expansion of hydrosalpinges [1]. 
Without the ability to drain through the uterine 
cavity, there is concern fluid will continue to 
build within the hydrosalpinx resulting in wors-
ening distention and possibly secondary pain. To 
reduce this risk, the hydrosalpinx can be fenes-
trated to the fullest extent possible at the time of 
proximal tubal ligation.

 Hysteroscopic Proximal Tubal 
Occlusion

In patients where laparoscopy is not feasible or 
carries a high risk for complications, hystero-
scopic tubal occlusion primarily through the 
use of the Essure® device has been utilized to 
treat hydrosalpinges prior to IVF.  While this 
has been successfully described in some small 
studies, there is concern that the trailing coils 
may carry an IUD-like contraceptive effect by 
limiting embryo implantation. One study found 
that only 17% of women had complete tissue 
encapsulation without identification of intra-
uterine coils by hysteroscopy at 1  year, and 
only 25% with complete tissue encapsulation 
by 13–43 months [50].

A 2017 meta-analysis comparing IVF out-
comes following Essure® vs laparoscopic salpin-
gectomy or proximal tubal ligation for 
hydrosalpinges concluded that the implantation 
rates and clinical pregnancy and live birth rates 
were significantly lower and the miscarriage rates 
significantly higher with Essure® [51]. The 
Essure® rates were essentially the same as 
untreated hydrosalpinges.

Of note, in December of 2018, Bayer distribu-
tion announced that the Essure® device would no 
longer be sold or distributed. This was due to 
recent post-market studies demonstrating that 
women had higher rates of chronic abdominal 

pain and abnormal bleeding following Essure® 
placement when compared to those who under-
went other forms of tubal ligation. Currently, 
there is no device on the market that allows for 
hysteroscopic proximal tubal occlusion.

 Alternatives to Salpingectomy: 
Aspiration and Sclerotherapy

Aspiration of hydrosalpinx fluid at the time of 
retrieval has been evaluated as a less invasive 
alternative to salpingectomy [52–54]; however, 
both retrospective studies and randomized trials 
have demonstrated mixed results (Table 9.5) [52, 
55–57]. Among three randomized trials, two 
showed a statistically significant improvement in 
clinical pregnancy rates after aspiration of hydro-
salpinx fluid and one showed a trend toward 
improvement that did not reach statistical signifi-
cance [52, 54, 57]. When these randomized trials 
were pooled in a 2020 Cochrane review, they 
showed an overall increased clinical pregnancy 
rate after aspiration of hydrosalpinx fluid (OR: 
1.67, 95% CI: 1.10, 2.55); however, the data were 
deemed to be of poor quality [19].

Sclerotherapy via instillation of ethanol or tet-
racycline into the hydrosalpinx following aspira-
tion of the fluid was suggested as a method to 
limit fluid re-accumulation and increase the 
effectiveness of aspiration. A prospective trial of 
339 women comparing sclerotherapy to no inter-
vention showed improved rates of implantation 
and clinical pregnancy in the sclerotherapy 
group (26.4% vs 8.8% and 43.1% vs 16.0%, 
respectively, p  <  0.01). Another prospective 
study of 482 women compared sclerotherapy to 
both salpingectomy and aspiration and showed 
that, although there was no difference in out-
comes between the salpingectomy and sclero-
therapy groups, women in the aspiration only 
group had significantly lower implantation and 
clinical pregnancy rates [58]. A meta-analysis 
including 10 studies confirmed these findings. 
Interestingly, this study demonstrated that rates 
of fluid re- accumulation after aspiration with 
and without sclerotherapy were comparable at 
20–30% [59]. To date, there have been no ran-
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Table 9.5 Summary of data from Cochrane review on treatment for hydrosalpinges prior to in vitro fertilization [17]

Intervention CPR
OR for clinical pregnancy, 
(95% CI) Number of included patients

Salpingectomy
versus
No tubal surgery

Salpingectomy: 100/256 
(39.0%)
No tubal surgery: 37/199 
(18.6%)

2.02, (1.44–2.82) Salpingectomy (n = 256)
No tubal surgery (n = 199)

Tubal occlusion
versus
No tubal surgery

Tubal occlusion: 51/128 
(39.8%)
No tubal surgery: 10/81 
(12.3%)

3.21, (1.72–5.99) Tubal occlusion (n = 128)
No tubal surgery (n = 81)

Aspiration of 
fluid
versus
No aspiration

Aspiration: 54/176 (30.7%)
No aspiration 24/135 (17.8%)

1.67, (1.10–2.55) Transvaginal aspiration 
(n = 176)
No aspiration (n = 135)

domized trials of sclerotherapy prior to 
IVF. Although  salpingectomy or proximal tubal 
ligation remains the gold standard for treatment 
of a poor- prognosis hydrosalpinx prior to IVF, 
aspiration appears to be superior to no interven-
tion, and sclerotherapy may yield better results 
than aspiration [58, 59].

 Conclusion

• Distal fallopian tube disease accounts for a 
significant portion of female factor infertility.

• HSG remains the standard first-line test for 
assessing tubal patency. It has a high negative 
predictive value, but positive predictive value 
remains low due to false-positive finding of 
proximal tubal occlusion. It is superior to 
other non-invasive imaging modalities for 
evaluating tubal architecture.

• There is a lack of adequate data comparing 
pregnancy outcomes with tubal surgery versus 
IVF.

• Laparoscopic neosalpingostomy for the treat-
ment of good prognosis hydrosalpinges in 
young women with no other significant infer-
tility factors should be recommended.

• For older, reproductive aged women with sig-
nificant tubal disease IVF is the treatment of 
choice.

• Hydrosalpinges reduce IVF pregnancy rates 
by 50%. Laparoscopic salpingectomy or tubal 
occlusion should be performed in cases of 
irreparable hydrosalpinges to improve IVF 

pregnancy rates. More data are needed on 
aspiration with sclerotherapy.
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10Cesarean Scar Defects

Matthew K. Wagar and Bala Bhagavath

 Introduction

In 2018, 31.9% of all deliveries in the United 
States were cesarean deliveries [1]. As the abso-
lute number of cesarean deliveries increases, the 
sequelae are also expected to increase. Cesarean 
scar defect (CSD), also referred to as uterine isth-
mocele or niche, is an iatrogenic defect within 
the myometrium at the site of a prior hysterot-
omy. CSDs are increasingly recognized contribu-
tors to abnormal uterine bleeding, pelvic pain, 
and infertility. Various diagnostic criteria and 
choice of imaging modality have been proposed 
in the evaluation of suspected CSD.  Numerous 
surgical approaches to CSD repair have been 
described with improvements noted in fertility 
and symptomatology. This chapter will focus on 
the presentation, subsequent complications, and 
surgical management of CSDs.

 Prevalence and Risk Factors

The exact prevalence of CSD is not fully eluci-
dated in the literature. Differences in diagnostic 
criteria, imaging modalities and likely subclini-
cal presentation of CSDs contribute to the vari-
ability in reported prevalence of this condition 

[2]. Bij De Vaate et al. noted a prevalence of 24% 
to 70% and 56% to 84% when the presence of a 
CSD was assessed using transvaginal ultrasound 
(TVUS) and saline-infused sonohysterography 
(SIS), respectively [3]. As expected, less strin-
gent definitions of uterine CSD have resulted in 
higher reported prevalence. In a random popula-
tion of patients with a history of one or more 
cesarean deliveries, Vikhareva Osser et al. defined 
a CSD as “any indentation or other defect in the 
scar” reporting a high prevalence of 84% with 
SIS and 70% with TVUS [4]. Although lack of 
specific diagnostic criteria and population hetero-
geneity are likely to have contributed to a wide 
range of reported prevalence, the incidence is 
nonetheless likely very high.

Interestingly, several risk factors for the devel-
opment of uterine CSD have been described, but 
because of their relatively recent identification as 
a pathologic correlate, the relative weight of each 
of these factors remains uncertain. The pathogen-
esis of uterine CSD is likely a combination of 
patient and surgical factors. A meta-analysis con-
ducted by Tulandi et al. in 2016 determined that a 
history of multiple cesarean deliveries was the 
main risk factor for the development of CSD [5]. 
Multiple cesarean deliveries have also been noted 
to contribute to wider and larger CSDs than a his-
tory of one prior cesarean [2]. Other risk factors 
identified affecting the development of the CSD 
include cesarean delivery during active labor, 
lower fetal station at delivery, use of oxytocin 
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augmentation, and duration of labor >5 hours [2]. 
Yazicioglu et  al. conducted a randomized con-
trolled trial comparing full-thickness (endome-
trial inclusion) with split-thickness (endometrium 
exclusion) closure of the myometrial defect at 
cesarean delivery and evaluated the development 
of CSD on postoperative day 40 to 42 using 
TVUS [6]. Defects were noted in 68.8% of 
patients with split-thickness closure compared to 
44.7% of patients with full-thickness closure, 
reaching statistical significance. This evidence 
suggests the risk of CSD may be reduced with 
incorporation of the endometrium into hysterot-
omy repair. Other methods of uterine closure at 
time of cesarean have been evaluated as possible 
risk factors contributing to CSD including single- 
layer vs. double-layer closure; however evidence 
remains insufficient to classify either as contribu-
tory or protective against CSD development. 
Additionally, a retroverted uterus has been asso-
ciated with CSD occurrence and confirmed in 
other studies [4, 7–8]. The proposed pathologic 
mechanism has been suggested that this might 
contribute to tensile issues and perhaps impaired 
perfusion on healing hysterotomies, increasing 
the likelihood of defect development.

 Signs, Symptoms, 
and Complications of Cesarean Scar 
Defects

A significant portion of cesarean CSDs remain 
asymptomatic, confounding reported rates in the 
population. The most common presenting symp-
tom is postmenstrual bleeding with up to 82% of 
patients with imaging diagnosed CSD experienc-
ing postmenstrual bleeding or spotting [5]. 
Additionally, a correlation between the size of 
the defect and degree of spotting has been noted. 
The mechanism of abnormal uterine bleeding 
secondary to CSD is likely to be multifactorial. 
Postmenstrual bleeding is proposed to occur sec-
ondary to the accumulation of menstrual fluid 
within the defect itself with impaired passage 
secondary to myometrial deficiency at the site in 

question. The development of fibrotic tissue 
below the CSD may further impede the flow of 
menstrual products, and the development of 
newly formed blood vessels adjacent to and 
within the CSD may further exacerbate the prob-
lem [9]. Other common presenting symptoms 
include dysmenorrhea, pelvic pain, and dyspa-
reunia. Many of these symptoms are routine 
complaints in office-based gynecology and may 
exist in tandem with other etiologies for pelvic 
pain and abnormal uterine bleeding. Despite this, 
in the absence of other explanations and with a 
history of one or more cesarean deliveries, cesar-
ean scar defect should be considered. Patients 
may also present with infertility, and an associa-
tion with CSD has been noted [10, 11].

 Infertility

A correlation between secondary infertility and 
the presence of a CSD has been well documented 
in the literature [9, 12, 13]. Two theories as to the 
mechanism of infertility in patients with CSD 
exist. First, the persistence of retained menstrual 
blood within the CSD secondary to myometrial 
contractile dysfunction is thought to affect cervi-
cal mucus, transport of sperm, and blastocyst 
implantation [12]. Second, persistence of men-
strual blood is felt to contribute to a state of 
chronic inflammation within the CSD and sur-
rounding endometrium in turn contributing to 
oxidative stress and further inhibiting implanta-
tion. In 2011, Gubbini et al. reported a prospec-
tive case series including 41 patients presenting 
with cesarean scar defects and secondary infertil-
ity who underwent hysteroscopic revision of their 
CSD with all patients achieving a pregnancy 
within 12 to 24  months following isthmoplasty 
(repair of the CSD) [13]. Given these findings, in 
the absence of other contributing factors, CSD 
can be considered a cause of secondary infertility 
warranting intervention. The revision of cesarean 
scar defects to restore future fertility can be con-
sidered with choice of surgical modalities dis-
cussed later in this chapter.

M. K. Wagar and B. Bhagavath



121

 Ectopic Pregnancy

As the absolute number of women with a history 
of prior cesarean rises, so does the rate of cesarean 
scar ectopic pregnancy (CSP) [14]. While a still 
relatively rare occurrence, cesarean scar ectopic 
pregnancy remains difficult to diagnose, often 
confused with incomplete abortion, low implanted 
intrauterine pregnancies, and cervical ectopic 
pregnancies [2]. Common symptoms in the pre-
sentation of CSP include painless vaginal bleed-
ing, abdominal pain, and in many cases no 
symptoms at all [15]. Diagnosis is established with 
TVUS.  Two types of CSP have been described: 
Type 1, or endogenic CSP, where the gestational 
sac grows inward toward the cervicoisthmic space 
and Type 2, or exogenic CSP, where the gesta-
tional sac grows outward toward the bladder and 
anterior abdominal wall. Differentiation allows for 
adequate counseling and recommendations for 
management. Options for management include 
medical, surgical, and uterine artery embolization 
(UAE) and a combination of these approaches. In 
general, expectant management is not recom-
mended given the high likelihood of morbidity. 
Medical management of CSP includes intragesta-
tional or intramuscular medications, with metho-
trexate being the most often utilized agent both 
systemically and locally. Candidates for medical 
management ideally should be less than 8 weeks 
of gestation, have absent fetal cardiac activity, and 
possess greater than 2-mm myometrium between 
the bladder and gestational sac [15]. Although 
uterine artery embolization (UAE) has also been 
utilized for the treatment of CSP, given its known 
detrimental impact on future fertility, it should not 
be utilized as first-line treatment for patients desir-
ing future pregnancy. UAE is ideally reserved for 
patients with identified arteriovenous malforma-
tions or significant bleeding. Surgical manage-
ment includes hysteroscopic resection and 
laparoscopic, transvaginal, or laparotomy excision 
of the sac with first-line methods favoring the least 
invasive techniques. Adequate treatment involves 
complete resection of the CSP and surrounding 
scar tissue in order to optimize future fertility.

 Effects on Gynecologic Procedures

The presence of a CSD presents implications for 
gynecologic procedures. The presence of a CSD 
may alter the route of hysterectomy due to wor-
risome adhesions between the defect and ante-
rior abdominal wall or bladder. Additionally, 
concerns regarding intrauterine instrumentation 
have been raised with reports in the literature of 
uterine perforation in the setting of CSD at the 
time of dilation and evacuation [16]. Similarly, 
placement of intrauterine devices may be altered 
or present an elevated risk of uterine perforation 
in the presence of a CSD [17]. Much attention 
has been given to the practice of endometrial 
ablation in the setting of prior cesarean delivery; 
however no specific studies have evaluated endo-
metrial ablation in patients with diagnosed 
CSDs. Retrospective evidence reports no differ-
ence in procedural complication in patients with 
a history of cesarean delivery compared to con-
trols undergoing endometrial ablation [18, 19]. 
Further evidence is needed to characterize the 
presence of a CSD and effect on gynecologic 
procedures.

 Other Complications

The relationship between cesarean scar defects 
and placenta accreta has yet to be investigated. 
Notably, residual myometrial thickness is likely a 
factor in the development of uterine rupture; 
however further prospective evidence is needed 
to substantiate this claim [5]. Reports of endome-
triosis and adenomyosis in histologic specimens 
containing CSDs have been reported; however 
associations between these entities and cesarean 
section have not been supported in retrospective 
literature [7]. Case reports of abscess formation 
at the site of prior hysterotomies have been 
reported and theorized to be related to retained 
menstrual products within a CSD as a nidus for 
infection [20]. Further evidence is needed to 
determine CSD relationship to other pelvic 
pathologies.
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 Diagnosis

At present, there are no standardized criteria for 
the diagnosis of cesarean scar defects. A common 
descriptor is a triangular anechoic disruption of 
the myometrium at the site of a prior hysterot-
omy. Large defects have been defined variably 
including residual myometrial thickness <50% of 
wall thickness, with one study noting a cutoff of 
myometrial thickness <2.2  mm by TVUS and 
<2.5 mm by SIS – the latter allowance of 0.3 mm 
to account for distension artifact secondary to 
fluid used for distention [4].

 Imaging Studies

Currently no consensus exists in regard to diag-
nosis of CSD. Common imaging modalities 
employed in aiding the diagnosis include TVUS, 
SIS, and hysteroscopy. Diagnosis via hysterosal-
pingogram (HSG) has also been reported but is 
less commonly utilized. In all cases, imaging 
serves several purposes. First, establishing the 
presence of a myometrial defect in the context of 
symptoms allows for inclusion of the CSD in the 
pathogenesis of a patient’s complaints. Second, 
imaging evaluates for other anatomic etiologies 
such as polyps and fibroids that may be contribut-
ing to presenting symptoms. Third, evaluation of 
the defect dimensions and anatomy allows for 
effective counseling and preoperative planning if 
intervention is planned. Finally, imaging may 
alter proposed treatment based on findings.

 Transvaginal Ultrasound
TVUS is the most common initial technique uti-
lized for identification of CSD [2]. Findings on 
ultrasound can include a wedge defect with 
inward protrusion of the uterine scar, hematoma, 
or even retraction of the scar. The presence of 
hypoechoic fluid within this defect may be useful 
for diagnosis, but the absence of debris does not 
exclude the presence of a CSD. Ideally, if TVUS 
is to be used for aiding diagnosis, an attempt to 
obtain images during the early follicular phase 
should be made since the accumulation of men-
strual blood within the defect enables its visual-

ization without the need for fluid infusion [3]. 
Additionally, TVUS may be useful in scenarios 
where the use of intrauterine contrast or fluid is 
contraindicated such as pregnancy.

 Saline Infusion Sonohyterogram
When available, SIS should be utilized and con-
sidered standard for the diagnosis of CSD. CSDs 
are more likely to be detected on SIS when com-
pared with TVUS, and SIS increases the sensitiv-
ity and specificity for detection of CSDs due to 
enhancement of the defect from intrauterine fluid 
[21]. El-Mazny et  al. reported in symptomatic 
women SIS demonstrated a sensitivity of 87% 
and specificity of 100% for the diagnosis of 
cesarean scar defect when compared to direct 
visualization with hysteroscopy [22]. Positive 
predictive value and negative predictive value 
were reported at 100% and 95%, respectively, 
with an overall accuracy of 96% [22]. However, 
defects on average have been noted to be 1 to 
2 mm larger when visualized on SIS compared to 
TVUS secondary to distension pressure from 
infused saline [4]. Therefore, reliance on solely 
TVUS is not recommended given the superior 
ability of SIS to characterize CSDs requiring 
laparoscopic revision that would otherwise 
appear amenable to hysteroscopic resection. 
Notably common appearances of CSD on SIS 
reflected triangular anechoic defects in the myo-
metrium, with semicircular shapes being second 
most common in appearance. SIS further aides 
the clinician in completing an infertility evalua-
tion and assessing for structural pathology such 
as tubal blockage, leiomyomas, and endometrial 
polyps that may contribute to a multifactorial eti-
ology of presenting symptoms.

 Hysteroscopy
Diagnosis of CSD can also be made using hyster-
oscopy, where defects may appear as an outward 
bulge occurring along the anterior wall of the 
uterine isthmus [23]. Frequently this can be seen 
inside the cervical canal and inferior to the inter-
nal os. This pouch may contain blood or residual 
blood products and may be surrounded by fibrotic 
tissue or a fibrotic ring. If the diagnosis of CSD is 
suspected based on prior imaging, diagnostic 
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hysteroscopy should then be utilized for further 
characterization. The benefit of this method 
allows for diagnosis and treatment simultane-
ously, as is discussed further in “Hysteroscopic 
Revision of Cesarean Scar Defects.” However, 
evaluation for other etiologies for the presenting 
symptoms including infertility should be under-
taken prior to therapeutic intervention where a 
complete and thorough evaluation will influence 
choice of therapy. Additionally, without informa-
tion about the thickness of the myometrium over-
lying the defect, hysteroscopic management may 
result in injury to the urinary bladder.

 Hysterosalpingogram and Magnetic 
Resonance Imaging
HSG has been reportedly used in the diagnosis of 
CSD with images acquired from an oblique view 
with patients in left lateral decubitus position. 
Notably, no current comparative studies exist 
assessing HSG to other imaging modalities for 
the purpose of diagnosing CSD. Similarly, pelvic 
magnetic resonance imaging (MRI) has also been 
reported to delineate CSD, specifically in the 
context of surgical planning in the presence of 
other pathologic conditions including adenomyo-
sis or leiomyomas [2].

 Management

Numerous techniques have been described for 
the treatment and repair of symptomatic cesarean 
scar defect. Medical and surgical methods have 
been evaluated for the management of patients 
with symptoms such as abnormal uterine bleed-
ing (AUB), pelvic pain, and secondary infertility. 
Notably no evidence currently exists to support 
the routine revision of asymptomatic CSD, and 
this practice is currently not recommended. 
Similarly, no evidence supporting the revision of 
CSD to prevent obstetric complications such as 
uterine rupture and placenta accreta spectrum of 
disorders currently exists and therefore is also not 
recommended. No association has been reported 
between the revision of CSD and an increase in 
obstetric complications such as uterine rupture.

 Medical Management

Non-surgical options for management of AUB 
associated with CSD include hormonal regula-
tion using oral-combined contraceptives (OCPs). 
Zhang et al. prospectively compared three surgi-
cal routes to OCPs and the levonorgestrel con-
taining IUD in the management of CSDs [24]. 
Shorter duration of menstrual bleeding for all 
OCP groups, though no benefit in bleeding out-
comes, was demonstrated from the levonorgestrel 
containing IUD [24]. The benefit of OCPs is 
likely secondary to endothelial functional 
improvement and stabilization. When compared 
to hysteroscopy, Florio et  al. reported a greater 
reduction in pain, duration of AUB, and a higher 
degree of satisfaction in patients undergoing hys-
teroscopic revision when compared with patients 
receiving OCPs [11]. As such, OCPs remain a 
viable option for patients who do not have pain 
and do not desire pregnancy or surgical interven-
tion for their symptoms.

 Hysteroscopic Revision of Cesarean 
Scar Defects

Hysteroscopic revision of CSD appears to be the 
treatment of choice when residual myometrial 
thickness exceeds 3 mm; however a cutoff of as 
low as 2  mm has been reported as well [25]. 
When compared to laparoscopic and vaginal 
approaches, hysteroscopic revision demonstrates 
similar resolution of AUB and pelvic pain with 
less operative complications: 0.3% for hysteros-
copy compared to 1.5% and 1.8% for vaginal and 
laparoscopic treatment, respectively [26]. In a 
randomized controlled trial comparing hystero-
scopic revision to expectant management, 
Vervoort et  al. found a significant reduction in 
postmenstrual bleeding and pain following hys-
teroscopic revision of CSD (4 days vs. 7 days and 
median pain score 2/10 vs. 7/10) [25]. 
Additionally, two case series evaluating the util-
ity of hysteroscopic revision of CSD for treat-
ment of secondary infertility found that between 
80 and 100% of patients undergoing hystero-
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scopic repair conceived within 24  months of 
treatment [13, 23]. Hysteroscopic revision is 
favored given shorter procedure times, minimal 
recovery time, and relative ease of the procedure 
itself. Given the risk of uterine perforation and 
bladder injury with this approach, a cutoff of 
3-mm residual myometrial thickness is recom-
mended [15, 25].

 Consent
Complication rates for this procedure are low and 
similar to other types of hysteroscopic proce-
dures including uterine perforation, damage to 
other pelvic viscera, volume overload, electrolyte 
disturbances, and rarely gas embolism.

 Patient Preparation
Hysteroscopic revision of CSD is ideally per-
formed during the early follicular phase in order 
to adequately identify the defect and potentially 
visualize retained menstrual products within the 
defect itself. Preoperative antibiotics or venous 
thromboprophylaxis is typically not required 
[27].

 Instruments
A resectoscope with a 90-degree loop electrode is 
ideal for excision of the cephalad and caudad 
edges of the CSD [28]. A rollerball electrode 
device can be considered for fulguration and 
ablation of abnormal vascularity at the base of 
the CSD. If a hysteroscope with an angled lens is 
utilized, care should be used to visualize the cav-
ity with a 180-degree rotation so as not to miss a 
potential defect. A sims or weighted speculum 
can be used to help mitigate capacitive coupling 
thermal injury to the perineum. When available, 
utilization of transabdominal ultrasound may fur-
ther reduce the risk of bladder injury and uterine 
perforation although this has not been evaluated 
prospectively.

 Surgical Steps
 1. Anesthesia and patient positioning. Most 

cases of hysteroscopic revision are performed 
as outpatient procedures under general or 
regional anesthesia. As with all hysteroscopic 

procedures, careful management of hystero-
scopic fluids is imperative. Following ade-
quate anesthesia induction, the patient is 
placed in standard dorsal lithotomy position.

 2. Media selection. Bipolar loop electrodes may 
be used in a physiologic saline solution. 
However, the use of a monopolar electrode 
loop or rollerball electrocautery device war-
rants utilization of a nonelectrolyte solution 
such as 5% mannitol. As with any hystero-
scopic procedure, fluid volume deficits should 
be periodically recorded during surgery.

 3. Identify anatomy. Following cervical dilation 
and insertion of the resectoscope, the uterine 
cavity and CSD are identified. Almost invari-
ably, the defect is just caudad to the internal 
cervical os, that is, it is within the cervical 
canal. Care should be made to complete a 
180-degree rotation of the resectoscope to 
adequately visualize the CSD, which can be 
overlooked on angled lenses. It is also impera-
tive that an angled lens be used to perform this 
evaluation as it may be completely missed 
using a 0-degree lens. Extra attention should 
be paid to identification of the cephalad and 
caudad fibrotic edges of the CSD.

 4. Resect the cephalad edge. The loop electrode 
is introduced, and the cephalad edge of fibro-
sis is resected starting medially, in order to 
smooth the contour of the uterine cavity/cer-
vical canal and CSD. The resection begins in 
the midline and is continued laterally, only 
involving the anterior wall of the uterine 
isthmus.

 5. Resect the caudad edge. The loop electrode is 
then activated to resect the caudad edge of 
fibrosis again beginning in the midline and 
extending laterally along the anterior wall of 
the cervical canal. This facilitates drainage of 
debris from within the CSD. Contour follow-
ing resection should be smooth between CSD 
and endocervical canal.

 6. Ablation of the CSD (If needed). The roller-
ball electrode is then introduced, and the 
endometrium within the CSD is ablated so as 
to disrupt abnormal vascularity commonly 
present within the defect.
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 7. Case completion. Following completion of 
the revision, all instruments are removed from 
the uterus and vagina while evaluating for 
hemostasis. Postoperative recovery is rapid 
and typically without complication, consis-
tent with other hysteroscopic procedures.

 Laparoscopic Repair of CSD

Laparoscopy is another commonly utilized 
method in the surgical revision of CSDs. Donnez 
et al. prospectively described 38 patients under-
going laparoscopic revision of CSD with myo-
metrial thickness assessed via TVUS and MRI 
[29]. A noted benefit to laparoscopy described in 
this study was the significant increase in mean 
myometrial thickness postoperatively 
(1.43  ±  0.7  mm to 9.62  ±  1.8  mm) [27]. 
Proponents of a laparoscopic approach note a 
theoretical reduction in the risk of uterine rupture 
during pregnancy due to this observation [30]. 
Similarly, when compared to hysteroscopic and 
vaginal approaches, laparoscopy has demon-
strated similar rates of symptom resolution with 
minimal operative complications. Both conven-
tional laparoscopic and robot-assisted approaches 
have been described. Laparoscopy appears to be 
the preferred method of treatment of symptom-
atic CSD when residual myometrial thickness is 
<3 mm in order to reduce risks of uterine perfora-
tion and bladder injury [31]. Additionally, lapa-
roscopy allows for the diagnosis of chronic pelvic 
inflammatory disease or endometriosis which 
may also contribute to infertility. Thus, its utility 
as a surgical approach also benefits when multi-
ple pathologies are suspected. Limitations to this 
approach include its relative complexity and 
therefore the need for surgeons to be skilled in 
minimally invasive surgery.

 Patient Evaluation
Prior to surgery, evaluation of myometrial thick-
ness is imperative. This can be accomplished reli-
ably with TVUS or SIS. MRI has been used for 
this practice with similar results in residual myo-
metrial measurements when compared to TVUS 

[29]. As such, TVUS is preferred given its rela-
tive low cost and ease of completion.

 Counseling
Complication rates for this procedure are low 
(1.5%) and similar to other types of laparo-
scopic procedures including visceral injury, vas-
cular injury, thermal injury, bladder injury 
subcutaneous emphysema, and wound compli-
cations [25].

 Patient Preparation
Antibiotic prophylaxis is not currently required for 
laparoscopic repair of CSD [27]. Bowel prepara-
tion is not required [32]. Venous Thromboembolism 
(VTE) prophylaxis is not typically recommended; 
however sequential compression devices should 
be utilized for mechanical prophylaxis if length of 
surgery requires it.

 Instruments
Most instruments required for laparoscopic repair 
of CSD will be readily available in a standard 
laparoscopy tray. A probe such as a uterine sound 
or a Hegar dilator should be available to aid in 
identifying the defect and to maintain cervical 
continuity with the uterine cavity during defect 
closure. All types of energy including CO2 laser 
have been used to open the scar and excise 
fibrotic tissue. Additionally, a Foley catheter 
should be placed for bladder decompression [33]. 
Robot-assisted laparoscopy can be used to 
achieve the same results [34].

 Surgical Steps
 1. Anesthesia and patient positioning. The 

patient is positioned in low lithotomy position 
for laparoscopic surgery. A bimanual exami-
nation is performed to determine uterine size, 
position, and flexion. Uterine mobility and 
size will determine placement of accessory 
ports.

 2. Abdominal access and pelvic inspection. 
Primary and secondary trocars are placed in 
standard fashion. Typically, two to three 
accessory ports are required. Upon entry, 
inspection of the pelvis and upper abdomen 
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for other abdominopelvic pathologies should 
be undertaken first.

 3. Development of the vesicovaginal space. 
Except in the most severe cases, the vesico-
vaginal fold of peritoneum has to be incised, 
and the bladder dissected off the uterus/upper 
cervix to identify the defect. The incision is 
extended along the length of the defect 
laterally.

 4. Identification of the defect. The CSD is identi-
fied along the anterior wall of the uterus or 
cervix. Depending on the thickness of the 
overlying myometrium, identification of the 
defect may be easy or challenging. In case of 
thick overlying myometrium, a couple of 
strategies can be utilized to identify the defect 
as described in the section titled “Combined 
Procedures.” One strategy is to blindly insert a 
uterine sound or cervical dilator through the 
cervix vaginally and attempt to pass the 
instrument through the defect, though this is 
not recommended. Another approach is to 
perform hysteroscopy simultaneously, iden-
tify the defect, and position the lens into the 
defect. The light cast by the hysteroscope can 
be identified abdominally to locate the defect 
(transillumination). Alternatively, a hystero-
scopic scissor can be inserted through the 
instrument channel and gently poked through 
the roof of the defect to identify the location 
of the scar laparoscopically. The size of defect 
should be documented for correlation with 
imaging.

 5. Excision of fibrosis. Using an appropriate 
energy source, the scar is opened transversely, 
and the caudal and cephalad areas of fibrosis 
excised to expose healthy-appearing myome-
trium. Given the relative avascularity, uterine 
artery occlusion is not typically indicated.

 6. Defect closure. Closure of the defect is accom-
plished with a suggested two-layer myome-
trial closure followed by an optional third 
layer approximating the peritoneum. Barbed 
suture or Vicryl is used as closure material 
depending on surgeon preference. A one-layer 
approach for closure has not been previously 
described as is not recommended given find-

ings of worsening defect development follow-
ing split-thickness closure in primary 
hysterotomy repair [4].

 Vaginal Approach to CSD Repair

A vaginal approach to CSD repair has been 
described in settings without hysteroscopic capa-
bilities or surgical expertise familiar with laparo-
scopic or hysteroscopic methods. Luo et  al. 
described a case series of 42 patients undergoing 
vaginal repair of CSD with over 90% experienc-
ing resolution of presenting AUB and pelvic pain 
[35]. Complication rates for the vaginal approach 
are reported highest of the three major modalities 
(1.8%–2%) [26, 36]. Retrospective analysis of a 
cohort of 241 patients undergoing vaginal repair 
of CSD revealed up to 40% of patients with iden-
tifiable CSD on TVUS at 6-month postopera-
tively [36]. Zhang et  al. evaluated vaginal and 
laparoscopic revision of CSD retrospectively and 
found shorter operative times for the vaginal 
approach comparatively, though in general a vag-
inal approach carries longer lengths given the use 
of indwelling urinary catheter maintenance for 
bladder decompression and vaginal packing [24]. 
That being said, when available resources, resid-
ual myometrial thickness, or surgical expertise 
preclude the use of hysteroscopic or laparoscopic 
CSD revision, a vaginal approach may be 
considered.

 Patient Evaluation
Preoperative evaluation is similar to laparoscopic 
and hysteroscopic CSD repair.

 Consent
Complication rates for this procedure are low but 
higher than other modalities (1.8% for vaginal 
CSD repair compared to 0.3% and 1.5% for hys-
teroscopic and laparoscopic CSD repairs, respec-
tively). Complications include pelvic organ 
injury including vascular, bladder, ureteral, or 
bowel injury. Wound infections, postoperative 
hematomas, and blood loss requiring transfusion 
have also been reported [35, 36].
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 Patient Preparation
Antibiotic prophylaxis is recommended and is 
continued for 48  hours postoperatively as 
reported in the literature [35]. Antibiotic prophy-
laxis is similar to hysterectomy and can be 
accomplished with a first- or second-generation 
cephalosporin [27]. Mechanical and chemopro-
phylaxis for VTE are recommended while 
patients are admitted during surgical stay [37].

 Surgical Steps
 1. Anesthesia and patient positioning. The 

patient is positioned in dorsal lithotomy posi-
tion after administration of regional or general 
anesthesia. A Foley catheter may be placed 
preoperatively or at the conclusion of the case.

 2. Vaginal wall incision. After adequate expo-
sure of the cervix, the anterior lip of the cervix 
is grasped using forceps, and a dilute 
 epinephrine solution (1:2000) is injected in 
the vesico- cervical space to dissect the under-
lying connective tissue with hydrodissection. 
A probe such as a Hegar dilator is inserted 
into the uterine cavity. The vaginal mucosa of 
the anterior vaginal wall is incised trans-
versely from the 9 o’clock to 3 o’clock 
position.

 3. Anterior peritoneal entry. The anterior vagi-
nal wall is grasped with an Allis clamp and 
elevated in the midline near the transverse 
incision. Tension is then placed on the cervix, 
and tissue bands within the vesico-cervical 
space are dissected, typically sharply with 
Metzenbaum scissors. The vesico-uterine 
reflection is identified and incised sharply 
with Metzenbaum scissors. Entry into the 
peritoneal cavity is confirmed with 
palpation.

 4. Identification of the defect. The CSD is identi-
fied along the anterior isthmus, and the probe 
may be visualized through the peritoneum and 
residual myometrium if the scar is sufficiently 
thin.

 5. Excision of fibrosis. Using dissecting scissors, 
the defect is opened, and the fibrotic edges 
resected to reveal healthy-appearing myome-
trium. If hematocele is encountered, the fluid 
should be evacuated.

 6. Defect closure. Closure of the defect is com-
pleted with a two-layer myometrial closure. A 
uterine sound remains in place or is placed at 
conclusion of hysterotomy closure to confirm 
patency of the cervical canal/uterine isthmus.

 7. Peritoneal closure. The bladder peritoneum is 
grasped and reapproximated using suture of 
surgeon’s preference. The vaginal vault is 
then approximated to the cervix using contin-
uous suture.

 8. Case completion. The vagina is then packed 
with surgical gauze, and a Foley catheter 
placed at conclusion of the case if not placed 
preoperatively. Vaginal packing is removed 
24 hours postoperatively with antibiotics con-
tinued for 48 hours postoperatively as reported 
in one case series [35]. While cystoscopy has 
not been described in prior approaches to 
CSD repair, utilization should be performed at 
the surgeon’s discretion particularly in vagi-
nal approaches where bladder peritoneum 
may not be readily visualized.

 Combined Procedures

In scenarios where concern for adhesive disease 
and difficult vesico-uterine dissection occurs, 
combined approaches involving hysteroscopic 
and laparoscopic or laparoscopic and vaginal 
modalities have been described [38, 39]. A hys-
teroscopic and laparoscopic combined approach 
has been described, initially by Nirgianakis et al. 
in 2016 [38]. Their procedure termed the “ren-
dezvous technique” functions on the principal of 
laparoscopic CSD identification via transillumi-
nation from a hysteroscopic light source. Called 
the “halloween sign,” light emitted via the hys-
teroscopic lens transilluminates the overlying 
CSD and peritoneum providing added visualiza-
tion of the defect to be revised. CSD revision and 
closure are similar between the combined tech-
niques and their solo counterparts. Benefits to a 
combined approach include immediate postoper-
ative assessment of CSD revision upon comple-
tion in the hysteroscopic combined group and 
careful visualization of bladder and vesico- 
uterine space dissection in the vaginal combined 
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group. However, neither of these approaches has 
been validated against other surgical modalities, 
and further research is needed to investigate their 
utility in mitigating surgical complications.

 Considerations for Pregnancy

No current evidence exists in regard to preconcep-
tion counseling following uterine CSD repair. 
Many authors recommend or prescribe a 3-month 
course of OCPs to promote epithelialization of the 
revised CSD and prevent pregnancy, while the 
isthmus heals from revision [33]. However, nei-
ther this interval nor the need for OCP has been 
evaluated prospectively, and optimal timing for 
pregnancy has not been delineated. Furthermore, 
the course of resolution of inflammation second-
ary to a CSD has not been described, and thus rec-
ommendations for  increasing fecundity do not 
exist within the literature. Notably no evidence 
currently exists to support the routine revision of 
asymptomatic CSD, and this practice is currently 
not recommended. Similarly, no evidence sup-
porting the revision of CSD to prevent obstetric 
complications such as uterine rupture and pla-
centa accreta spectrum of disorders currently 
exists and therefore is also not recommended. No 
association has been reported between the revi-
sion of CSD and an increase in obstetric compli-
cations such as uterine rupture.

Additionally, expert recommendation advises 
delivery via repeat cesarean section between 38 
and 39 weeks of gestation to reduce the theoreti-
cal risk of uterine rupture [40]. Indeed, many 
reported pregnancy outcomes following CSD 
repair include delivery via repeat cesarean sec-
tion at term. Prospective evidence assessing preg-
nancy outcomes following CSD revision via 
various surgical modalities would inform this 
body of evidence further.

 Conclusion

CSD are increasingly recognized as the cause of 
various symptoms including irregular vaginal 
bleeding, dysmenorrhea, and infertility. Saline 

sonogram appears to be the best diagnostic test 
preoperatively, though caution needs to be enter-
tained regarding residual myometrium and type 
of approach for repair. Surgical repair is likely to 
provide symptom relief. The best approach to 
repair remains debated but likely depends on the 
extent of defect. If there is adequate (currently 
defined as 3  mm) overlying myometrium, hys-
teroscopic repair may be appropriate. If the myo-
metrium overlying the defect is very thin, a 
laparoscopic approach appears to be the best 
option.
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11Fertility-Enhancing Ovarian 
Cystectomy

Megan Gornet, Susan Nasab, 
and Mindy S. Christianson

 Introduction

Ovarian cysts are one of the most common gyneco-
logic diagnoses for women of reproductive age. 
According to some reports, 5–10% of women will 
undergo surgery for an ovarian mass in their lifetime 
[1]. Performing ovarian cystectomy while optimiz-
ing reproductive potential is an essential skill for the 
reproductive surgeon. Since the ovary has a finite 
number of oocytes that decreases over time, it is 
critical that ovarian cystectomy be performed in a 
manner that minimizes ovarian trauma. Patients 
must also be counseled regarding the potential 
impact of the procedure on ovarian reserve and sub-
sequent future fertility [2]. Therefore, the approach 
to the fertility-enhancing ovarian cystectomy has 
several important considerations, including the type 
of ovarian cyst and individual patient factors.

 Overview of Cysts in Women 
of Reproductive Age

Approximately 7% of women will have an ovar-
ian cyst diagnosed at some point in their lives. 
The most common cysts encountered in women 

of reproductive age include simple cysts, serous 
or mucinous cystadenomas, endometriomas, and 
mature cystic teratomas. In large population stud-
ies, functional cysts and endometriotic cysts rep-
resent 32.8% of adnexal masses, while teratomas 
represent about 29.8% [3]. Endometriomas affect 
17–45% of women with endometriosis and com-
prise 35% of surgical cases for benign ovarian 
cysts [3].

 Preoperative Approach 
and Evaluation

The first step in evaluating a woman with an 
adnexal mass is attempting to diagnose the type 
of ovarian cyst, which requires an organized and 
thoughtful approach. It is imperative to identify 
adnexal masses that are suspicious for malig-
nancy and therefore necessitate referral to a 
gynecologic oncologist. Important aspects of a 
preoperative evaluation include a thorough medi-
cal history, physical examination, imaging stud-
ies, and laboratory evaluation.

This constellation of findings will aid in 
appropriate patient selection and surgical 
approach for proceeding with fertility-sparing 
ovarian cystectomy.
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 Medical History

In reproductive-aged women, performing a com-
plete medical history, including a comprehensive 
menstrual, sexual, and family history, is essential. 
As the pathogenesis of most benign ovarian cysts 
derives from normal ovarian reproductive 
 function, an in-depth understanding of each 
patient’s symptoms and medical history can pro-
vide clues toward diagnosis or general malig-
nancy risk and, by extension, eligibility for a 
fertility-sparing approach. For example, women 
with an endometrioma often report cyclical 
abdominal pain that worsens with menses or 
report a history of infertility, whereas women 
with other benign cysts or even malignancy often 
have less specific symptoms. Therefore, a com-
prehensive review of systems should be per-
formed in the medical history. Symptoms that 
may prompt evaluation for malignancy include 
weight loss, subjective sweats or chills, early 
satiety, or persistent abdominal bloating.

 Imaging

The utility of imaging evaluation prior to surgical 
management cannot be overstated. First and fore-
most, imaging allows the surgeon to evaluate 
whether surgical intervention is warranted and, 
furthermore, aids in determining an etiology of a 
mass on a scale from benign to malignant. 
Moreover, serial imaging assessment over time is 
invaluable as a fertility-sparing approach, as most 
functional ovarian cysts resolve spontaneously 
and therefore do not warrant surgical 
intervention.

Pelvic ultrasound is largely considered the 
imaging modality of choice for evaluation of an 
ovarian cyst, due mainly to its cost-effectiveness 
and proven diagnostic capabilities [4]. Features 
of an ovarian cyst on ultrasound that are consid-
ered abnormal or suspicious for malignancy 
include (1) ovarian volume greater than 10 cubic 
cm, (2) cyst volume greater than 10 cubic cm, (3) 
any solid area or papillary projection extending 
into the cavity of a cystic ovarian tumor of any 
size, or (4) any mixed (solid/cystic) component 

within a cystic ovarian tumor [5]. Likewise, ultra-
sound characteristics indicative of benign ovarian 
cysts include a simple appearance with thin, 
smooth walls and the absence of solid compo-
nents, septations, or central or internal blood flow 
on Doppler imaging. Cysts with these character-
istics are likely to be benign [6–10]. Cysts of 
10 cm or larger in diameter are generally consid-
ered an indication for surgical intervention, 
regardless of simple appearance [11]. Many sim-
ple cysts, even large ones, will spontaneously 
regress when monitored by serial ultrasound 
[12]. Depending on the clinical scenario, general 
ultrasound surveillance often occurs at 3-, 6-, and 
12-month intervals.

While definitive diagnosis cannot be made 
without histopathological evaluation, simple, 
hemorrhagic, endometriotic, and mature der-
moid (teratoma) cysts all have stereotypical find-
ings on ultrasound studies. These features 
provide important information to the reproduc-
tive surgeon about eligibility for and likelihood 
of success for a fertility-sparing approach. On 
ultrasound, endometriomas typically show 
ground-glass echogenicity and lack papillary 
structures [13]. Mature cystic teratomas often 
demonstrate echogenicity associated with fat-
fluid levels, thin echogenic bands from hair, as 
well as shadowing echogenicity from calcifica-
tions [14]. Ultrasound has reported a sensitivity 
of 58% and specificity of 99% in the diagnosis of 
mature teratomas [15].

If ultrasound findings are indeterminate, 
equivocal, or suboptimal, magnetic resonance 
imaging (MRI) is the next imaging modality of 
choice. MRI may have a superior ability to iden-
tify malignant masses as well as adnexal masses 
that are not ovarian in origin, such as myomas 
[5]. In addition to improved delineation of cyst 
morphology, other parameters such as signal 
intensity, T1, T2, and perfusion or diffusion- 
weighted imaging can overall improve diagnostic 
evaluation. As an example, most functional ovar-
ian cysts (i.e., containing simple fluid) have low 
signal intensity on T1-weighted images and very 
high signal intensity on T2. This is in contrast to 
hemorrhagic cysts, which have high signal inten-
sity on both T1 and T2 images.
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Table 11.1 Classic imaging characteristics of various ovarian cysts

Ultrasound MRI CT
Simple or 
functional cyst

Anechoic with thin, smooth walls T1 low or intermediate signal 
intensity
T2 high signal intensity

Generally not considered 
useful

Hemorrhagic 
cyst

“Lace-like” reticular echoes or 
intracystic solid clot
Often see free pelvic fluid in the 
setting of rupture

T1 high signal intensity
T2 intermediate to high signal 
intensity

Generally not considered 
useful

Endometrioma Diffuse, low-level echoes
Multiple loculations or hyperechoic 
wall foci
Often multiple or bilateral ovarian 
lesions, cul-de-sac lesions, thicker 
cyst walls, in conjunction with 
dilated fallopian tube

T1 high signal intensity
T2 low signal intensity
Thickened, low signal intensity 
wall
Adhesions to surrounding organs

Generally not considered 
useful

Mature cystic 
teratoma

Shadowing echogenicity
Hyperechoic lines and dots 
(“dot-dot-dash”)
Fat-fluid or fluid-fluid level
Rokitansky nodule: Densely 
echogenic protuberance projecting 
into cystic lumen

Rokitansky nodule
Intratumoral fat with T1 high 
signal intensity, but signal 
decreases on fat-suppressed, 
T1-weighted images

Presence of fat 
attenuation
Often dense 
calcifications
Rokitansky nodule

Tubo-ovarian 
abscess

Mass (solid, cystic, or complex) in 
the adnexal region or cul-de-sac 
with an adjacent fluid collection

Hyperintense content on 
diffusion-weighted imaging

Adnexal thick-walled 
complex cystic mass and 
intense enhancement
Surrounding peritoneal 
thickening and stranding

Citations [17–19]

Table 11.2 Characteristics concerning for malignancy

Possible features of malignancy
Ultrasound Thick, irregular walls and septa

Papillary projections
Absence of shadowing
Mixed or high echogenicity
Central vascularity/pattern of flow
Low systolic-diastolic Doppler variation

MRI Improved identification of true papillary 
projections versus ultrasound

In general, computed tomography (CT) is not 
indicated unless there is concern for malignancy, 
as it best used to identify metastatic disease or 
enlarged lymph nodes [16].

Please see Table  11.1 for details regarding 
classic imaging findings by cyst type.

 Laboratory Evaluation

Preoperative laboratory evaluation can be used to 
screen for malignancy and increasingly ovarian 
reserve which is an important aspect of preopera-
tive care. Beyond the standard laboratory assess-
ment for surgical safety (complete blood count, 
type and screen, etc.), there are several laboratory 
assessments that can be considered.

For reproductive-aged women, serum cancer 
antigen 125 (CA 125) evaluation is not recom-
mended routinely; rather, it should be evaluated 
only when there is concern regarding the appear-
ance of adnexal mass on imaging. It should be noted 

that CA 125 is less useful in predicting malignancy 
in premenopausal women than in postmenopausal 
women. This is complicated by the fact that benign 
causes of ovarian cysts such as endometriomvas can 
cause elevated CA 125 levels [20]. Reproductive 
surgeons should consider the CA 125 in addition to 
the aforementioned factors when deciding whether 
consultation with a gynecologic oncologist is war-
ranted (19). Table 11.2 highlights characteristics of 
malignant ovarian masses.

For any child or adolescent with adnexal mass, 
biomarkers associated with germ cell tumors 
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should be evaluated, as germ cell tumor is a com-
mon pathology in this age group. Specifically, 
these markers include human chorionic gonado-
tropin (hCG), lactate dehydrogenase (LDH), and 
alpha fetoprotein (AFP). If these markers are 
abnormal, suspicion for germ cell or sex cord 
stromal neoplasms should be raised, and referral 
to a gynecologic oncologist should be made.

Lastly, anti-Mullerian hormone (AMH) has 
increasingly been demonstrated to be a reliable 
marker of ovarian reserve and has also been pre-
dictive of ovarian responsiveness with in  vitro 
fertilization. Importantly, it can be assessed at 
any time in the menstrual cycle.

 Patient Selection and Preoperative 
Counseling

Preoperative counseling is extremely important 
as surgical management can have nontrivial out-
comes on fertility, even with fertility-sparing 
approach.

The reproductive surgeon must take into account 
several individualized factors, related to the patient 
and to the cyst, in consideration of proceeding with 
ovarian cystectomy. Observation without surgical 
intervention is generally recommended when the 
appearance of the cyst on ultrasound suggests 
benign disease and the patient is asymptomatic 
[21–23]. Benign cysts on ultrasound that can be 
managed expectantly include simple physiologic 
cysts, suspected endometriomas, and mature cystic 
teratomas [24]. Women who are poor surgical can-
didates, such as those with medical comorbidities, 
may benefit from expectant management with 
ultrasound monitoring [4].

Currently, laparoscopic ovarian cystectomy is 
recommended as treatment for symptomatic 
women with ovarian endometriomas. A 2008 
Cochrane review compared various surgical 
interventions for endometriomas and found that 
ovarian cystectomy has better pain improvement, 
higher spontaneous pregnancy rates, and less 
ovarian cyst recurrence than drainage or ablation 
of endometriomas [25].

It is widely hypothesized that ovarian cystec-
tomy can impair a woman’s ovarian reserve [26]. 
Ovarian reserve is best defined as the egg supply 

of a woman at a given point in time, taking into 
account that females are born with a finite num-
ber of eggs and the number of eggs decreases 
over time [27–30]. Ovarian reserve can be mea-
sured by labs including anti-Mullerian hormone 
(AMH) and cycle day 2–3 follicle-stimulating 
hormone (FSH), as well as antral follicle count 
on ultrasound [31]. AMH is a commonly used 
measurement of ovarian reserve because it can be 
tested any time during the menstrual cycle and is 
a reliable marker of long-term egg supply [31].

There are various reasons that ovarian cystec-
tomy can decrease ovarian reserve. Mechanisms 
include inadvertently excising normal ovarian 
cortex while excising the ovarian cyst, causing 
loss of primordial follicles. This occurs more 
often with endometriomas than other ovarian 
cysts, due to scarring, adhesions, and lack of obvi-
ous surgical planes [32, 33]. For patients pursuing 
IVF treatment who have endometriomas, the risk 
of diminished ovarian reserve due to ovarian cys-
tectomy must be balanced with the risk of pro-
ceeding with an egg retrieval with an intact 
endometrioma. It is imperative to counsel patients 
with large endometriomas who decide to pursue 
IVF regarding this risks associated with the pres-
ence of the endometrioma which include inability 
to access ovarian follicles and risk of rupture of 
the endometrioma which can lead to infection.

For women with an endometrioma consider-
ing surgical management, it is of critical impor-
tance to discuss the potential impact on ovarian 
reserve and subsequently fertility. One prospec-
tive study by Goodman et  al. compared AMH 
levels between women with endometriomas, pel-
vic endometriosis, and no endometriosis, preop-
eratively, 1 month and 6 months postoperatively. 
They found that women with endometriomas had 
significantly lower AMH levels: 45% lower than 
women without endometriosis and 36% lower 
than the pelvic endometriosis group [34].

 Elements to Include in Surgical 
Consent

Informed consent prior to ovarian cystectomy 
should always include the risk of oophorectomy. 
Although this is never the primary intention of a 
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planned ovarian cystectomy, patients must be 
informed that in the unpredictable scenario of 
malignancy, uncontrollable bleeding, or other-
wise unforeseen complications, oophorectomy 
may be necessary. Additionally, as described pre-
viously in this chapter, patients must be con-
sented for the risk of decreased ovarian reserve 
following ovarian cystectomy, as well as the risk 
of recurrence of ovarian cysts, with estimates as 
high as 50% [35], and need for subsequent 
surgery.

 Operative Techniques and Surgical 
Approach

Minimally invasive ovarian cystectomy is an 
effective and safe surgical approach for manage-
ment of ovarian cysts. For reproductive-aged 
women, laparoscopic technique has been advo-
cated as a preferred approach in women with 
ovarian cyst(s). Advantages include the ability to 
perform ovarian-sparing surgery, faster recovery, 
and less postoperative pain [36]. Both conven-
tional laparoscopy and robotic-assisted laparos-
copy can be performed, although conventional 
laparoscopy is generally preferred due to shorter 
operative time and decreased costs [37].

When performing laparoscopic ovarian cys-
tectomy, key operative goals include minimizing 
blood loss while preserving as much healthy 
ovarian cortex as possible, as it harbors the ovar-
ian follicular pool. It is also imperative to avoid 
inadvertent rupture of the ovarian cyst to avoid 
the spread of undiagnosed malignancy as well as 
to avoid the risk of chemical peritonitis, which 
may promote inflammation within the pelvis and 
lead to adhesion formation. Even with meticu-
lous dissection in the hands of the most experi-
enced surgeon, it can be challenging to avoid cyst 
rupture, especially with endometriotic cysts. 
Should cyst rupture occur, copious irrigation of 
the abdominal cavity with normal saline is pru-
dent to reduce the risk of chemical peritonitis.

Laparoscopic cystectomy mainly requires 
standard laparoscopic instruments available in 
the majority of contemporary operating rooms. A 
uterine manipulator, placed vaginally, can help in 
moving the uterus and adnexa for improved visu-

alization without occupying a laparoscopic port 
for handling. This enables an appropriate and 
more ergonomical surgical angle. Insufflation 
may be performed with Veress needle or open 
Hasson technique depending on the surgeon’s 
preference, as there is no high-level evidence to 
suggest superiority of one technique versus the 
other. Primary port is most often placed using a 
5- to 10-mm trocar and is commonly placed 
through an everted umbilicus. There is no evi-
dence to support superiority with infraumbilical 
versus supraumbilical placement. There are sev-
eral options for laparoscopic accessory ports. 
Most often, two accessory 5-mm trocars are 
needed for an ovarian cystectomy, placed in the 
right and left lower quadrants. If an additional 
trocar is required, a left-sided assist port between 
the left lower quadrant and the umbilicus can be 
helpful. Some surgeons may prefer a suprapubic 
assist port. Overall, port sites may vary depend-
ing on cyst size, prior surgical history, and the 
surgeon’s preference. After entry, an abdominal 
survey is recommended to inspect the pelvis, 
bilateral adnexal regions, as well as the upper 
abdomen. It is crucial to perform a systematic 
diagnostic approach inspecting for any signs of 
malignancy prior to cyst removal. If there is any 
concern for malignancy at this point, peritoneal 
washings should be collected, and gynecologic 
oncology should be consulted intraoperatively.

Steps to the basic approach to ovarian cystec-
tomy are highlighted in Fig.  11.1. After initial 
inspection, the target ovary is elevated and stabi-
lized with an atraumatic grasper. Our preferred 
technique is to then score the ovarian cyst using 
monopolar scissors or monopolar hook at the cut 
setting of 30–50 watts. Optimally, the incision is 
made on the thinnest part of the cyst in a location 
distance from the ovarian blood supply or fallo-
pian tube. Care should be taken to avoid transec-
tion through the cyst wall (i.e., entering the cyst 
cavity). After scoring, an incision is made, and 
the plane between the ovarian capsule and cyst 
wall is developed utilizing a combination of blunt 
and sharp dissection. A Maryland or other grasp-
ers can be used to develop the plane between the 
ovarian cortex and cyst wall. As the plane devel-
ops, the cortical incision may be extended further 
to aid in cyst removal. Hydrodissection can help 
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a b

c d

e

Fig. 11.1 Steps to perform laparoscopic ovarian cystec-
tomy. (a) Some surgeons inject dilute vasopressin between 
the ovarian capsule and cyst wall prior to the incision to 
aid in plane development. (b) Monopolar scissors can be 
used to score the site of the incision. (c) After the initial 
incision, a Maryland or other graspers can be used to 
develop plane between the cortex and cyst wall. (d) 

Traction and countertraction combined with sharp and 
blunt dissection are used to gently separate the ovarian 
cortex and cyst wall. (e) Following excision of the ovarian 
cyst, the ovarian cortex can be allowed to heal primarily 
with loose anatomical reapproximation or surgical reap-
proximation with suture
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develop planes and separate the cyst wall from 
the ovarian cortex in an atraumatic manner. 
Continued hydrodissection between the cortex 
and cyst wall can aid in cyst separation. Following 
excision of the ovarian cyst, it can be placed in an 
Endocatch bag or similar specimen removal 
device for ultimate removal from the abdominal 
cavity.

Following removal of an ovarian cyst, the 
ovarian cortex can be reapproximated or allowed 
to involute and heal on its own. The decision of 
ovarian repair versus primary healing depends on 
the surgeon’s preference. Typically, the ovary is 
reapproximated in a running fashion with 3-0 or 
4-0 monofilament suture. It’s important to include 
the base of the ovary to ensure hemostasis and to 
collapse the cystic space. If the decision is made 
to allow the ovary to heal primarily, loose reap-
proximation in an anatomical fashion is recom-
mended. While shown to reduce adhesion 
formation, at present, there is no conclusive evi-
dence that the use of pharmacologic or fluid 
agents or anti-adhesive barriers improves ulti-
mate pregnancy outcomes when used as an 
adjunct during pelvic surgery [PMID: 32683695].

It is important to note that if there is any 
intraoperative concern for malignancy, there 
should be a low threshold to send a specimen for 
frozen section. Pelvic washings may also be col-
lected at the start of the case and can be sent for 
cytology. While frozen section allows for a 
rapid albeit imperfect assessment for malig-
nancy, it is accurate enough to aid in intraopera-
tive decision- making and may reduce the extent 
of surgery in favor of a fertility-sparing approach 
in women ultimately diagnosed with a benign 
ovarian mass [38].

 Approach to the Endometrioma

Laparoscopic ovarian cystectomy is the first-line 
surgical approach to remove endometriotic cysts. 
There are two common surgical methods for 
management of endometriomas: ablation and 
cystectomy. Ovarian cystectomy is described in 

detail as above. Unique considerations should be 
given to endometriotic cystectomy, in that often 
an endometrioma is formed by invagination of 
otherwise normal ovarian tissue rather than typi-
cal cystic changes.

Ablation technique is performed by cyst drain-
age followed by careful application of plasma 
energy in coagulation mode, at an average dis-
tance of 5 mm, with exposure time of 1–2 sec-
onds. Complete cyst removal is not well achieved 
by an ablative technique and as a result is associ-
ated with a higher recurrence rate. A 2008 
Cochrane review showed a reduced rate of recur-
rence of endometrioma (OR 0.41, 95% CI 0.18 to 
0.93) as well as reduced requirement for further 
surgery (OR 0.21, 95% CI 0.05 to 0.79) com-
pared to ablative surgery [18425908]. Multiple 
studies have demonstrated a lower incidence of 
recurrent symptoms such as pain, as well as a 
higher pregnancy rate when cyst is surgically 
managed with cystectomy rather than ablation 
[39]. It is worth noting that both cystectomy and 
ablation can cause a decline in AMH after endo-
metrioma removal. Even though this decline is 
higher with cystectomy, specifically if the cyst is 
larger or bilateral, cystectomy results in higher 
pregnancy rate compared to ablation. Due to this 
advantage, ovarian cystectomy remains the gold 
standard surgical approach to treating an endo-
metrioma [40].

 Approach to the Mature Cystic 
Teratoma (Dermoid Cysts)

Similar to endometriomas, laparoscopic approach 
is the preferred mode of surgery to remove der-
moid cysts. Several studies have demonstrated 
that AMH will inevitably decline postoperatively 
after ovarian cystectomy for dermoid cysts, irre-
spective of unilateral or bilateral location [41]. In 
contrast to endometriomas, cyst size has not been 
shown to impact ovarian reserve in the setting of 
surgical removal [42].

While it is a good surgical practice to avoid 
intraperitoneal rupture and spillage of cyst con-
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tents, it may be unavoidable. If cyst rupture does 
occur, copious irrigation is essential. This is espe-
cially true in the setting of ruptured teratomas, 
where cyst contents can be highly inflammatory 
and cause a chemical peritonitis. Following 
detachment of cyst, the specimen may be con-
tained within a specimen bag and removed 
through the laparoscopic port. If cyst is too large 
to be delivered through the port itself, options 
include controlled cyst rupture within the speci-
men bag with drainage (via syringe or suction 
machine) or extension of an incision to accom-
modate the entirety of the intact cyst.

 Special Considerations: Ovarian 
Cystectomy in the Pregnant Patient

Adnexal masses impact 0.05–3.2% of pregnant 
women [43–48]. The majority of ovarian cysts in 
pregnant women demonstrate a low risk of malig-
nancy on imaging and can be managed expec-
tantly. The vast majority of ovarian cysts resolve 
during pregnancy, with persistent cysts more 
likely to be those greater than 5  cm or with a 
complex appearance on ultrasound [43–45]. The 
most common types of ovarian cysts in preg-
nancy women include mature cystic teratomas 
and persistent corpus luteal cysts [48–50]. Of the 
pregnant women with persistent ovarian cysts, 
the prevalence of malignancy is roughly 1–3% 
[44, 47, 51, 52]. Non-contrast MRI is a valuable 
diagnostic imaging modality that can safely be 
used in pregnancy to identify malignant features 
if needed.

Overall, evaluation of the pregnant woman 
with an ovarian cyst is similar to nonpregnant 
premenopausal women, with the exception of 
avoiding CT for imaging assessment. If surgical 
intervention is indicated based on symptoms, 
laparoscopy or laparotomy can be considered. In 
the second and third trimester, trocar placement 
should be altered relative to the fundal height on 
exam. For initial entry, both Hassan and Veress 
needles have been effectively used, with careful 
attention to elevate abdominal wall during inser-
tion. Intra-abdominal insufflation pressures of 

12–15  mmHg have been used safely, without 
adverse outcomes [28643072].

Prior studies have demonstrated the safety 
and efficacy of laparoscopic ovarian cyst exci-
sion in the second trimester [53]. Persistent 
complex cysts or those larger than 5 cm can ide-
ally be re- evaluated and removed in the postpar-
tum period. In specific patient scenarios, cyst 
removal may be attempted during cesarean sec-
tion in order to avoid an additional surgery in 
the future.

 Special Considerations: Ovarian 
Cystectomy in Pediatric 
and Adolescent Patients

The approach to ovarian cysts in adolescents is 
similar to that in premenopausal women in that 
ovarian conservation should be prioritized. The 
majority of ovarian cysts in adolescents are 
benign and can be managed expectantly. For vir-
ginal or prepubertal adolescents, transvaginal 
ultrasound may not be able to be performed, in 
which case transabdominal ultrasound may pro-
vide limited visualization and characterization of 
the ovarian cyst [54]. Germ cell tumors are the 
most common malignancy in young patients [55, 
56]. If a germ cell tumor is suspected, obtaining 
AFP, hCG, and LDH lab values are indicated 
[57]. Malignant ovarian masses are generally rare 
in the pediatric and adolescent population, with 
malignancy more common in pediatric patients 
[58].

Especially in the pediatric and adolescent 
population, who are at higher risk for later recur-
rence of pathology simply due to young age at 
diagnosis relative to expected life potential, con-
sideration should be given to fertility preserva-
tion prior to any ovarian surgery. Techniques for 
fertility preservation may include oocyte or ovar-
ian tissue cryopreservation. Furthermore, for 
these young patients who have already had ovar-
ian surgery, such as oophorectomy or cystectomy, 
consultation with a reproductive endocrinologist 
postoperatively may be warranted to consider 
fertility preservation.
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 Postoperative Care

As it is known that there is a decrease in ovarian 
reserve following surgical removal for many 
types of cyst, effective and mindful postoperative 
care is essential. Especially given the serially 
increased consequence on ovarian reserve associ-
ated with reoperation for cyst recurrence, postop-
erative care geared toward prevention should be 
prioritized as much as primary surgical manage-
ment. It has been estimated that recurrence rates 
for endometrioma may be as high as 50% [35]. 
Postoperative medical management to reduce 
recurrence is aimed at ovarian suppression and 
reduced menstrual flow. One meta-analysis inves-
tigating efficacy of various hormonal medication 
regimens for endometrioma recurrence following 
surgery found that GnRH agonists with 
Levonorgestrel intrauterine device was the most 
effective in lowering recurrence. This effective-
ness was narrowly superior to continuous oral 
contraceptive pill use. However, notably, none of 
the hormonal regimens given as a short-term 
treatment (about 3–6 months) lowered endome-
trioma recurrence compared with expectant man-
agement [59]. This is an important consideration 
in women undergoing surgery for infertility, prior 
to proceeding with infertility treatment.

For those women who are pursuing assisted 
reproductive treatment in conjunction with sur-
gery for ovarian cyst, there is often a debate about 
when it is safe to proceed with ovarian stimula-
tion in the postoperative period. Consideration 
should be given to the patients such as specific 
approach, extent, and recovery course. Given the 
expected postoperative inflammation within the 
ovaries and pelvis, a postoperative recovery 
period of at least 4 weeks may be advised. There 
is a paucity of data on IVF outcomes relative to 
postoperative recovery period prior to ovarian 
stimulation.
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12Ovarian Transposition

Leigh A. Humphries, Anne E. Kim, 
and Divya K. Shah

 Introduction

As cancer therapy and survival have improved 
greatly in recent decades, young women with 
cancer have increasingly prioritized long-term 
quality of life. Maintenance of future fertility 
after gonadotoxic chemotherapy or radiation 
treatment is often paramount. Radiation is of par-
ticular concern in this situation as it accelerates 
the decline in ovarian follicles, resulting in 
diminished ovarian reserve and rapid reproduc-
tive aging [1]. A radiation dose of 20 Gy or more 
can cause complete loss of ovarian function, even 
in young patients [2]. In many instances, the 
patient’s abdomen and pelvis can be shielded 
with lead to minimize radiation-induced injury to 
the reproductive organs. However, in patients 
with certain malignancies, including cervical, 
vaginal, and anorectal cancers, as well as sarco-
mas and Hodgkin lymphoma, it is often neces-
sary to irradiate the pelvis directly, leaving the 
ovaries susceptible to damage. This creates a sig-
nificant burden for young women, who must con-

front the possibility of infertility and premature 
menopause as a side effect of cancer treatment.

Ovarian transposition is a surgical technique 
that addresses this problem by repositioning the 
ovaries away from the radiation field, most com-
monly to a peritoneal site above the pelvic brim. 
The ovarian blood supply is carefully dissected 
and preserved along its length to avoid ovarian 
infarction. The connection between the fallopian 
tube and ovary may be maintained to allow for 
unassisted conception in the future. Alternatively, 
oocyte retrieval either before or after ovarian 
transposition can facilitate the use of assisted 
reproductive technologies to achieve a future 
pregnancy.

This chapter describes the indications, tech-
niques, and outcomes of ovarian transposition. 
The goal is to equip the reproductive surgeon to 
select appropriate candidates and achieve good 
surgical results.

 Radiation Effects on the Ovary

The degree of radiation damage to the ovary 
depends on the patient’s age, ovarian reserve, 
and radiation dose. Radiation therapy may target 
the total body, craniospinal, whole abdominal, or 
pelvic regions, all of which can impact the ova-
ries. Based on models that account for age-
related decline in ovarian reserve, a dose of 2 Gy 
destroys roughly 50% of the ovarian follicles 
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[3]. Ovarian reserve at the time of therapy is 
therefore important to determine the impact of a 
given dose. The estimated sterilizing dose at 
which complete ovarian failure occurs decreases 
with patient age: 20.3  Gy at birth, 18.4  Gy at 
10  years old, 16.5  Gy at 20  years old, and 
14.3 Gy at 30 years old [2]. Ovarian failure in 
this model was defined as lack of pubertal devel-
opment or onset of premature menopause after 
radiation treatment. In another study of 94 
patients who were followed for years after radia-
tion treatment, no patients experienced prema-
ture menopause if the estimated ovarian dose 
was less than 1.5  Gy, while 14% experienced 
menopause at a dose of 1–10 Gy and 68% at a 
dose of over 12 Gy [4].

The doses to treat pelvic malignancies typi-
cally exceed the thresholds that cause ovarian 
failure. For example, most patients with Hodgkin 
lymphoma receive total doses of 20–30 Gy, while 
patients with cervical carcinoma may receive 
doses as high as 60  Gy. A single dose is more 
toxic than fractionated doses over time, yet pre-
mature ovarian failure is common even with frac-
tionated dosing. By contrast, ovarian transposition 
can reduce the radiation dose to the ovary by 
90–95%. The mean estimated dose sustained by 
transposed ovaries in most case series was less 
than 2–3 Gy [5, 6].

 Candidate Selection

The ideal candidate for ovarian transposition is a 
patient less than 40 years old who requires pelvic 
radiation and no gonadotoxic chemotherapy and 
who also has a low risk of ovarian metastasis [7]. 
Some studies suggest using a lower threshold of 
35  years old for women treated with external 
beam radiation to the pelvis, due to the higher 
gonadotoxicity of this modality [8]. Since 
younger women have higher ovarian reserve, 
they are less likely to suffer damage from low- 
level radiation scatter, which is inevitable even in 
transposed ovaries. Appropriate surgical candi-
dates may have gynecologic cancers, such as cer-
vical cancer, vaginal cancer, uterine cancer, and 
dysgerminomas, or nongynecologic cancers, 

such as Hodgkin lymphoma, anorectal cancers, 
and sarcomas. Patients with cancers requiring 
craniospinal radiation, such as ependymomas or 
medulloblastomas, have also benefited from 
ovarian transposition.

The procedure is contraindicated in patients 
undergoing chemotherapy with a high risk of 
gonadotoxicity, such as alkylating agents, as 
these drugs will impair ovarian function regard-
less of their anatomic position. Ovarian transpo-
sition should also be avoided if there is 
moderate-to-high risk of ovarian metastasis, 
which can occur in stomach and colon cancers, 
advanced breast and cervical cancers, leukemia, 
neuroblastoma, and Burkitt lymphoma. In cases 
of cervical cancer, the risk of ovarian metastasis 
increases with the size of the tumor, such that 
ovarian transposition is only recommended in 
patients with small cervical masses less than 
3 cm [7].

 Surgical Approach: Laparotomy 
to Laparoscopy

Procedures to relocate and protect the ovaries 
from radiotherapy have been reported as early as 
the 1950s [9, 10]. Case reports at that time 
described exteriorizing the ovaries beneath the 
skin, suturing the ovaries to the psoas muscle or 
anterior abdominal wall, and even encasing the 
ovaries in lead shells prior to irradiation [9, 11, 
12]. Such procedures were performed by lapa-
rotomy. By the 1980s, two dominant techniques 
had emerged: (1) medial transposition, in which 
the ovaries were sutured in the midline to the pos-
terior uterus, and (2) lateral transposition, in 
which the ovaries were retracted cephalad and 
laterally and then sutured to the peritoneum [13–
15]. These procedures successfully preserved 
menstruation (a proxy for ovarian function) after 
radiotherapy in most patients, yet the studies 
were small with limited follow-up; little or no 
pregnancy data; and notable complications, such 
as injury to the ovarian blood supply. Ovarian 
transposition by laparotomy also required exten-
sion of the incision and increased operative time, 
which limited its routine use [13].
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In the 1990s, both the medial and lateral tech-
niques were adapted for laparoscopy with good 
results in small case series [16–18]. Outpatient 
laparoscopic surgery allowed for quicker recov-
ery, thus permitting immediate initiation of radia-
tion therapy and decreasing the likelihood that 
the ovaries would migrate back into the pelvis. 
Despite these benefits, uptake of ovarian transpo-
sition was slow. As of 2003, only 46 cases of 
laparoscopic ovarian transposition had been 
reported in the literature [16]. Over the next 
decade, it became standard to perform ovarian 
transposition laparoscopically, with some sur-
geons utilizing robotic assistance [19, 20]. By 
2019, observational studies had identified over 
1150 patients with various malignancies who had 
undergone ovarian transposition by either lapa-
roscopy or laparotomy [8, 21].

 Preoperative Considerations

Although ovarian transposition is typically per-
formed laparoscopically, it can be performed dur-
ing laparotomy if an abdominal incision is 
already planned for tumor removal. Robotic 
assistance may be helpful but is not typically nec-
essary. Ovarian transposition should occur rela-
tively close to the time of planned radiation 
therapy since there is a risk that the ovaries may 
migrate back into the radiation field.

 Location of Transposition

The radiation oncologist should outline the radia-
tion field preoperatively to indicate the ideal site 
for ovarian transposition. The success of the pro-
cedure is related to the distance between the 
transposed ovaries and the boundaries of the radi-
ation field. To limit the ovarian dose to 4 Gy or 
less, the ovaries should be placed more than 3 cm 
from the target radiation border (Fig.  12.1) [6, 
22]. Radio-opaque surgical clips should be 
applied at the inferior border of the ovaries to 
permit visualization by the radiation oncologist.

To achieve the adequate distance, the ovaries 
are typically elevated out of the pelvis and 

attached to the peritoneum laterally. Different lat-
eral transposition sites have been reported, 
including the pelvic brim, paracolic gutters, and 
near the level of the lower kidney [16]. By con-
trast, medial transposition has been performed in 
patients with Hodgkin lymphoma requiring radi-
ation in an inverted-Y field, which targets para-
aortic, iliac, inguinal, and upper femoral lymph 
nodes [5]. With this technique, the ovaries are 
attached to the uterosacral ligaments and poste-
rior uterus, and the uterus serves as a shield for 
the ovaries. Lateral transposition is the more 
commonly utilized technique as it is clinically 
appropriate for most cancer types and radiation 
fields and has also been associated with slightly 
lower radiation exposure to the ovaries (4.9 Gy 
after the medial technique vs. 3.25 Gy after the 
lateral technique) [23].

 Management of Fallopian Tubes

There are three options for managing the fallo-
pian tubes during ovarian transposition: (1) 
transposition with the ovary, (2) complete 
detachment from the ovary, and (3) removal via 
salpingectomy. In many cases, the fallopian 
tubes can be preserved and remain attached to 

Fig. 12.1 Locations of ovarian transposition. In medial 
transposition (gray dots), the ovaries remain within the 
radiation field (outlined in red) and are attached  
behind the uterus, which acts as a shield. In lateral trans-
position, the ovaries are transposed laterally at least 3 cm 
outside of the radiation field, typically at positions above 
the pelvic brim or above the iliac crest (black dots)
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Fig. 12.2 Lateral ovarian transposition with preservation 
of the fallopian tube. (a) The utero-ovarian ligament is 
divided, followed by the mesovarium, which separates the 
ovary from the proximal tube in a c-shaped incision. 
Releasing the posterior peritoneum prevents tension and 

provides adequate mobility. (b) Once the vasculature has 
been dissected, the ovary is lifted superiorly and laterally 
to a new position above the pelvic brim, with the fallopian 
tube attached

the ovary (Fig. 12.2). The fimbriated end of the 
tube remains proximate to the ovary after trans-
position, thus permitting the possibility of 
unassisted conception. If the tube is fully 
detached from the ovary, there is greater mobi-
lization of the ovary on the infundibulo-pelvic 
ligament, allowing for higher transposition 
above the pelvic brim or iliac crest. Bilateral 
salpingectomy has similar benefits in terms of 
increased mobilization and is common among 
patients for whom in vitro  fertilization (IVF) is 
planned for future pregnancy. Salpingectomy 
also prevents future risks of developing para-
tubal cysts, hydrosalpinges, tubal torsion or 
infarction, and tubal metastasis; it is therefore 
preferable if spontaneous conception is not a 
priority.

 Risks of the Procedure

In addition to standard risks of minor laparos-
copy, such as bleeding, infection, injury to intra-
peritoneal structures, and port site hernia, there 

are risks specific to ovarian transposition. Injury 
or torsion of the ovarian vasculature can lead to 
ovarian ischemia and need for reoperation. 
Although very rare, ovarian metastasis within 
transposed ovaries has been reported [24, 25]. 
Also, since transposed ovaries are still functional, 
they may develop functional or hemorrhagic 
cysts, which can become symptomatic. Increased 
development of ovarian cysts was associated with 
ovarian transposition under the skin, but not with 
current techniques [21].

 Surgical Technique: Lateral Ovarian 
Transposition

The general goals of ovarian transposition are to 
detach the ovaries from the uterus, mobilize the 
vascular pedicles, and suture the ovaries to new 
peritoneal locations. As medial transposition is 
less common and involves minimal surgical dis-
section before oophoropexy to the posterior- 
medial sites, this section focuses on the surgical 
technique for lateral ovarian transposition:
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Transposition at the pelvic brim

JR
M

JR
M

Transposition above the iliac crest
or in paracolic gutters

Fig. 12.3 Laparoscopic port placement. Location of the 
laparoscopic ports (designated by X) depends on the 
intended location of the transposed ovaries (black dots). A 

more cephalad configuration could be adopted for per-
forming transposition above the iliac crest or in the para-
colic gutters

 1. Laparoscopic port placement
Specific port placement may differ based 

on the preferences of individual surgeons. 
One approach is to insert four laparoscopic 
ports in a diamond configuration: an umbilical 
port, two lateral ports, and a fourth midline 
port in either the suprapubic or supraumbilical 
region (Fig. 12.3). To allow for effective trian-
gulation at the pelvic brim and to transpose 
the ovaries above the iliac crest, it may be 
important to position the ports more cephalad 
than is typical for pelvic surgery.

 2. Exposure at the pelvic brim
Perform an intraperitoneal survey to iden-

tify any evidence of metastatic disease or ana-
tomic abnormalities. Identify the ureters 
through the peritoneum or following entry 
into the retroperitoneal space, where they can 
be found on the medial leaflet of the posterior 
broad ligament or at the pelvic brim crossing 
over the bifurcation of the common iliac 
vessels.

Clear any adhesions or vital organs from 
the intended transposition sites for the ova-

ries. With the patient in Trendelenburg posi-
tion, retract the bowel into the upper abdomen, 
and divide the physiologic adhesions between 
the sigmoid and the left pelvic sidewall. The 
sigmoid colon can then be retracted medially 
to expose the pelvic brim. Use external and 
intraperitoneal landmarks to confirm the 
intended locations for the ovaries sufficiently 
away from the planned radiation field. Mark 
the peritoneum at these sites (e.g., with mono-
polar cautery) in order to ensure the dissection 
proceeds to the appropriate level. The remain-
ing steps of the ovarian transposition proce-
dure are performed in the same way on each 
side (Fig. 12.4).

 3. Ovarian mobilization
If the fallopian tubes are being preserved, 

first coagulate and divide the utero-ovarian 
ligament with a vessel-sealing device. Extend 
the incision along the mesovarium to release 
the proximal tube from the ovary. An addi-
tional incision of the posterior peritoneum 
around the ovary may be needed to prevent 
tension on the ovary or vessels during trans-
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Fig. 12.4 Steps of ovarian transposition above the pelvic 
brim. (a) Identification of relevant anatomy, including the 
ovary, fallopian tube, utero-ovarian ligament, infundibulo- 
pelvic ligament, and ureter. (b) Removal of the fallopian 

tube. (c) Division of the utero-ovarian ligament and dis-
section of the peritoneum to mobilize the ovary and ves-
sels. (d) Retroperitoneal tunneling of the ovary and 
attachment to the peritoneum with suture and metal clips

position. If the fallopian tubes are being pre-
served, grasp and rotate the ovary superiorly 
and laterally while still attached to its vascular 
supply and the distal fallopian tube. The laxity 
of the fallopian tube will ultimately permit it 
to be stretched to the pelvic brim. If the fallo-
pian tubes are being removed, divide the 
mesosalpinx along its length to fully separate 
and remove the fallopian tube. Then coagulate 
and divide the utero-ovarian ligament, fol-
lowed by mesovarium to mobilize the ovary 
on its vascular pedicle, as above.

 4. Development of the ovarian vascular pedicle
Grasp and elevate the ovary to expose its 

attachment to the infundibulo-pelvic liga-
ment, which contains the ovarian vessels. 
Extend the incision in the posterior broad lig-
ament cephalad along the infundibulo-pelvic 
ligament to free the vessels from their perito-
neal attachments. Skeletonize the ovarian ves-

sels with care to leave behind any surrounding 
fatty tissue that may contain lymph nodes. 
Gentle tissue handling is important to avoid 
injury to the blood supply and/or ovary. 
Develop the retroperitoneal space between the 
ureter and the ovarian vessels to the level of 
the bifurcation of the common iliac artery if 
the transposition site is near the pelvic brim or 
to the bifurcation of the aorta if the transposi-
tion site is the paracolic gutters.

 5. Tunneling through the retroperitoneum
Although this step is not universally per-

formed, tunneling the ovary through the retro-
peritoneum is a useful way to secure the ovary 
at its new location (Fig. 12.5). Create a win-
dow in the peritoneum slightly caudal to the 
intended transposition site, and pass the ovary 
through this opening. The peritoneum func-
tions as a “collar” to hold the ovary in place 
and may potentially prevent torsion or migra-
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Fig. 12.5 Preservation of the fallopian tubes. The left 
ovary (a) and the right ovary (b) are tunneled through the 
window in the peritoneum above the pelvic brim, with the 
fallopian tubes left intact. (Photo courtesy of Rebecca 
Flyckt MD)

tion, though no evidence is available regard-
ing these benefits. Good outcomes have been 
reported both with and without this step.

 6. Suturing the ovary
Suture the ovary to the peritoneum with 

several interrupted stitches of nonabsorbable 
suture. Mark the lower limit of the ovaries 

with metal surgical clips to assist with radio-
logic detection at the time of radiation 
treatment.

 Ovarian Function After Ovarian 
Transposition

Ovarian function after transposition is based on 
the absence of signs of ovarian failure, such as 
amenorrhea, menopausal symptoms, or rise in 
serum follicle-stimulating hormone (FSH) levels. 
However, there are no standardized definitions in 
the literature, with individual studies using dif-
ferent symptoms, laboratory cutoffs, and/or tim-
ing of hormone sample collection. There is also 
significant variability in patient characteristics, 
types of cancer and therapy, duration of follow-
 up, and surgical technique (e.g., laparotomy vs. 
laparoscopy, bilateral vs. unilateral transposition, 
medial vs. lateral transposition sites). No ran-
domized controlled trials have been conducted to 
evaluate ovarian transposition, and most observa-
tional studies do not stratify by key confounders, 
such as age or duration of follow-up. Moreover, 
studies are limited by very small sample sizes, 
frequently less than ten patients. However, it is 
important to recognize that given the rarity of the 
procedure, it can take over a decade for a single 
institution to collect up to 30 cases [8].

Despite these limitations, systematic reviews 
have identified significant benefits and minimal 
risks of ovarian transposition [5, 21, 26]. Between 
20% and 100% of women have successfully pre-
served ovarian function after transposition and 
radiation, with most studies reporting over 60% 
success rates. Patients who derived less benefit 
were older, had more extensive radiation therapy 
or surgery, or had ovaries that were transposed at 
shorter distances from the target radiation [5, 22]. 
Outcomes were most favorable for patients 
treated with vaginal brachytherapy as compared 
with external beam radiation therapy, pelvic radi-
ation therapy, or radiation in combination with 
chemotherapy. A study of 95 patients with a 
median follow-up of 31  months after ovarian 
transposition found preserved ovarian function in 
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90% of those treated with brachytherapy as com-
pared to 60% treated with external beam radia-
tion therapy [7]. In that study, preserved ovarian 
function was defined as FSH less than 10 mIU/
mL, E2 greater than 50 pg/mL, and visible ovar-
ian follicles on pelvic ultrasound.

Ongoing ovarian function after transposition 
is impacted by patient age and may decline with 
time. A 2018 study showed that the overall ovar-
ian survival rate had declined to 60% by 5 years 
after transposition among women with various 
pelvic malignancies [8]. The ovarian survival rate 
at 5 years was significantly impacted by patient 
age: 88% for age 25–30, 63% for age 31–35, and 
43% for age 36–40. These rates were still notably 
higher than the 0% ovarian survival rate in simi-
larly aged controls who had radiation without 
ovarian transposition. Another study from 2001 
showed decreased ovarian function over time, 
with 65% preserved function at 1 year and 39% at 
5 years [27]. The literature consistently demon-
strates a greater loss of ovarian function after 
ovarian transposition in older women; the highest 
success rates are seen in women under the age of 
35 [7, 8, 20]. It is worth noting that the ovarian 
transposition procedure itself does not appear to 
be the cause of ovarian damage or dysfunction. 
Follow-up of patients who underwent ovarian 
transposition but did not ultimately receive radia-
tion therapy has demonstrated long-term pre-
served function in 87–100% [7, 8, 27].

The position of the transposed ovary is also 
critical to postoperative ovarian function. 
Multivariate analyses controlling for age, BMI, 
and radiation dose have demonstrated that the 
location of transposed ovary is the most signifi-
cant determinant of intact ovarian function [28]. 
The goal of transposing the ovary as high and lat-
eral as possible must be balanced with the need to 
avoid injury to the ovarian vessels. A minimum 
distance of 1.5 cm above the iliac crest was pre-
dictive of normal ovarian function after radiation 
in 31 patients followed for a median of 40 months. 
Another study of 21 patients found a significant 
correlation between post-treatment FSH level 
and the location of the transposed ovaries, with 
FSH levels less than 30 mIU/mL seen in patients 
with more superior locations of transposition 

[29]. Most surgeons agree that the ovary should 
be placed at least 3 cm from the target radiation, 
based on the known impact of ovarian radiation 
dose, which at this distance is typically less than 
4 Gy [22].

 Pregnancy Outcomes After Ovarian 
Transposition

Few studies have reported pregnancy outcomes 
in cancer survivors after ovarian transposition. 
The largest report described a pregnancy rate of 
32% (12/37 women), with 18 pregnancies occur-
ring after ovarian transposition followed by 
external beam radiation therapy or brachyther-
apy [30]. In this case series, the ovaries were 
transposed laterally either during laparotomy or 
laparoscopy, and the fallopian tubes and uterus 
were left intact. Sixteen of the pregnancies were 
unassisted, and two were achieved using 
IVF. Five resulted in miscarriage. Of the unas-
sisted pregnancies, 75% occurred with the ova-
ries still transposed out of the pelvis, showing 
that migration or repositioning of the ovaries 
was not necessary prior to spontaneous concep-
tion. Fourteen pregnancies were also reported 
after medial transposition in 11 women with 
Hodgkin lymphoma, which resulted in 12 live 
births (one twin birth) and 3 miscarriages [31]. 
Another study reported 3 pregnancies in 12 
patients in whom the ovaries had been attached 
to the anterior abdominal wall and were later 
returned to the pelvis after radiation therapy 
[32]. These case series show that pregnancy and 
live birth are possible, but larger studies with 
long-term follow-up are needed to better quan-
tify the impact of ovarian transposition on fertil-
ity preservation.

 Concurrent Fertility Preservation 
Strategies

Ovarian transposition can be combined with 
other fertility preservation techniques, such as 
oocyte or embryo cryopreservation and ovarian 
tissue cryopreservation, to maximize reproduc-
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tive potential in young cancer patients. Since lim-
ited data exist on live birth rates after oocyte and 
embryo cryopreservation specifically among can-
cer patients, success rates among women with 
infertility are frequently used for patient counsel-
ing [33]. It is clear that the likelihood of live birth 
relies on the number and quality of oocytes or 
embryos stored. Ovarian stimulation prior to 
ovarian transposition offers the benefit of being 
able to access the ovaries transvaginally at the 
time of oocyte retrieval. However, transabdomi-
nal oocyte retrieval is also possible after ovarian 
transposition [34–37]. In case reports, oocytes 
retrieved transabdominally from ovaries trans-
posed as high as the paracolic gutters or the 
 superior iliac spines have resulted in successful 
live births via gestational carriers [34–37]. 
Alternatively, relocation of the ovaries into the 
pelvis after completion of radiotherapy may 
facilitate transvaginal oocyte retrieval.

Ovarian tissue cryopreservation is an option 
for prepubertal patients and for patients who can-
not or do not wish to delay cancer treatment in 
order to undergo ovarian stimulation and retrieval. 
This technique involves decortication of the 
ovary and dissection of tissue into strips that are 
then cryopreserved. Orthotopic transplantation of 
the thawed ovarian tissue is performed when fer-
tility is desired. After transplantation, patients 
often resume menstruation and can have success-
ful pregnancies, with live birth rates of about 
25% in small case series. Ovarian tissue cryo-
preservation at the time of transposition of the 
contralateral ovary has been reported for fertility 
preservation in select candidates [38, 39].

Ovarian transposition does not prevent direct 
radiation exposure to the uterus, which may have 
its own detrimental effects, including the possi-
bility of reduced uterine volume, myometrial 
fibrosis, and damage to the uterine vasculature or 
endometrium [1]. The degree to which uterine 
factors influence fertility outcomes after radia-
tion is not known. Uterine transposition, or fixa-
tion of the uterus to the anterior abdominal wall, 
has been proposed in case reports as an adjunct to 
ovarian transposition, yet additional data on 
safety and efficacy are needed [40].

 Conclusion

A multidisciplinary approach is essential to 
incorporate ovarian transposition into the care of 
patients with pelvic cancers. Women with cancer 
face unique barriers in access to fertility preser-
vation and reproductive health, as they often lack 
adequate information and do not receive timely 
referrals to reproductive specialists [41]. This 
information is especially important for women 
undergoing pelvic radiation because they are at 
high risk of gonadal failure. Even for patients 
whose primary goal is not fertility, preserving 
ovarian function with ovarian transposition can 
help prevent symptoms and adverse health effects 
of premature menopause. Although there is still a 
risk of ovarian decline over time, especially for 
older women, ovarian transposition can signifi-
cantly delay the onset of ovarian failure, which 
has important implications for quality of life. 
Therefore, the reproductive surgeon should offer 
and help prioritize ovarian transposition, in addi-
tion to other fertility preservation options, as part 
of the overall treatment plan in women requiring 
pelvic radiation.
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13Imaging Modalities 
to Preoperatively Detect Fibroid 
Location

Thomas Winter

This short review addresses imaging modalities 
that may be employed to detect and properly 
characterize fibroids prior to uterine surgery.

Fibroids are common in women of reproduc-
tive age (Fig.  13.1), especially in black women 
[1]. Fibroids are multiple in as many as 84% of 
patients [2]. Hysteroscopic myomectomy is often 
the preferred therapy, but for this option to be 
appropriate accurate preoperative imaging is 
crucial.

Fibroids should be described with size mea-
surements; where they are located in the standard 
three orthogonal planes (lower/isthmus, corpus, 
or fundus; left-right; and anterior-posterior), and 
site (e.g., submucosal, intramural, subserosal, 
and externally pedunculated). Various systems 
have been proposed to help with preoperative 
planning relative to the fibroid site. The easiest to 
understand is the simplified version of the 
European Society of Hysteroscopy classification 
schema, which reduces to: is the fibroid more 
than half in (Type 0 and Type I) or more than half 
out (Type II) of the endometrial cavity? The for-
mer will benefit from hysteroscopic resection, 
while the latter usually requires either an external 
myomectomy or a multistep hysteroscopic proce-
dure. Other more detailed and elaborate classifi-

cation systems for reporting well-defined uterine 
masses are available, such as the FIGO classifica-
tion illustrated in Fig. 13.2 [3]. Imaging is invalu-
able in preoperative planning and assigning 
fibroids to the appropriate site category.

Other entities besides fibroids may present as 
masses in the endometrium and myometrium. 
Besides a submucosal fibroid, the most common 
endometrial abnormality in a reproductive- 
endocrine- infertility (REI) population would be 
an endometrial polyp (assuming that one has 
ruled out transient filling defects such as blood 
clots or air bubbles), but one should always be 
alert for unusual and unexpected entities 
(Fig. 13.3). Similarly, well-defined focal myome-
trial abnormalities are almost always fibroids, but 
focal adenomyosis and uterine contractions may 
present as mimics. Adenomyosis can be chal-
lenging to accurately diagnose and image, even 
with magnetic resonance imaging (MRI). In gen-
eral, Mullerian fusion and resorption abnormali-
ties (septate uterus, bicornuate uterus, etc.) do not 
present as focal abnormalities [4], although a 
fundal intramural fibroid may occasionally 
mimic an arcuate uterus at ultrasound (US); an 
MRI can almost always distinguish between 
these two possibilities.

Furthermore, although many attempts have 
been made to do so, imaging generally cannot 
reliably distinguish between an ordinary leiomy-
oma and more malignant entities such as smooth 
muscle tumors of uncertain malignant potential 
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(STUMP) or leiomyosarcoma (LMS) [5–7]. The 
importance of this distinction has received much 
public visibility in recent years given the discus-

sion over the pros and cons of fibroid morcella-
tion [8]. Fortunately, although certainly an issue, 
LMS are less common in REI aged patients.

Fig. 13.1 Fibroids during pregnancy, 4 different patients. 
(a) Small incidental fibroid (yellow graticules) at the time 
of a routine first trimester dating scan. (b) Larger lower 
uterine segment fibroid (yellow graticules) at the time of a 
routine second trimester anatomy study. (c) 15-week preg-
nancy with a 7.2 × 7.0 × 6.9 cm large anterior lower uter-

ine segment fibroid (“F”) concerning for a risk of labor 
obstruction. (d) 34-week fetus with aqueductal stenosis 
(“V” denotes dilated lateral ventricle in this cephalic pre-
sentation). Note how well this sagittal MRI shows the 
9 cm degenerating anterior lower uterine segment fibroid 
(“F”) (“B” is the urinary bladder)

a

b
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c d

Fig. 13.1 (continued)
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Fig. 13.2 FIGO classification system for fibroids. (Reprinted with permission from Munro et al. [3])

While acknowledging that fibroids and uterine 
sarcomas have a similar appearance on imaging, 
and that it is unlikely that any given test will 
allow robust detection of sarcomas, Stewart [5] 
suggests the following imaging algorithm. If 
ultrasound depicts worrisome features (mixed 
echogenicity and hypoechoic regions; central 
necrosis; Doppler showing low resistance, high 

peak systolic velocity, and irregular distribution 
of vessels), move to contrast-enhanced 
MRI. Calcifications have been reported as being 
extremely rare in leiomyosarcomas, essentially 
ruling out the diagnosis [9]. A typical MRI 
appearance of a fibroid (homogeneously dark on 
T2-WI) has a high negative predictive value for 
LMS [10, 11]. Hemorrhage within a lesion is 
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a b

Fig. 13.3 Not a submucosal fibroid nor an endometrial polyp, but rather (a) a melanoma metastasis (arrow) (in a 29 
yo) to the uterus and (b) advanced endometrial cancer (arrow) (in a 35 yo)

ba

Fig. 13.4 Classic homogeneously echogenic avascular appearance of a lipoleiomyoma (arrow). TVUS transverse gray 
scale (a) and longitudinal CDU (b)

worrisome for LMS [10]. Diffusion weighted 
imaging (DWI) on MRI may help distinguish 
between typical and degenerating fibroids versus 
cellular leiomyomas and sarcomas [6, 10, 12–15]. 
The utility of PET to differentiate fibroid from 
LMS is mixed [6, 9, 16, 17]. It is important to 
remember that currently there are no pathogno-
monic features allowing reliable differentiation 
on any imaging technique [18].

There are various types of fibroids besides the 
common one, including cellular, mitotically 
active, atypical, and STUMP. Furthermore, myr-
iad types of fibroid degeneration have been 

described, including cystic, hemorrhagic (carne-
ous), lipoleiomyoma, hyaline, hydropic, myxoid, 
and coagulate necrosis. Imaging characterization 
of some of these entities is occasionally possible 
[19] (such as the characteristic US and MRI 
appearance of a lipoleiomyoma, Fig.  13.4). 
However, Arleo et  al. concluded, “Nonetheless, 
the bottom line is that, at the present time, the 
diagnosis of a leiomyoma variant cannot be made 
with certainty until a pathologist, guided by 
recently updated 2014 World Health Organization 
criteria [20], thoroughly examines the specimen” 
[19].
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The utility of various imaging techniques is 
reviewed below. Ultrasound and MRI are the 
mainstays in fibroid imaging.

Plain Films There is no role for plain films in 
the evaluation of potential uterine fibroids. 
However, fibroids may be suggested when pelvic 
calcifications are noted.

Computed Tomography (CT) Similarly, there 
is generally no utility for CT in the evaluation of 
potential uterine fibroids for preoperative plan-
ning (although calcified uterine fibroids are often 
seen incidentally during CT of the pelvis). CT is 
inferior to US and MRI for evaluation of the 
endometrium, myometrium, and adnexa. 
However, CT should be considered for other 
 indications when global evaluation of the abdo-
men and pelvis is considered, for example, when 
looking for a drainable abscess or when worried 
about metastatic disease.

Hysterosalpingogram (HSG) Once the pri-
mary method to evaluate the endometrial cavity 
and uterus, HSG has long been surpassed in these 
arenas by US and MRI. HSG is essentially obso-
lete now for diagnostic uterine and endometrial 
evaluation, with the possible exception of assess-
ing for tubal patency; however, even tubal patency 
is now starting to be performed with radiation- 
free ultrasound-based techniques using various 
tubal contrast agents [21–23]. HSG evaluation of 

the endometrial cavity has both false negative 
and false positive errors diagnostically, with a 
study by Wadhwa et al. [24] yielding a sensitivity 
and specificity of HSG in evaluating uterine cav-
ity abnormalities of 45% and 87%, respectively, 
while corresponding values from the investiga-
tion by Acholonu et al. [25] were 58% and 26%. 
For example, hysteroscopy (considered the gold 
standard) may reveal synechiae, polyps, or myo-
mas in substantial percentages of patients with 
normal HSGs, and conversely many women 
diagnosed as having an intrauterine filling defect 
by HSG will have a normal cavity by hysteros-
copy. Even if a polypoid filling defect is seen at 
HSG, characterization (for example, between 
endometrial polyp and submucosal fibroid) is 
extremely difficult. Figure  13.5 shows two 
~30-year-old REI patients with polypoid filling 
defects on tubal patency HSGs. The first 
(Fig.  13.5a) had an endometrial polyp, and the 
second (Fig.  13.5b) had endometrial cancer. 
Ultrasound, saline infusion sonohysterography 
(SIS), and MRI are much better than HSG at dis-
tinguishing between polyps, fibroids, cancer, air 
bubbles, etc.

Ultrasound Ultrasound alone (noting that trans-
vaginal ultrasound should be performed routinely 
in all but very special cases) is good at detecting 
fibroids (Figs. 13.6 and 13.7), and has the advan-
tages of being relatively inexpensive, well- 
tolerated, and without any ionizing radiation. 

a b

Fig. 13.5 The nonspecific nature of filling defects within 
the endometrial cavity as seen during HSG, illustrated in 
two patients undergoing HSG to assess tubal patency. The 
first (a) is a 32 yo; the filling defect (arrow) noted on the 

HSG turned out to be a benign endometrial polyp. The 
second (b) is a 35 yo; her filling defect represented endo-
metrial cancer
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a b

Fig. 13.6 Classic transvaginal US appearance ((a) longi-
tudinal and (b) transverse) of a large submucosal fibroid 
(“F”). Note the displacement of the endometrium (arrow 

in b), and the fact that FIGO site classification may be 
difficult without SIS or MRI

Fig. 13.7 Intracavitary 
fibroid at TVUS, MRI, 
and hysteroscopy. Note 
that the MR image 
shows three additional 
small intramural fibroids 
in the fundus that were 
not well seen at 
ultrasound (a curved 
yellow arrow denotes 
the largest of these 
three). (Reprinted with 
permission from 
Cooperberg [43])
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a b

Fig. 13.8 Large type I intracavitary fibroid (“F”) demon-
strated on 3D ultrasound (a). However, please note how 
the true intracavitary relationship is better delineated on 

SIS (b) (“B”  =  SIS balloon, “F”  =  fibroid, and arrow 
denotes the thin cap of echogenic endometrium covering 
the more hypoechoic myometrium of the fibroid)

Fibroids usually present as comparatively well- 
defined, solid masses with a whorled appearance, 
relatively isoechoic to the rest of the myome-
trium, and typically with posterior acoustic shad-
owing [2]. 3D-ultrasound often provides an even 
more graphic display of fibroid site and position 
(Fig.  13.8). However, TVUS may be limited in 
large BMI individuals, in uteri that are in subop-
timal position for US evaluation, and in uteri that 
are poorly seen due to obscuration by multiple, 
shadowing fibroids, adenomyosis, etc. Despite 
the widely acknowledged role of ultrasound in 
evaluating the endometrium, transvaginal ultra-
sound alone may not be adequate to fully evalu-
ate endometrial abnormalities like submucosal 
fibroids and endometrial polyps [26–29].

Saline Infusion Sonohysterography First 
described by Nannini in 1981 [30], SIS provides 
a near optimum balance of cost, accessibility, and 
accuracy in the evaluation of women with sub-
mucosal fibroids: “The introduction of intracervi-
cal fluid (saline-infusion sonography) during 
transvaginal ultrasound is one of the most signifi-
cant advances in ultrasonography of the past 
decade” [31].

The procedure has been referred to by a vari-
ety of names over time, including sonohys-
terography, hysterosonography, transvaginal 
sonography with fluid contrast augmentation, 

and saline infused sonography, but the underly-
ing technique is straightforward [32]. If a bal-
loon catheter is employed, which it often is not, 
the balloon may be inflated either in the endo-
metrial cavity or within the cervix (with various 
pros and cons to each approach) [33, 34]. SIS 
performs well even in nonexpert hands [35, 36] 
and is considered as good as diagnostic hyster-
oscopy at detecting focal lesions in the uterine 
cavity, better tolerated, and has undeniable 
advantages in terms of time, cost, availability, 
convenience, risk of anesthesia and perforation, 
and the additional information provided regard-
ing myometrium which is critical for surgical 
planning and adnexa over hysteroscopy [37]. 
An overall success rate of ~95% may be 
expected, although obviously this depends 
upon operator experience and patient factors 
[31]. Theoretical risks of potentially seeding 
malignancy [38] and causing endometriosis 
have not been borne out in widespread use, and 
the volume of fluid and pressure of instilled 
fluid in SIS are less than those needed in hyster-
oscopy. A 2015 consensus opinion attempted to 
standardize and define uterine fibroid imaging 
with ultrasound, aiming to help with both clini-
cal practice and research [39]. These descrip-
tive principles are equally relevant to MRI. SIS 
permits more accurate assessment of the extent 
of fibroid protrusion into the endometrial cavity 
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than does US alone. Several examples of 
fibroids seen at SIS are given in Figs.  13.9, 
13.10, 13.11, and 13.12.

Distinction between submucosal fibroids and 
other common endometrial pathologies such as 
polyps is usually possible, but may require direct 
visualization and biopsy in some cases. Fibroids 
are generally broad based, hypoechoic, with a 
thin hyperechoic cap/rim of overlying endome-
trium, more heterogeneous than fibroids, and 
often have multiple feeding vessels on color 
Doppler ultrasound (CDU). Endometrial polyps 

usually have a narrower base of attachment, are 
hyperechoic (matching the lining of the endome-
trial cavity in echogenicity), are more homoge-
neous, and often have only one feeding vessel at 
CDU. One must be aware of unusual entities that 
may present in the endometrium and inner myo-
metrium as polypoid masses, including meta-
static disease, especially from breast cancer. 
Also, note that fibroids can coexist with (and 
potentially obscure) endometrial cancer, even in 
REI age patients (Fig. 13.13).

Magnetic Resonance Imaging Pelvic MRI is 
the definitive “go-to” if one wishes to best define 
size, number, location, and site of uterine fibroids, 
particularly in the large BMI individual, or in a 
uterus with multiple fibroids, adenomyosis, IUD, 
suboptimal uterine position, etc., or anything that 
may potentially obscure ultrasound visualization 
[40]. For example, compare similarly sized large 
anterior lower uterine segment fibroids via US 
(Fig. 13.1c) vs. MRI (Fig. 13.1d); note how the 
anatomy is much better delineated with MRI. In 
certain scenarios, when US is not adequate, the 
more definitive assessment of size, number, loca-
tion, and site of uterine fibroids provided by MRI 
may add clinical value. However, ultrasound 
(including SIS) may often be “good enough,” 
more convenient, and readily available, and bet-
ter use societal resources. Charges at our institu-
tion for a pelvic US (with TVUS) are $1700 

Fig. 13.9 Large intracavitary pedunculated fibroid (“F”) 
with adjacent clot (“C”). The latter was mobile during the 
course of the SIS

ba

Fig. 13.10 Submucosal fibroid. Saline infusion sonohys-
terography shows a hypoechoic mass (arrows) with echo-
genic endometrium (arrowhead) draped over it. This is the 

typical appearance of a submucosal fibroid. (a), Gray 
scale image; (b), color Doppler image. (Reprinted with 
permission from Berridge and Winter [44])

T. Winter



163

a b

c

Fig. 13.11 Three SIS images from a 38 yo patient show 
multiple (a, b) fibroids (“F”) projecting into the endome-
trial cavity. If more than 50% of the fibroid’s surface proj-
ects into the endometrial cavity, it can be resected 
hysteroscopically. Note the multiple feeding vessels on 

the CDU (c) typical for fibroids, different than the single 
vessel commonly seen with an endometrial polyp. 
(Reprinted with permission from Berridge and Winter 
[44])

(hospital + professional, rounded to the nearest 
$100, and with the understanding that charges are 
a very imperfect metric for true costs); for an SIS 
$2700; and for a pelvic MRI $3000. Intravenous 
contrast (using one of a variety of gadolinium- 
based agents in the magnet) helps assess fibroid 
viability/necrosis, and is particularly useful if 
UAE is being contemplated or has been per-
formed [41]. Start to finish, a pelvic MRI takes 
about 45–60 min. Attempts to combine the best 
features of SIS and MRI have been made, dis-
tending the uterine cavity with fluid via an 
indwelling catheter during the MRI and looking 
at tubal patency [42], but these have not entered 
widespread use due to a combination of technical 
difficulty, cost, and inconvenience. And, as 
always, one needs to be alert during pelvic MRI 
to the presence of unexpected findings that may 
change surgical management, e.g., worrisome 
adnexal masses that are not pedunculated fibroids, 

non-fibroid pathology of the uterus as previously 
discussed, etc.

Normal uterine morphology at MRI on T2 
weighted images (T2-WI) consists of high signal 
intensity endometrium, a thin surrounding dark 
band representing the junctional zone, with the 
remainder of the myometrium being intermediate 
in signal intensity. Fibroids as small as 5 mm [2] 
typically stand out extremely well as sharply 
demarcated dark (low signal intensity) masses 
against the intermediate normal myometrium. 
Cystic and myxoid degeneration often presents 
with areas of high T2 signal intensity (SI) within 
the fibroid. T1 weighted images are less useful in 
detecting fibroids (since fibroids tend to have 
similar signal intensity to normal myometrium 
on T1-WI), but have utility in characterizing 
degeneration and necrosis, particularly if intrave-
nous gadolinium is administered. Carneous, red, 
and hemorrhagic degeneration often has high 
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Fig. 13.12 Intracavitary fibroid on TVUS (a), followed by CDU images (b, c) obtained during SIS. Note how the 
fibroid’s base of attachment and the extent of intracavitary protrusion are much better seen at SIS

a b

Fig. 13.13 Fibroids obscuring a stage IIb endometrial 
cancer during TVUS.  Extended field of view (a) and 
oblique longitudinal image (b). Note that the endometrial 

thickness was “measured,” but obviously adequate evalu-
ation of the endometrium and endometrial cavity cannot 
be obtained in a case like this

(bright) SI on T1 WI (but SI varies depending 
upon the age of the blood products). Multiplanar 
T2-WI is crucial in optimally determining fibroid 

location and site. Examples of uterine fibroids at 
pelvic MRI are seen in Figs. 13.14, 13.15, 13.16, 
and 13.17.
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a b

Fig. 13.14 Saline infusion sonohysterography and MRI 
of the pelvis show both a submucosal fibroid (arrow) and 
an endometrial polyp (arrowhead). (a), Gray scale SIS 
image; (b), MRI.  Note how the MRI better depicts the 

predominantly intracavitary nature of the fibroid. 
(Reprinted with permission from Berridge and Winter 
[44])

a b

Fig. 13.15 The multiplanar capability of MRI is of great 
utility in fibroid assessment. (a) Sagittal T2-WI. Subserosal 
fibroid (yellow arrowhead) posterior to the bright endo-
metrial cavity (curved yellow arrow) anteriorly. Also note 
the thin rim of dark junctional zone (not labeled) sur-
rounding the endometrial cavity. “B” = urinary bladder, 
and “V” = high signal intensity gel placed immediately 

prior to the exam per vagina. (b) Oblique coronal (“short- 
axis”) T2 WI. Custom prescribed imaging plane between 
the coronal and axial planes of the pelvis, this plane is true 
axial to the uterus and fibroid (yellow arrowhead). Curved 
yellow arrow again shows the high signal intensity normal 
endometrium. Note urinary bladder (“B”) in midline, and 
femoral heads (“FH” denotes the left femoral head)

MRI can both predict and also assess the 
response of fibroids to uterine artery emboliza-
tion (UAE), especially when intravenous gado-

linium contrast is administered (Fig.  13.18). 
Pre-procedural fibroid high SI on T1-WI is a pre-
dictor of a poor response to UAE, while pre- 
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Fig. 13.16 Fibroids are multiple in as many as 84% of 
patients [2]. MRI can provide definitive fibroid number, 
size, location, and site. (a) Parasagittal T2-WI. One large 
and 3 additional smaller fibroids (yellow arrowheads) sur-

round the bright endometrial cavity (curved yellow 
arrow). (b) Axial T2 WI.  Two large and 1 additional 
smaller fibroid (yellow arrowheads) surround and dis-
place the bright endometrial cavity (curved yellow arrow)

a b

Fig. 13.17 Another example of multiple fibroids delin-
eated at multiplanar imaging. One of the fibroids mimics 
an arcuate uterus. (a) Sagittal T2-WI. Low signal intensity 
anterior cervical fibroid (yellow arrowhead) nicely con-
trasts with the bright endometrial cavity (curved yellow 
arrow). “B” = urinary bladder, “V” = high signal intensity 
gel placed immediately prior to the exam per vagina, and 
“R” = high signal intensity gel placed immediately prior 
to the exam per rectum (the latter is not routinely used for 
simple fibroid imaging). (b) Coronal T2 WI. Lower signal 
intensity fundal intramural fibroid (yellow arrowhead) 

might mimic an arcuate uterus at HSG or even ultrasound. 
The fibroid contrasts with the bright endometrial cavity 
(curved yellow arrow). Note the thin rim of dark junc-
tional zone (yellow arrows) surrounding the endometrial 
cavity. “R” = high signal intensity gel placed immediately 
prior to the exam per rectum. (c) Axial T2 WI. Three low 
signal intensity intramural and subserosal fibroids (yellow 
arrowheads) contrast with the bright endometrial cavity 
(curved yellow arrow). Again note the thin rim of dark 
junctional zone (yellow arrows) surrounding the endome-
trial cavity
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c

Fig. 13.17 (continued)

a b

Fig. 13.18 Single large fibroid on MRI showing gado-
linium contrast enhancement. (a) Sagittal T2-WI. Posterior 
intramural fibroid (“F”) displaces the bright endometrial 
cavity (yellow arrowhead) anteriorly. Note how the 
fibroid, although heterogeneous, is darker (lower signal 
intensity) than the thin rim of normal myometrium (curved 
yellow arrow). “B”  =  urinary bladder. Yellow arrow 
denotes Nabothian cyst in the cervix, just posterior to the 
vertically oriented cervical canal. (b) Coronal T2 
WI. Although coronal to the pelvis, this plane is axial to 
the uterine corpus, fundus, and dark fibroid (“F”). Curved 

yellow arrow again shows the slightly higher signal inten-
sity normal myometrium. Note urinary bladder (“B”) in 
midline, and femoral heads (“FH” denotes the left femoral 
head). (c) Sagittal T1 WI after the administration of intra-
venous gadolinium contrast. Posterior intramural fibroid 
(“F”) displaces the dark endometrial cavity (yellow 
arrowhead) anteriorly. Note how the fibroid enhances less 
(lower signal intensity) and is more heterogeneous than 
the thin rim of normal myometrium (curved yellow 
arrow). Routine use of gadolinium may not help with 
fibroid detection, but is useful in the setting of UAE [2]
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procedural fibroid high SI on T2-WI is a predictor 
of a good response to UAE [2]. Good contrast 
enhancement on T1-WI following intravenous 
gadolinium contrast administration prior to 
embolization is generally a predictor of a good 
response to UAE. MRI is also the guidance 
modality for the newer technique of noninvasive 
MRI-guided focused ultrasound ablation (AKA 
high-intensity focused ultrasound, HIFU), which 
directs very high energy ultrasound waves onto a 
fibroid, resulting in  localized heating and cell 
death.

Hysteroscopy (HS) Obviously direct visual-
ization with various and continually improving 
hysteroscopic fiberoptic technologies can play a 
role, but we focus on imaging evaluation in this 
chapter. Furthermore, ultrasound and MRI allow 
one to estimate depth of invasion into the myo-
metrium (vide supra), something that is gener-
ally not robust with hysteroscopic techniques. 
To quote Bradley [31], “Compared with hyster-
oscopy, SIS more reliably predicts uterine 
fibroids’ size and the depth of myometrial 
involvement.”

 Summary

The goal of preoperative fibroid imaging is to 
accurately assess fibroid size, number, position, 
and site to be able to offer optimal surgical man-
agement, and to ensure that no unexpected find-
ings are present that will change the planned 
approach. Pelvic ultrasound (including TVUS) 
may be sufficient in very simple, uncomplicated 
cases. SIS provides much more definitive infor-
mation. Pelvic MRI is the definitive “go-to” and 
may be used as a problem-solving tool in com-
plex cases: multiple fibroids; when anatomy, par-
ticularly the relationship to the endometrium, is 
difficult to assess at ultrasound due to obscura-
tion by shadowing fibroids, maternal habitus, or 
other factors; and when information about fibroid 
viability/necrosis (such as before and after UAE) 
is desired.

References

 1. Stewart EA.  Uterine fibroids. N Engl J Med. 
2015;372(17):1646–55.

 2. Wilde S, Scott-Barrett S.  Radiological appear-
ances of uterine fibroids. Indian J Radiol Imaging. 
2009;19(3):222–31.

 3. Munro MG, Critchley HOD, Fraser IS, Committee 
FMD. The two FIGO systems for normal and abnor-
mal uterine bleeding symptoms and classification of 
causes of abnormal uterine bleeding in the reproduc-
tive years: 2018 revisions. Int J Gynaecol Obstet. 
2018;143(3):393–408.

 4. Bhagavath B, Ellie G, Griffiths KM, Winter T, Alur- 
Gupta S, Richardson C, et al. Uterine malformations: 
an update of diagnosis, management, and outcomes. 
Obstet Gynecol Surv. 2017;72(6):377–92.

 5. Stewart E. Uterine fibroids (leiomyomas): differenti-
ating fibroids from uterine sarcomas. In: Post T, edi-
tor. UpToDate. Waltham, MA: UpToDate; 2021.

 6. DeMulder D, Ascher SM.  Uterine leiomyosarcoma: 
can MRI differentiate leiomyosarcoma from benign 
leiomyoma before treatment? AJR Am J Roentgenol. 
2018;211(6):1405–15.

 7. Oh J, Park SB, Park HJ, Lee ES. Ultrasound features of 
uterine sarcomas. Ultrasound Q. 2019;35(4):376–84.

 8. Rosenbaum L.  N-of-1 policymaking  — tragedy, 
trade-offs, and the demise of morcellation. N Engl J 
Med. 2016;374(10):986–90.

 9. Van den Bosch T, Coosemans A, Morina M, 
Timmerman D, Amant F.  Screening for uterine 
tumours. Best Pract Res Clin Obstet Gynaecol. 
2012;26(2):257–66.

c

Fig. 13.18 (continued)

T. Winter



169

 10. Thomassin-Naggara I, Dechoux S, Bonneau C, Morel 
A, Rouzier R, Carette MF, et  al. How to differenti-
ate benign from malignant myometrial tumours using 
MR imaging. Eur Radiol. 2013;23(8):2306–14.

 11. Smith J, Zawaideh JP, Sahin H, Freeman S, Bolton 
H, Addley HC. Differentiating uterine sarcoma from 
leiomyoma: BET(1)T(2)ER check! Br J Radiol. 
2021;94:20201332.

 12. Tamai K, Koyama T, Saga T, Morisawa N, Fujimoto 
K, Mikami Y, et al. The utility of diffusion-weighted 
MR imaging for differentiating uterine sarcomas from 
benign leiomyomas. Eur Radiol. 2008;18(4):723–30.

 13. Sun S, Bonaffini PA, Nougaret S, Fournier L, Dohan 
A, Chong J, et  al. How to differentiate uterine leio-
myosarcoma from leiomyoma with imaging. Diagn 
Interv Imaging. 2019;100(10):619–34.

 14. Mendez RJ. MRI to differentiate atypical leiomyoma 
from uterine sarcoma. Radiology. 2020;297(2):372–3.

 15. Abdel Wahab C, Jannot AS, Bonaffini PA, Bourillon 
C, Cornou C, Lefrere-Belda MA, et  al. Diagnostic 
algorithm to differentiate benign atypical leiomyo-
mas from malignant uterine sarcomas with diffusion- 
weighted MRI. Radiology. 2020;297(3):E347.

 16. Kitajima K, Murakami K, Kaji Y, Sugimura 
K.  Spectrum of FDG PET/CT findings of uterine 
tumors. AJR Am J Roentgenol. 2010;195(3):737–43.

 17. Lakhman Y, Reinhold C.  Malignant diseases of the 
uterus. In: Hodler J, Kubik-Huch RA, von Schulthess 
GK, editors. Diseases of the abdomen and pelvis 
2018–2021: diagnostic imaging. Cham (CH): IDKD 
Book; 2018. p. 197–206.

 18. Serno J, Meinhold-Heerlein I, Schrading S, 
Papathemelis T.  Does any imaging method allow 
distinguishing between myoma and sarcoma? Curr 
Obstet Gynecol Rep. 2015;4(3):149–51.

 19. Arleo EK, Schwartz PE, Hui P, McCarthy 
S. Review of leiomyoma variants. Am J Roentgenol. 
2015;205(4):912–21.

 20. Kurman R, Carcangiu M, Herrington C, Young 
R.  WHO classification of tumours of female re- 
productive organs. 4th ed. Lyon, France: International 
Agency for Research on Cancer; 2014.

 21. Luong E, Ludwin A, Winter T, Yaklic J, Maxwell 
RA, Bhagavath B, et  al. Saline-air hysterosalpingo- 
contrast sonography is equivalent to the modified 
hysterosalpingogram following hysteroscopic steril-
ization. Ultrasound Q. 2020;36(2):138–45.

 22. Robertshaw IM, Sroga JM, Batcheller AE, 
Martinez AM, Winter TC 3rd, Sinning K, et  al. 
Hysterosalpingo-contrast sonography with a saline- 
air device is equivalent to hysterosalpingography only 
in the presence of tubal patency. J Ultrasound Med. 
2016;35(6):1215–22.

 23. van Rijswijk J, van Welie N, Dreyer K, van Hooff 
MHA, de Bruin JP, Verhoeve HR, et al. The FOAM 
study: is Hysterosalpingo foam sonography (HyFoSy) 
a cost-effective alternative for hysterosalpingogra-
phy (HSG) in assessing tubal patency in subfertile 
women? Study protocol for a randomized controlled 
trial. BMC Womens Health. 2018;18(1):64.

 24. Wadhwa L, Rani P, Bhatia P.  Comparative pro-
spective study of hysterosalpingography and hys-
teroscopy in infertile women. J Hum Reprod Sci. 
2017;10(2):73–8.

 25. Acholonu UC, Silberzweig J, Stein DE, Keltz 
M.  Hysterosalpingography versus sonohys-
terography for intrauterine abnormalities. JSLS. 
2011;15(4):471–4.

 26. Laifer-Narin S, Ragavendra N, Parmenter EK, Grant 
EG. False-normal appearance of the endometrium on 
conventional transvaginal sonography: comparison 
with saline hysterosonography. AJR Am J Roentgenol. 
2002;178(1):129–33.

 27. Maheux-Lacroix S, Li F, Laberge PY, Abbott 
J.  Imaging for polyps and leiomyomas in women 
with abnormal uterine bleeding. Obstet Gynecol. 
2016;128(6):1425–36.

 28. Neele SJ, Marchien van Baal W, van der Mooren MJ, 
Kessel H, Netelenbos JC, Kenemans P.  Ultrasound 
assessment of the endometrium in healthy, asymptom-
atic early post-menopausal women: saline infusion 
sonohysterography versus transvaginal ultrasound. 
Ultrasound Obstet Gynecol. 2000;16(3):254–9.

 29. Ragni G, Diaferia D, Vegetti W, Colombo M, Arnoldi 
M, Crosignani PG. Effectiveness of sonohysterogra-
phy in infertile patient work-up: a comparison with 
transvaginal ultrasonography and hysteroscopy. 
Gynecol Obstet Investig. 2005;59(4):184–8.

 30. Nannini R, Chelo E, Branconi F, Tantini C, Scarselli 
GF.  Dynamic echohysteroscopy: a new diagnostic 
technique in the study of female infertility. Acta Eur 
Fertil. 1981;12(2):165–71.

 31. Bradley L. Assessment of abnormal uterine bleeding: 
3 office-based tools. OBG Manag. 2003;15:51–66.

 32. Lindheim SR, Sprague C, Winter TC 3rd. 
Hysterosalpingography and sonohysterogra-
phy: lessons in technique. AJR Am J Roentgenol. 
2006;186(1):24–9.

 33. Ahmadi F, Jahangiri N, Zafarani F, Vosough A. Pain 
perception and side effects during saline infu-
sion sonohysterography with a balloon catheter: a 
randomized comparative study of cervical versus 
intrauterine catheter placement. J Ultrasound Med. 
2020;39(9):1829–37.

 34. Spieldoch RL, Winter TC, Schouweiler C, Ansay S, 
Evans MD, Lindheim SR. Optimal catheter placement 
during sonohysterography: a randomized controlled 
trial comparing cervical to uterine placement. Obstet 
Gynecol. 2008;111(1):15–21.

 35. Dueholm M, Forman A, Jensen ML, Laursen H, 
Kracht P.  Transvaginal sonography combined with 
saline contrast sonohysterography in evaluating the 
uterine cavity in premenopausal patients with abnor-
mal uterine bleeding. Ultrasound Obstet Gynecol. 
2001;18(1):54–61.

 36. Parker JD, Alvero RJ, Luterzo J, Segars JH, Armstrong 
AY.  Assessment of resident competency in the per-
formance of sonohysterography: does the level of 
training impact the accuracy? Am J Obstet Gynecol. 
2004;191(2):582–6.

13 Imaging Modalities to Preoperatively Detect Fibroid Location



170

 37. Epstein E, Ramirez A, Skoog L, Valentin 
L.  Transvaginal sonography, saline contrast sono-
hysterography and hysteroscopy for the investiga-
tion of women with postmenopausal bleeding and 
endometrium > 5  mm. Ultrasound Obstet Gynecol. 
2001;18(2):157–62.

 38. Berry E, Lindheim SR, Connor JP, Hartenbach EM, 
Schink JC, Harter J, et  al. Sonohysterography and 
endometrial cancer: incidence and functional viabil-
ity of disseminated malignant cells. Am J Obstet 
Gynecol. 2008;199(3):240.e1–.e8.

 39. Van den Bosch T, Dueholm M, Leone FP, Valentin 
L, Rasmussen CK, Votino A, et al. Terms, definitions 
and measurements to describe sonographic features 
of myometrium and uterine masses: a consensus 
opinion from the Morphological Uterus Sonographic 
Assessment (MUSA) group. Ultrasound Obstet 
Gynecol. 2015;46(3):284–98.

 40. Dueholm M, Lundorf E, Hansen ES, Ledertoug S, 
Olesen F. Evaluation of the uterine cavity with mag-
netic resonance imaging, transvaginal sonography, 

hysterosonographic examination, and diagnostic hys-
teroscopy. Fertil Steril. 2001;76(2):350–7.

 41. Jha RC, Ascher SM, Imaoka I, Spies JB. Symptomatic 
fibroleiomyomata: MR imaging of the uterus before 
and after uterine arterial embolization. Radiology. 
2000;217(1):228–35.

 42. Sadowski EA, Ochsner JE, Riherd JM, Korosec FR, 
Agrawal G, Pritts EA, et  al. MR hysterosalpingog-
raphy with an angiographic time-resolved 3D pulse 
sequence: assessment of tubal patency. AJR Am J 
Roentgenol. 2008;191(5):1381–5.

 43. Cooperberg P.  The endometrium looks thick: what 
does that mean? In: Cooperberg P, Charboneau J, 
Winter T, editors. 2002 syllabus: categorical course 
in diagnostic radiology: findings at US –what do they 
mean? Oak Brook, IL: RSNA; 2002. p. 39–46.

 44. Berridge DL, Winter TC.  Saline infusion sonohys-
terography: technique, indications, and imaging find-
ings. J Ultrasound Med. 2004;23(1):97–112; quiz 
4–5.

T. Winter



171

14Image-Based Surgery: Treating 
Fibroids You Can’t See

Victoria S. Jiang and John C. Petrozza

 Introduction

Over the last 100 years, gynecologic surgery has 
experienced an exponential growth of new proce-
dures and surgical techniques thanks to develop-
ing technologies. Ultrasound technology has 
become a mainstay and gold standard for pelvic 
organ evaluation. With a gynecologic surgeon 
performing the first successful appendectomy 
(source), the integration of laparoscopy to gen-
eral practice has been met with continual innova-
tion, as new techniques, visualization methods, 
and imaging have led to improved patient out-
comes and decreased patient morbidity and mor-
tality. Laparoscopy has transformed surgical 
recovery from multiple days to same-day dis-
charge and reduced blood loss for the same pro-
cedures historically done through large incisions. 
Paired with advancements in imaging, surgical 
visualization, preoperative planning, and intraop-
erative decision making has been revolutionized. 
We discuss the origins of ultrasound, and how 
new innovations in image processing and visual-
ization in gynecologic surgery allow surgeons to 
have the vision to make decisions that improve 
patient care and outcomes.

 History of Ultrasound Imaging

The journey to our modern-day ultrasound tech-
nology began initially in the early nineteenth cen-
tury with the characterization of sound. The 
speed of sound was first described in 1826 by 
Jean-Daniel Colladon, a Swiss physicist, at the 
Academie Royale de Science of Paris [1, 2]. 
Through a series of experiments involving an 
underwater bell and underwater ballistics in Lake 
Geneva, Colladon was credited with the birth of 
modern underwater acoustic science [1, 2]. These 
fundamental experiments were expanded upon 
by John William Strutt, who published The 
Theory of Sound in 1877, which became the 
foundation of ultrasound science. Shortly there-
after, in 1880, Jacques and Pierre Curie observed 
that an electric charge was generated propor-
tional to the pressure that was applied to crystals 
of quartz or Rochelle salt, termed “piezoelectric-
ity” [2, 3]. They also demonstrated that the crys-
tal would vibrate if a rapidly changing electric 
potential was applied [2]. This principle serves as 
the basis for the use of piezoelectric crystals 
within modern ultrasound transducers that inter-
convert electric and mechanical energy [2].

These advances in underwater acoustics lead 
to interests in ocean floor mapping with echo- 
sounding. The sinking of the Titanic on April 15, 
1912, paired with public outcry of the event lead 
to English meteorologist L.  F. Richardson’s 
research in airborne and ultrasonic underwater 
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detection systems, and Canadian inventor 
Reginald Fessenden’s electromagnetic moving- 
coil arrangement for iceberg detection [1, 2]. 
With growing international tensions, World War I 
lead to an international race in expanding 
 underwater detection and mapping to advance 
naval efforts in identifying submarines and 
German U-boats [2]. Russian expatriate 
Constantin Chilowsky collaborated with French 
physicist Paul Langevin to pioneer the hydro-
phone [4] and the pulse-echo principle of Sound 
Navigating and Ranging (SONAR), which 
involved generating and receiving ultrasound 
waves [2]. SONAR became increasingly useful 
and popular for not only naval superiority but 
also industrial applications, with simultaneous 
research being conducted in many countries 
internationally. While most of the funding was 
exhausted with the end of World War I, Donald 
Sproule revolutionized the field with the first 
echo-sounder for the Royal Navy, which not only 
mapped the sea floor but also inadvertently 
detected the schools of fish along the way [5]. 
World War II revived interests in the development 
of ultrasound acoustics and transducers [2]. With 
the growing need for metal shipping hulls, ultra-
sound technology was optimized by industrial 
manufacturers for metal flaw detection, culminat-
ing in Tom Brown and Ian Donald developing the 
first handheld contact ultrasound device in the 
post-war era [2].

The advent of SONAR inspired the extension 
of ultrasonography to medical applications in the 
late 1930s. Karl Theodore Dussik, a neurologist 
and psychiatrist, alongside his brother Friederich 
Dussik initially used a 1.5  MHz transmitter to 
attempt to characterize the human brain and 
describe brain tumors. Unfortunately, the broth-
ers were ultimately unsuccessful, as the varia-
tions in these “hyperphonograms” were likely 
due to bone thickness, setting back medical ultra-
sound development and funding for the next 
decade [5–7]. Medical research was also slowed 
from the fear of ultrasound to be destructive in 
nature. Supersonic sound experiments caused 
pain to the observer’s hand and harmed schools 
of fish. In 1944, TJ Putnam and JG Lynn 
attempted and ultimately abandoned the of use 

ultrasound as a neurosurgical tool alongside cra-
niotomy for the destruction of brain tissue in 
Parkinson’s disease [5].

Pursuit of medical applications continued 
with George D.  Ludwig at the Naval Medical 
Research Institute. In collaboration with Francis 
Struthers and Horace Trent at the Naval Research 
Laboratory, and Ivan Greenwood at General 
Precision Laboratories, Ludwig used beef mod-
els and canine gallbladders to measure the imped-
ance of ultrasound on soft tissue and was able to 
conduct in  vivo experiments that examined 
implanted gall stones in muscle and canine gall 
bladder tissue [2, 8, 9]. This work, initially pub-
lished in 1950 served as the basis for John Julian 
Wild and Douglass Howry, leaders in the field of 
early ultrasound.

During World War II, Wild was a notable sur-
geon who treated many soldiers that suffered spi-
nal cord blast injuries that developed paralytic 
ileus. He used A-mode ultrasound imaging with a 
15 MHz transducer to examine the layers of the 
small intestine to distinguish ileus from small 
bowel obstruction [2]. By examining changes in 
echogenicity between benign and malignant tis-
sue [10, 11], Wild used ultrasound imaging to aid 
diagnosis of gastric cancer [10], a thigh tumor, 
and breast cancer [12]. While his published 1952 
findings were hard to replicate due to the operator- 
dependent nature of ultrasound, he persevered in 
finding clinical applications within the field. He 
was credited with developing a scanning device 
to screen patients for breast cancer, the transrec-
tal and transvaginal transducers, and contributing 
significantly to the development of two- 
dimensional ultrasonography [2].

Simultaneously, Howry applied ultrasound 
theory to develop ultrasound machines and 
related equipment within the field of radiology. 
Working through the Denver University Hospital 
with W.  Roderic Bliss, Howry created the first 
B-mode scanner in 1949, a cumbersome machine 
that required a large water tank coupling system 
with a mounted transducer, a first of its kind to 
consistently provide accurate, reproducible 
results [2]. After several years of prototypes, 
attempts to remove shadowing, and collabora-
tions, he was able to decouple the ultrasound 
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machine from the water system in the late 1950s 
[2]. In 1961, he partnered with W. Wright and E 
Meyers to form Physionics Engineering which 
produced the first handheld contact scanner in the 
United States [13].

In 1955, Ian Donald, an obstetrician/gynecol-
ogist at the University of Glasgow who was 
familiar with SONAR and radar equipment from 
his Royal Air Force experience in World War II 
(42), applied A-mode ultrasound to differentiate 
between different types of tissues such as excised 
fibroids and ovarian cysts [2]. After developing 
the first contact compound scanner with gyne-
cologist John McVicar, Donald published a land-
mark article in June 1958, “Investigation of 
Abdominal Masses by Pulsed Ultrasound,” 
describing the use of ultrasound in diagnosis of a 
patient with a large mucinous ovarian cyst [14]. 
During his experiments, he found that a full uri-
nary bladder provided an ideal natural acoustic 
window to improve transabdominal ultrasound 
evaluation of pelvic structures [14]. While at the 
University of Glasgow, Donald’s contributions to 
the field were invaluable to the medical integra-
tion of ultrasound as a diagnostic tool in obstet-
rics and gynecology, visualizing small pelvic 
tumors, ectopic pregnancies, placentation loca-
tions, and being the first to measure fetal bipari-
etal diameter for fetal growth.

 Integrating Ultrasound into 
Gynecology

With the creation of handheld ultrasound probes, 
smaller ultrasound machines, and commercially 
available technology, ultrasound has made an 
invaluable impact on the field of the gynecology. 
Ultrasound has become the gold standard in eval-
uation of pelvic anatomy due to its ease of access, 
accuracy in characterizing pelvic organs, lack of 
radiation, and cost-effectiveness. With many 
clinics performing in-office ultrasounds, the use 
of ultrasound has become universal in both medi-
cal training and practice. As growing comfort in 
using this technology has expanded over the last 
40  years, the use of ultrasound in gynecologic 
procedures and surgery is a natural extension of 

the diagnostic in-office use. Continual develop-
ment of different types of ultrasound probes has 
contributed to expanding its value as an adjunct 
in surgery. Two main avenues that have seam-
lessly integrated ultrasound include fertility treat-
ment and fibroid care.

Outside of diagnostics, ultrasound was first 
described for use in fertility treatments such as 
assisted reproductive technology (ART) in 1987 
[15]. Prior to ultrasound-guided oocyte aspira-
tion, in vitro fertilization (IVF) was convention-
ally performed in the hospital with laparoscopic 
retrieval of oocytes under general anesthesia, 
which was cost-prohibitive to many patients 
especially in the context of need for repetitive 
cycles before successful live birth. Schulman 
et al. described performing oocyte retrieval under 
local anesthesia with transvaginal ultrasound- 
guided needle aspiration under local anesthesia, 
which revolutionized practice and cost efficiency. 
In this cohort of women, while not all women 
went to retrieval, the pregnancy rates were 26% 
per transfer, 16% per retrieval, and 13% per cycle 
started, with 9% continuing pregnancy and 10% 
infants per cycle initiated [15]. These rates were 
comparable to the time, with 10–20% live birth 
rate reported by the top, most successful institu-
tions at that time [15]. This approach was subse-
quently universally accepted, and opened the 
door to outpatient oocyte aspiration, the gold 
standard method of retrieval today.

Alongside oocyte retrieval, ultrasound-guided 
embryo transfer served as another major land-
mark in the use of ultrasound imaging in 
ART.  Stickler et  al. [16] first described using 
transabdominal ultrasound to assist with embryo 
transfer in 1985. In 1997, Woolcott and Stanger 
[17] described that by using transabdominal 
ultrasound during embryo transfer, they were 
able to better visualize the path of the transfer 
catheter during embryo transfers. They found 
that the outer guiding cannula indented the endo-
metrium in 17.4% of transfers, the transfer cath-
eter abutted the fundal endometrium in 24.8% of 
transfers, the transfer catheter embedded in the 
endometrium in 33.1% of transfers, and acciden-
tal tubal transfer occurred in 7.4% of embryo 
transfers [17]. A hallmark study by Tang et al. in 
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2001 reported a prospective randomized con-
trolled trial of 800 embryo transfers that com-
pared clinical touch to transabdominal 
ultrasound-guided approach. While there was no 
significant difference in pregnancy rates between 
clinical touch and transabdominal ultrasound- 
guided embryo transfers, a slight improvement 
was seen of the pregnancy rate in the ultrasound 
group comparatively. Implantation rate, however, 
was significantly higher, improving from 12% in 
the clinical touch group to 15.3% in the 
ultrasound- guided group, with no difference in 
overall ectopic rates [18]. The authors posited 
that pregnancy rates are likely more affected by 
the specific catheter and techniques of individual 
clinicians, whereas ultrasound guidance can help 
with verification of the catheter placement and 
subsequent transfer.

Outside of ART, ultrasound has been serv-
ing as a used adjunctive surgical tool in seek-
ing and treating myomas during laparoscopic 
myomectomy. Intraoperative ultrasound use 
during laparoscopic myomectomy was first 
described by Lin et al. in 2004. Use in gyneco-
logic surgery with a laparoscopic ultrasound 
transducer was a natural extension of use in 
other surgical areas such as partial nephrec-
tomy, particle liver resection, gallbladder sur-
gery, and breast surgery. Lin et al. [19] initially 
described a case report involving a 44-year-old 
female with unexplained secondary infertility 
and a 2 cm intramural myoma noted with dis-
tortion of the endometrial cavity. At the time of 
laparoscopy, the fibroid was not able to be 
visualized due to normal-appearing uterine 
contour from size and location. Given limited 
tactile feedback from laparoscopic approach, 
the laparoscopic ultrasound transducer, which 
fits through a 12-mm port, was used to visual-
ize the myoma and led to accurate subsequent 
resection [19]. Since this first case report, 
intraoperative ultrasound was evaluated by 
Angioli et al. [20], who evaluated its utility in 
64 consecutive laparoscopic myomectomy 
cases. In this population, they showed that for 
patients with more than 6 fibroids, preoperative 
ultrasound efficiency was significantly 

decreased [20]. Additionally, after initial myo-
mas were resected, residual fibroids were pal-
pated, then subsequently underwent 
laparoscopic ultrasound. The mean number of 
residual fibroids noted with intraoperative 
ultrasound compared to intraoperative palpa-
tion was higher [20]. This study confirmed the 
usefulness of applying intraoperative laparo-
scopic ultrasound during laparoscopic myo-
mectomy (Figs. 14.1 and 14.2).

Ultrasound technology has also been devel-
oped to try to integrate intraoperative ultrasound 
into abdominal procedures. Finger-grip 7.5 MHz 
ultrasounds with sterile sleeves have been devel-
oped for transabdominal procedures to maintain 
sterility during transabdominal procedures, with 
use reported in case series [21]. The use of this 

Fig. 14.1 Laparoscopic ultrasound transducer
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Fig. 14.2 Laparoscopic ultrasound image; red arrow—
endometrium; white arrows—residual fibroids

finger-grip ultrasound can be useful in guiding 
dissection and tracking instruments in complex 
gynecologic surgery for both myomectomy and 
obstructive Mullerian abnormalities [21]. It can 
serve to assist with myometrial dissection and 
help avoid endometrial cavity invasion, and use 
may be extended to intraoperative anatomic iden-
tification, such as the ureter or uterine artery [21]. 
With continual innovation, ultrasound will con-
tinue to serve as a useful, inexpensive adjunct to 
gynecologic surgery for many decades to come.

 Fluorescent Imaging: How 
Indocyanine Green Is the New Black

While white light imaging during laparoscopy 
and with overhead lights in the operating room 
has been the standard for several decades, new 
light sources paired with intraoperative fluores-
cence imaging has been helpful in discerning 
underlying pathology that may not be obvious to 
the naked eye or novice observer. Intraoperative 
fluorescence imaging with near-infrared indocya-
nine green has been a growing interest among 
many gynecologic surgeons for use in surgical 
treatment of gynecologic cancers and 
endometriosis.

Indocyanine green (ICG) is a fluorescent 
water-soluble, anionic, relatively hydrophobic, 
tricarbocyanine molecule that is commonly used 
as a medical dye in a wide variety of applications 
[22]. It was originally developed by the Kodak 

research laboratories for near infra-red 
 photography in 1955 and gained FDA approval 
for clinical use in 1959 [23]. Since the 1950s 
[24–26], ICG has been used to measure cardiac 
output [27, 28], to study retinal vessel anatomy 
[24], and measure liver functional reserve [29]. 
The standard clinical dose is 0.1–0.5 mg/mL/kg 
[23] and the dye becomes visible with either laser 
beam [30, 31] or near infra-red (NIR) light at 
around 820  nm and longer wave lengths [32]. 
After intravenous administration, ICG binds 
tightly to plasma proteins, allowing for visualiza-
tion of the peritoneal and pelvic vascular system 
(24) several millimeters into blood of soft tissue.

In the treatment of endometriosis, ICG has 
been predominantly used as an adjunct to skilled 
surgical acumen in treatment of deep infiltrating 
endometriosis (DIE). DIE is commonly not ade-
quately treated with medical management, and 
surgery is needed for symptom management 
[33]. While surgery is a safe option, it requires a 
high level of surgical skill and experience to ade-
quately treat, as DIE can be difficult to visualize 
and adequately resect. In a study of 7 women 
with endometriosis conducted by Jayakumaran 
et  al. [34], visualization and identification of 
endometriosis was 3.2 times greater with robotic 
NIR fluorescence imaging compared to tradi-
tional laparoscopic white light, and 2 times 
higher than robotic white light [34]. The ICG in 
this case allowed surgeons to better visualize 
endometriosis lesions due to ICG exposing vas-
cular lesions and endometriotic angiogenesis 
underlying the peritoneum that may be otherwise 
missed. All patients in the small cohort had 
improvement in their pain postoperatively, and 
reduction of their symptoms to no or very mild 
symptoms at the 2–4 weeks postoperative visit 
[34]. Additionally, ICG has been useful in identi-
fying peritoneal and visceral organ endometriosis 
lesions, allowing fluorescence for rectal and 
bowel lesions for resection and rectal shave pro-
cedures [35] (Fig. 14.3).

ICG is also used in the context of gynecologic 
surgery for sentinel lymph node mapping. 
Sentinel lymph node (SLN) mapping is already 
readily used in vulvar cancer [36]; endometrial 
and cervical cancers have limited studies show-
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Fig. 14.3 (a) Pelvic endometriosis lesions using white 
light. (b) Pelvic endometriosis using near-infrared fluo-
rescence with indocyanine green. Yellow arrows represent 
endometriosis. (Ref. [34]; [Reprinted by permission from 
Springer Nature: Springer [Robotic single-site endome-

triosis resection using near-infrared fluorescence imaging 
with indocyanine green: a prospective case series and 
review of literature] by Jayapriya Jayakumaran et  al. 
[COPYRIGHT] (2019)])

ing the efficacy of sentinel lymph node mapping. 
ICG in NIR fluorescence has been studied as a 
more feasible and efficient tracer in comparison 
to the more expensive and complex combination 
of technetium 99  m radiocolloid and blue dye 
[37]. Several groups have examined its efficacy 
in SLN [38–40], and recently, Buda et  al. [37] 
examined intracervical ICG injection feasibility 
for SLN mapping of endometrial and cervical 
cancer. A cohort of 49 patients with either early 
stage endometrial (Stage I) or cervical cancer 
(Stage 1A2 – 1B1) underwent minimally invasive 
surgery with pelvic and paraaortic lymph node 
dissection with intracervical ICG injection [37]. 
In this cohort, SLN detection with ICG alone 
demonstrated 100% detection rate and 86% rate 
of bilateral mapping. In average, 2 SLNs were 
mapped using ICG, ranging from 1 to 6. 
Advantages of the ICG mapping compared to the 
traditional blue dye technique include better 
intraoperative visualization of lymphatic chan-
nels, better penetration of the underlying struc-
tures, and nonstaining nature within the operative 
field [37]. ICG mapping serves as a useful tool, 
particularly in the obese population that may 
have obstructing overlying adiposity that may 
make lymphadenectomy difficult to complete.

Continuing studies into ICG with NIR fluores-
cence will show the potential in its utilization 
within the field of gynecology. Promising find-
ings have shown its value in endometriosis sur-
gery and SLN mapping in early-stage gynecologic 
cancer. As a versatile, nonradioactive, affordable, 
nonstaining fluorescent marker, ICG will become 
more widely available and used throughout lapa-
roscopy as the camera and image processing con-
tinues to improve and expand to include NIR 
imaging.

 3D Models and Augmented Reality: 
Seeing Is Believing

Prior to myomectomy, medical imaging with 
ultrasound and MRI has been essential in surgical 
planning and intraoperative decision-making. A 
key principle in myomectomy includes uterine 
incision site optimization, which includes deter-
mining the location, orientation, and length of the 
incision to minimize incisions and maximize 
access to underlying fibroids. Uterine incision 
optimization can be challenging particularly dur-
ing laparoscopy, due to the size, number, loca-
tion, and lack of tactile feedback, especially if the 

V. S. Jiang and J. C. Petrozza



177

fibroid does not distort the surface of the uterus. 
In conjunction with ultrasound and MRI, the 
integration of 3D models and augmented reality 
has been a novel addition to enhance and comple-
ment both preoperative and intraoperative surgi-
cal planning.

Modern 3D printing has become more acces-
sible to both laypeople and medical researchers, 
allowing for applications to be ever-expanding. 
In the medical field, 3D printed models can be a 
key component to surgical planning that can 
serve as an aid for both the surgeon and the 
patient to help visualize anatomy. Aluwee et al. 
[41] created five 3D printed uterine models for 
patients undergoing surgery for endometrioid 
adenocarcinoma. All five patients underwent 3-T 
MR imaging with 3D volume isotropic turbo 
spin-echo acquisition (VISTA) sequence with 
imaged obtained in the sagittal plane [41]. 
Contrast-enhanced MR angiography was also 
obtained using the bolus tracking technique [41]. 
3D printed uterine models were created using 
fused deposition printers with polyol with isocy-
anate as printing material, and model validation 
was performed by obtaining CT images of the 3D 
physical models and comparing to previously 
obtained MR images for accuracy [41]. Through 
these models, they were able to reproduce low- 
cost, recyclable 3D uterine models that accu-
rately displayed the underlying anatomy and 
lesions present, with minimal error [41]. 
Furthermore, they assessed the reliability and 
usefulness of their uterine models through 
patients and surgeon evaluations. The five 
patients, while a small sample size, described 
greater satisfaction with the 3D model with 
understanding their disease, the surgical proce-
dures, and risk of complications [41]. Surgeons 
also described a favorable evaluation of the 3D 
model for preoperative counseling and visualiz-
ing positional relationships between the uterus 
and the underlying tumor [41]. Overall, 3D print-
ing and modeling can serve as a useful additional 
to preoperative counseling and surgical planning 
as 3D printers become more widely available and 
used (Fig. 14.4).

While a physical three-dimensional model can 
be valuable for surgical planning prior to surgery, 

integration of 3D models into real-time aug-
mented reality is changing the practice of tradi-
tional laparoscopy throughout many fields. 
Augmented reality (AR) describes an interactive 
interface where computer-generated images are 
incorporated into real-life objects or the sur-
rounding environment to enhance perceptual 
information. AR has been used in laparoscopy by 
integrating computer-generated images into 
endoscopic video monitors to allow surgeons to 
view subsurface structures [43–45]. AR systems 
have been developed for adrenalectomy [44], 
prostatectomy [46], liver resection [45, 47], 
endoscopic sinus surgery, and neurosurgery [48]; 
however, previously described systems have been 
limited to nonmobile organs visualized during 
surgery. Bourdel et  al. based at the Centre 
Hospitalier de l’Université Estaing Clermont- 
Ferrand in France have described an AR system 
that can be used for a very mobile organ, such as 
the uterus, to enhance intraoperative myoma 
visualization for uterine incision optimization 
[49, 50].

The first AR system used for gynecologic sur-
gery was aimed at improving laparoscopic myo-
mectomy and addressed the challenge of uterine 
mobility with active manipulation. Bourdel et al. 
describe an intraoperative myoma visualization 
system that divided information into two main 
phases: the segmentation phase and the fusion 
phase [49, 51]. Initially, a radiologist takes the 
MRI imaging and separates the myomas from the 
uterine surface, from which a 3D mesh model is 
constructed [49, 51]. The fusion phase then 
involves fusing the 3D mesh model and overlay-
ing it on real-time laparoscopic imaging, creating 
a semitransparent uterus where the surgeon can 
visualize the myomas underlying the serosal sur-
face [49, 51] (Fig. 14.5).

The AR system was initially tested by testing 
10 users with a 3D printed synthetic uterus with 6 
embedded 2  cm myomas [49]. Synthetic MRI 
images were created of each myoma location, 
and the 10 users were asked to identify the clos-
est distance using a laparoscopic pointer to the 
underlying myomas through a laparoscopic 
trainer using either the AR system or the syn-
thetic MRI slices (which is considered gold stan-
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Fig. 14.4 MRI images on top row. Bottom row is 3D 
printed fibroid uterus with adenomyosis. Red areas repre-
sent fibroids and proximity to uterine cavity (blue area); 

purple area represents adenomyosis. (Ref. [42]; used with 
permission from Springer)

dard) [51]. While there was no significant 
difference in time to completion of the task, the 
mean accuracy of localization was improved by a 
factor of 20 [49].

The same system was then utilized in a surgi-
cal case and represents the first in vivo use of an 

AR system within gynecology [50]. First, 
T2-weighted MRI imaging was obtained, and the 
segmentation phase was performed with interac-
tive segmentation software through radiology 
[49]. During standard laparoscopy with a 00 lapa-
roscope, the uterus was visualized in several 
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c

Fig. 14.5 3D surface-rendered MRI images. (a) small 
arrows represent endometrium and large arrow shows 
fibroid; (b) Soft yellow areas represent fibroids in relation 

to dark yellow endometrium; (c) 3D rendered image 
allows better resolution between soft yellow fibroid and 
dark yellow endometrium

 different angles, and the AR software creates a 
3D intraoperative mesh model of the uterus using 
“dense structure-from-motion” technology [50]. 
The AR myoma visualization was then overlaid 
on top of the laparoscopic images, providing 
real-time image feedback and allowing for the 
fusion stage. The system was tested on three 
patients initially, one with a dominant fundal 
6  cm fibroid, and two patients with multiple, 
smaller myomas [49]. The system was a novel 
application of AR in gynecology which overcame 
many challenges of AR. The AR system did not 

require any additional laparoscopic hardware or 
artificial landmarks, and withstood motion arti-
fact, blur, and laparoscope removal and reinser-
tion [50].

The use of augmented reality has been focused 
on improving efficiency of movement, minimiz-
ing error, and improving operator accuracy. It is 
focused on reducing natural limitations, enhanc-
ing spatial awareness, and identifying concealed 
vital structures [52]. AR integration has been 
shown to decrease operative time and improve 
surgical accuracy [53–55] in other fields. With 
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this further integration to gynecology, AR serves 
as an opportunity to seamlessly complement the 
surgeon’s skill, allowing for faster and safer sur-
geries for future generations.

 Conclusions

Over the course of the last century, gynecologic 
surgery has changed immensely with the integra-
tion of technological advances. The integration of 
ultrasound into gynecology and subsequently 
into surgical practice has created safer and more 
precise procedures, opening the space for further 
advancements in image-based surgery. With new 
developments in the AR space, the ability to uti-
lize vision to make decisions in gynecology is 
ever-expanding and will change not only the way 
we practice and operate, but also the safety and 
efficacy of the procedures we provide.
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15Cervical Fibroids

Joseph Findley and Callum Potts

 Introduction

Uterine fibroids (also known as leiomyomas) are 
benign, monoclonal tumors arising from the 
myometrium. They are the most common benign 
gynecologic tumors, with a cumulative inci-
dence approaching 70–80% for women by the 
age of 50 [1]. The inciting event for fibroid 
development remains speculative, though their 
proliferation has been found to be responsive to 
the ovarian steroids estrogen and progesterone 
[2]. Though fibroids can be asymptomatic, those 
that cause symptoms (including heavy and/or 
irregular menstrual bleeding, pelvic pain, pelvic 
pressure, and infertility) have the potential to 
significantly impact to quality of life. As such, 
fibroids are the leading indication for hysterec-
tomy worldwide [3].

The vast majority of fibroids are found in the 
uterine corpus (95%), with approximately 5% 
occurring in the cervix [4]. Per the 2011 FIGO 
classification system, cervical fibroids are described in the ectopic type 8 category 

(Fig. 15.1) [5]. They may be further subclassified 
as extracervical (subserosal) or intracervical 
(intramural with or without submucosal compo-
nents) [6]. A variety of interventional radiology 
and surgical techniques have been proposed for 
the management of uterine corpus fibroids, 
though their applicability to the management of 
cervical fibroids is less clear. By virtue of their 
location, cervical fibroids present additional 
challenges due to their proximity to the bladder, 
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Fig. 15.1 Simplified diagram of the International 
Federation of Gynecology and Obstetrics (FIGO) uterine 
leiomyoma classification. Leiomyoma types: (0) 
Pedunculated intracavitary, (1) Submucosal and <50% 
intramural, (2) Submucosal and >50% intramural, (3) 
Intramural and contacts the endometrium, (4) Intramural, 
(5) Subserosal and >50% intramural, (6) Subserosal and 
<50% intramural, (7) Subserosal pedunculated, (8) 
Cervical or ectopic. For hybrid leiomyomas, two numbers 
are listed separated by a hyphen. The first number 
describes the leiomyoma’s relation to the endometrium, 
and the second describes its relationship to the serosa
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ureters, rectum, and the major vascular supply for 
the uterus [7].

Descriptions of surgical approaches for the 
management of cervical fibroids vary signifi-
cantly in the available literature. With the relative 
infrequency of cervical fibroids compared with 
their uterine corpus counterparts, evidence for 
different techniques is present largely in the form 
of case reports or limited case series. Particular 
attention has been given to laparoscopic tech-
niques due to their apparent non-inferiority to an 
abdominal approach with a similar risk for post-
operative recurrence [8]. Takeuchi et al. report a 
series of 5 patients for a laparoscopic enucleation 
technique of intracervical fibroids that minimizes 
blood loss through clipping of the uterine artery 
[9], a surgical technique adopted in a series of 16 
patients by Matsuoka et al. [10]. In a larger series 
of 28 patients, Chang et  al. further delineated 
laparoscopic techniques by the location of the 
fibroid in the cervix, differentiating between 
anterior, posterior, central, lateral, and deep- 
rooted fibroids [11].

Other approaches have been considered. 
Vaginal and hysteroscopic myomectomies have 
been described [12, 13], particularly in situations 
where the fibroid is prolapsing through the cervi-
cal canal [14–16]. The abdominal approach, 
though less commonly reported, appears more 
favored for cervical fibroids that are either very 
large or pose particular surgical risks due to dis-
tortion of the anatomy or involvement of adjacent 
vasculature [17]. When the cervix is almost 
 completely obliterated by the fibroid, radical 
abdominal trachelectomy has also been described 
[18, 19]. Hysterectomy remains an option where 
fertility is not desired or when uterine preserva-
tion is not possible [20].

 Diagnosis

Similar to uterine fibroids, cervical fibroids may 
be asymptomatic or can present with symptoms 
such as abnormal bleeding or bulk symptoms 
related to physical pressure exerted on surround-
ing tissues. When present, this pressure is mani-

fested by a sensation of pelvic or vaginal pressure, 
urinary frequency or urgency, and/or bowel dys-
function. Ureteral compression may present as 
unilateral or bilateral hydronephrosis. Significant 
distortion of the cervical canal can result in sub-
fertility. A cervical fibroid may also prolapse into 
the vagina, presenting with acute and unrelenting 
pain and bleeding. A necrotic or degenerating 
fibroid may cause acute pain, fever, and abnormal 
discharge.

Evaluation for cervical fibroids should start 
with a thorough history and physical examina-
tion. Bowel and bladder symptoms should 
prompt consideration of alternative etiologies 
prior to surgical management. Rapid progression 
of symptoms thought to be related to rapid 
growth of the cervical mass raises concern for 
leiomyosarcoma, though malignancy is rare par-
ticularly amongst pre-menopausal women. 
Bi-manual pelvic examination is likely to dem-
onstrate an enlarged, irregular uterus. Assessment 
of location and involvement with surrounding 
structures may be limited by discomfort and can 
often be more thoroughly evaluated under 
anesthesia.

 Imaging

Medical imaging is an invaluable tool to aid in 
the assessment of uterine fibroids. As with 
fibroids arising from other areas in the uterus, 
cervical fibroids are best imaged using ultrasound 
and magnetic resonance imaging (MRI). 
Ultrasound is an excellent initial imaging modal-
ity as it is readily available and cost-effective. 
Ultrasound can provide valuable information 
about uterine fibroids based on variation in 
echotexture (Fig.  15.2a), use of color doppler 
imaging can provide information regarding inter-
nal vascularity and blood supply (Fig. 15.3), and 
saline infusion sonography can help to further 
delineate a fibroid’s location relative to the uter-
ine cavity or cervical canal. On the other hand, 
ultrasound is operator dependent, and imaging 
can be limited due to artifact, uterine positioning, 
and patient body habitus.
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Fig. 15.2 Cervical fibroid showing cystic degeneration. 
(a) On ultrasound, cystic degeneration of the fibroid 
appears anechoic (arrow) compared to the surrounding 
fibroid tissue and cervical stroma. Use of color doppler 

can also help to differentiate degeneration from vascula-
ture. (b) On T2-weighted MRI, cystic degeneration of this 
same fibroid demonstrates a hyperintense signal (arrow)

a b

Fig. 15.3 Use of color doppler imaging can provide 
valuable information regarding the blood supply of 
fibroids, and can help differentiate between fibroids that 
arise from the cervical stroma (a) from fibroids that origi-

nate in the uterine cavity and have prolapsed into the cer-
vix (b). When fibroid prolapse occurs, a vascular stalk can 
often be identified, as seen in image B

Though MRI is less cost-effective, it can pro-
vide valuable information for pretreatment plan-
ning, especially when sonographic evaluation is 
limited. As MRI is less subject to the limitations 
of ultrasound, it can accurately define the size, 
borders, location, and number of fibroids that are 
present. MRI can also depict variation in fibroid 
composition by showing differences in signal 
intensity (Fig. 15.2b), as well as map the location 
and borders of adjacent pelvic structures such as 
the ureters, vasculature, bladder, and bowel 
(Fig. 15.4).

 Surgical Approach

 Presurgical Considerations

Comprehensive preoperative planning is critical 
for risk reduction and to allow for adequately 
informed counselling and consent. After a thor-
ough history and physical examination, imaging 
with transvaginal pelvic ultrasound offers insight 
into the fibroid location, size, and association 
with surrounding structures. Pelvic MRI should 
be considered when there is particular concern 

15 Cervical Fibroids



186

Fig. 15.4 Axial T2-weighted MRI showing a cervical 
uterine fibroid demonstrating the location of the ureters 
(white arrows) and rectum (blue arrow)

for fibroid size or impingement on other vital 
structures. If there is concern for anemia, labora-
tory assessment and correction with supplemen-
tal iron or blood transfusion is warranted. With 
significant risk for bleeding, blood products 
should be considered and available at the time of 
surgery. Patients should be counselled about the 
risk for hysterectomy and the impact surgery may 
have on future fertility.

Particularly large cervical fibroids, or cervical 
fibroids in  locations more likely to obscure the 
identification of key pelvic structures like the 
ureters and uterine vessels, may be pretreated for 
3–4 months with GnRH agonists or antagonists 
to reduce their volume. This technique should be 
applied judiciously, as there is some concern that 
GnRH agonist pretreatment may soften the 
fibroid and make the enucleation plane more dif-
ficult to define, thus increasing operative time 
[21]. The selective progesterone receptor modu-
lator ulipristal acetate has been studied for 
fibroid volume reduction prior to surgery, though 
it is not currently recommended by the Food and 
Drug Administration (FDA) or European 
Medicines Agency (EMA) due to concerns 
regarding liver toxicity potentially requiring 
liver transplantation [22].

 Abdominal

Myomectomy has traditionally been managed by 
laparotomy, and though newer minimally inva-
sive techniques have increased in popularity and 
prevalence, abdominal myomectomy remains a 
central procedure for the reproductive surgeon. 
Though route preference is less well-defined for 
cervical fibroids, hospital and regional studies 
suggest uterine fibroids are approached abdomi-
nally in the majority of cases [23, 24]. Factors 
favoring an abdominal approach include surgeon 
skill and training, fibroid size (particularly 
fibroids greater than 10 cm in maximal diameter), 
extensive attachment to the cervix or uterus, con-
cern for preexisting pelvic adhesive disease, and 
fibroids that lie predominantly above the level of 
the cervical- vaginal junction (Fig. 15.5) [17, 23].

Choice of abdominal incision varies by fibroid 
size, location, and other surgical risk factors, 
though the approach should optimize visualiza-
tion of the expected surgical field. Pfannenstiel 
and Cherney incisions should provide adequate 
exposure for anterior cervical fibroids. Posterior 
fibroids and cases where safely accessing vital 
structures is expected to be difficult should 
prompt consideration of a vertical midline inci-
sion [17].

In our practices, we approach cervical fibroids 
from the midline to minimize risk of injury to lat-
eral vital structures like ureters and uterine ves-
sels when possible. Opening the retroperitoneal 
spaces allows for identification of the ureters, and 
ureterolysis may be required to mobilize them 
away from the operative site [17]. We prefer to 
use a serosal injection with dilute vasopressin 
(20 units in 100–200 mL of normal saline) at the 
beginning of the case to reduce blood loss. A lon-
gitudinal incision with a monopolar needle elec-
trode is made through the serosa and carried 
down to the depth of the fibroid. The fibroid may 
then be grasped and, using traction and counter-
traction, enucleated from the surrounding stroma. 
Fibroid adhesions should be dissected sharply 
(for example, with a monopolar electrode or 
Metzenbaum scissors), as blunt or overly aggres-
sive tissue manipulation may cause unnecessary 
entry into the endocervical canal or endometrial 
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Fig. 15.5 Sagittal (a) and axial (b) T2-weighted MRI of myomatous uterus with a large fibroid encompassing a signifi-
cant amount of the cervical stroma

cavity. Large feeding vessels may be suture 
ligated at their base to minimize blood loss. 
Meticulous attention to hemostasis during the 
fibroid enucleation helps to keep the operative 
field clear and reduce the risk of postoperative 
adhesion formation. Where possible, the fibroid 
should be removed intact to avoid iatrogenic 
spread of an undiagnosed malignancy.

Following removal of the fibroid, its cavity 
should be re-approximated with a multilayer 
 closure to minimize dead-space (which promotes 
hematoma formation) and maximize tissue 
strength. The cervical stroma should be closed 
with an absorbable suture like 0-Vicryl (polygla-
ctin 910). The overlying serosa is then closed 
with a finer suture, typically a 3-0 or 4-0 delayed- 
absorbable suture, employing a “baseball” stitch 
technique to reduce exposure of the suture mate-
rial [17, 25]. Prior to abdominal closure, an adhe-
sion barrier such as Interceed® (oxidized 
cellulose) is placed over the uterine incision line.

In rare cases, where the fibroid is so extensive 
as to obliterate the cervix, radical trachelectomy 
(either planned or as a rescue procedure) has 
been described as a means of preserving fertility 
[18, 19]. In their technique, Del Priore et al. dis-
sect the ureters through the cardinal ligaments 

before ligating the uterine vessels. The lower 
uterine segment, cervix, and a portion of the 
upper vagina are then resected, and a running 
layer of absorbable suture is used to reestablish 
continuity between the vaginal margin and sero-
muscular margin of the remaining uterine corpus 
[19]. Where possible, the ectocervical portion of 
the vaginal apex should be preserved, and a Foley 
catheter may be utilized to assist in more accu-
rately re-approximating the uterus to the upper 
vagina [18, 19]. Pregnancy outcomes after radi-
cal trachelectomy have been studied more exten-
sively in the cervical cancer literature, and these 
highlight the importance of placing a cervical 
cerclage at the time of the trachelectomy for 
reducing the risk of cervical insufficiency, pre-
term premature rupture of membranes (PPROM), 
and preterm birth [26].

 Laparoscopy

Laparoscopic myomectomy for uterine fibroids 
was first reported in 1979. This approach has the 
potential advantages of decreased blood loss and 
shorter hospital course compared with the 
abdominal approach, however laparoscopy is 
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also associated with increased operative time 
[27]. Complication rates and postoperative fertil-
ity and obstetric outcomes are similar to abdomi-
nal myomectomy [23]. Despite its potential 
advantages, widespread adoption of the laparo-
scopic approach has been limited, likely due to 
surgeon experience and the technical skill 
required to perform laparoscopic myomectomies. 
As such, regional studies suggest utilization of 
laparoscopy in less than 50% of myomectomy 
cases [23, 24]. Patient selection tends to favor 
smaller fibroids, with several large series finding 
a mean or median maximal fibroid diameter of 
5–7 cm [9, 10, 23]. For cases where laparoscopy 
is considered, pretreatment with GnRH ana-
logues for 3–6 months may reduce the fibroid’s 
volume to a degree that facilitates enucleation 
and subsequent morcellation. This approach 
should be taken with caution, as GnRH analogue 
therapy can distort the pseudocapsule and make 
laparoscopic dissection more challenging.

In our practices, laparoscopic cervical myo-
mectomy is performed per the technique initially 
described by Takeuchi et al. [9], and modified by 
Matsuoka et  al. [10]. A 5 or 10  mm trocar is 
placed at the umbilicus for the laparoscope, and 
additional 5 mm trocars are obtained in the bilat-
eral lower quadrants. We then use an 11 mm tro-
car at Palmer’s point in the left upper quadrant. 
An assistant sequentially dilates the cervix to 
10 mm with Hegar cervical dilators, and utilizes 
either the Hegar dilator or a RUMI uterine manip-
ulator (CooperSurgical Inc., Trumbull, CT) for 
manipulation during the procedure. Similar to the 
abdominal approach, dilute vasopressin is 
injected subserosally to reduce blood loss. If the 
cervical fibroid is particularly large and impacts 
the surrounding vital structures, the broad liga-
ment may be opened for identification and dis-
section of the ureters away from the operative 
site. If there is concern for increased intraopera-
tive blood loss, a temporary vessel clip may be 
applied to the uterine artery at this time.

Due to the excellent visualization of and 
access to the posterior field of the uterus with 
sharp uterine anteversion, a vertical incision 
made with a monopolar needle electrode in the 
posterior cervix can reach almost all posterior 

cervical fibroids. The incision is made to the 
depth of the fibroid, and lengthened until the 
entire fibroid is visualized [9]. The overlying tis-
sue is pushed away from the capsule, and the 
fibroid is penetrated with a laparoscopic myoma 
screw or laparoscopic tenaculum to allow for 
traction and countertraction while its attachments 
are separated with the monopolar electrode [11]. 
The stalk of the fibroid should be identified, 
grasped, and suture ligated with 2-0 Vicryl for 
adequate hemostasis and to maintain clear visual-
ization of the surgical field. The fibroid cavity 
may then be re-approximated in two layers with 
2-0 Vicryl or a similar caliber absorbable barbed 
suture on a circular tapered needle, with the first 
layer involving the cervical endothelium and a 
small amount of stroma in an interrupted fashion, 
and the second layer involving the remaining 
stroma and overlying serosa in a running fashion. 
If vessel clips were applied, these are now 
removed, and the broad ligament closed with a 
3-0 Vicryl in a running fashion [9, 10]. A speci-
men retrieval bag is then utilized to retrieve the 
fibroid using the left upper quadrant port, and it is 
brought to the anterior abdominal wall to allow 
for morcellation in the bag to minimize iatro-
genic spread of an undiagnosed malignancy and 
facilitate removal [28].

Though most cervical fibroids removed lapa-
roscopically are amenable to the posterior 
approach, this technique should be adapted 
depending on each patient’s characteristics. 
Chang et al. describe different techniques for cer-
vical fibroids in one of five specific locations 
(Table 15.1). They endorse an anterior approach 
for anterior cervical fibroids, with care taken to 
dissect the bladder away from the operative field. 
Additionally, they describe slight modifications 
to approach posterior, central, lateral, and deep- 
rooted cervical fibroids [11].

 Robotic-Assisted Laparoscopy

The use of robotics is a recent innovation in the 
field of surgery, and may be considered an 
advancement along the spectrum of laparoscopic 
technologies. The da Vinci® Surgical System 
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Table 15.1 Surgical techniques for cervical fibroids 
depending on their location relative to the cervix [11]

Anterior Separate bladder
Anterior incision

Posterior Separate ureters, uterine arteries, rectum
Posterior incision

Central (Separate surrounding structures 
depending on incision)
Anterior or posterior incision

Lateral Separate ureters, uterine arteries, rectum
Incise over capsule laterally
Bipolar coagulation of pedicular vessels

Deep- 
rooted

Transverse incision
May require fibroid to be pushed into 
abdominal cavity from the vagina

(Intuitive Surgical, Inc., Sunnyvale, CA) was the 
first robot approved by the US Food and Drug 
Administration (FDA) for gynecologic applica-
tions in April of 2005. Since that time, this tech-
nology has been utilized for numerous different 
applications, as surgeons have sought to extend 
what can be done with a minimally invasive 
approach. In this vein, myomectomy is no differ-
ent, and the use of robotics has been shown to be 
feasible and safe for the management of both 
small and large (>10  cm in diameter) fibroids 
alike [29]. Though previous literature cites cervi-
cal location of fibroids as an exclusion criterion 
for minimally invasive approach [30], robotic 
approach for management of cervical fibroids has 
recently been described [31]. Only experienced 
surgeons should use the robotic approach to man-
age cervical fibroids, and patients should be ade-
quately counseled regarding the risks of bleeding, 
surgical complications, and conversion to lapa-
rotomy. In general, gynecologic procedures per-
formed robotically have been associated with a 
0–5% risk of conversion to laparotomy [32, 33], 
and laparoscopy for the removal of fibroids aris-
ing from the uterine corpus is estimated to have 
an 11.3% risk of conversion [34]. Though a mini-
mally invasive approach with either conventional 
laparoscopy or robotic assisted laparoscopy can 
be attempted for the management of cervical 
fibroids, the rate of conversion to laparotomy in 
such cases would be expected to be higher given 
their technical challenges and proximity to vital 
structures.

The robotic approach is thought to have sev-
eral advantages. A more delicate dissection is 
possible with the increased dexterity afforded by 
the robotic approach compared to conventional 
laparoscopy. With concerns expressed regarding 
the risk of uterine rupture following laparoscopic 
myometrial closure [35], the improved dexterity 
associated with the robotic approach may aid in 
ease of myometrial repair. Studies have found 
that blood loss, complications, and hospital stay 
following surgery are similar with robotic myo-
mectomy compared to laparoscopic myomec-
tomy [36, 37], and are lower compared to 
abdominal myomectomy [27]. Two major criti-
cisms of the robotic approach are increased cost 
and potential increased operative time compared 
to laparotomy [38]. Data is conflicting regarding 
length of surgery when comparing robotic versus 
laparoscopic myomectomy, with some studies 
showing increased length of surgery with robotic 
approach [37], and others showing comparable 
operating times [36].

Our practices approach robotic myomectomy 
for cervical fibroids using the same principles we 
would for myomectomy via laparotomy. 
Preoperative anemia can be managed with the 
use of gonadotropin-releasing hormone agonists 
[27], and surgical planning can be supplemented 
with ultrasound and magnetic resonance imag-
ing. Our institutions utilize the da Vinci® Surgical 
System (Intuitive Surgical, Inc., Sunnyvale, CA) 
for robotic procedures. Intraoperatively, we place 
our camera port at or above the umbilicus, with 
the camera port optimally being placed at a dis-
tance of 10–20 cm from the superior margin of 
the target anatomy. Additional robotic ports are 
placed 8–10  cm lateral to the camera port. An 
assistant port is typically placed in the suprapu-
bic area to facilitate introduction and removal of 
sutures into the operative field under direct visu-
alization (Fig.  15.6). Interventions to minimize 
intraoperative blood loss are employed as previ-
ously described. Attempts are made to minimize 
the size and number of incisions made on the 
uterus, and fibroids are enucleated using gentle 
traction/countertraction and meticulously dis-
secting healthy tissue away from pathology. 
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Fig. 15.6 Robotic port site placements. The camera port 
(C) (8–12  mm port) is placed approximately 10–20  cm 
above the target anatomy based on preoperative imaging 
and exam under anesthesia. Two 8 mm da Vinci ports are 
placed at the level of the camera port, each 8 cm lateral to 
the camera port as shown in the figure. A third 8 mm da 
Vinci port may be added 8 cm lateral (and inferior if space 
is limited) to the left abdominal da Vinci port for extra 
intraabdominal manipulation. A 10–12 mm assistant port 
(A) is placed in the operative field where introduction and 
removal of suture material can be performed under visual-
ization with the camera

During dissection, care is taken to avoid avulsing 
myomas as this may result in excess damage to 
surrounding tissue. Additional attention is paid 
towards preservation of the endometrial cavity to 
avoid compromising future fertility. Breaches in 
the cavity are repaired using monofilament suture 
to minimize inflammation, and hysteroscopy is 
performed at the end of the procedure to ensure 
that portions of the cavity were not obliterated 
during the uterine repair. Incisions on the uterus 
are then closed in a multilayer fashion, with 
either 0-Vicryl or a similar gauge self-retaining 
suture such as V-Loc® (Covidien) or Quill® SRS 
(Angiotech) being utilized for myometrial repair. 
We typically close the serosal layer using a 2-0 or 
3-0 monofilament suture in a baseball stitch fash-
ion as previously described [17, 25]. Myomas are 
then removed from the abdomen through a small 
incision in the suprapubic area (following 
removal of the suprapubic port from the abdo-

men, this incision is extended as needed to facili-
tate leiomyoma removal). Attempts are made to 
minimize morcellation of myomas; however, if 
necessary, we morcellate in a bag. Prior to 
abdominal closure, an adhesion barrier such as 
Interceed® (oxidized cellulose) is placed over 
the uterine incision line.

 Hysteroscopy

Commonly reserved for the treatment of submu-
cosal leiomyomas, there is a paucity of literature 
describing treatment of cervical myomas by the 
hysteroscopic approach. Due to the nature and 
physical location of cervical fibroids, access via 
hysteroscopy may not be adequate or feasible in 
many cases. Maintaining a visual field with cer-
vical fibroids is difficult as the tip of the hystero-
scope is often either within the cervix, preventing 
fluid circulation, or its position within the cervix 
is difficult to maintain to safely allow for resec-
tion. In certain situations, however, a hystero-
scopic approach may be reasonable. These would 
include cervical fibroids that are both smaller in 
size (<4–5  cm in diameter), fibroids that are 
located primarily within the cervical canal, and 
those that arise from the cervix but protrude into 
the endometrial cavity. Fibroids that prohibit hys-
teroscopic access due to complete obstruction of 
the cervical canal, those that are larger in size 
(>5 cm), or fibroids that do not protrude into the 
cervical canal are likely better approached by a 
different surgical route. Because the hystero-
scopic approach does not afford surgeons the 
ability to repair the uterus after enucleation of a 
fibroid, fibroids that breach greater than 50% of 
the depth of the cervical stroma may also be more 
effectively managed with an alternative approach.

In the few instances where the hysteroscopic 
approach is thought to be preferable, patients 
should be adequately counseled regarding the 
risks associated with the hysteroscopic approach. 
Thorough preoperative evaluation including 
physical examination and imaging with US and/
or MRI can provide in-depth information regard-
ing fibroid burden, size, and location in relation 
to surrounding vital structures. Patient should 
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also be informed of the relative limitations inher-
ent to the hysteroscopic approach such as limited 
access in situations where fibroids completely 
obstruct the cervical canal, inability to visualize 
structures outside of the uterus, and the possible 
need to terminate the procedure prior to complete 
myoma resection due to excess fluid deficit. 
Complete fibroid resection may not be possible 
in a single procedure, and as such, more than one 
procedure may be required to obtain the desired 
result.

Preoperatively, treatment with GnRH agonists 
can be of some benefit in select patients. Though 
routine use of these medications is not recom-
mended, treatment with GnRH-agonists for 
3–4 months prior to surgery can help to optimize 
hemoglobin levels in patients who are found to be 
anemic, as well as reduce intraoperative blood 
loss [39]. These benefits must be weighed with 
the risk of adverse effects associated with these 
medications. Intraoperatively, use of vasocon-
stricting agents such as epinephrine of vasopres-
sin can reduce procedural blood loss and fluid 
absorption. When added to local anesthetic, these 
agents can reduce the systemic absorption and 
toxicity of the anesthetic [40]. Additionally, 
injection of intracervical dilute vasopressin has 
been associated with a reduction in the force 
required for mechanical cervical dilation [41]. As 
described above, we utilize subepithelial injec-
tions of dilute vasopressin (20  units in 100–
200 mL of normal saline) at the beginning of the 
case.

Our practice has been to utilize a resectoscope 
with a bipolar cutting loop and isotonic solution 
to minimize the risks associated with excess fluid 
deficit. Though the maximum permissible fluid 
deficit with isotonic solution is based solely upon 
expert opinion, most would agree that this maxi-
mum should be set at 2500 mL [42]. If the fluid 
deficit reaches 2000 mL with isotonic solution in 
a young, healthy patient, the surgeon should 
strongly consider stopping infusion of distension 
media and terminating the procedure. Termination 
of the procedure should be considered with lower 
fluid deficits in older patients or patients with 
impaired cardiac function to reduce the risk of 
fluid overload. If a bipolar resectoscope is not 

available, then hysteroscopy with a monopolar 
cutting loop and hypotonic solution can be con-
sidered. The maximum permissible fluid deficit 
with hypotonic distension media is reported to be 
1000  ml, with a 750  ml fluid deficit being the 
point at which the surgeon should consider termi-
nating the procedure [42].

During myoma resection, great care is taken to 
keep the operative filament of the cutting loop 
within the field of vision, and once activated, 
passes of the cutting loop are only made towards 
the operator. Activating the cutting loop while it 
is moving away from the operator places the 
patient at increased risk of uterine perforation 
and injury to adjacent vital structures such as the 
bladder, bowel, uterine vasculature, and ureters. 
Intraoperative bleeding can be further mitigated 
with electrocautery, suture ligation, or the appli-
cation of ferric subsulfate solution (Monsel’s 
paste) if the area of hemorrhage is able to be 
accessed [43]. In less accessible areas, a Foley 
catheter balloon or Cook® Cervical Ripening 
Balloon (Cook Medical, Bloomington, IN) can 
be used for tamponade.

 Vaginal

Due to their low position in the uterus, and the 
relative inflexibility of the cervix, a vaginal 
approach may be considered for a cervical fibroid 
unable to be accessed with a hysteroscopic 
approach. Thomas and Magos describe a classifi-
cation system for vaginal myomectomy proce-
dures, of which surgery to correct prolapsing and 
intracervical fibroids represent Type 1 and Type 2 
[13]. The vaginal route carries significant advan-
tages over the more invasive abdominal 
approaches, including significantly lower risk for 
postoperative fever, shorter hospital stay, and 
shorter recovery time, though are limited in 
patients with significant vaginal or cervical 
abnormality [13].

Type 1 procedures are for pedunculated, pro-
lapsed cervical fibroids, which are approached 
vaginally preferentially to other techniques [13]. 
These typically occur with relatively acute onset 
and often quite heavy vaginal bleeding, abnormal 
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and malodorous vaginal discharge, vaginal pres-
sure or pain, dyspareunia, and may present with 
concomitant ascending infection due to the 
forced dilation of the endocervical canal by the 
protruding fibroid stalk [13, 15, 16]. If the stalk is 
accessible, simply twisting the fibroid off its ped-
icle may be attempted, though this should be 
attempted cautiously with risk for avulsion injury 
to the underlying cervical tissue, and, when 
 separated, bleeding feeding vessels may retract 
into the cervical stroma and be difficult to ligate. 
When feasible, clamping and ligating the fibroid 
stalk allows for a more controlled removal [44]. 
In our practices, we will attempt to suture ligate 
the stalk with an ENDOLOOP® Ligature 
(Ethicon, Inc., Somerville, NJ) or Surgitie Loop 
(Medtronic, Minneapolis, MN), and amputate the 
fibroid with either a monopolar cautery device, 
bipolar loop electrode, Mayo scissors, or a scal-
pel. Injection of dilute vasopressin could be con-
sidered to reduce the risk of excessive bleeding.

Type 2 vaginal myomectomy procedures may 
be used to access non-prolapsed cervical fibroids, 
and begin by dilating the cervix to allow for ade-
quate visualization [13]. When mechanical dila-
tion is not sufficient, hygroscopic dilation may be 
achieved with Laminaria japonica tents. Goldrath 
documents two case series with this method, 
whereby Laminaria tents are placed, replaced 
after 6 hours, and left in place overnight. These 
are then removed, and cervical myomectomy is 
performed under procedural sedation and local 
anesthetic by paracervical block. The fibroid is 
grasped and avulsed for removal, and any bleed-
ing is made hemostatic with tamponade by place-
ment of an intrauterine Foley catheter [45, 46].

 Postoperative Considerations

In general, postoperative care for each route fol-
lows institution-based guidelines for myomec-
tomy for uterine fibroids. However, several 
site-specific considerations are made in postop-
erative counseling for cervical myomectomies. If 
incisions are made in the cervix, patients should 
be encouraged to avoid sexual intercourse or vag-
inal insertions for 4–6 weeks, or longer if there is 

concern for inadequate healing. If there is con-
cern for postoperative adhesion formation within 
the cervix, intrauterine catheter placement could 
be considered following the procedure, and post-
operative diagnostic hysteroscopy could allow 
for complete visualization of the healed operative 
site.

Adequate healing time should also be allowed 
prior to attempting conception. After vaginal 
myomectomy of a prolapsing cervical fibroid, or 
vaginal or hysteroscopic resection of an intracer-
vical fibroid, patients should wait at least 4 weeks 
before attempting conception to allow for resolu-
tion of the profound cervical dilation associated 
with these states. For abdominal, laparoscopic, 
and robot-assisted excisions involving repair of 
cervical stroma, our practices tend to follow 
practice guidelines developed for myomectomies 
addressing uterine fibroids [2]. After excisions of 
cervical fibroids with minimal disruption of the 
cervical stroma, we recommend waiting at least 
3 months before attempting conception. For more 
extensive excisions requiring incision of >50% 
depth into the cervical stroma or with extensive 
cervical reconstruction, we recommend waiting 
at least 6 months before attempting conception. 
This follows albeit indirect evidence from MRI 
assessment of myometrial injury resolution fol-
lowing cesarean section [47].

Obstetric risks for future pregnancies vary 
based on the degree of cervical involvement of 
the fibroid and the route of excision. Where a sig-
nificant portion of the cervix is reconstructed or 
removed during the myomectomy, close follow-
 up with an appropriate obstetric provider should 
be encouraged to monitor for cervical insuffi-
ciency, and placement of a cervical cerclage 
should be considered. Cervical cerclage at the 
time of the myomectomy could also be consid-
ered, and is recommended when trachelectomy is 
performed [26]. Risk for uterine rupture during 
pregnancy should also be considered when coun-
seling patients regarding route of delivery. In 
general, unless cervical myomectomy is per-
formed by vaginal or hysteroscopic route and dis-
ruption of the cervical stroma is minimal, we 
recommend cesarean section for all future 
deliveries.
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 Conclusion

Cervical fibroids are an uncommon manifestation 
of uterine fibroids (FIGO Type 8) which present 
unique surgical challenges. When future repro-
ductive potential is desired, surgical resection by 
myomectomy should be considered. Planned 
route of approach should take into consideration 
fibroid size, its location within the cervix, the 
breadth of its attachment to the cervix, and its 
relative position to surrounding vital structures 
including ureters, major blood vessels, bladder, 
and bowel. Surgical teams should consider appro-
priate preoperative imaging and potential medi-
cal pretreatment, have adequate experience and 
technical expertise to complete the planned pro-
cedure, and be aware of additional techniques 
should intraoperative challenges be encountered 
(including conversion to laparotomy or rescue 
radical trachelectomy). Though these challenges 
are not insignificant, careful operative prepara-
tion allows cervical myomectomy to be a useful 
treatment modality in reducing symptomatology 
of cervical fibroids while retaining reproductive 
potential.
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16Adenomyomectomy by 
the Triple- Flap Method

Hisao Osada

 Introduction

Adenomyosis is a common gynecological disor-
der characterized by the presence of heterotopic 
endometrial glands and stroma infiltrating the 
myometrium, with adjacent smooth muscle 
hyperplasia. Typical symptoms include dysmen-
orrhea, menorrhagia, chronic pelvic pain, dys-
pareunia, spontaneous miscarriage, and 
infertility. Adenomyosis tissue lacks a definite 
surgical plane, making its removal extremely 
difficult. It can be present as either an adeno-
myoma or diffuse adenomyosis, and, because it 
deeply invades the myometrium and lacks a 
definitive tissue plane, complete resection is 
essentially impossible.

As the symptoms of adenomyosis, such as 
dysmenorrhea and menorrhagia, can be severely 
debilitating, the conventional treatment has been 
hysterectomy, and the definitive diagnosis has 
been established pathologically. However, as 
more patients delay childbirth, the need for con-
servative, effective, uterine-sparing treatments 
has become increasingly important. With diag-
nostic modalities, such as transvaginal ultraso-
nography and magnetic resonance imaging 
(MRI), the diagnosis no longer needs to be patho-
logically confirmed at surgery [1].

The desire to preserve fertility has led to the 
development of excisional surgeries, the first of 
which was described in 1952 by Hyams [2]. 
Since then, a variety of cytoreductive surgical 
methods have been developed in an attempt to 
completely eradicate the disease while easing 
symptoms and conserving fertility. Initially, ade-
nomyosis was removed in a classical “V-Shaped” 
wedge resection, and this later evolved into pro-
cedures where more complete resections were 
attempted. In 2004, Fujishita proposed a trans-
verse “H” incision by laparotomy to remove 
mainly anterior adenomyosis [3]. In 2010, 
Nishida introduced an asymmetric dissection 
method in which the uterine cavity was opened to 
further remove adenomyotic tissue [4]. With the 
advent of more minimally invasive surgeries, 
laparoscopic adenomyomectomy has also been 
performed, especially for focal adenomyomas. 
Its effectiveness for treating disease, however, 
may carry a much greater risk compared to lapa-
rotomy [5]. Although adenomyomectomy is 
effective in treating symptoms and preserving 
fertility, its postoperative risks include a thin 
uterine wall, which may lead to uterine rupture, 
abnormal placentation (placenta accreta/per-
creta), and increased spontaneous abortion.

More recently, Grimbizis et  al. have shown 
that surgical removal could ease the symptoms of 
dysmenorrhea and menorrhagia in 81% and 50% 
of patients, respectively [6]. More importantly, 
for many women, pregnancy became possible. 
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Therefore, the diagnosis and conservative man-
agement of adenomyosis are becoming much 
more relevant, not only for the treatment of 
symptoms, but also for the management of 
infertility.

The following cytoreductive surgery for ade-
nomyosis, termed the “triple-flap method” (also 
known as “the Osada Procedure”), is a com-
pletely new method that differs from other surgi-
cal methods. This method involves the resection 
of massive amounts of diseased tissue while 
maintaining a normal myometrial thickness, cre-
ating a disease-free uterus, dramatically decreas-
ing the incidence of postoperative complications, 
and showing no cases of uterine rupture thus far.

 Indications and Preoperative 
Examinations

The triple-flap method was carried out by the 
author in 113 patients between June 1998 and 
August 2017 at the Department of Obstetrics and 
Gynecology of the Nihon University Hospital, 
Okada Hospital in Tokyo, Japan, and St. Luke’s 
Hospital in St. Louis, Missouri, U.S.A.

In our practices, the indications for the method 
included severe dysmenorrhea and hypermenor-
rhea that are difficult to control with medication, 
infertility, recurrent miscarriages, and a desire to 
preserve the fertility of the uterus. In these cases, 
adenomyosis involved more than 80% of the 
anterior and/or posterior wall of the uterus. MRI 
preoperative examinations were performed to 
accurately grasp the location and extent of uter-
ine adenomyosis and the position of the uterine 
cavity to determine the site, direction, and depth 
of the incision to be made into the uterus. 
Hysterosalpingography (HSG) was also per-
formed to examine the patency of the fallopian 
tube and the shape and size of the uterine cavity 
(Fig. 16.1).

 The Triple-Flap Method

Although laparoscopic adenomyomectomy can 
be used to treat focal adenomyosis, it entails a 
risk of residual tissue after the procedure. In 

diffuse adenomyosis, the border of the dis-
eased tissue and the normal tissue can only be 
grasped by palpation. Reconstruction of the 
uterine wall using the triple-flap method is a 
delicate procedure because the flaps are sutured 
in layers. Therefore, to accurately remove dif-
fuse adenomyosis tissue and perform triple-
flap uterine wall reconstruction, laparotomy or 
laparoscopic- assisted laparotomy is necessary. 
Reconstruction of the uterus using this method 
can be accomplished for all forms of adeno-
myosis, including adenomyomas, anterior/pos-
terior disease (Figs. 16.2 and 16.3), and global 
diffuse adenomyosis (Figs.  16.4 and 16.5) 
[7–13].

The main objectives of this procedure are as 
follows: (1) Removal of all adenomyoma tissues 
by visualization and palpation using a cold knife 

Fig. 16.1 Evaluation of uterine cavity size and shape of 
uterine adenomyosis by preoperative HSG

Fig. 16.2 MRI image of the posterior uterine wall with 
adenomyosis (The arrows indicate the location of the uter-
ine wall)
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Fig. 16.3 (a–f) Schematic diagram of the triple-flap 
method applied to the posterior adenomyosis (The arrow 
indicates the location of the uterine cavity.) (a) Bisection 
of the uterus/adenomyosis, (b) Excision of adenomyotic 
tissue, (c) Copious irrigation, (d) Reconstruction of the 

uterine cavity (suturing the first layer), (e) Reconstruction 
of the uterine wall (suturing the second layer), (f) 
Reconstruction of the uterine wall (suturing the third 
layer)

Fig. 16.4 MRI image of the anterior and posterior uter-
ine wall with adenomyosis (The blue and red arrows indi-
cate the location of uterine wall and cavity, respectively)

to avoid poor wound healing and possible suture 
failure; (2) Reconstruction of the functional uter-
ine cavity through initiating metroplasty by open-
ing the uterine cavity to preserve the thickness of 
the endometrial tissue flap and its functionality; 
(3) Reconstruction of the uterine wall in a non-

overlapping manner to disperse the load (tension) 
in such a way as to prevent uterine rupture due to 
possible pregnancy.

The procedure for performing adenomyomec-
tomy by the triple-flap method is divided into six 
steps.

 Step 1: Diagnostic Laparoscopy

Laparoscopy allows observation of the inside of 
the pelvis to confirm the mobility of the uterus. If 
adhesions are found, laparoscopic adhesiolysis 
can be performed to free the uterus. This allows 
adenomyomectomy by the triple-flap method to 
be performed with a smaller laparotomy wound.

Key Point
 1. Preoperative vaginal lavage is a necessary and 

effective procedure to prevent ascending vagi-
nal infections during and after surgery. We use 
0.025% benzalkonium chloride disinfectant 
solution for the lavage.

16 Adenomyomectomy by the Triple-Flap Method
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Fig. 16.5 (a–f) Schematic diagram of the triple-flap 
method applied to the anterior and posterior adenomyosis 
(The arrow indicates the location of the uterine cavity). (a) 
Bisection of the uterus/adenomyosis, (b) Excision of ade-
nomyotic tissue, (c) Copious irrigation, (d) Reconstruction 

of the uterine cavity (suturing the first layer), (e) 
Reconstruction of the uterine wall (suturing the second 
layer), (f) Reconstruction of the uterine wall (suturing of 
the third layer)

Fig. 16.6 A rubber tube is placed around the proximal 
cervix, thus encompassing the ascending uterine arteries 
and acting as a tourniquet. (With permission from 
Nakayama Shoten [13])

 Step 2: Exteriorization of the Uterus 
and Placement of a Tourniquet 
Around the Proximal Cervix

A transverse suprapubic incision (Pfannenstiel 
incision) is made to extraperitonealize the uterus. 
The typical length of the incision is approxi-
mately 10–15 cm, depending on the size of the 
uterus. From the incision, a rubber tube (pediatric 
tourniquet) is placed around the proximal cervix 
through the broad ligament, avoiding the infun-
dibulopelvic ligament, to occlude the ascending 
uterine arteries to achieve better hemostasis 
(Fig. 16.6). (The infundibulopelvic ligament can 
be clamped with a Bulldog clamp when bleeding 
is severe, but it should be used only temporarily 
for a short period of time.) Next, two Martin for-
ceps are used to grasp the uterine fundus (which 
contains the adenomyosis), and the uterus is 
pulled out of the abdominal wall through the 
Pfannenstiel incision.

Key Points
 1. Surgery on the uterus outside the abdominal 

cavity is made much easier with a small 
Pfannenstiel incision than a large open wound.

 2. When a tourniquet is applied to the infundibu-
lopelvic ligament, blood flow in the ovarian 
artery is completely blocked. Although it min-

H. Osada



199

imizes the bleeding, it may make  microvascular 
bleeding challenging to see and could result in 
an increase in postoperative bleeding. 
Prolonged occlusion may have an adverse 
effect on the ovaries’ function due to the 
ischemia.

 3. As long-term tourniqueting leads to blood 
coagulation disorders, it is preferable to 
loosen the tourniquet every 2–3 h and resume 
blood flow for a brief period of time.

 Step 3: Bisection of the Uterus/
Adenomyosis

The left and right sides of the apex of the enlarged 
uterus are grasped using Martin forceps. With a 
cold knife, the enlarged uterus is bisected in the 
sagittal midline incision of the fundus from the 
serosal surface through the adenomyotic tissue 
until the uterine cavity is accessed while pulling 
the Martin forceps to the left and right 
(Figs. 16.3a, 16.5a, 16.7, and 16.8). The use of a 
cold knife is preferable to using an electric knife, 
as the latter causes severe tissue damage due to 
burns which delay wound healing. The poorly 
defined boundaries of the adenomyosis are now 
visualized (Fig.  16.8). Then, Kelly forceps are 
inserted into the uterine cavity, which is now sep-
arated into left and right, and the size and shape 
of the uterine cavity are checked (Figs.  16.3a, 

16.5a, and 16.9). In order to protect the intersti-
tial part of the fallopian tubes, the fallopian tubes 
are located through the uterine cavity and a thin, 
soft catheter is inserted from the uterine ostium 
into each of the fallopian tubes.

Key Points
 1. If the scalpel goes in the wrong direction, it 

will not reach the uterine cavity and perform-
ing the triple-flap method will become 
extremely difficult. Therefore, prior to creat-
ing the incision, it is necessary to confirm the 
position of the uterine cavity using MRI and 
HSG, and to determine correctly the scalpel 
incision.Fig. 16.7 Bisection of the uterus/adenomyosis

Fig. 16.8 Section to the uterine cavity (The arrow indi-
cates uterine cavity)

Fig. 16.9 Checking the uterine cavity
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 2. Other methods of locating the uterine cavity 
to help determine the direction of the incision 
include a uterine manipulator, blue dye,  and/
or ultrasonography which is applied directly 
to the uterine wall.

 3. Pulsating vascular bleeding is stopped by pin-
point coagulation.

 Step 4: Excision of Adenomyotic 
Tissue

The adenomyotic lesion is removed by palpa-
tion under direct vision to create the inner endo-
metrial flap (endometrial uterine muscle) for 
uterine cavity reconstruction and the serosal 
layer (serosal uterine muscle flap) for uterine 
wall reconstruction. The uterine cavity is suffi-
ciently opened, allowing the insertion/place-
ment of the index finger or the Kelly forceps to 
ensure an appropriate inner endometrial flap 
thickness and protect the cornual region 
(Figs. 16.3b, 16.5b, 16.10, and 16.11). The ade-
nomyotic tissue is now demarcated by making 
an incision 1 cm from the surface of the serosal 
layer (Fig.  16.10) and 1  cm proximal to the 
endometrium (Fig. 16.11).

The adenomyotic tissues are grasped with 
Martin forceps, and all diseased tissue that lie 
between these 1 cm flaps is now removed with 
Metzenbaum scissors or a scalpel while ensur-
ing the integrity of the serosal flap thickness by palm palpation (Fig.  16.10) and the endome-

trium by index finger palpation (Fig.  16.11). 
Meticulous excision of any residual adenomy-
otic tissue is performed until all palpable dis-
eased tissue is removed, and the surfaces of 
both flaps are smooth and free of disease 
(Fig. 16.12).

Key Points
 1. Preserve oviductal patency as much as possi-

ble to allow postoperative spontaneous preg-
nancy by injecting methylene blue dye and/or 
inserting a stent into the fallopian tubes dur-
ing surgery through the uterine ostium of the 
fallopian tube, taking care not to damage the 
tube.

Fig. 16.10 Removing adenomyotic tissue using palm 
palpation

Fig. 16.11 Removing adenomyotic tissue using index 
finger palpation

Fig. 16.12 Excised uterine adenomyotic tissue
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 2. Adenomyotic tissue is removed by separating 
it from the normal uterine muscle by pushing 
the scissors into the coarse tissue between the 
hard adenomyotic tissue and the normal 
myometrium.

 Step 5: Reconstruction of the Uterine 
Wall by the Triple-Flap Method

The reconstruction of the uterine wall by the 
triple- flap method consists of the reconstruction 
of the uterine cavity (suturing the first layer of the 
uterine muscle) and reconstruction of the uterine 
wall (suturing the second and third layers of the 
uterine muscle).

As this surgery involves opening and manipu-
lating the uterine cavity, there is a high probabil-
ity of ascending infection from the vagina. 
Therefore, to prevent postoperative infection, it is 
necessary to copiously irrigate the surgical field 
throughout the entire process. In particular, when 
suturing the first layer of the uterine muscle, 
which closes the endometrium, it is necessary to 
thoroughly irrigate the uterine cavity, including 
the cervical canal, and remove tissue fragments 
and blood clots in the uterus (Figs. 16.3c, 16.5c, 
and 16.13). We use 3% D-Solbitol (UromaticS®) 
for irrigation, and also administer intravenous 
antibiotics (Cephalosporin). In addition, as the 
uterine wall is reconstructed by stacking three 
thin uterine muscle flaps, it is important to per-

form surgery with single interrupted sutures that 
cause less local blood flow obstruction.

Reconstruction of the Uterine Cavity 
(Suturing the First Layer of the Uterine 
Muscle)
The opened uterine cavity is closed with the 
endometrial flap (first flap suture) using 3–0 
Vicryl (absorbable suture) and a taper-point nee-
dle (Ethicon, SH-1; 22 mm, 1/2 circle). Sutures 
are performed at 5–7  mm intervals by single 
interrupted sutures in a manner in which the 
sutures are not exposed to the uterine cavity 
(Figs. 16.3d, 16.5d, 16.14, and 16.15). If the uter-
ine cavity has been enlarged, it should be reduced 
in size by partially trimming the intimal side of 

Fig. 16.13 Copious irrigation

Fig. 16.14 Single interrupted sutures (The arrow indi-
cates the two edges to be sutured)

Fig. 16.15 Suturing the first layer of the uterine muscle 
(The arrow indicates the finished suturing)
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the uterine muscle flap with reference to the pre-
operative HSG and MRI. At this time, suturing 
requires utmost care because too strong a suture 
may cause rupture of the uterine muscle, and too 
weak sutures may cause suture failure.

Key Points
 1. To clean the opened uterine cavity, temporar-

ily loosen the tourniquet on the cervix and 
irrigate deep into the cervix.

 2. Insufficient irrigation of the uterine cavity 
may result in endometritis and uterine wall 
wound inflammation due to transvaginal 
infection after surgery and is likely to cause 
suture failure and surgical wound dehiscence.

 3. During hysteroplasty, exposure of sutures to 
the uterine cavity can cause infection and 
induce complications, such as placenta accreta 
and suture failure (Fig. 16.14).

 4. Failure of suturing in the first uterine muscle 
layer may induce recurrence of adenomyosis 
due to invasion of the endometrium into the 
muscular layer and placenta accreta due to 
postoperative pregnancy.

Reconstruction of the Uterine Wall (Suturing 
of the Second Uterine Muscle Layer)
The serosal flaps are now irrigated after the clo-
sure of the endometrium and are closed in a fash-
ion that ensures that no two suture lines directly 
overlap each other. This is accomplished by first 
suturing one of the remaining myometrial/serosal 
flaps to the repaired endometrial flap in the 
anteroposterior plane with a single interrupted 
suture at 10–12  mm intervals using 2–0 Vicryl 
suture. Thus, the second flap is pulled toward the 
contralateral side (Figs. 16.3e, 16.5e, and 16.16).

Key Points
 1. If the uterine muscle flap to be covered is too 

large, a dead space would be created between 
the uterine muscle flaps, causing hematoma 
and suture failure, which affects healing. 
Therefore, the serosal uterine muscle flap 
should be trimmed according to the size of the 
first layer of the uterine muscle and then 
sutured carefully.

 2. It is necessary to suture with utmost care so 
that the sutures are not exposed to the uterine 
cavity and placenta accreta is prevented.

Reconstruction of the Uterine Wall (Suturing 
of the Third Uterine Muscle Layer)
At this stage, the serosal uterine muscle flap on 
the other side is layered on the already sutured 
second uterine muscle layer to form the uterine 
wall of the third uterine muscle layer. Prior to the 
placement of this third and final flap, the serosal 
surface of the second flap must be removed to 
ensure proper wound healing of the myometrium 
(Fig. 16.17). This is accomplished by first mark-
ing the area to be denuded and then, with a scal-
pel, stripping the serosa off from the underlying 
myometrium. The third flap is now pulled over 
and secured to the second flap, assuring no over-
lapping suture lines, with interrupted suturing 
using 2–0 Vicryl, until the entire defect is closed 
and the serosa is reapproximated (Figs.  16.3f, 
16.5f, and 16.18). After the reconstruction of the 
uterine wall is completed, the tourniquet is 
removed, the hole in the broad ligament is 
closed, and the Pfannenstiel transverse incision 
is closed.

Key Points
 1. If sutures are exposed to the uterine cavity, a 

risk of inducing placenta accreta arises.

Fig. 16.16 Suturing the second uterine muscle layer 
(The arrow indicates where two edges have been brought 
together and sutured)
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Fig. 16.17 Peeling the uterine serosal surface 

Fig. 16.18 Suturing the third uterine muscle layer 
(Arrows indicate where the serosal edge has been brought 
onto the denuded second layer and sutured)

Fig. 16.19 Irrigating the surgical field in the abdominal 
cavity

Fig. 16.20 TachoComb® was pasted on the uterine 
surface

 2. To avoid inducing hematoma that causes suture 
failure of the wound, suturing must be per-
formed with the utmost care so that there is no 
dead space between the uterine muscle flaps.

 3. Insufficient suturing of the second and third 
uterine muscle layers poses a risk of uterine 
rupture.

 Step 6: Final Laparoscopy 
and Adhesion Prevention

A final laparoscopic examination is performed 
again to observe the entire abdominal cavity, 

remove tissue fragments and blood clots that 
cause adhesions by suction, and thoroughly irri-
gate the surgical field in the abdominal cavity 
(Fig.  16.19). The triple-flap method creates a 
large wound on the surface of the uterus, and vas-
cular bleeding and oozing are often observed 
from the sutured parts and surfaces created by 
adhesiolysis. Pinpoint vascular bleeding is 
stemmed by coagulation. However, as oozing is 
difficult to stop, TachoComb®, an absorbable 
fibrin-collagen patch sheet, is applied for hemo-
stasis (Fig. 16.20). After the operation, the posi-
tion of the patient is frequently changed 
(alternately placed in the left and right lateral 
decubitus positions) to prevent adhesions, start-
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ing immediately after being returned to the recov-
ery room [7–13].

Figure 16.21 shows the condition of the 
wound on the uterine wall of a patient who con-
ceived spontaneously after adenomyomectomy 
by the triple-flap method and delivered by cesar-
ean section. This photograph was taken at the 
time of the cesarean section. No thinning of the 
uterine wall and no depression caused by scar tis-
sue formation were observed.

Key Points
 1. Care should be taken when using TachoComb®, 

as resting overnight without changing the posi-
tion will cause strong adhesions.

 2. When TachoComb® is used, preventing its 
adhesion effect is enhanced by alternating the 
resting position of the patient between left and 
right every 60 min for several hours  immediately 
after she is returned to the room and then every 
2–3 h for the next 2 days [7–13].

 Results of the Triple-Flap Method

The effectiveness of the surgery on symptoms of 
dysmenorrhea and menorrhagia was evaluated 
postoperatively using a visual analog scale (VAS) 
(Fig.  16.22). The symptoms of both dysmenor-
rhea and menorrhagia had significantly improved.

The procedure also had a positive effect on 
infertility. Sixty-two out of the 113 patients 
wished to conceive following the triple-flap 
method. Of the 62 women, 32 became pregnant 
for a total of 46 pregnancies (7 conceived 
spontaneously and 39 by IVF/ET). Of the 46 
pregnancies, 14 experienced a spontaneous 
abortion (14/46; 30.4%), and 32 (69.5%) went 
to term and were delivered by elective cesarean 
section (Table  16.1). Of the 32 patients who 
became pregnant and delivered babies, the 
average time from surgery to conception was 
20.5  ±  21.4  months, and the range was 
5–81 months. Incidentally, the shortest period 
from surgery to pregnancy was 5 months. The 
pregnancy was an unplanned, spontaneous 

Fig. 16.21 The condition of the uterine wall observed 
during the cesarean section
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Fig. 16.22 VAS 
demonstrating the 
clinical postoperative 
efficacy of the triple-flap 
method for 
dysmenorrhea and 
hypermenorrhea
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Table 16.1 Outcome of surgical treatment for severe 
cases of adenomyosis using the triple-flap method

N %
No. of patients 113
Age of patients 38.2 ± 7.2
No. of patients who wished to 
conceive

62/113 54.8

No. of patients who became pregnant 32/62 51.6
Total no. of pregnancies 46/62 74.1
   Spontaneous pregnancies 7/46 15.2
   IVF-ET 39/46 84.7
Birth and pregnancy outcome:
Miscarriagesa 14/46 30.4
Births by elective cesarean section 32/46 69.5
   Spontaneous pregnancies 6/32 18.7
   IVF-ET 26/32 81.2

a5 weeks × 8; 6 weeks × 2; 7 weeks × 1; 8 weeks × 2; 
16 weeks × 1

pregnancy (twin pregnancy). Most importantly, 
there were no cases of uterine rupture during 
any of the pregnancies [12, 13].

 Surgery-to-Pregnancy Interval

Whether the period of contraception after ade-
nomyomectomy correlates with the occurrence 
of uterine rupture remains unclear. The risk of 
uterine rupture after uterine surgery and a trial 
of labor has been well established, with reported 
rates of uterine rupture at 0.27% after cesarean 
delivery [14]. In a study by Bujold et al., 1527 
cesarean section deliveries with a subsequent 
trial of labor correlated the incidence of uterine 
rupture when the pregnancy occurred less than 
24  months after the surgery to have a two to 
three fold increased risk of uterine rupture [15]. 
Following adenomyomectomy, the literature 
suggests that the contraceptive period varies by 
institution. Although there have been unevent-
ful pregnancies when conception has occurred 
at a 3-month interval, most institutions recom-
mend a period of 6–12  months. Interestingly, 
our literature review suggested that uterine rup-
ture after adenomyomectomy included three 
cases of uterine rupture when pregnancy 
occurred within 3  months of surgery. 
Additionally, three uterine ruptures occurred 
between 3 and 6  months, two between 6 and 
12 months, and eight over 1 year [5].

There is no agreed-upon recommendation in 
the literature for a compulsory waiting time 
before attempting conception. Our approach, 
using contrast-enhanced MRI and ultrasound 
Doppler imaging postoperatively, shows the evo-
lution of resolving avascular areas in the uterus. 
Of the 113 patients who underwent adenomyo-
mectomy using the triple-flap method, resolution 
of the avascular area occurred in 92 patients 
(81.4%) within 6  months and in 111 patients 
(98.2%) within 1 year. Interestingly, the resolu-
tion of vascularity in two patients required up to 
2  years (Fig.  16.23a–h). These cases indicated 
that the return of vascularity might take up to 
2 years, especially when there is massive resec-
tion of the uterine wall. Therefore, permission to 
attempt pregnancy is given when there is confir-
mation of the loss of the avascular area, ensuring 
the resumption of uterine blood flow [12].

 Laparotomy Versus Laparoscopy

The published literature has not elucidated which 
type of procedure increases the risk of uterine rup-
ture. There are many advantages and disadvan-
tages of laparotomy, laparoscopy, or a combination 
of both methods. Nezhat et al. showed the efficacy 
of laparoscopy-assisted myomectomy as a safe 
alternative to myomectomy by laparotomy [16]. 
This approach is technically not as difficult to per-
form, may require less operative time, reduce 
blood loss and postoperative recovery time, and 
reduce adhesion formation. However, laparotomy, 
with or without laparoscopic assistance, allows for 
better closure of the uterine defect with multiple 
layers and more touch- sensitive monitoring of ade-
quate remaining uterine tissue [10–13]. 
Laparoscopic adenomyomectomy may result in 
incompletely repaired muscle defects compared to 
laparotomy. Thus, the risk of uterine rupture is 
believed to increase during subsequent pregnancies 
following a laparoscopic approach [17–22]. 
Laparoscopic procedures also utilize powered 
instruments such as monopolar cautery, high fre-
quency cutting instruments, and laser knives. In a 
review of the literature, there have been 24 cases 
reported of uterine rupture after adenomyosis sur-
gery. Of these, 18 cases used powered instruments 
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a b

c d

e f

g h

Fig. 16.23 (a–h) MRI image showing the circumferen-
tial vascular pattern of a myometrial lesion. (a–h) 
Contrast- enhanced MRI showing resumption of blood 

flow (loss of avascular area) after the surgery ((a, b) 
2 months after surgery; (c, d) 6 months after surgery; (e, 
f) 12 months after surgery; (g, h) 2 years after surgery)
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(eight monopolar/four laser knife/six high fre-
quency), and six cases had no equipment described 
[5]. Therefore, the use of powered instruments in 
laparoscopy may also be associated with uterine 
rupture during pregnancy.

 Wound Healing Disturbance 
Due to Excessive Electrocoagulation

Wound healing is generally a complex process 
involving inflammation, angiogenesis, new tissue 
formation, and tissue remodeling [23]. This pro-
cess requires balanced collagen deposition and 
growth factor release from the injured site. 
Pathologic scarring (hypertrophic scarring) inter-
feres with growth factor expression [24]. Uterine 
ruptures involving the scarred area after uterine 
fibroid surgery or cesarean section typically dem-
onstrate abnormally high concentrations of col-
lagen and fewer smooth muscle cells in the tissue 
near the rupture sites. As a result, there is a high 
possibility that the strength of the uterine muscle 
layer is diminished [23].

A detailed histologic investigation into the 
influence of electrocautery on wound healing has 
indicated that it may greatly interfere with wound 
healing and cause secondary uterine damage 
[25]. Other studies have reported a histological 
delay in wound healing associated with electro-
cautery compared with the use of a surgical 
blade. Power instruments such as the ultrasoni-
cally activated scalpel used in laparoscopy cause 
blood vessel sealing due to the presence of clots 

of heat-denatured proteins. These clots form 
highly cohesive agglomerates due to tissue pro-
tein degeneration that affects wound healing [26]. 
Therefore, use of an instrument that causes heal-
ing disorders may result in suture failure due to 
tissue necrosis, scarring, and excessive collagen 
deposition [27, 28].

Although removal of adenomyosis can be 
accomplished by laparotomy or laparoscopy, the 
latter exclusively uses powered instruments. To 
understand the need to decrease the use of elec-
trocauterization, vasopressin injection has been 
used in conjunction with laparoscopic procedures 
to reduce the amount of hemorrhage [29, 30]. In 
our review of 24 uterine ruptures, all reported 
operative methods involved the use of powered 
instruments during laparotomy or laparoscopy 
[5]. Therefore, if the use of electrosurgical instru-
ments affects wound healing, it seems logical to 
avoid them when possible.

 Postoperative Recurrence 
and Pathological Examination 
of the Removed Uterus

Recurrence of adenomyosis was observed in four 
patients (3.8%) within 5  years postoperatively, 
and dysmenorrhea was controlled by drug ther-
apy. By 15  years post-operation, three patients 
had a recurrence and underwent a hysterectomy. 
Of them, one had a recurrence 13 years postop-
eratively with ascites that was difficult to control 
and underwent hysterectomy (Fig. 16.24: center). 

Fig. 16.24 Pathological findings of the uterine specimen 
removed by total hysterectomy due to recurrence after 
adenomyomectomy by the triple-flap method. Left: 

10  years after surgery; center: 13  years after surgery; 
right: 9 years after surgery
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Fig. 16.25 The condition of the uterine wall of a patient 
who spontaneously conceived 5 months after the opera-
tion and gave birth by cesarean section 13 months after 
the operation

The remaining two patients had a recurrence at 
10 years and 9 years postoperatively and under-
went a hysterectomy due to suspected malig-
nancy (Fig. 16.24: left and right, respectively).

Figure 16.25 shows the uterine wall wound of 
a patient who underwent adenomyomectomy by 
the triple-flap method at the age of 31 and spon-
taneously conceived twins at 5 months postoper-
atively (no thinning of the uterine wall was 
observed during the pregnancy). She had a pre-
mature rupture of the membranes at 34  weeks, 
3 days of gestation, and underwent cesarean sec-
tion on the same day. Figure  16.25 was photo-
graphed at the time of the cesarean section. In the 
wound of the uterine wall, a sheet-like hemostatic 
material (TachoComb®) applied to the sutured 
part was found, but no adhesion with the 
 surrounding tissues was observed, and the uterine 
wall was flat with no depression. This patient had 
an aforesaid recurrence 13 years postoperatively 
with ascites and underwent a hysterectomy. In 
Fig.  16.24, the center is the pathological speci-
men of her removed uterus.

Laparotomic findings of the uterus of the three 
patients who underwent hysterectomy demon-
strated that the surgical wounds of the uterine 
wall were flat and not depressed, and no adhe-
sions, no scar formation, suture failure, or thin-
ning of the uterine wall suture were observed in 
the pathological specimen of the removed uterus.

Pathological examination of the resected spec-
imen revealed slight scarring at the microscopic 
level at the serosal suture on the surface of the 
uterus. No scar formation or suture failure was 
observed at the site where the uterine muscle 
flaps were presumed to have overlapped, and the 
uterine muscle flaps were integrated into the sur-
rounding muscle layer. Although some distur-
bance in the running of smooth muscle fibers was 
observed at the same site, smooth muscles were 
evenly distributed and no decrease in uterine 
muscle fibers was observed.

No abnormality in the distribution of collagen 
fibers and elastic fibers was demonstrated by spe-
cial staining, and the effect of the surgery was 
considered extremely minor. The endometrial 
wound was slightly depressed when viewed from 
the uterine cavity surface, but no rupture or scar 
formation of the endometrium was observed. In 
addition, no abnormality was observed in the 
muscular layer (junctional zone) just below the 
endometrium. Regarding the recurrence of ade-
nomyosis, uterine adenomyotic tissue was scat-
tered in the muscle layer in two patients, but it is 
unknown whether it was a recurrence or a rem-
nant around the surgical site. One patient had a 
clear recurrence of adenomyosis.

 Conclusion

Adenomyosis is a disabling disease in women 
that until recently had been treated with hysterec-
tomy. However, an increasing number of patients 
are now wishing to preserve their uterus for 
childbearing or cultural reasons, necessitating the 
need for a more effective conservative approach 
in treating this disease. Such treatment needs to 
be not only effective but also decrease the risk of 
postoperative pregnancy complications such as 
uterine rupture. Thus far, the triple-flap method 
described here has not only significantly reduced 
the symptoms of adenomyosis but also increased 
fertility in these patients, with no incidence of the 
catastrophic complication of uterine rupture. The 
principles of laparotomy, avoidance of power 
instruments, complete resection of adenomyotic 
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tissue, avoidance of overlapping suture lines, and 
adequate surgery-to-pregnancy interval assuring 
complete resolution of blood flow to the uterus 
are essential to a successful outcome.
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17Uterine Transposition

Reitan Ribeiro and Mario M. Leitao Jr

 Introduction

Survival rates continue to increase with the evo-
lution of multimodal cancer treatment. Issues 
related to patients’ quality of life have become 
ever more important, especially those relating to 
fertility preservation in young individuals [1]. In 
addition, the increasing incidence of some tumors 
in young patients, particularly colorectal tumors, 
[2] and the increase in the average age of first 
pregnancy [3] make it even more important to 
develop safe and reproducible options that may 
allow for preservation of fertility while not com-
promising oncologic outcomes.

Many pelvic malignancies often require radio-
therapy as part of their treatment. The required 
curative radiation doses will produce ovarian fail-
ure, as well as impact the uterus, and lead to per-
manent infertility. Oocytes are cells that are 
highly sensitive to radiation, and up to 50% may 
be destroyed by a 2-Gy radiation dose [4]. The 
radiotherapy doses required to cause immediate 
and irreversible ovarian failure are 20.3  Gy at 
birth, 18.4  Gy at 10  years of age, 16.5  Gy at 
20 years of age, and 14.3 Gy at 30 years of age 

[4]. The usual therapeutic radiation doses range 
from 40 Gy to up to 80 Gy, which are obviously 
significantly higher than the ovarian tolerated 
doses. Even in tumors relatively distant to the 
ovaries, such as thigh sarcomas, radiation doses 
on the ovaries can be significant [5]. The uterus is 
also negatively affected by pelvic radiotherapy, 
and these effects include decreased uterine vol-
ume, reduced distensibility due to myometrial 
fibrosis, uterine vascular damage, and endome-
trial injury [6–10].

To date, no pelvic radiotherapy technique has 
been able to safely preserve patient fertility. For 
these patients, the only options are oocyte and/or 
embryo cryopreservation to have a genetic child 
and ovarian transposition to maintain ovarian 
hormonal production. Although ovarian tissue 
cryopreservation and transplantation are possi-
ble, they are still considered experimental [11, 
12]. Unfortunately, none of these options and 
techniques has allowed these women to use their 
uterus to actually carry a pregnancy to term, thus 
requiring the use of a gestational carrier, which 
may not be a readily available option due to reli-
gious, legal, social, and/or economic reasons. 
The only other potential available option for 
these patients is uterine transplantation [13], 
which is still considered experimental and has all 
the disadvantages related to transplantation in 
general, such as rejection, need for immunosup-
pressive medication, and surgical complications 
in the living donor. Moreover, there is a need for 
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further surgery to remove the uterus after the 
patient has given birth [13].

Uterine transposition (UT) was first described 
in 2017 [14] and has emerged as a novel potential 
alternative for preserving the fertility of these 
patients. In addition, it is an option that may 
allow for these young women to conceive natu-
rally and spontaneously and then carry a full- 
term pregnancy.

 Indications

• Rectal cancer
• Pelvic sarcomas
• Anal cancer
• Vaginal cancer
• Vulvar cancer
• Cervical cancer (highly selected cases)
• Desire to preserve fertility and carry a child
• Compliant patient

 Contraindications

• Tumors infiltrating the body of uterus, tubes, 
or ovaries.

• Carcinomatosis
• Previous radiotherapy of the pelvis and/or 

para-aortic area
• Documented infertility
• Previous adnexectomy or any surgery who 

have damage to the ovarian vessels
• Large leiomyomatous uterus
• Undiagnosed ovarian mass

 Preoperative Workup

Evaluation of the ovarian reserve is important to 
properly advise and select patients for this tech-
nique. But even patients with low reserve may 
desire the surgery. For those patients it is impor-
tant to understand that their chances of preg-
nancy are low and that they will probably need 
fertility assistance such as in vitro fertilization. 

Ideally, all patients considering this procedure 
should have a consultation with a reproductive 
endocrinologist. However, this may not be pos-
sible worldwide but should be given consider-
ation. It is important that all options are 
presented to these patients including embryo 
and/or oocyte preservation. Patients should also 
be informed of surrogacy options as well as 
adoption. Uterine transposition is a new tech-
nique for which we have yet to determine the 
pregnancy outcomes.

Young patients who develop these pelvic 
malignancies should undergo a full genetics eval-
uation. Young patients with colorectal cancers 
may have Lynch Syndrome and those with cer-
tain pelvic sarcomas may have Li-Fraumeni syn-
drome. Uterine transposition may still be a 
consideration in patients diagnosed with these 
syndromes. However, additional discussion is 
needed as to the need for future prophylactic hys-
terectomy and/or oophorectomy and timing of 
such.

Preoperative evaluation of the uterine vessels 
would be interesting as there is a concern of uter-
ine necrosis after transposition. Unfortunately, 
the reliable methods to perform such evaluation 
can be invasive and the risk of uterine necrosis 
likely cannot be predicted by such preoperative 
uterine vascular assessments. Uterine transposi-
tion also is a two-step technique with one being 
the transposition from the pelvis to upper abdo-
men and the second step being the takedown and 
re-anastomosis to the vagina. It is unlikely that 
preoperative uterine flow studies prior to the first 
step would predict future vascular flow or issues 
from such a two-step technique.

We recommend that young women who are 
being considered for uterine transposition are 
made aware of the novelty of this technique and 
the limitations in our present knowledge. These 
cases should be carefully and thoughtfully dis-
cussed with their oncologic providers to make 
sure that they are reasonable candidates for this 
procedure. It is critical that all providers are 
aware of the plans for the procedure that onco-
logic outcomes will not be compromised.
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 Surgery Technique

 First Surgery (Uterine Transposition 
to the Upper Abdomen)

The surgery should be performed with a mini-
mally invasive (MIS) approach via laparoscopy, 
with or without the robotic platform. We advise 
against the open approach, due to the necessity of 
a large midline incision to properly perform the 
gonadal vessels dissection and uterine attach-
ment to the upper abdomen it may result in more 
complications. The patient is placed in the modi-
fied lithotomy position with the arms along the 
body (Fig.  17.1). Due to prolonged use of the 
Trendelenburg position, it is important to ensure 
that the patient is firmly secured to the table to 
avoid slipping during surgery. For the pelvic por-
tion of the surgery, the thighs must be slightly 
flexed and abducted to allow free manipulation of 
the uterus and access to the rectum, if necessary. 
This is a novel technique and the presented steps 
may evolve over time or be modified by others 
based on their experience.

Standard skin preparation, surgical drape 
placement, and urinary catheterization are per-
formed. Vaginal antisepsis must be rigorous, as 
the cervix will be exposed to the abdominal cav-
ity and umbilical region, which may facilitate 
infection. Standard antibiotic prophylaxis should 
be given intraoperatively prior to skin incision 
with choice of drug similar to that for hysterec-
tomy. The use of a uterine manipulator will facili-

tate the procedure. However, it is not required 
and likely quite difficult to place in very young 
patients and those who have not been sexually 
active yet.

 Traditional Laparoscopy
For the non-robotic laparoscopic pelvic portion 
of the surgery, we prefer the surgeon to be posi-
tioned on the left side of the patient, the first 
assistant on the right and the second assistant 
between the legs, for uterine manipulation 
(Fig.  17.2). This positioning is very ergonomic 
and the same trocar placement can be used to the 
upper abdominal part of the procedure. Uterine 
manipulation will reduce traction of the uterine 
vascularization. The monitor is positioned by the 
patient’s legs. The umbilical incision for place-
ment of the first trocar is performed at the base of 
the umbilicus, since at the end of the procedure 
this incision will be enlarged and the skin sutured 
to the aponeurosis along with the cervix, if the 
cervix is planned to be brought through the umbi-
licus. Access to abdominal cavity (Veress needle, 
open or direct entry) and pneumoperitoneum 
insufflation depends on surgeon preferences.

After achieving pneumoperitoneum, a 10-mm 
umbilical port is placed. Two 5-mm ports are 
placed 2  cm medial and cranial to the anterior 
superior sciatic spine. A third 5-mm port is 
inserted 8–10 cm below the umbilical port on the 
midline. A 10-mm suprapubic trocar is used as a 
camera port to facilitate the retroperitoneal dis-
section and uterine manipulation in the upper 
abdomen in accordance with previously described 
techniques for para-aortic dissection [15]. 

Fig. 17.1 Patient preparation and positioning Fig. 17.2 Laparoscopic team positioning
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Additional ports should be considered in difficult 
cases when needed to enhance access and angula-
tion. (Fig. 17.3)

 Robotic Assisted Laparoscopy
Entry into the abdomen will be the same as 
described above if using a robotic platform and 
should be performed as per surgeon’s preferred 
entry method. The optimal trocar placement may 
evolve over time. A six-trocar setup seemed to 
work well to complete both the pelvic and upper 
abdominal portions of the procedure. (Fig. 17.4) 
The Xi platform was used and it facilitated the 
multi-quadrant work without having to move the 
patient. The described trocar setup should also 
work with the S or SI platforms, but rotating the 
patient and moving the platform will be required 
to move to the upper abdominal portion.

For the pelvic portion (Fig. 17.4a), the camera 
trocar is placed at the umbilicus. An assistant port 
is placed in the LUQ a few centimeters above the 
camera trocar. A lateral robot instrument trocar 
for a grasper is placed at the anterior axillary line 
and in line with the camera trocar. The two opera-
tive instruments for the bipolar and monopolar 
instruments are placed 4–5 cm below the line of 
the camera trocar and approximately 5–6 cm lat-
eral. This lower placement will optimize range 
without having to place additional trocar sites 
when switching to the upper abdomen. Once the 
pelvic portion is completed, a new camera trocar 
is placed in midline approximately 4–5 cm from 
the symphysis (Fig.  17.4b). The other trocars 
remain the same and instruments can be placed as 
per surgeon preference. It facilitates visualization 
of the upper abdominal wall by using a 30-degree 
robotic scope. The ink marks in Fig. 17.4 show 
the new location of the transposed uterus and 
highlights the relation between the trocars 
(arrows).

A complete and exhaustive evaluation of the 
abdominal cavity is the first step and cannot be 
omitted. Any area suspicious for the presence of 
metastatic disease should be biopsied and sent 
for frozen section analysis. Uterine transposition 
should be aborted if there is presence of meta-
static disease or if any extension of tumor noted 
to the vagina, cervix, uterus, and/or ovaries.

The surgery itself can start with transection of 
the round and broad ligaments. The round and 
broad ligaments are transected more laterally 
(Fig. 17.5) than in a simple hysterectomy so that 

Fig. 17.3 Trocar placement for the non-robotic laparo-
scopic approach

a b c

Fig. 17.4 Robotic trocar setup: (a) trocar setup for pelvic portion of procedure; (b) trocar setup for upper abdominal 
portion; (c) final trocar incisions and marking of transposed uterine location
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Fig. 17.5 Left young ligament section

Fig. 17.6 Left lateral “window” creation

Fig. 17.7 Dissection of the vesico-uterine septum

these ligaments can be used to attach the uterus and 
pelvic infundibula to the anterior abdominal wall 
when the uterus is in the upper abdomen. In addi-
tion, a longer round ligament can be reimplanted 
when repositioned in the pelvis. If the round liga-
ment is sectioned very close to the uterus, most of 
it will receive radiotherapy, causing its retraction 
and fibrosis and preventing its reconstruction. The 
round ligament itself can be transected either 
before or after isolation of the infundibulopelvic 
ligament (IP) as per surgeon preference

A “window” is created by opening the two 
leaves of the broad ligament anterior to the ureter 
(Fig. 17.6). This window is traditionally opened 
during a hysterectomy as it ensures that the ureter 
remains lateral to the dissection of the infundibu-
lopelvic ligaments and away from the dissection 
that follows. The anterior and posterior leaves can 
also be transected separately. The anterior leaf can 
be opened and the pararectal space dissected to 
identify the ureter clearly and then the posterior 
leaf entered superior to the ureter to help create 
more space along the medial pararectal space to 
help lateralize the ureter. Care is taken to avoid 

grasping the fallopian tubes or the IP or utero-
ovarian ligaments in order to avoid damaging 
them or damaging the vascular supply to the 
uterus, all of which could harm future fertility.

The uterus is then anteverted by manipulation, 
facilitating transection of the uterosacral ligaments, 
slightly lateral to their insertion into the uterus. 
Unlike the round ligament, the choice to transect 
the uterosacral ligaments near the uterus is made 
for two reasons. First, their dissection is more mor-
bid and can lead to inferior hypogastric plexus 
damage, thereby affecting autonomic innervation 
of the pelvic organs. Second, the uterosacral liga-
ments are later incorporated during the re-anasto-
mosis of the cervix/uterus to the vagina.

The uterus is then moved posteriorly by 
manipulation for dissection of the vesicouterine 
septum. This dissection is performed in the same 
manner as in any hysterectomy, with the assistant 
(or the robotic grasper in robotic assisted cases) 
pulling the bladder anteriorly while the surgeon 
dissects the vesicouterine septum to within 
approximately 1 cm of the cervicovaginal junc-
tion (Fig. 17.7). This dissection is important and 
should allow the vaginal suture to be performed 
on two planes, as described below.

The uterine vessels are then coagulated and 
ligated just lateral to the cervix, but medial to the 
ureter (Fig. 17.8), in a fashion similar to an extra-
fascial hysterectomy. This precaution is impor-
tant for preventing inadvertent entry into the 
cervix during transection of the vessels, which 
can result in ischemia of the distal cervix and its 
necrosis or atrophy.

The colpotomy is made using monopolar 
energy in cutting mode to minimize tissue dam-
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age and avoid poor vaginal healing. Some sur-
geons may prefer the use of harmonic energy. A 
vaginal cup will facilitate this step. The vaginal 
cuff is then closed (Fig. 17.9) as per surgeon stan-
dard using a delayed absorbable suture or barbed 

suture. There is no clear evidence that a single or 
dual layer vaginal closure is best. The IP liga-
ments are dissected cranially until their intersec-
tion with the common iliac artery. At this point, 
the pelvic portion of the surgery is completed, 
and the team is repositioned. For robotic-assisted 
cases, the robot is undocked, the lower abdomi-
nal camera trocar is placed, the arms for Xi (or 
robot and patient for S/Si) are rotated and 
re-docked.

For the next portion of the surgery, if being 
done without the robotic platform, the surgeon is 
on the patient’s right side (Fig. 17.10), the first 
assistant is between the patient’s legs, the second 
assistant is on the left, and the scrub nurse is lat-
eral to the patient’s left leg. This positing will 
allow comfortable full access to the upper 
abdominal dissection. The surgeon and the first 
assistant may change positions according to the 
team preference. The camera is placed in the 
suprapubic trocar, and the patient is kept in the 
Trendelenburg position. The screen is located 
above the patients head.

The omentum is positioned in the suprameso-
colic region, preferably over the liver. The bowel 
loops are then placed as far as possible into the 
upper abdomen. Mobilization of the sigmoid and 
descending colon is then performed by latero- 
medial dissection (Fig. 17.11). Cranially, dissec-
tion must be carried out to the level of the 
subcostal margin and medially to the inferior 

Fig. 17.8 Uterine vessels sealed and transectioned trying 
to preserve the descending branch of the uterine artery to 
the cervix

Fig. 17.9 Dual layer closure of vagina

Fig. 17.10 Team 
positioning for the 
proximal gonadal 
vessels retroperitoneal 
dissection and uterine 
placement in the upper 
abdomen
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Fig. 17.11 Latero-medial dissection of the left colon

Fig. 17.12 Right gonadal vessels been dissected from 
distal to proximal while the right colon is lifted-up by the 
assistant

mesenteric artery. Medial traction of the left 
colon exposes the gonadal vessels in the retro-
peritoneal region. The gonadal vessels are then 
dissected en bloc near to their origin. There 
should be no effort made to isolate the vessels, 
which should be dissected while remaining 
wrapped in the fatty/connective tissue that sur-
rounds them. During this dissection, care should 
be taken to maintain constant visibility and pro-
tection of the left ureter.

Then proceed to the mediolateral dissection of 
the terminal ileum, cecum, and right colon. 
Cranially, this dissection is performed to the level 
of the subcostal margin and medially to the ante-
rior surface of the vena cava. Medial traction of 
the right colon exposes the ureter on this side and 
allows its dissection (Fig. 17.12). The same care 
is taken with the IP ligament dissection on this 
side.

Extensive dissection of the IP ligaments 
allows mobilization of the uterus and adnexa to 
the upper abdomen. While the uterus is pulled by 

the round ligaments to the upper abdomen, the 
cecum, ileum, and omentum are gently moved 
beneath the arch formed by the IP ligaments 
while the patient is moved from the Trendelenburg 
position and placed in a neutral position. Care 
must be taken to avoid rotating the uterus and 
twisting the IP ligaments. There may be differ-
ences in IP ligament length in the same patient, 
and the uterus can become slightly lateralized at 
this time. It is important to respect this limitation 
at the time the uterus is attached to the abdominal 
wall to prevent traction of the ovarian vessels.

The uterus must be positioned with the distal 
end of the cervix at the level of the umbilical tro-
car. At this point the surgeon may choose to 
attach the uterus and ovaries to the anterior 
abdominal wall using transabdominal sutures or 
intraabdominal sutures. This decision depends 
mostly on how long the gonadal vessels are to 
allow suturing then to the abdominal wall with-
out tension while the pneumoperitoneum is 
 present. If there is tension during the intraabdom-
inal suture, the best option is to use the transpari-
etal approach and tie the sutures after deflating 
the abdomen. Intraabominal suturing is facili-
tated with the robotic platform. 2-0 polypropyl-
ene barbed suture can be used to affix the ovaries, 
broad ligaments, and cervix as described below 
but intraabdominally with the robotic platform. If 
there does seem to be some tension, the intrab-
dominal pressure can be taken down to as low as 
6 mm Hg if needed.

Transparietal sutures approach: Two 2–0 poly-
propylene transparietal stitches are passed 
approximately 2 cm distally to the costal margins 
and sutured to the ends of the round ligaments. 
There should be slight traction to prevent the 
round ligaments from shortening, but excessive 
traction may cause ischemia. Then, two addi-
tional transparietal stitches are placed to attach 
the ovaries to the anterior abdominal wall 
(Fig.  17.13). This modification was introduced 
after the first case when one ovary migrated close 
to the radiotherapy field [14], which caused ovar-
ian atrophy. This suture also allows the ovaries to 
be attached more cranially, and further reduces 
the incident radiation dose. Usually, these sutures, 
approximately 2–3 cm lateral to the round liga-
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Fig. 17.13 The right ovary is sutured to the anterior 
abdominal wall, at the level of the subcostal margin. A 
metallic clip is been placed to help identifying the ovarian 
position on postoperative imaging

Fig. 17.14 Transparietal sutures of the IP ligaments

Fig. 17.15 Final aspect of the abdomen using transpari-
etal sutures with skin protection. The sutures used to 
attach the cervix to the umbilicus are being cut

ments, are also placed 2 cm below the costal mar-
gin. A metal clip can be placed to mark the 
position of the ovaries (Fig. 17.13). If the surgeon 
chooses to not use clips, when the patient under-
goes planning tomography for radiotherapy, it 
should be noted below which transfixing suture 
the ovaries are located so a mark can be made on 
the patient’s skin.

Then, other transparietal sutures are made to 
secure the IP ligaments to the abdominal wall, 
with a maximum spacing of 2–3  cm between 
these sutures (Fig.  17.14), taking care not to 
puncture or accidentally suture any of the gonadal 
vessels. These stitches are intended to prevent 
herniations between the abdominal wall and the 
IP ligaments. They also prevent the shortening of 
the gonadal vessels which may difficult the uter-
ine replacement in the pelvis.

An additional stitch on the uterine body is 
advisable, although we have never observed dis-
placement of the uterus with the sutures described 

previously. An external 3-0 polypropylene suture 
is passed through the umbilical trocar on the pos-
terior face of the cervix and is later used to attach 
the cervix to the umbilical aponeurosis, if this is 
planned. The pneumoperitoneum is then released, 
and only at this time are the transparietal sutures 
adjusted.

Devices to protect the skin at the suture sites 
must be used to avoid additional trauma and pain 
(Fig.  17.15). These sutures cannot be tied with 
excessive force, and the force applied should be 
the minimum necessary to keep the ligaments 
attached to the anterior abdomen without causing 
ischemia. Some patients have longer gonadal 
vessels, which makes intracorporeal suture of the 
ligaments onto the anterior wall possible. In such 
cases, transparietal sutures can be avoided, as 
they can cause considerable postoperative pain.

Intracorporeal Approach to Attach 
the Uterus and Ovaries
The ligaments and ovaries are sutured at the same 
level as previously mentioned using barbed 
suture, but non-barbed suture can also be used. 
Intraabdominal suturing is facilitated by the use 
of the robotic platform as the non-robotic laparo-
scopic instruments can be challenging to use for 
suturing of the uterus in this new position. There 
are two possible main advantages of this 
approach: the aesthetic benefit and they cause 
much less pain than transparietal sutures. An 
intraabdominal suturing approach is preferred if 
can be done well and safely as described above. 
Usually, traditional laparoscopic approach will 
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mean that transabdominal suture will have to be 
done due to limitations in proper suturing; 
whereas robotic assisted approach allows the sur-
geon the opportunity to do intraabdominal 
suturing.

We have been performing intraoperative 
assessment of uterine flow using indocyanine 
green (ICG) given intravenously. This has been 
mostly for documentation purposes as we are 
uncertain as to what should be done if no flow is 
noted. Also, not all centers may be able to per-
form such assessment and we do not make it a 
requirement. ICG powder (25 mg) is diluted in 
10 ml of sterile water. 4 cc of this is then given 
intravenously and near infrared imaging (NIR) is 
used to assess flow. This usually can be noted 
well within 5 minutes of injection. We would also 
perform this NIR flow assessment prior to either 
exteriorizing or suturing up the cervix so that 
fundal and cervical perfusion can be seen.

Suturing the cervix to the umbilicus and exte-
riorizing it is certainly the most controversial step 
of the surgery. There are both advantages and dis-
advantages. Direct inspection of the cervix, 
which is the end of the “flap,” is important to the 
procedure’s safety, especially if there is no dop-
pler ultrasound or MRI available to evaluate uter-
ine perfusion on the postoperative period, as any 
necrosis can be seen immediately by clinical 
examination. For patients who have menstrual 
cycles during treatment, it can provide an excel-
lent and simple way to evaluate uterine and ovar-
ian function, allow an outlet not just for menses 
but also mucoid secretion from the cervix. But, 
on the other hand, it is obviously awkward for 
patients and adds an additional surgical step and 
later dissection with a possible increase risk of 
dehiscence and infection. Also, as described by 
Baiocchi et  al. [16], it may not be possible to 
attach the cervix in the umbilicus in post- 
trachelectomy patients, and in this case the sur-
geon has no option but to leave the cervix inside 
the abdominal cavity.

For cases in which the cervix will be attached 
to umbilicus and exteriorized, the pneumoperito-
neum is deflated, the umbilical incision is 
expanded to 2–3 cm, and the posterior wall of the 
cervix is sutured onto the lower extremity of the 

aponeurosis incision. An additional five to six 3-0 
polypropylene stitches are made to attach the 
edges of the cervix to the aponeurosis (Fig. 17.15). 
Then, the skin of the umbilical incision is sutured 
to the aponeurosis/cervix with absorbable 3-0 
polycaprolactone sutures. The skin and the apo-
neurosis in the suprapubic incision can be sutured 
according to the surgeon’s preference.

In pre-menarchal patients, it is unnecessary to 
exteriorize the cervix and the cervix is secured to 
the anterior abdominal wall with single suture. It 
is also an option to not exteriorize the cervix in 
women who have menses. A GnRH agonist 
should be given as soon as possible before the 
surgery to induce temporary ovarian suppression, 
since the surgery is usually performed presently 
to avoid cancer treatment delay. Patients will 
need to receive appropriate redosing of the GnRH 
agonist until it is time to re-anastomose the cer-
vix/uterus back to the vagina. The main disad-
vantage of this approach is that the induced 
menopausal symptoms may be difficult for some 
patients. Bone loss is not a true concern as the 
re-anastomosis is often performed 3–4  months 
later.

 Postoperative Care of the First 
Surgery

Postoperatively, patients should be placed on a 
regular diet promptly but try to avoid abdominal 
distention, which could cause traction of the uter-
ine vessels. Uterine viability can be checked 
daily using direct vision of the cervix in the 
umbilicus, if this was done (Fig. 17.16). However, 
it is not clear at this time as to what should be 
done if “nonviability” or “ischemia” is noted. We 
favor the use of extended prophylactic antibiotic 
therapy, due to cavity contamination from expo-
sure of the cervix inside the abdomen, especially 
in patients who will not suture the cervix to the 
umbilicus. This is quite controversial and one 
could also just follow standard antibiotic prophy-
laxis as for hysterectomy. Patients should receive 
thromboprophylaxis with a preoperative dose 
and then continue for 28  days postoperatively. 
Obviously, we have no data in such a novel pro-
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a b

Fig. 17.16 Clinical examination of the cervix to check perfusion on the postoperative period. (a) normal perfusion. (b) 
Ischemic cervix

a b

Fig. 17.17 Postoperative MRI showing the uterus in the 
upper abdomen in two different patients. (a) Patient with 
good uterine perfusion 10 days after surgery. (b) Patient 

with the left side of the uterus without perfusion 4 days 
after surgery

cedure to test whether this extended thrombopro-
phylaxis is necessary. However, we feel it a 
reasonable recommendation considering the nov-
elty of this technique and concern for vascular 
flow and vascular events to uterus.

Length of stay is also unclear and surgeon 
based at this point. Patients have been typically 
kept in hospital for 3  days but some have also 
been sent home the same day or the day after sur-
gery as this is a minimally invasive procedure. 
The role of ultrasound will remain to be deter-
mined, but we do recommend performing a dop-
plers to assess uterine flow within 2–5  days 
postoperatively. This is mostly to document flow 
prior to initiation of radiation therapy. If flow is 
not documented but patient otherwise feels well 

then no immediate actions are likely necessary. If 
there is no flow and concern for symptomatic 
ischemia then a hysterectomy may be needed. 
Radiation therapy can be commenced within 
7–10 days of the surgery if no complications have 
developed.

It is important to combine clinical examina-
tion with the postoperative doppler or MRI imag-
ing (Fig. 17.17), because some patients can have 
partial ischemia of the cervix still followed with-
out need of intervention if the uterus is still ade-
quately perfused. In case of uterine necrosis, a 
hysterectomy has to be performed. If one or both 
ovaries still have adequate perfusion, the surgery 
can be converted to a hysterectomy with ovarian 
transposition.
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Fig. 17.18 The first umbilical menstruation after uterine 
transposition

Two weeks after surgery, the transparietal 
sutures (if used) can be removed, as the resulting 
fibrosis is already consolidated, and the uterus 
and adnexa are attached to the abdominal wall. 
Most patients resume umbilical menses 
(Fig. 17.18) in a few weeks. Usually, menses is 
regular and with the same pattern patients had 
prior to surgery. Some patients report abdominal 
cramps, despite of the uterus being denervated. 
The patients will also experience mucoid secre-
tions from the cervix. Despite a theoretical higher 
risk of infection, the risk of peritonitis is a very 
rare complication of any stoma. Umbilical endo-
metriosis is a possible complication, but its risk is 
low and it is relatively simple to treat.

Patients who do not have the cervix attached 
to the umbilicus should receive continuous 
gonadotropin-releasing hormone (GnRH) until 
the time of the second procedure. It is possible 
that some degree of uterine bleeding and/or 
mucus secretion may happen inside the abdomi-
nal cavity but we have not observed major issues 
so far.

 Second Surgery (Uterine 
Repositioning in the Pelvis)

Uterine repositioning surgery should be com-
bined with other necessary procedures and per-
formed, in the case of rectal cancer, usually 
5–8 weeks after completion of radiotherapy. The 
preparation and positioning of the patient are the 
same as in the first surgery. Performing pneumo-
peritoneum and placing the first trocar requires 

special attention in these patients. If the cervix 
has been exteriorized then the cervix is released 
at the start of the procedure as any other stoma 
and this then provides a 10-mm entry point for 
the first trocar. The use of a trocar with a balloon 
sealing system mechanism is ideal as it prevents 
the escape of carbon dioxide from the larger 
defect created from release of the cervix. If the 
cervix has not been attached to the umbilicus, the 
first incision should be made using the open tech-
nique until there is sufficient experience with the 
procedure to allow other techniques. For a roboti-
cally assisted procedure and in which the cervix 
has not been exteriorized, it may be possible to 
use an optical entry at the prior lower midline 
abdominal camera trocar site.

After placing the umbilical trocar, the other 
trocars are inserted in the same positions as 
described for the first procedure, including a 
10-mm suprapubic puncture through which the 
camera is introduced. In addition to the adhesions 
induced by the transparietal sutures, a few omen-
tal adhesions to the uterus and adnexa are usually 
observed, which are easily released (Fig. 17.19a). 
After sectioning all adhesions, the uterus and 
adnexa can be brought to the pelvis. Patients who 
have had the cervix left inside the abdominal cav-
ity may have the formation of a mucocele / hema-
tocele (Fig. 17.19b).

For patients with rectal cancer, rectosigmoid-
ectomy should be performed in the usual way 
with the addition of necessary trocars. Following 
completion of any other necessary abdominal or 
pelvic surgery, the uterus may then be re- 
anastomosed to the vagina. Expect some adhe-
sion of the IPs to the colon, which must be 
managed carefully to avoid damaging the vessels 
and compromising uterine perfusion. These 
adhesions are the most frequent cause of prevent-
ing the uterus in reaching the pelvis.

A vaginal probe is inserted, and the vaginal 
vault dissected. Care should be taken with the 
presence of the bladder over the vaginal vault. 
New dissection of the vesicouterine septum may 
be necessary, but it should be limited, as bladder 
injuries are frequent in this type of dissection, 
especially after radiotherapy. The vaginal apex is 
then opened using monopolar or harmonic 
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a b

Fig. 17.19 Uterus attached to the anterior abdominal 
wall. (a) Adhesions are expected where the sutures were 
placed and some omental adhesions are common. (b) 

Cervical mucocele in a patient with the cervix left inside 
the abdominal cavity

Fig. 17.20 Cervix sutured to the vagina using absorbable 
sutures

energy, and the cervix is inserted into the vagina. 
At this point, it is important to ensure that there is 
no rotation of the uterus that can cause twisting 
of the gonadal vessels. The cervix is then 
debrided, removing any fibrotic tissue present, 
and sutured to the vagina with Vicryl ® 2-0 
(Fig.  17.20). This suture can be performed 
abdominally or vaginally. We prefer the vaginal 
route as it allows for improved control when 
positioning the cervix within the vagina and 
avoids excessive handling of the uterus during 
suturing, which is ultimately required in the case 

of transabdominal suturing. The robotic platform 
facilitates intra-corporeal suturing and this can be 
done without a vaginal approach, but ultimately it 
is the surgeon’s preference. Whenever the vaginal 
approach is not possible, such as with pre- 
menarchal girls and those who have not initiated 
vaginal intercourse, the utero-vaginal anastomo-
sis needs to be done intra-corporeally. It is pre-
ferred to have the cervix placed and projected 
into vagina and the sutures placed 2–3 cm on the 
cervical wall beyond the external os. NIR assess-
ment of uterine perfusion using ICG given intra-
venously as described above is a consideration if 
available.

One should also consider the risk of dehis-
cence/poor healing of the cervicovaginal suture 
after uterine repositioning. A study [17] of 
patients with IB2 to IIB cervical cancer treated 
with chemoradiotherapy who underwent consoli-
dation hysterectomy revealed a dehiscence rate 
of 6%. It is important to note that in the case of 
uterine transposition where the cervix is sutured 
to the vagina and is not irradiated, better healing 
should be observed than in the patients described 
above.

The round ligaments are then sutured in their 
remaining lateral portions, and the broad liga-
ment is reconstructed, thereby completing recon-
struction. For the ligament reconstruction suture, 
we prefer polypropylene 2-0, again because it 
causes less inflammatory reaction and adhesions. 
The final appearance of the pelvis after complete 
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a b

Fig. 17.21 First case of uterine transposition after the 
uterus was replaced in the pelvis. (a) Aspect of the pelvis 
after reconstruction of the uterine ligaments at the end of 

the reimplantation. (b) Pelvis aspect 6 months after uter-
ine reimplantation

reconstruction is shown in Fig.  17.21a, and the 
final appearance 6 months after surgery is shown 
in Fig. 17.21b.

Chromopertubation testing can be performed 
to assess tubal patency. We do not recommend 
using a drain unless required by the concomitant 
surgery, such as in some cases of rectosigmoidec-
tomy. The use of protective colostomy or 
 ileostomy in patients who had concomitant recto-
sigmoidectomy is a decision of the colorectal 
team, but we believe the decision should be based 
on the same criteria used for all patients with rec-
tal cancer.

 Postoperative Care of the Second 
Surgery (Uterine Repositioning)
A patient undergoing uterine repositioning with-
out additional surgery can resume a normal diet 
soon after surgery and same day or next day dis-
charge is possible. For these patients, antibiotics 
are restricted to standard recommendations for 
antibiotic prophylaxis as for a hysterectomy. 
Antibiotic prophylaxis is determined by the 
colorectal team if a concurrent colorectal proce-
dure is performed. Typically, patients are dis-
charged on the second postoperative day and are 
placed on extended thromboprophylaxis if con-
current surgery is performed. We would defer to 
the colorectal team. If a concurrent procedure is 
not performed, it may still be reasonable to do 
extended thromboprophylaxis. We encourage 
early ambulation and return to normal daily 

activities as soon as possible. Vaginal intercourse 
should be avoided for at least 8 weeks after sur-
gery and until clinical examination confirms no 
vaginal dehiscence and good healing.

 Results

To date and to our knowledge, surgeons from 
nine countries (Argentina, Brasil, Colombia, 
Germany, Ireland, Saudi Arabia, Peru, and the 
United States) have reported having performed 
uterine transposition, but most of these cases 
have not been published. The results of an initial 
feasibility trial are about to be published and a 
second prospective trial to evaluate fertility rate 
and oncological safety is underway. Therefore, 
the results we have so far are based on a small 
series of 15 cases from the authors and mainly 
extrapolations from the other procedures that 
have been done to preserve fertility and/or ovar-
ian function: the radical trachelectomy and the 
ovarian transposition.

 Uterine and Gonadal Preservation 
and Function (Hormonal)
A large number of studies [18–20] of patients 
undergoing radical trachelectomy have shown 
viability of the uterus even after ligation of the 
uterine arteries, while studies of ovarian transpo-
sition [21–24] have shown that positioning the 
ovaries outside the pelvis can preserve their func-
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tion. It therefore seems logical that combining 
these procedures may lead to a surgery with com-
plete preservation of reproductive function in 
these patients.

In radical trachelectomy, a surgery performed 
in patients with early cervical cancer, the uterine 
arteries are ligated, the vagina is sectioned, and 
the remaining cervix is sutured to the vagina. In 
these patients, uterine necrosis is a rare event 
reported in less than 1% of cases [19]. Indocyanine 
green has been used to evaluate uterine perfusion 
during radical trachelectomy, [18] and it can be 
used if there is doubt as to uterine viability during 
this procedure.

Uterine, endometrial and gonadal changes 
resulting from the removal of the uterus from the 
pelvis are more difficult to predict. Some data 
can be extrapolated from ovarian transposition 
performed on young patients who undergo pelvic 
radiotherapy. In this procedure, after ligation and 
section of the utero-ovarian ligaments, the ova-
ries are dissected together with the gonadal ves-
sels and transposed to the flanks, at the height of 
the lower kidney pole. Approximately 90% of 
patients undergoing transposition without addi-
tional radiotherapy treatment preserve their hor-
monal function [24]. This leads us to believe that 
transposition alone will not completely compro-
mise vascularization of the adnexa and could effi-
ciently nourish the uterus in at least 90% of 
patients. The success rate for the preservation of 
ovarian hormonal function varies between 60% 
and 69% when the patient undergoes further 
radiotherapy [22, 23, 26]. The factor that seems 
most important for function preservation is the 
distance of the ovary from the radiotherapy field, 
as noted by Hwang et al. [21], where the location 
of the ovaries more than 1.5 cm above the iliac 
crest was related to a greater chance of gonadal 
function preservation. Therefore, we assume that 
a similar rate of hormonal function preservation 
would be observed with uterine transposition.

Surgical Complications
Cervical atrophy followed by stenosis is the most 
common complication and it affected around 
30% of the patients. They will need cervical dila-
tation. One patient had a vaginal cuff dehiscence 

which did not impact the patient’s treatment and 
outcome. One patient had uterine necrosis and 
required a hysterectomy. At the same procedure, 
one of the ovaries was preserved and thus her sur-
gery was converted to an ovarian transposition. 
Other minor complications were observed, but a 
larger series of cases is necessary to properly 
address this issue.

Fertility Rate
In our series, just 1 patient has attempted concep-
tion so far. She tried spontaneous conception for 
1  year but was unsuccessful and is currently 
undergoing assisted reproductive options. A sec-
ond patient has just started attempts at spontane-
ous conception. As in all fertility sparing surgeries 
for cancer patients, not all patients are ready to 
become pregnant immediately, and it may take 
time in those who are ready. Thus, assessment of 
fertility rate after uterine transposition will 
require prolonged surveillance.

Speiser et al. [25] reported that 50 (65%) of 76 
women who attempted pregnancy, after radical 
trachelectomy, became pregnant. It is important 
to consider that in radical trachelectomy, pelvic 
lymphadenectomy is performed and the cervix 
and parametrium are resected, causing a more 
important anatomical damage than the proposed 
surgery. However, the uterus is not removed from 
the pelvis in radical trachelectomy.

Oncological Outcomes and Radiotherapy 
Delay
Regarding whether uterine transposition might 
compromise patient prognosis, two issues should 
be considered: transposition may increase the 
rate of pelvic recurrence, and surgery and its 
associated complications may significantly delay 
treatment. Colorectal cancer patients are proba-
bly the ones that can benefit the most from uter-
ine transposition and thus a more detailed 
discussion is necessary. The first question is the 
risk of not removing a possible ovarian metasta-
sis not diagnosed in the preoperative work-up. 
Although the rate of ovarian metastases in cases 
of colorectal cancer is 3–4%, prophylactic oopho-
rectomy is considered only for postmenopausal 
women [27], which obviously does not apply to 
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transposition candidates. The rate of local recur-
rence of rectal cancer has decreased to <10% 
since the introduction of Total Mesorectal 
Excision [28]. In the 1990s, neoadjuvant radio-
therapy was also demonstrated to be effective in 
reducing local recurrence. A study by the German 
Rectal Cancer Study Group [29] consolidated the 
use of neoadjuvant chemoradiotherapy. An 
update of this study [30] reported that the 10-year 
cumulative incidence of local relapse was 7.1% 
with the use of neoadjuvant chemoradiotherapy.

The primary sites of local recurrence of rectal 
cancer after radiotherapy and TME are not in the 
uterus but rather presacral, anastomotic, and lat-
eral [31]. Zhao et al. [32] found that only 23.3% 
of recurrent tumors were located in the anterior 
pelvic compartment. Therefore, hysterectomy is 
not routinely performed during rectosigmoidec-
tomy unless the uterus is infiltrated by the tumor.

The main hindrances to the discussion of fer-
tility preservation with patients are potential 
delays in the onset of anti-cancer treatment, fol-
lowed by poor prognosis of disease [33]. 
Discussion of fertility preservation is cited as a 
delay in starting cancer treatment by 93% of 
oncologists [34], and thus, we believe that every 
effort should be made to demystify fertility pres-
ervation procedures to avoid delays to the start of 
such treatment, as this may increase 
complications.

Although fertility preservation should not be 
disregarded in any patient for any reason, includ-
ing prognosis, age, socioeconomic status, and 
parity [11], one should bear in mind that fertility 
preservation might indeed delay the onset of 
therapy.

On empirical grounds, radiotherapy is usually 
started 4–6 weeks after hysterectomy so that irra-
diation does not interfere with vaginal healing. 
We elected to start radiotherapy 7–10 days after 
the Uterine Transposition. So far, there has just 
been 1 case of vaginal cuff dehiscence [14] and it 
happened on the first day of radiotherapy, sug-
gesting it was related to surgical technical issues 
and not to the radiation itself.

Finally, it should be considered that there is no 
standard fertility preservation modality for pre-
pubertal children [11]. This is the first time that 

such a technique can offer a chance of pregnancy 
for pediatric patients, as performed by Pareja 
et al., in Colombia in 2018 [34].

 Conclusions

Uterine transposition is an experimental evolving 
technique. Although the basics are defined, the 
need for improvement remains. The technique’s 
results are pending and require further study.
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18Recognition and Management 
of Iatrogenic Injury 
to the Genitourinary System

David Miller and Kathleen Hwang

 Introduction

Iatrogenic injuries to the genitourinary system 
are a rare occurrence but are nonetheless a known 
risk of intraabdominal surgery. The most com-
mon contributing procedures of iatrogenic injury 
of the genitourinary system are hysterectomy and 
cesarean section [1]. Every surgeon performing 
intraabdominal procedures should have a high 
index of clinical suspicion and a low threshold to 
evaluate for a potential genitourinary injury. 
Early recognition and treatment of iatrogenic 
injuries is paramount for ensuring the best out-
come for the patient. Delayed diagnosis of geni-
tourinary injury results in an almost twofold 
increase in healthcare costs compared to immedi-
ately recognized injury [2]. For any recognized 
injury to the genitourinary system a urologist 
should be consulted, or should one be unavail-
able, the patient should be temporized and 
referred to a center that provides urologic care.

For iatrogenic injuries of the genitourinary 
system there are both temporizing and definitive 
treatment options. As a general principle, defini-
tive measures that may have significant down-
stream effects on quality of life should be deferred 
until the patient is able to engage in shared 
decision- making. The selection of treatment 

method also depends on procedure morbidity, 
patient condition, effect on quality of life, and 
later reversibility. It is imperative to understand 
that ultimately the decision maker at the time of 
any intraoperative consultation is the consultant.

 Iatrogenic Injury to the Bladder

In pelvic surgery, the bladder is the most com-
monly injured organ due to its close proximity to 
the other pelvic organs. Predictably, the rate of 
bladder injury increases as the complexity of pro-
cedure increases [3, 4]. Risk factors for bladder 
injury include anatomic distortions such as con-
genital anomalies, adhesions, endometriosis, and 
pelvic organ prolapse as well as reduced expo-
sure resulting in poor visibility of the pelvic 
organs [4]. Injuries to the bladder are defined as 
either extraperitoneal or intraperitoneal 
(Table 18.1).

 Mechanisms of Bladder Injury

The most common mechanism of injury to the 
bladder is laceration either by cold dissection or 
electrocautery. Injuries to the bladder can also 
occur via trocar placement or during blunt dis-
section [4]. Rarely devascularization injury can 
occur. The grading system for bladder injury is 
provided below (Table 18.2.). Fairly unique for 

D. Miller · K. Hwang (*) 
Department of Urology, University of Pittsburgh 
School of Medicine, Pittsburgh, PA, USA
e-mail: millerdt@upmc.edu; hwangky@upmc.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
S. R. Lindheim, J. C. Petrozza (eds.), Reproductive Surgery, 
https://doi.org/10.1007/978-3-031-05240-8_18

mailto:millerdt@upmc.edu
mailto:hwangky@upmc.edu
https://doi.org/10.1007/978-3-031-05240-8_18


228

Table 18.1 Incidence of bladder injury by type of 
surgery

Surgery

Incidence of 
bladder 
injury References

Transvaginal tape 
placement

3–9% Sharp and Adelman 
[5]

Laparoscopic total 
hysterectomy

0.75% Wong et al. [6]

Abdominal 
hysterectomy

0.58% Teeluckdharry et al. 
[7] and Carley et al. 
[8]

Vaginal 
hysterectomy

0.51–1.86% Teeluckdharry et al. 
[7] and Carley et al. 
[8]

Cesarean section 0.28–0.47% Salman et al. [9] 
and Terry [10]

Laparoscopic 
supracervical 
hysterectomy

0.29% Wong et al. [6]

Table 18.2 American Association for the Surgery of 
Trauma (AAST) Bladder Injury Grading System [13]

Grade Description
1 Contusion, intramural hematoma, partial 

thickness laceration
2 Extraperitoneal bladder wall laceration (<2 cm)
3 Extraperitoneal (>2 cm) or intraperitoneal 

(<2 cm) or intraperitoneal (<2 cm) bladder wall 
laceration

4 Intraperitoneal (>2 cm) bladder wall laceration
5 Laceration extending into the trigone, bladder 

neck, and/or ureteral orifice
6 Nonsalvageable injury

Fig. 18.1 Example of bladder injury. (Image provided by 
Kathleen Hwang)

bladder injuries, with the exception of Grade 6 
injury, severity has not been shown to correlate 
with outcomes [1]. Grade of injury does however 
dictate treatment selection [11, 12].

 Diagnosis of Bladder Injury

Iatrogenic injury may be clearly obvious with 
visible laceration to the bladder, visualization of 
the foley catheter, or extravasation of urine into 
the surgical field (Fig.  18.1). Subtle findings 
include gross hematuria and/or gas distension of 
the foley catheter bag in laparoscopic cases [1, 
14]. Around 5% of injuries are unrecognized at 
the time of surgery [1, 15]. Signs of bladder 

injury in the early postoperative period include 
anuria, oliguria, ileus, new onset ascites, abdomi-
nal pain, sepsis, and elevation of blood urea nitro-
gen to creatinine ratio [14].

Intraoperative use of indigo carmine or meth-
ylene blue can help to allow the surgeon to iden-
tify an injury not initially seen. Filling can be 
accomplished through an indwelling urethral 
catheter either via catheter tip syringe or via 
gravity using a bag of fluid and irrigation tubing 
to allow filling to be regulated as needed. 
Additionally, instillation of these agents can be 
repeated after repair to assess for watertight clo-
sure [16, 17]. As a general principle, when retro-
grade filling the bladder to evaluate for injury 
whether it be in the operating room, for plain 
film cystogram, or for CT cystogram, the blad-
der must be filled to a volume of at least 300 ml. 
Lower volumes incompletely distend the blad-
der which increases the risk of missing an injury 
[18, 19].

Additionally, cystoscopy should be used if 
there is concern for possible injury. Detection 
rates of bladder injuries with cystoscopy are 
above 95% [7]. It is a procedure that is easy to 
learn, with low complication rate, and it is inex-
pensive [20]. Its use has been recommended fol-
lowing both laparoscopic hysterectomy and 
prolapse/incontinence procedures in several 
guideline statements [21, 22].
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 Imaging of the Bladder
Plain film cystogram can be performed in the 
operating suite and has been shown to identify up 
to 95% of bladder injuries. Four images are 
obtained in plain view cystogram (Fig.  18.2). 
First, a scout image should be taken prior to con-
trast instillation. Then, 300–400 cc of contrast is 
instilled via gravity into the bladder. Second, 
anteroposterior views are taken. Third, an oblique 
or lateral view should be obtained to evaluate for 
contrast extravasation behind the bladder. Fourth, 

an image should be obtained after emptying all 
the contrast from the bladder [18].

CT cystogram is the gold standard for diag-
nosing bladder injuries with a sensitivity of 
78–95% and specific of 99–100% (Figs. 18.3 and 
18.4). Sufficient bladder distention is paramount 
for the identification of bladder injury, 300–
400  ml of dilute contrast (3–5%) should be 
instilled retrograde into the bladder via gravity. 
The bag or bottle containing the contrast should 
be placed no more than 40 cm above the patient’s 

a b

c d

Fig. 18.2 Normal plain view cystogram. (a) scout film (b) anteroposterior view (c) lateral view (d) image after contrast 
has been emptied from the bladder. (Images provided by David Miller)
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a b

Fig. 18.3 Extraperitoneal perforation with contrast tracking along the abdominal wall (red arrows). (Images courtesy 
of David Miller)

bladder to minimize the risk of producing 
 vesico- ureteral reflux of contrast which can 
increase risk of infection [23].

 Repair of Bladder Injury: General 
Principles

First, when a bladder injury has been found, it is 
key to determine if there has also been ureteral 
injury as well [12]. The rate of having both a 
bladder and a ureteral injury is low, around .02% 
in some series, but should be ruled out nonethe-
less [24]. Second, if suspicion is high but the 
injury is not visualized intraoperatively a cystot-
omy may need to be performed to provide com-
plete visualization of the bladder wall [25]. Third, 
all recognized intraperitoneal injuries (Grade 
3–6) require formal repair and a urologic surgeon 
should be consulted. Fourth, following repair 
both a foley catheter and an abdominal drain 
should be left in place [11, 12].

 Extraperitoneal Injury
For uncomplicated Grade 1, Grade 2, and even 
Grade 3 extraperitoneal injuries the ideal man-
agement is conservative with drainage via large 
lumen urethral catheter (18 or 20F) for 2–3 weeks 
(Fig. 18.3) [11, 12]. Complicated extraperitoneal 
injuries include involvement of rectal, vaginal 
lacerations, and/or foreign bodies in the bladder 
lumen such as bone. Complicated injuries should 

be repaired primarily to decrease the risk of fis-
tula formation and facilitate healing [12]. The 
method of repair is detailed in the following 
section.

 Intraperitoneal Injury
Any intraperitoneal injury should be repaired pri-
marily; this can be done either open or laparo-
scopically (Fig.  18.4) [26, 27]. The reason for 
doing so is to prevent peritonitis [11, 12]. The 
anterior and lateral attachments of the bladder 
should be mobilized to ensure tension free repair 
[17]. The injury should be closed with a 2–0 or 
3–0 absorbable suture. Permanent sutures have 
been associated with urinary stone formation, fis-
tulas, and recurrent urinary tract infections [28–
30]. The technique of repair is as follows:

 1. The first layer: Simple running closure of the 
mucosa grabbing small bites of muscularis

 2. Second Layer: Running imbricating closure 
of the muscularis and serosa

 3. Third Layer: Additional imbricating closure 
of the serosa

After repair the closure should be tested to 
ensure it is watertight with instillation of 300 cc 
of saline, indigo carmine, or methylene blue into 
the bladder. Finally, a large lumen urethral cath-
eter (18 or 20F) should be left in place to allow 
for healing [11]. In the case of repairs deemed to 
have a high risk of breaking down (e.g., repairs in 
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a b

Fig. 18.4 Intraperitoneal perforation (red arrows). (Images courtesy of David Miller)

patients with fistulas, repairs after placenta per-
creta, and/or repairs involving poor appearing 
bladder tissue), various flaps can be used to aug-
ment the repair [31, 32]. The most common of 
which is an omental pedicle flap, which is brought 
down and placed over the bladder repair to isolate 
it from surrounding tissues. The omentum has 
unique properties that facilitate wound healing, 
which include reducing hemorrhage via pro-
thrombic activation, release of polypeptide 
growth factors resulting in rapid neovasculariza-
tion, and release of lipids that facilitate vasodila-
tion [33].

 Follow-Up

Postoperative antibiotics are not necessary unless 
there is concern for contaminated surgical field, 
antibiotics should, however, be given at the time 
of catheter removal. A drain fluid creatinine level 
should be checked prior to drain removal to 
determine if there is continued leakage of urine 
into the peritoneum and assess the integrity of the 
repair. The urethral catheter should be left in 
place for up to 3  weeks following repair. 
Follow-up plain view cystogram is recommended 
to ensure integrity of the repair prior to catheter 
removal [11, 12]. Following catheter removal, a 

urine analysis should be performed to document 
resolution of hematuria. Beyond this, no formal 
cystoscopic surveillance or imaging is recom-
mended [34].

 Iatrogenic Ureteral Injury

Iatrogenic injury to the ureter can occur in pelvic 
or abdominal surgeries with approximately 75% 
of injuries occurring during gynecologic surgery 
[35]. Ureteral injury commonly occurs during 
ligation of the uterine and ovarian vessels, during 
ureteral mobilization, or when gaining control of 
bleeding. There is a significantly increased risk 
of injury to the ureter with laparoscopic hysterec-
tomy compared to open hysterectomy [36, 37] 
(Table  18.3). Other known risk factors for ure-
teral injury include large uterine size, endome-
triosis, pelvic organ prolapse, prior pelvic 
surgery, and pelvic radiation [38, 39]. The most 
common site of injury is near the uterosacral liga-
ments [40]. Preoperative ureteral stent placement 
has been shown to aid with early recognition of 
ureteric injury; however, there has been no defini-
tive evidence that shows they decrease the rate of 
ureteric injury [41, 42]. The use of lighted ure-
teral stents has also risen in popularity. However, 
the literature on outcomes of using lighted stents 
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Table 18.3 Incidence of ureteral injury by type of 
surgery

Surgery

Incidence of 
ureteral 
injury References

Laparoscopic 
total 
hysterectomy

0.35–1.39% Gilmour et al. [35], 
Leonard et al. [48], 
and Härkki-Sirén 
[36]

Abdominal 
hysterectomy

0.04–0.35% Carley et al. [8] and 
Härkki-Sirén [36]

Vaginal 
hysterectomy

0.02% Carley et al. [8] and 
Härkki-Sirén [36]

Table 18.4 AAST ureteral injury grading scale [52]

Grade Description
1 Contusion or hematoma
2 <50% transection
3 >50% transection
4 Complete transection with <2 cm 

devascularization
5 Complete transection with >2 cm 

devascularization
6 Nonsalvageable injury

is limited to a single report concluding only a 
theoretical risk reduction in rate or ureteral injury 
[43]. The most straightforward way to prevent 
ureteral injury is to identify both ureters intraop-
eratively and remaining vigilant for potential 
injury [12, 42, 44]. For laparoscopic and robotic 
cases, intravenous injection of indocyanine green 
quickly stains the urothelium and fluorescence is 
visible through the wall of the ureter. Of note, 
this requires a near-infrared function on an endo-
scopic camera but provides excellent visualiza-
tion to aid in identification of the ureters 
intraoperatively [45–47].

 Mechanism of Ureteral Injury

There are a wide range of mechanisms of injury 
to the ureter including laceration, ligation, resec-
tion, avulsion, devascularization, kinking, and 
thermal and crush injuries. The selection of treat-
ment for management is affected by both mecha-
nism and grade of injury (Table 18.4). Thermal 
injuries account for roughly 24% of injuries and 

can be especially deceiving [49]. Thermal inju-
ries are deceptive due to difficulty in recognition 
of the degree of devascularization of the ureter. 
To date there has been no definitive way of recog-
nizing a devascularized ureter, even presence of 
peristalsis does not prove viability [50]. This has 
important implications for eventual repair as the 
surgeon must debride back to viable ureteral tis-
sue to ensure integrity of the repair [51].

 Diagnosis of Ureteral Injury

Ureteral injury differs from bladder injury in that 
the majority of ureteral injuries are unnoticed at 
the time of surgery. Only 36% of injuries are rec-
ognized intraoperatively during open surgery 
with the number falling to 12.5% for laparoscopic 
surgery [25, 53]. When there is concern for pos-
sible ureteral injury, a urologist should be con-
sulted for assistance in evaluation. If an injury is 
unrecognized at the time of surgery, postopera-
tive signs of ureteral injury include flank pain, 
fever, urinary incontinence, and hematuria [54]. 
Patients with thermal or partial injuries typically 
present 10–14 days postoperatively [55].

Intraoperative dye such as indigo carmine or 
methylene blue also have utility in ureteral inju-
ries. These dyes can be instilled intravenously or 
in retrograde fashion, and extravasation of the 
dye into the operative field can help in the identi-
fication of an injury. If given intravenously, 
excretory time is around 10 min for these dyes to 
enter the urine [34, 56].

Cystoscopy has been shown to drastically 
improve the intraoperative detection rate of ure-
teric injuries. Detection of ureteral injuries has 
been reported to be as high at 97% with use of 
intraoperative cystoscopy [57]. However, efflux 
can still be present even with partial ureteral tran-
section, ligation, and/or thermal injury. If clinical 
concern is high, retrograde pyelogram should be 
performed via cystoscopic guidance [7, 39].

When injury is suspected, careful and meticu-
lous inspection of the ureters should be per-
formed. This can be done either in an open or 
laparoscopic fashion. In addition to visualizing 
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any laceration, transection, or ligation, the identi-
fication of hematoma and devascularization is 
important for integrity of repair [44].

 Imaging Studies
If the injury is not able to be visualized, an intra-
venous pyelogram can be performed on the oper-
ating table. This study is performed by injecting 
the patient with 2 cc/kg of intravenous contrast 
and taking a plain x-ray of the abdomen [58]. 
Retrograde pyelogram can also be performed on 
the operating table by injecting contrast through 
a ureteral catheter into the ureter via cystoscopic 
guidance (Fig. 18.5).

CT urogram is the recommended modality 
for assessment of possible ureteral injury 
should the concern arise postoperatively. This 
modality includes a delayed phase of usually 
10–12 min to allow for contrast to pass into the 
urine and illuminate any areas of extravasation 
(Fig. 18.6) [59].

 Management

The primary purpose of treating a ureteral injury 
is to minimize morbidity for the patient and pre-

serve renal function. A repair of the ureter may be 
performed either open, laparoscopically, or 
robotically depending on the feasibility and the 
consulting urologist’s skill set [60, 61]. The treat-
ment options for repair are determined by several 
factors, which include the urologic surgeon’s 
skill set, the timing of recognition of the injury, 
the grade, and location of injury. To ensure opti-
mal repair, the ureter must be debrided back to 
viable tissue [51].

 Intraoperative Recognition of Ureteral 
Injury
The following reconstructive principles help to 
ensure adequate repair: debridement and spatu-
lation of the ends of the ureter, placement of an 
internal stent, tension-free watertight ureteral 
closure with interrupted or running absorbable 
suture, and placement of a drain nearby. 
Guidelines recommend that partial (grade 2–3) 
injuries of the ureter be repaired with primary 
closure over a stent. Repair of grade 4 or 5 inju-
ries depend on the location of the injury and size 
of the damaged segment. The ureter is stratified 
into three distinct areas: uppermost is the renal 
pelvis to the ureteropelvic junction, next is the 
abdominal ureter from the ureteropelvic junction 
to the iliac vessels, and finally the pelvic ureter is 
from iliac vessels to the ureterovesical junction. 
For injuries to the pelvic ureter, primary ureteral 
reimplantation should be performed (Fig. 18.7). 
The length of defect dictates whether a psoas 
hitch or Boari flap needs to be performed in 
addition to a tunneled reimplant. For defects of 
up to 6–10 cm a psoas hitch should be performed 
(Fig.  18.8). For defects of 12–15  cm length, a 
Boari flap should be performed (AUA) 
(Fig.  18.9). A uretero-ureterostomy should be 
performed for injuries above the iliac vessels, 
this can safely be performed for loss or ureter up 
to 3 cm in length [11, 62] (Fig. 18.10). For more 
complex injuries where the above repairs are not 
possible, use of bowel or auto-transplantation in 
the management of an iatrogenic injury is not 
recommended until the patient can make an 
informed decision about how to proceed, tempo-
rizing interventions such as nephrostomy tube 
placement should be done [11].

Fig. 18.5 Retrograde pyelogram demonstrating extrava-
sation of contrast (red arrows) into the retroperitoneum 
consistent with proximal ureteral injury. (Image courtesy 
of David Miller)
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a b

Fig. 18.6 CT urogram demonstrating extravasation of contrast (red arrows) into the retroperitoneum consistent with 
ureteral injury. (Images courtesy of David Miller)

a

b

c

d

e

f

Fig. 18.7 Tunneled ureteroneocystostomy to distal ure-
teral injury. (Reprinted with permission from Burks and 
Santucci [51])

Fig. 18.8 Vesico-psoas hitch for distal ureteral implanta-
tion. (Reprinted with permission from Burks and Santucci 
[51])

 Delayed Postoperative Recognized 
Ureteral Injury
For injuries recognized postoperatively, primary 
urine diversion with either indwelling ureteral 
stent placement or nephrostomy tube is recom-
mended [11, 12]. Following which retrograde 
pyelogram or antegrade nephrostogram can be 
performed later to assess the need for primary 
repair of the injury.
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a

b

c

Damaged ureter

Incision for flap

Fig. 18.9 A Boari flap: a flap of bladder is fashioned into 
a tube and an anastomosis is created between it and the 
proximal ureter. (Reprinted with permission from Burks 
and Santucci [51])

a

b

c

d

e

Fig. 18.10 Ureteroureterostomy: the ends of the ureters 
are trimmed and a running anastomosis is performed. 
(Reprinted with permission from Burks and Santucci 
[51])

 Follow-Up of Ureteral Injuries

The abdominal drain should be removed after 
checking a drain fluid creatinine to ensure 
there is no leak. If there is no concomitant 
bladder injury, bladder drainage with an 
indwelling urethral catheter is not necessary. 
The indwelling ureteral stent should be 
removed in 4–6 weeks. The long- term durabil-
ity of the repairs detailed is excellent. In a 
large case series of 181 patients, the success 
rate of a psoas hitch with ureteral  reimplant 
was 96.7% at a mean follow up of 4.5 years 
[63]. The durability of ureteroureterostomy is 
also excellent with another case series report-
ing no adverse events at a mean follow-up of 
33 months postoperatively [62].

 Conclusion

Injury to the genitourinary system is a known 
complication of intraabdominal surgery and 
occurs regardless of the operating surgeon’s 
expertise. The goal is to prevent these injuries 
from occurring. To accomplish this, the operating 
surgeon needs a complete understanding of the 
anatomy of the pelvis, and preoperative imaging 
can further define the anatomy identifying distor-
tion from mass effect and congenital anomalies 
such as duplicated ureters. Preoperative cross- 
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sectional imaging should be obtained to charac-
terize any distortion or congenital anomalies 
such as duplicated ureters that may be present 
cross-sectional imaging. When injuries do occur, 
early recognition and early consultation of uro-
logic surgeons improve patient outcomes. When 
operating near the bladder or ureters, surgeons 
should always maintain low threshold for evalua-
tion of possible injury to these structures. When 
an injury has been recognized, the following 
principles are key to successful repair: use of 
absorbable suture, tension-free and watertight 
closure, urinary drainage with indwelling ure-
thral catheter for all bladder injuries and ureteral 
stent or nephrostomy tube for ureteral injuries. 
Though it is humbling to experience this compli-
cation, long-term outcomes for patients follow-
ing repairs are excellent.
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19Retroperitoneal Dissection

Leigh A. Humphries, Maria Alejandra Hincapie, 
and Ceana H. Nezhat

 Introduction

The ability to “go retroperitoneal”—to dissect 
the structures within the retroperitoneum—is an 
essential skill for the gynecologic surgeon. 
Entering this space is the starting point for many 
gynecologic surgeries, from hysterectomy to 
excision of endometriosis. The primary purpose 
is to isolate the vital structures of the pelvis: ure-
ters, bladder, rectum, uterus, adnexa, supporting 
ligaments, iliac vessels, nerves, and lymph nodes. 
The surgeon uses sharp and blunt techniques to 
thin and separate the connective tissue, fat, and 
endopelvic fascia that surround these structures. 
The secondary purpose is to remove pathology 
within the retroperitoneum, such as deep infiltrat-
ing endometriosis or malignancy. An elegant dis-
section of the retroperitoneum can be bloodless 
as long as it follows avascular tissue planes. The 
complexity of the dissection increases with the 

extent of pelvic pathology and number of prior 
surgeries in the space.

Taking a retroperitoneal approach can help 
simplify an otherwise challenging operation. For 
example, adhesions and fibrosis due to endome-
triosis can obscure the adnexa and obliterate the 
spaces anterior and posterior to the uterus. 
Beneath this “frozen pelvis,” however, the retro-
peritoneal anatomy is often more predictable and 
can offer reference points so that the surgeon can 
restore normal intrapelvic anatomy. When bulky 
fibroids or other pelvic masses fill the pelvis, 
opening the retroperitoneum is a logical first step 
to visualize the ureter and the vessels. Developing 
the paravesical and pararectal spaces allows the 
surgeon to control the uterine artery at its origin, 
providing hemostasis for the rest of the dissec-
tion. If unexpected bleeding occurs at the pelvic 
sidewall, the surgeon can clearly locate retroperi-
toneal structures before applying thermal energy, 
suture, or clips to the bleeding site. For deep infil-
trating endometriosis, retroperitoneal dissection 
is necessary to excise the lesions in their entirety, 
so as to achieve the best pain control, avoid ovar-
ian remnants, and prevent bowel, ureteral, or con-
striction injuries [1].

Despite the clear importance of these tech-
niques, not all gynecologic surgeons feel com-
fortable with retroperitoneal dissection. Even 
surgeons in practice for years may lack the surgi-
cal volume or foundational skills to perform ure-
terolysis, develop the avascular spaces, or resect 
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Fig. 19.1 Avascular spaces of the pelvis. The avascular spaces include the paravesical, pararectal, prevesical, vesico-
cervical, vesicovaginal, rectovaginal, and presacral spaces

endometriotic lesions. Fertility care has become 
increasingly nonoperative, with some reproduc-
tive endocrinology and infertility fellows gradu-
ating without the surgical experience or 
confidence to operate independently. This chap-
ter can be a resource for novice trainees and sea-
soned surgeons alike with focus on video 
laparoscopy approaches with or without robotic 
assistance.

 Retroperitoneal Anatomy

“The eye cannot see what the mind does not 
know.” Strong knowledge of retroperitoneal anat-
omy is first and foremost. The surgeon must 
understand the structures and spaces of the pelvis 
in order to identify them accurately. We therefore 
begin with a review of clinical anatomy, with a 
focus on the avascular spaces, ureters, vascula-
ture, and nerves.

 Avascular Spaces

The avascular spaces are the basic roadmap for 
any retroperitoneal dissection. These spaces 

include the paravesical, pararectal, prevesical, 
vesicocervical, vesicovaginal, rectovaginal, and 
presacral spaces (Fig.  19.1). They contain pri-
marily fat and loose areolar tissue and provide 
access to vessels and nerves. They are potential 
spaces, meaning they are not naturally present 
but are created surgically. Endometriotic implants 
may arise in any of these spaces. Developing the 
spaces early on in dissection achieves good surgi-
cal exposure, makes the procedure safer and 
faster, and reduces the surgeon’s workload and 
potential for complications.

 Paravesical and Pararectal Spaces
A simple line diagram, modified from Rogers 
and Pasic, shows the paravesical and pararectal 
spaces, which share a common boundary, the 
uterine artery (Fig.  19.2). The paravesical and 
pararectal spaces are bilateral, on either side of 
the bladder and the rectum, respectively. The 
paravesical space is bound medially by the vesi-
couterine ligaments (also called the bladder pil-
lars) and laterally by the obturator internus fascia 
and pelvic sidewall. Some sources further divide 
this space into medial and lateral paravesical 
spaces, separated by the obliterated umbilical 
artery. The lateral paravesical space, also called 
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Fig. 19.2 Boundaries of the paravesical and pararectal 
spaces. The paravesical space is bounded by the bladder 
medially, obliterated umbilical artery laterally, uterine 
artery posteriorly, and abdominal wall anteriorly. The 

pararectal space is bounded by the ureter medially and 
posteriorly, internal iliac artery laterally, and uterine 
artery anteriorly. (Modified from Rogers and Pasic [2])

the obturator space, is the site of pelvic lymphad-
enectomy, as it contains the external iliac and 
obturator lymph nodes, as well as the obturator 
nerve and artery.

The pararectal space is posterior to the para-
vesical space, bounded medially by the rectum 
and the ureter, laterally by the internal iliac artery 
and pelvic sidewall, and posteriorly by the 
sacrum. It can be further divided into the medial 
pararectal space (also called Okabayashi’s space) 
between ureter and the rectum, and lateral para-
rectal space (also called Latzko’s space) between 
the ureter and pelvic sidewall.

With a clear view of these spaces, there is 
good access for managing bladder or ureteric 
endometriosis. The surgeon can also tackle an 
obliterated posterior cul-de-sac by starting with 
this approach, exposing the rectum, ureter, and 
uterine vessels so the rectum can be dissected 
from the vagina to open the rectovaginal space. 
Also, these spaces allow the uterine artery to be 

clearly visualized at its origin from the internal 
iliac artery, where it can be occluded permanently 
or temporarily to reduce intraoperative blood loss 
(Fig. 19.3).

 Prevesical Space
The prevesical space, also called the retropubic 
space or the space of Retzius, is the most anterior 
pelvic space, located between the pubic bone and 
the bladder (Fig. 19.4). Its lateral borders are the 
arcus tendineus fascia and the ischial spines. This 
space is continuous with the paravesical spaces 
and exposes the bladder neck and urethra. In 
addition to resection of bladder endometriosis, 
this space is relevant for procedures to treat stress 
urinary incontinence.

 Vesicocervical and Vesicovaginal 
Spaces
The vesicocervical and vesicovaginal spaces are 
located in the longitudinal axis between the blad-
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Fig. 19.3 Occlusion of the uterine artery at its origin. 
The uterine artery can be seen crossing over the ureter 
(“water under the bridge”). Three vascular clips are 

applied to the uterine artery at its origin from the internal 
iliac artery prior to transection

Fig. 19.4 Prevesical Space

der and the cervix and vagina, respectively 
(Fig.  19.5). They are bounded laterally by the 
vesicouterine ligaments and paravaginal tissues. 
The vesicovaginal space ends caudally at the site 
of fusion between the anterior wall of the vagina 
and the posterior wall of the urethra. To enter 
these spaces, the peritoneum may be incised at 
the anterior cul-de-sac, also called vesicouterine 
pouch. If the paravesical space has already been 
developed laterally, the incision in the broad 
 ligament can also be extended anteriorly to open 
this space. The vesicocervical space is primarily 
dissected in the midline along the pubocervical 
fascia, which avoids injury to the vessels or ure-

ters that lie lateral to this space. The bladder is 
further separated from the vagina during dissec-
tion of the vesicovaginal space, which is com-
monly opened during hysterectomy or resection 
of vaginal endometriosis.

In cases where anterior cul-de-sac adhesions 
are encountered, the development of a “New” 
surgical space lateral and caudal to the vesicocer-
vical space further mitigates genitourinary inju-
ries (Fig. 19.6) [3]. The New space is created by 
thorough dissection to extend the vesicocervical 
space bilaterally until both sides connect through 
the inferior aspect of the vesicouterine adhesions. 
The vesicocervical ligament is the medial border 
and the obliterated umbilical arteries lie laterally. 
The anterior leaf of the broad ligament lies ante-
riorly and the posterior margin is the 
parametrium.

 Rectovaginal Space
The rectovaginal space is located in the longitu-
dinal axis between the posterior vagina and the 
rectum, or the rectovaginal septum (Figs.  19.5 
and 19.7). This space can be accessed laparo-
scopically through the peritoneum of the poste-
rior cul-de-sac. However, rectovaginal 
endometriosis or prior surgeries can cause this 
cul-de-sac to be obliterated. In these cases, the 
rectovaginal space is more easily entered with a 
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isolate anterior adhesions between the bladder and the 
cervix. It is bordered medially by the vesicocervical liga-
ment (or bladder pillar), caudally by the bladder, anteri-
orly by the anterior broad ligament, and posteriorly by the 
parametrium and distal ureter

Fig. 19.7 Rectovaginal Space

lateral-to-medial approach, after first opening the 
bilateral pararectal spaces and isolating the ure-
ters. The middle rectal artery and vein and vagi-
nal veins are also present within this space; 
disruption of these vessels should be avoided by 
dissecting within the avascular fascial planes of 
the rectovaginal septum.

 Presacral Space
The presacral space is the retroperitoneal space 
that lies anterior to the sacrum and the fourth and 
fifth lumbar vertebrae. It extends up to the bifur-
cation of the aorta, laterally to the iliac vessels 
and ureters, caudally to the coccyx and pelvic 
floor. It contains the median sacral vessels, sacral 
venous plexus, superior hypogastric plexus, and 
hypogastric nerves. This space is dissected dur-
ing excision of endometriosis as well as during 
sacrocolpopexy for treatment of pelvic organ 
prolapse. During presacral neurectomy to treat 
chronic pelvic pain, the visceral nerves of the 
hypogastric plexus are excised along with the 
fatty areolar tissue of this space, at the triangle of 
Cotte.

 Ureter

It is prudent for the surgeon to be mindful but not 
fearful of the ureters. Identification of the ureters 
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is the primary reason why most gynecologists 
enter the retroperitoneal space. Without attention 
to the ureters, they may be injured during lysis of 
adhesions or resection of masses, especially in 
patients with prior surgery, malignancy, obesity, 
or anatomic anomalies. The most common sites 
of ureteral injury in gynecologic surgery are (1) 
at the pelvic brim near the ovarian vessels, (2) at 
the cardinal ligament where the uterine vessels 
cross the ureter, and (3) along the lateral border 
of the vagina at the uterosacral ligament. Injury 
to the ureter can occur directly by ligation, tran-
section, angulation, or crushing and also by ther-
mal spread, denervation, or devascularization. 
Blood supply to the ureter is medial in the 
abdominal portion and lateral in the pelvic part. 
Since the blood vessels of the ureter run longitu-
dinally along its outer adventitial layer, this layer 
should be preserved along with adjacent fatty tis-
sue or “mesoureter,” wherever possible. Overall, 
the best way to avoid ureteral injury is proper dis-
section technique and awareness of the ureter’s 
location in relation to other organs.

The course of the ureter starts from the renal 
pelvis at the ureteropelvic junction and descends 
along the anterior psoas muscle. At the level of 
the sacral promontory, the ureter crosses the pel-
vic brim, lateral to medial, over the bifurcation of 
the common iliac vessels on the right side and 
medial to the internal iliac on the left in the 
majority of cases. The ureter runs along the pel-
vic sidewall in the posterior broad ligament and 
travels under the uterine artery, hence the phrase 
“water under the bridge.” It then tunnels within 
the parametrium toward the bladder. On entry 
into the bladder, it courses within the bladder 
wall for about 1 to 2 cm and ends at the ureteric 
orifice in the bladder trigone.

 Pelvic Vasculature

Knowledge of the pelvic vessels helps to pre-
serve the blood supply to target organs, avoid 
vascular injury, and identify landmarks for dis-
section. The surgeon should focus on maintain-
ing hemostasis throughout the procedure and 
control bleeding as soon as it enters the surgical 

field. Even small-vessel bleeding can stain the 
loose areolar tissue and limit exposure.

The internal iliac artery is the primary blood 
supply to the pelvis, and it is therefore important 
to isolate its branches, especially in cases of dis-
torted anatomy. The anterior division of the inter-
nal iliac artery includes the following branches: 
obliterated umbilical, uterine, superior vesical, 
obturator, vaginal, inferior gluteal, and internal 
pudendal arteries. Since these are all connected, 
exposing one branch allows the rest to be more 
easily identified. For example, the obliterated 
umbilical artery can be grasped and tugged with 
a laparoscopic grasper, and this simultaneously 
moves the base of the uterine artery so that it can 
be identified. The posterior division of the inter-
nal iliac artery includes the lateral sacral, iliolum-
bar, and superior gluteal arteries. Next to the 
branches of the internal iliac artery run the cor-
responding veins.

The external iliac artery, by contrast, produces 
few branches within the pelvis: the inferior epi-
gastric artery, recurrent obturator artery, and deep 
circumflex iliac artery. It then descends to the 
femoral ring below the inguinal ligament, where 
it becomes the femoral artery and supplies blood 
to the lower limb. The vascular anastomosis of 
the external iliac or the inferior epigastric and the 
obturator vessels is known as the “Corona mor-
tis.” It is located behind the superior pubic ramus 
over the obturator fossa. Attention to these ves-
sels is essential in order to perform a safe 
dissection.

 Pelvic Nerves

Familiarity with the anatomy of the pelvic nerves 
allows the surgeon to minimize nerve injury dur-
ing dissection and also appreciate how endome-
triosis and its surgical treatment can affect the 
nerves. In severe cases, deep infiltrating endo-
metriosis can infiltrate the sacral plexus or sci-
atic nerve and cause pain, altered sensation in 
the legs or pelvis, or even muscle weakness. 
Chronic pelvic pain (CPP) and bowel or bladder 
dysfunction in patients with endometriosis has 
been attributed to chronic inflammation of the 
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nerves. The development of CPP represents a 
cascade of events initiated at the time of periph-
eral stimulation or injury. The persistence of 
pain can result from changes in the nervous sys-
tem’s pathway [4]. Endometriosis resection itself 
can be extensive, causing nerve disruption that 
may manifest as short-term bowel or bladder 
dysfunction.

The pelvis is innervated by networks of nerve 
fibers that travel primarily within the connective 
tissue overlying vessels and pelvic viscera. There 
are various kinds of nerves in the pelvis: somatic, 
parasympathetic, sympathetic, and mixed auto-
nomic nerves. The superior hypogastric plexus is 
located in the presacral space over the bifurcation 
of the aorta and arises from the para-aortic sym-
pathetic trunk. It transmits sympathetic signals 
from the thoracic/lumbar splanchnic nerves and 
receives afferent pain signals from the viscera. 
The superior hypogastric plexus converges into 
the left and right hypogastric nerves that run 
along the internal iliac vessels. The hypogastric 
nerves travel on the pelvic sidewall lateral to the 
uterosacral ligaments. They merge with the pel-
vic splanchnic nerves to become the inferior 
hypogastric plexus, which innervates the parame-
trium and viscera, including the uterus, vagina, 
bladder, and rectum. The pelvic splanchnic 
nerves carry parasympathetic input from S2 to S4 
nerve roots and transmit pain sensation from the 
viscera. The pelvic splanchnic nerves and the 
inferior hypogastric plexus are the nerves most 
commonly disrupted during dissection of the 
pararectal space or parametrium, which can cause 
urinary retention. Some damage to nerve fibers is 
unavoidable and has minimal clinical implica-
tions; however, if a radical resection is planned, a 
nerve-sparing technique is generally preferrable.

Other notable retroperitoneal nerves are the 
genitofemoral nerve and the obturator nerve, 
both originating from the lumbar plexus. The 
genitofemoral nerve runs along the surface of the 
psoas muscle and is responsible for sensation of 
the medial thigh and lateral labia. The obturator 
nerve travels along the medial border of the psoas 
muscle into the obturator space and through the 
obturator foramen in the pelvis. It provides sen-
sory and motor innervation to the inner thigh.

 Dissection Techniques

Knowledge of anatomy and instrumentation 
combined with judicious microsurgical technique 
are essential components of a competent repro-
ductive surgeon. Multiple techniques can be used 
at the same time or in quick succession during the 
dissection. These techniques are not specific to 
laparoscopic surgery; rather, they apply to any 
dissection because they rely on general surgical 
principles.

 Millimeter by Millimeter

The surgeon proceeds through the dissection 
deliberately millimeter by millimeter or layer by 
layer. The extra magnification and lighting of 
laparoscopy is helpful for this technique, espe-
cially for handling vessels and nerves. The sur-
geon confirms the identity of each structure prior 
to ligating, coagulating, cutting, or retracting. 
The movements are controlled and make incre-
mental progress. The surgeon avoids quick large 
movements or blunt dissection in spaces without 
clear safe boundaries. This steady methodical 
approach minimizes complications. If an injury 
does occur, the defect in the structure is limited to 
1–2 mm, which can be more easily repaired.

 Gentle Teasing and Wiping

A combination of gentle pulling, wiping, and 
separating of the tissue with soft strokes helps to 
thin the target area. This technique is useful for 
“skeletonizing,” by which the surgeon strips 
away any peritoneum, connective tissue, or scar-
ring around a structure, reducing it to its “skele-
ton” only. The gentle wiping motion can also be 
used for blunt dissection of areolar tissue and 
clearing minor bleeding from the surgical field.

 Push and Spread

The tip of a blunt grasping instrument is inserted 
into the area of interest (“push”) and then opened 
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to separate the layers of tissue (“spread”). This 
technique, also called “poke and open,” is used in 
conjunction with gentile teasing and wiping in 
order to thin connective tissue and isolate under-
lying structures. It can also be performed with 
two instruments, both inserted into a window in 
the peritoneum and spread in opposite directions. 
Spreading should occur parallel to a delicate 
structure, such as a vessel or nerve, to avoid 
shearing.

 Traction–Countertraction

“Traction-countertraction” refers to two opera-
tors providing traction on tissue in opposite 
directions, which stretches and thins the tissue. 
The incision in the tissue should occur between 
the two instruments, at 90 degrees to the vector of 
stretching (Fig. 19.8). Countertraction in this way 
also exposes the ideal avascular plane between 
opposing surfaces. It is very helpful to have a 
competent assistant who can arrange tissues at 
appropriate angles and provide countertraction.

 Tenting of the Tissues

The surgeon grasps and “tents” or elevates the 
tissue away from the underlying structures such 
as the ureter, bladder, vessels, or nerves. Tenting 
the peritoneum provides a form of traction that 
thins the tissue and illuminates anything beneath 

it, creating a margin of safety. The grasped layer 
can then be incised more precisely.

 Small Incisions

While blunt dissection is useful in many cases, 
sometimes dense scarring from endometriosis 
prevents the blunt separation of tissues. In these 
cases, various devices can be used to make small 
deliberate cuts to release the scarring and find the 
appropriate surgical plane. Generally, these cuts 
are performed “cold,” i.e. without the use of elec-
trosurgery. If electrosurgery is used, the surgeon 
should pay attention to nearby structures and 
consider the extent of thermal spread. In certain 
cases, laser device can be used.

 Hydrodissection 
and Pneumodissection

Hydrodissection refers to the injection of fluid, 
e.g. saline or diluted vasopressin, into a retroperi-
toneal potential space, and the pressure of the 
injection gently separates the connective tissue. 
This injection develops the potential space, which 
can be further opened with sharp or blunt dissec-
tion. Pneumodissection relies on the same prin-
ciple. CO2 gas insufflation creates increased 
intraperitoneal pressure that opens potential 
spaces after an initial incision in the peritoneum 
is made.

Fig. 19.8 Traction–countertraction. The vector of the dissection should be perpendicular to the direction of the traction 
or countertraction on the tissue
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Fig. 19.9 Shaving technique for excising ureteric endo-
metriosis. CO2 laser is used to shave the endometriotic 
nodule from the underlying ureter, while the ureter and its 
blood supply remains intact (full video can be found in 
Fertility and Sterility)

 Shaving Techniques

Shaving excision is the preferred technique for 
removing deep infiltrating endometriosis because 
it can avoid morbid resections and has good sur-
gical outcomes. It is a microsurgical technique 
that creates an incision just beneath an endome-
triotic lesion and proceeds layer-by-layer as 
superficial as possible. This avoids compromis-
ing the integrity of the underlying organ, while 
still removing the endometriosis in its entirety. It 
can be successfully performed for lesions in mul-
tiple areas, including sigmoid, rectum, bladder, 
and ureter [5, 6] (Fig. 19.9).

 General Tips

Some general tips for making a surgical plan and 
performing a successful dissection will be dis-
cussed in this section.

 1. Take What the Anatomy Gives You. Be flexible 
with the surgical plan and willing to switch 
course based on the patient’s anatomy and 
specific pathology. For example, if dense 
bladder adhesions are present due to prior 
cesarean section, myomectomy, or endome-
triosis, a lateral or posterior approach to 
develop the vesicovaginal plane may be pre-
ferred in order to avoid entering the scar ante-

riorly. This can be done by creating the “New” 
space, as previously described.

 2. Start with What Is Easy, and What Is Difficult 
Will Become Easier. Start by entering an area 
of peritoneum that is not involved with scar or 
fibrosis. Work on optimizing exposure and 
developing the avascular spaces before dis-
secting areas with increased risk of vascular, 
bowel, or urinary tract injury. Tackling a large 
rectovaginal nodule, releasing fibrosis around 
the ovary, or performing ureterolysis will be 
easier when the surrounding structures have 
been identified and retracted away.

 3. Identify the Ureters Early. Locating the ure-
ters early in the procedure allows the surgeon 
to dissect the retroperitoneum and excise 
endometriosis without the risk of inadvertent 
ureteral injury. The smooth muscles of the 
ureter undergo intermittent peristalsis, which 
further aids in its detection. In some cases, 
placement of preoperative ureteric catheter 
with or without indocyanine green (ICG) 
fluorescent- guided surgery is helpful. 
Catheters transform the ureter into a more 
rigid tube that can be manipulated during the 
dissection.

 4. Use the Suction-Irrigator as a Dissection 
Tool. The suction-irrigator is a versatile lapa-
roscopic instrument. Its primary purpose is to 
suction and keep the surgical field clean and 
dry. When not suctioning, the surgeon should 
use it to hydrodissect and bluntly separate 
areolar tissue. If laser is used, the suction- 
irrigator can also serve as a “backstop” behind 
the tissue being incised, which prevents the 
laser from penetrating deeper tissues 
(Fig. 19.10).

 5. Maintain Hemostasis and Recognize Early 
Warning Signs of Vascular Injury. The most 
common cause of death associated with lapa-
roscopy, apart from anesthetic complications, 
is injury to major retroperitoneal vessels. Risk 
of retroperitoneal bleeding can be avoided if 
the surgeon is vigilant in areas of anatomic 
distortion and proceeds millimeter by milli-
meter. Keeping a dry surgical field can facili-
tate early recognition of vascular injury. If 
bleeding is suspected, the possibility of a ret-
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Fig. 19.10 Use of suction-irrigator during laser dissec-
tion. The suction-irrigator provides a “backstop” that pre-
vents the laser from incising or causing thermal injury to 
tissue beneath the target area

roperitoneal hematoma should be considered. 
Bleeding in the retroperitoneal space should 
be quickly addressed with pressure by an 
atraumatic grasper and delineation of the 
bleeding source and any nearby structures. If 
bleeding is relatively minor, the surgeon may 
apply vascular clips, electrosurgery, or hemo-
static agents at the site. If hemorrhage from 
major vessels occurs, the surgeon must isolate 
the source and apply atraumatic pressure. 
Repair may be done by laparoscopy or lapa-
rotomy depending on the skill and experience 
of the surgeon, availability of proper instru-
ments, and multidisciplinary support.

 Step-by-Step Dissection 
of the Pelvic Sidewall

 Step 1: Perform a Systematic Survey 
of the Pelvis

With the patient in appropriate degree of 
Trendelenberg, displace the bowel into the upper 
abdomen and perform a systematic survey of the 
pelvis. Start with the sacral promontory where 
the aorta bifurcates, and continue to the pelvic 
brim and pelvic sidewalls. Inspect the adnexa, 
sigmoid, rectum, and posterior cul-de-sac, fol-
lowed by the bilateral parametria, anterior cul- 
de- sac, and anterior abdominal wall. Identify all 

normal landmarks including pelvic organs, liga-
ments, and any subperitoneal structures that can 
be visualized transperitoneally, such as the iliac 
vessels, nerves, and ureters. Note the locations of 
any endometriotic lesions, adhesions, nodules, 
and aberrant anatomy. Once the dissection 
begins, it is harder to locate specific peritoneal 
lesions due to bleeding or disrupted tissue, so the 
surgeon should map these areas first.

 Step 2: Open the Peritoneum, Ideally 
at the Pelvic Brim

The ideal site of entry into the retroperitoneum is 
at the pelvic brim, just lateral and parallel to the 
ureter after it crosses the bifurcation of the com-
mon iliac artery. Entering at this site allows for 
quick identification of the ureter and iliac vessels 
and creates a starting point for dissecting the 
paravesical and pararectal space. It is proximal 
enough to avoid significant scarring from endo-
metriosis near the adnexa, parametrium, or recto-
sigmoid. In thin patients, the ureter can often be 
seen through the peritoneum at the pelvic brim, 
whereas in obese patients, the ureter may be 
deeper within fatty tissue. On the left side, it can 
be helpful to divide the physiologic attachment 
between the sigmoid mesentery and the sidewall 
to better expose the pelvic brim.

To make the initial incision, grasp and tent the 
peritoneum away from any underlying structures, 
including the ureter and external iliac vessels. 
Incise the peritoneum with a superficial cut. 
Extend the incision parallel to the course of the 
ureter and retract this peritoneal leaf medially, 
carrying along the ureter.

An alternative entry site into the retroperito-
neum, commonly used by gynecologists during 
hysterectomy, is through an incision in the poste-
rior broad ligament or transection of the round 
ligament. Identify the ureter deep to this perito-
neal opening by dissecting along the medial leaf 
of the broad ligament and developing the para-
rectal space. The initial incision in the broad liga-
ment can also be extended cephalad, parallel to 
the infundibulopelvic ligament toward the pelvic 
brim, where the ureter is more easily identified.
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Fig. 19.11 Three layers of the pelvic sidewall. Each of 
these layers is encountered in succession during pelvic 
sidewall dissection. Layer I contains the ureter and meso-
ureter. Layer II contains the internal iliac vessels and their 
anterior branches. Layer III contains external iliac vessels 
and the obturator artery and nerve. (Modified from Rogers 
and Taylor [7])

 Step 3: Identify the Landmarks 
for the Three Layers of the Pelvic 
Sidewall

Using push-and-spread, small incisions, and 
traction- countertraction, separate the loose areo-
lar tissue beneath the peritoneum to expose the 
initial landmarks of the three layers of the pelvic 
sidewall (Fig. 19.11). These three layers are iden-
tified medial to lateral: (1) the ureter in its pari-
etal peritoneum, (2) the internal iliac vessels and 
their anterior branches, with associated lymphat-
ics and nerves, and (3) external iliac vessels and 
the obturator artery and nerve just medial to the 
psoas muscle.

 Step 4: Develop the Avascular Spaces

The sites of endometriosis will dictate which 
avascular spaces need to be opened, e.g., prevesi-
cal space to remove bladder endometriosis, recto-

vaginal and presacral spaces to mobilize the 
rectosigmoid and remove nodules involving the 
rectum, and paravesical/pararectal spaces to 
ligate the uterine artery, perform ureterolysis, or 
manage parametrial disease with obliterated cul- 
de- sacs. The steps below constitute a standard 
approach to developing the avascular spaces of 
the pelvic sidewall. This should be modified 
according to the patient’s specific pathology.

With medial traction on the peritoneal leaf 
containing the ureter, develop the pararectal 
space lateral to the ureter, i.e. between the ureter 
and the internal iliac artery. This provides the ini-
tial exposure to the lateral pelvic sidewall. Dissect 
this space to the level of the uterine artery and 
visualize where the uterine artery originates from 
the internal iliac and crosses the ureter. Next, 
continue the dissection into the paravesical space, 
which is continuous with the pararectal space. 
Any spreading and wiping motions in the para-
vesical space should be parallel to the uterine 
artery, to maintain the avascular plane and avoid 
inadvertent vessel injury. Expose the superior 
vesical artery and obliterated umbilical artery, the 
terminal branch of the internal iliac artery. At this 
point, all of the borders of the paravesical and 
pararectal spaces can be seen, allowing access to 
the vesicovaginal or rectrovaginal spaces medi-
ally (Fig. 19.12). To continue the dissection fur-
ther laterally, develop the obturator space, where 
the obturator nerve, artery, and vein as well as 
obturator lymph nodes can be identified 
(Fig. 19.13).

 Conclusion

Successful dissection of the retroperitoneum 
gives the surgeon two critical advantages in any 
pelvic surgery—exposure and mobilization. 
Even the most challenging surgery becomes eas-
ier once the avascular spaces of the pelvis are 
opened and the critical anatomic structures are 
identified.

Ultimately, there is no secret to becoming a 
master of retroperitoneal dissection. A surgeon 
who possesses strong knowledge of retroperito-
neal anatomy and fundamental skills in 
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a b

Fig. 19.12 Pelvic sidewall dissection of the paravesical 
and pararectal spaces, left (a) and right (b). The medial 
paravesical space and lateral pararectal space are the 
spaces most commonly dissected in order to identify the 

ureter and the uterine artery. The space between the ureter 
and the rectum is known as the medial pararectal space. 
The obturator space, also known as the lateral paravesical 
space, is lateral to the obliterated umbilical artery

Fig. 19.13 Lateral pelvic side wall, including the obtura-
tor space. The obturator space contains the obturator 
nerve, artery, as well as obturator lymph nodes

 laparoscopic dissection can gain proficiency in 
retroperitoneal dissection simply by practicing. 
Initially, practice should take place in cadaveric 
dissections, in simulation, or in cases with rela-
tively straightforward anatomy. Over time, the 
ability to apply these dissection techniques in 
cases with highly distorted anatomy, for exam-
ple, in patients with severe endometriosis, will 
help to avoid complications, reduce blood loss, 
and improve surgical outcomes.
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20Deep Infiltrating Endometriosis: 
Diagnosis and Fertility-Sparing 
Management in the ART Patient

Salomeh Salari, Kathryn Coyne, 
and Rebecca Flyckt

 Introduction

 Definition

Endometriosis is defined as the presence of 
estrogen- sensitive endometrial glands and stroma 
outside of the uterine cavity [1]. These ectopic 
endometrial implants differ molecularly from 
eutopic endometrium, making the development 
of medical therapies and treatments significantly 
more challenging [2].

There are several subcategories of endometri-
osis based on the location and extent of disease. 
These include endometriomas, superficial perito-
neal endometriosis, and deep infiltrating endo-
metriosis (DIE) [2, 3]. DIE has previously been 
defined as a nodule extending more than 5 mm 
beneath the peritoneum and is considered to be 
the most challenging clinical form of endometri-
osis [2]. More recently, DIE has also been 
described as “adenomyosis externa,” presenting 
as a single nodule that is larger than 1  cm in 
diameter [4]. DIE lesions are most often in the 
pelvic cavity, and can be found in the anterior 
compartment (bladder) or more commonly the 
posterior compartment (vagina, rectum, uterosac-
ral ligaments, ureter) of the pelvis [3]. DIE can be 

treated medically, but thus far can only be elimi-
nated through a surgical approach.

 Epidemiology

Endometriosis affects 10–15% of all reproductive- 
aged women, but has also been found in both pre-
menarchal and postmenopausal women [1, 2]. 
Nearly 40% of women suffering from infertility 
and 70% of women who suffer from chronic pel-
vic pain have a diagnosis of endometriosis [4]. It 
is estimated that the healthcare costs associated 
with endometriosis are more than $27 billion per 
year [1]. Many women report the onset of symp-
toms during adolescence and the average age of 
diagnosis is approximately 28  years old [2]. 
Diagnosis of endometriosis is challenging, and is 
commonly delayed due to misdiagnosis, the 
widespread use of contraceptives that mask 
symptoms, and societal normalization of pelvic 
pain and dysmenorrhea. Gold-standard diagnosis 
of endometriosis still requires surgical evaluation 
through direct visualization and biopsy.

 Risk Factors

Risk factors associated with endometriosis are 
mainly related to hormonal factors, and include 
early menarche, short menstrual cycle intervals, 
heavy menses, Müllerian anomalies, and nulli-
parity [1]. Protective factors that can reduce the 
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risk of endometriosis include parity, use of hor-
monal contraceptives, smoking, exercise, and 
higher body mass index (BMI) [1].

 Pathophysiology

There are several hypotheses regarding the patho-
physiology of endometriosis. These include 
Sampson’s theory of retrograde menstruation 
through the fallopian tubes into the pelvic cavity, 
as well as theories regarding hematogenous and/
or lymphatic circulation, and possible Müllerian 
remnants that either did not migrate or differenti-
ate (metaplasia) properly during fetal organogen-
esis [1, 2].

The pathophysiology of DIE is thought to dif-
fer between ovarian endometrioma and superfi-
cial peritoneal disease. It is believed that both 
hormonal function (estrogen and progesterone 
receptors) and immunological factors (i.e. perito-
neal macrophages, lymphocytes, natural killer 
T-cells) are significantly altered in DIE [3]. 
Decreased apoptosis of nuclear factor kappa- 
light- chain enhancer of activated B cells (NF- 
kB), B-cell lymphoma 2 (Blc-2), and 
anti-Müllerian hormone (AMH), as well as 
increased proliferation activity related to oxida-
tive stress, may explain the aggressive nature of 
DIE. There is also increased neuroangiogenesis 
gene expression (nerve growth factor, vascular 
endothelial growth factor, and intercellular adhe-
sion molecule) in DIE compared to other pheno-
types of endometriosis [3]. A key enzyme for 
estrogen synthesis, aromatase, is actively 
expressed within endometriosis lesions, but is not 
detectable in normal endometrium [5]. Despite 
the distinct molecular mechanisms of DIE, none 
of the currently proposed biomarkers has been 
sufficiently validated for routine use in the diag-
nosis and workup of DIE [4].

 Diagnostic Considerations

 Clinical Picture

Though no clinical symptoms are required for 
the diagnosis of endometriosis, many women 

with this condition experience chronic pelvic 
pain, dysmenorrhea, dyschezia, deep dyspareu-
nia, adnexal masses, and infertility due to chronic 
and inflammatory changes, which can signifi-
cantly and chronically diminish quality of life 
[2]. Pelvic pain is the most commonly associated 
symptom of endometriosis, and often worsens in 
the premenstrual period. Though the stages of 
endometriosis and pain do not correlate well, 
there is a well-documented relationship between 
the severity of DIE and intensity of pain [6]. The 
location of patients’ pain caused by DIE are 
often specific to the anatomical location of 
involvement (Fig.  20.1). Lesions can create a 
mass-like effect with evidence of fibrosis, par-
ticularly when located near the bowel, uterine 
ligaments, or even on the ovarian cortex [2]. 
Deep dyspareunia might indicate lesions in the 
pouch of Douglas or uterosacral ligaments. 
Dyschezia correlates with gastrointestinal/bowel 
involvement. Flank pain, dysuria, or hematuria 
can be associated with bladder or ureteral 
involvement. Studies have shown that the pres-
ence of posterior compartment lesions (rectal or 
vaginal) and the extent of adnexal adhesions are 
related to the severity of dysmenorrhea 
(Fig. 20.1) [6]. Postsurgically, patients with DIE 
have better improvements in pain scores com-
pared to those with superficial endometriosis and 
chronic pain.

Infertility is of particular concern with severe 
adhesive disease, though debate remains as to 
whether minimal/mild peritoneal disease is also 
associated with non-idiopathic infertility [2]. 
There are several possible mechanisms of infer-
tility including: sperm DNA damage or abnormal 
oocyte cytoskeleton (resulting in impaired qual-
ity of the ovum) due to the abnormal peritoneal 
environment, endometrial lining defects affect-
ing implantation, adhesions or scarred fallopian 
tubes, and accelerated depletion of follicles from 
increased granulosa cell activity causing oocyte 
maturation and apoptosis [2]. Furthermore, stud-
ies have shown that women with endometriosis 
without a surgical history have lower AMH lev-
els compared to those without disease [2, 7]. 
While the predominant mechanism remains 
unclear, studies have shown that patients pursu-
ing in  vitro fertilization (IVF) with ovarian 
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Dysuria, hematuria,
flank pain (ureter)

Deep
dyspareunia

Dyschezia

Constipation or
diarrhea, dyschezia,
obstruction (rare)

Pelvic pain,
dysmenorrhea,

dyspareunia

Fig. 20.1 Sagittal view of the pelvis, displaying typical endometriosis symptoms in relation to the location of DIE 
lesions; these symptoms often overlap

 endometrioma- associated DIE have lower cumu-
lative pregnancy rates compared to those with 
isolated ovarian endometrioma [8]. However, it 
remains unclear whether DIE is independently 
associated with infertility [2]. Furthermore, in the 
absence of pelvic anatomy distortion, the mecha-
nisms whereby endometriosis relates to second-
ary infertility are less well understood.

Surgery can be used to stage the severity of 
disease. There are several methods of classifica-
tion of endometriosis. The American Society for 
Reproductive Medicine (ASRM) has a staging 
classification system that categorizes disease as 
minimal, mild, moderate, or severe. This system 
was updated and renamed the revised ASRM 
(rASRM) classification where Stage I and II are 
designated for minimal or mild disease, and 
Stage III-IV indicates moderate or severe dis-
ease. This staging system was initially created for 
the assessment of fertility but is now often used 
to quantify the burden of disease despite not 
being validated or taking DIE specifically into 
account. Additionally, there is poor correlation 
with effects on quality of life [9]. Other classifi-
cation systems include the ENZIAN-score 
(reports the depth of DIE and localization/expan-

sion) and the Endometriosis Fertility Index (pre-
dicts fertility outcomes based on surgical findings 
and the rASRM classification) [2].

 Diagnosis

Surgery with pathology confirmation remains the 
gold standard for diagnosis of endometriosis. 
Histologically, one will identify endometrial 
glands, stroma, and hemosiderin-laden macro-
phages [2]. Clinically, endometriosis is most 
often diagnosed based on history and physical 
exam as well as imaging. On pelvic exam, clini-
cians may palpate for nodules or masses, a fixed 
uterus (often retroverted), or uterine and adnexal 
tenderness [1]. Of note, it is important to also rule 
out other disease processes including myofascial 
pain, and pelvic (adhesions, adenomyosis, pelvic 
inflammatory disease), gastrointestinal (irritable 
bowel syndrome, hemorrhoids), urologic (painful 
bladder syndrome, interstitial cystitis), or psy-
chologic (depression, sexual abuse) disorders. 
Imaging, such as ultrasonography or magnetic 
resonance imaging (MRI), can also be utilized to 
identify and localize endometriosis.
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 Interventions

Though medical management such as ovulation- 
suppressing hormonal treatments is a reasonable 
first-line option for pain relief, this is not recom-
mended for patients seeking fertility treatment 
and pregnancy. Further, medical management 
should be considered suppressive rather than 
curative and will not resolve DIE [2]. Surgical 
management has been associated with improve-
ments in both spontaneous pregnancy rates and 
pregnancies resulting from fertility treatments, as 
discussed later in this chapter (see “Postoperative 
Considerations” section). While postoperative 
hormonal suppression does not improve fecund-
ability and should not be used postoperatively in 
women seeking pregnancy, it is recommended 
when a patient has completed child-bearing or 
wishes to delay child-bearing; medical treatment 
in this setting may prevent recurrence of disease 
and symptoms as well as the need for reopera-
tion. Without hormonal suppression, pain symp-
toms have a recurrence risk of 50% at five years 
postoperatively [10].

Controversy exists regarding the use of ART 
prior to planned surgical management of 
DIE.  Similarly, in the setting of known or sus-
pected DIE, there is debate regarding whether 
and when to operate if fertility (rather than pain 
management) is the goal. Though there continues 
to be debate regarding the usefulness and timing 
of surgical management in an ART population, 
once agreed upon with the patient, the following 
recommendations in this chapter may be used to 
guide decision-making on identifying the appro-
priate surgical candidate, fertility-sparing opera-
tive approaches based on location of the 
endometriosis, and possible complications and 
recovery.

 Preoperative Considerations

 Surgical Candidacy

When assessing the surgical candidacy of a 
patient, particular attention should be paid to 
patients with comorbidities that could increase 
the patient’s risk of anesthesia (i.e. cardiac or pul-

monary) and post-anesthesia complications (i.e. 
obstructive sleep apnea), increase wound healing 
time (i.e. diabetes mellitus) or make optimal 
patient positioning (steep Trendelenburg) diffi-
cult (i.e. morbid obesity). When in doubt, referral 
for presurgical evaluation by an anesthesia team 
is appropriate. Urine pregnancy tests are always 
recommended in reproductive-aged patients to 
ensure a current pregnancy is not potentially dis-
rupted during surgery.

 Workup

Specific diagnostic markers reliable for clinical 
use in the diagnosis of endometriosis have yet to 
be identified. BCL6 is a putative maker for endo-
metriosis; however, its use has not been widely 
validated for DIE detection or surveillance for 
recurrence of disease after medical treatment or 
excisional surgery. The CA-125 test can be 
mildly elevated in women with endometriosis 
compared to those without; however, it has poor 
diagnostic accuracy and has low specificity and 
should not be used to monitor for either detec-
tion, severity, or recurrence of endometriosis. 
Preoperative laboratory tests can be ordered if 
clinically indicated, including a blood count to 
assess starting hemoglobin, metabolic panel to 
assess the kidney function with a creatinine level, 
and a type and screen in the event of blood trans-
fusion. Further labs/preoperative testing should 
be based on a patient’s medical history, such as a 
hemoglobin A1c for those with diabetes or pre- 
diabetes, or an electrocardiogram or echocardio-
gram for those with heart disease.

 Imaging

Imaging can be useful for preoperative assess-
ment and surgical mapping, including determin-
ing whether there is a potential need for bowel or 
bladder resection. This allows for more appropri-
ate counseling of the patient on risks of surgery 
and the ability to coordinate with colorectal or 
urological surgeons.

Ultrasound remains the modality of choice for 
pelvic pain; however, it can be challenging for 
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evaluation of DIE without the appropriate institu-
tional expertise. For standardization, there exists a 
four-step process for identifying and characteriz-
ing endometriosis on dynamic ultrasound. The 
first step is evaluation of the uterus and adnexa, 
including cysts/endometriomas and adenomyosis, 
which is often found concurrently with DIE [2, 
11]. The second step involves using the transvagi-
nal probe to localize areas of tenderness in the 
pelvis that might correlate with areas of DIE. The 
third step focuses on the pouch of Douglas (poste-
rior cul de sac) where the probe is used to apply 
pressure on the cervix to see if the anterior rectum 
moves freely across the vagina near the posterior 
fornix (also known as the “sliding sign”). The last 
and fourth step of ultrasonographic evaluation is 
evaluating the anterior (bladder) and posterior 
(uterosacral ligaments, rectovaginal septum, vagi-
nal wall, rectum) compartments for nodules [11].

Ultrasonography is highly operator- 
dependent; however, studies at experienced cen-
ters have shown sensitivity and specificity higher 
than 95% in the rectocervical and rectosigmoid 
spaces and approximately 75% in the uterosacral 
ligaments [12, 13]. The sensitivity for DIE spe-
cifically is less, at 80% [13].

Another useful preoperative imaging modal-
ity is magnetic resonance imaging (MRI), which 
has a similar sensitivity and specificity to ultra-

sound in the diagnosis of DIE in the uterosacral 
ligaments (85%, 88%) and colorectal endome-
triosis (88%, 92%) [14]. MRI has also been 
shown to have similar sensitivity and specificity 
to ultrasound for rectosigmoid endometriosis 
(greater than 90%) [2, 14]. Thus, MRI is a rea-
sonable option for presurgical imaging in place 
of ultrasound or if ultrasound findings are equiv-
ocal (Figs.  20.2, 20.3, 20.4, 20.5, and 20.6). 
Despite these benefits, MRI is more expensive, 

Fig. 20.2 Normal cul de sac on MRI, sagittal view

Figs. 20.3 and 20.4 Obliterated cul de sac on MRI, sagittal view
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Fig. 20.5 Genitourinary endometriosis (bladder) on 
MRI, axial view

Fig. 20.6 Rectovaginal endometriosis on MRI, sagittal 
view

takes longer to perform, and necessitates appro-
priate equipment and staff. In our experience, an 
institutional radiology “champion” may be 
helpful in establishing structured reporting on 
MRIs performed for presurgical endometriosis 
evaluation.

 Operative Approach

 Prior to Surgery

Fertility planning and indications for surgery 
should be considered prior to the surgical proce-
dure as depicted in the flowchart below [15, 16]. 
Choices for surgery and/or in  vitro fertilization 
(IVF) for treatment of infertility in the setting of 
DIE should be discussed. For example, in patients 
who have previously undergone surgery for 
endometriosis or who have known low ovarian 
reserve, IVF could be proposed as the first step 
[17]. Additionally, oocyte freezing may be con-
sidered prior to ovarian surgery if fertility preser-
vation is desired [18] (Table 20.1).

Other presurgical considerations to ensure 
adequate preparation include planning for the use 
of a uterine manipulator and rectal probe, as well 
as possible ureteral stenting and bowel prepara-
tion based on surgeon preference [19]. A uterine 
manipulator allows for improved visualization 
and facilitates dissection in the posterior com-
partment. A rectal probe aids in identifying and 
avoiding the rectum, particularly when the poste-
rior cul de sac is densely adhered. Ureteral stents 
can be considered when ureteral endometriosis is 
suspected, most notably when hydronephrosis is 
present preoperatively or when large excision of 
bladder lesions is planned, in order to visualize 
the ureters and their insertion into the bladder tri-
gone. Though there is no consensus regarding the 
utility of bowel preparation, it can be considered 
to minimize the risk of contamination of bowel 
contents in the abdominal cavity with planned 
entry into the bowel.

 Intraoperative Evaluation

To ensure no lesion is missed during surgery, it is 
best to have a systematic approach to the pelvis 
when performing DIE surgery. Typically, a sur-
vey of the upper abdomen including liver and 
diaphragm is performed at the start of the case. 
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Important anatomical structures should be 
 identified, including uterus, adnexa, ureters, 
bladder, colon, small bowel, diaphragm, major 
vessels, and nerves. When surveying these struc-
tures, lesions should be identified and ideally 
documented. Signs of DIE lesions include but are 
not limited to fibrosis (with or without character-
istic dark spots), dense adhesions, distortion of 
anatomical structures, reduced tissue elasticity, 
and hemorrhagic cystic structures [19]. An 
important principle when performing excision of 
endometriosis is to perform the less complex 
steps first. Initially, restoration of pelvic anatomy 
and adhesiolysis are undertaken. This can be per-
formed with a combination of blunt and sharp 
dissection. With DIE, this process can take more 
than an hour or two. Restoration of normal anat-
omy can make subsequent excision easier as it 

helps to isolate and separate the lesions from 
nearby structures. Identification and mobilization 
of the ureter to a safe position are also part of the 
pre- excision setup. It may be necessary to place 
accessory port sites to optimize exposure and sur-
geon positioning. Our laparoscopic setup rou-
tinely uses 4–5 trocars, including the port for the 
camera in the base of the umbilicus. Depending 
on availability, one or two surgical assistants or 
trainees may be helpful in obtaining optimal 
positioning and exposure. Some surgeons prefer 
a robotic approach, although the benefits of this 
beyond personal preference have not been estab-
lished [20].

The most common locations of endometriosis 
include the ovaries, peritoneum (particularly the 
broad ligament and cul de sac), and the uterosac-
ral ligaments [2]. Urogenital lesions have been 

Pre-op endometriosis
patient desires

fertility

No

Yes
Low

Ovarian reserve

Normal

Age < 37 Age ≥ 37

Observation

•  Bilateral endometriomas
•  Unilateral endometrioma with
   history of surgery for contralateral
   endometrioma
•  History of multiple surgeries
•  At risk for multiple surgeries

Consider fertility preservation

Candidate for oocyte/embryo
cryopreservation?

Yes No

Oocyte or embryo
cryopreservation

Ovarian tissue
cryopreservation

Table 20.1 Fertility planning and indications for surgery in patients with DIE [16]
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reported to have a prevalence of only 1–2% of 
those diagnosed with endometriosis, ureteric 
lesions 0.1–0.4%, and gastrointestinal tract 
lesions have a prevalence of 5–15% [4]. However 
more recent studies indicate that the prevalence 
of urogenital lesions may be much higher [21]. 
Within the gastrointestinal tract, the most com-
mon locations are the rectosigmoid colon, the 
sigmoid colon, and the rectum, with the ileum, 
appendix, and cecum being less likely [4, 22]. 
Although the majority of lesions are superficial, 
over time some can become transmural.

 General Surgical Management

Superficial endometriosis implants that are posi-
tioned safely away from underlying structures 
may be removed via simple excision; however, 
the full extent of the disease may often be larger 
than the visible lesion [23]. With ovarian endo-
metriomas that are commonly found with DIE, 
excision may be performed via a stripping tech-
nique, which has been demonstrated to be supe-
rior to cyst drainage and ablation in improving 
spontaneous pregnancy rates 9–12 months post-
operatively [24].

Surgical management of DIE and more exten-
sive extragenital endometriotic lesions is often 
more complex than that of superficial peritoneal 
disease and endometriomas. DIE may involve 
risky sites such as the uterosacral ligaments, the 
rectovaginal septum, the posterior vaginal wall, 
the bowel, the urinary tract, and the diaphragm.

 Rectovaginal Endometriosis
Rectovaginal digital examination should be per-
formed prior to resection in order to assess the 
extent of the lesion and involvement in surround-
ing structures. Once in the abdominal cavity for 
laparoscopic excision, ureterolysis can be per-
formed by making a peritoneal incision between 
the ipsilateral ureter and the infundibulopelvic 
ligament; this mobilizes the peritoneum medially 
away from the ureter. Next the pararectal space 
should be entered and developed. The boundaries 
of the pararectal space are classically described 

as the hypogastric artery, uterine artery, and the 
ureter (Fig.  20.7). Our primary approach is to 
develop this area via peritoneal dissection with 
ureterolysis, though one can also open the broad 
ligament from above, which is also known as 
“the superior approach” [23]. With peritoneal 
dissection, the rectum can be retracted to the con-
tralateral side with the assistance of a rectal probe 
or end-to-end anastomosis (EEA) sizer to avoid 
injury. When the rectum is adhered to the poste-
rior uterus, dissection should start laterally. After 
identification of major vessels and the ureters, 
dissection can then be carried toward the midline 
to open the rectovaginal space.

In addition to mobilizing the rectum away from 
the area of excision, care should also be taken to 
avoid the middle rectal vessels and intramesenteric 
nerve bundles during excision, as the lesion may 
commonly be in close proximity to the rectal wall 
and extend all the way to the muscles of the pelvic 
floor. We routinely perform procto-insufflation 
after excision of DIE, using a “bubble test” to 
inject air into the rectum after the pelvis is gener-
ously lavaged with irrigation fluid. Absence of 
bubbles while the bowel lumen above the dissec-
tion is compressed with atraumatic graspers ensure 
there is no leakage. Other techniques such as use 
of intraoperative procto- sigmoidoscopy may also 
be helpful to evaluate the integrity of the rectum 
after excision, particularly if electrosurgical instru-
ments were used [25].

Fig. 20.7 Intraoperative image of pararectal space, 
showing the uterine artery in relation to the ureter
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 Gastrointestinal Tract Endometriosis
The rectum, as described above, and the sigmoid 
are the most commonly affected sites of the gas-
trointestinal tract (76%). Other areas where endo-
metriosis may be found are the appendix (18%), 
the cecum (5%), and the ileum, jejunum, or other 
parts of small intestine (3%) [25, 26]. There are 
various techniques used for excision of gastroin-
testinal DIE, including shaving, discoid, and seg-
mental resection [27]. Shaving may be employed 
for lesions involving bowel mesentery, serosa, or 
superficial muscularis (less than 2–3 mm) [28]. 
Discoid excision may be performed for single 
infiltrative lesions with depth more than 5  mm 
and no more than one-third invasion of the bowel 
wall [27, 29]. Finally, segmental resection may 
be performed for lesions larger than 3 cm, multi-
focal lesions, or when there is narrowing of the 
lumen [29]. Lesion size can be assessed preoper-
atively with MRI. Colorectal surgeon colleagues 
can perform endoscopy as well to determine 

bowel lumen size. These can be confirmed with 
an intraoperative survey prior to removal of DIE 
lesions. These techniques are discussed further 
below.

 Advanced Operative Techniques 
for Bowel DIE

Choosing the optimal technique involves consid-
ering a patient’s pain level, the number of nod-
ules, the size of the nodule(s), distance from anal 
verge, and depth of involvement of the muscula-
ris (Fig.  20.8) [30]. For example, patients with 
severe pain and involvement of the inner layer of 
the muscularis or deeper would be good candi-
dates for segmental resection. Furthermore, 
patients with only involvement of the outer layer 
of the muscularis but who have multiple nodules 
causing severe pain may also be good candidates 
for segmental resection. Shaving technique may 

Clinical exam and transvaginal ultrasound showing endometriosis
compromising the rectum

With pain
VAS ≥ 7

Large nodule
≥ 3 cm

Without pain
VAS ≤ 6

Involvement of
inner layer

muscularis or deeper

Involvement of outer layer
Muscularis

Surgery if the lesion
and/or pain increase

Medical treatment

Clinical and imaging
control

Stable

Follow-up

Nodule resection

Small nodule
(< 3 cm)

ShavingSegmental resection

Multiple nodules Unique nodules

Fig. 20.8 Flow chart of when and how to operate on bowel DIE based on VAS-visual analogic scale. (From Ref. [30])

20 Deep Infiltrating Endometriosis: Diagnosis and Fertility-Sparing Management in the ART Patient



260

be best implemented when DIE involvement is 
only to the outer layer of the muscularis and there 
is a single large nodule (greater than or equal to 
3 cm), though segmental resection may also be 
considered for large nodules. Discoid resection, 
where the bowel lumen is entered, can be per-
formed for small singular nodules (less than 
3 cm) with involvement only of the outer layer of 
the muscularis. Shaving and discoid techniques 
should not be utilized if more than 50–60% of the 
circumference of the rectum or sigmoid wall is 
involved [30].

 Shaving Technique
For superficial lesions that are not circumferen-
tial involving a structure or constricted lumen of 
bowel, shaving may be used to remove lesions. 
With this technique, the bowel wall is not opened. 
It is important to first develop any retroperitoneal 
spaces in close proximity just as with the resec-
tion technique in order to identify the ureters and 
other structures such as nerves or blood vessels 
prior to resection [31]. Once that has been accom-
plished, the next step is to grasp the lesion with 

grasping forceps and place it on traction. Then, 
from the proximal to distal end of the lesion, full- 
thickness shaving is performed with laparoscopic 
scissors or other common instruments including 
electrosurgery, harmonic energy, plasma energy, 
or carbon dioxide laser.

When the bowel is involved, the surgeon 
should follow the contour of the bowel around 
the lesion, taking care to identify healthy tissue 
and completely dissect the lesion off the bowel 
(Figs.  20.9, 20.10, and 20.11). Several inter-
rupted stitches of 3-0 Vicryl or PDS can be used 
to reapproximate the muscularis. Electrocautery 
should generally be avoided when working on 
the bowel to prevent thermal injury. For those 
without significant experience in surgical man-
agement of DIE, this can be performed in col-
laboration with general or colorectal surgery. If a 
small entry into the bowel lumen occurs inadver-
tently during shaving, the defect may be repaired 
with several single interrupted stitches of delayed 
absorbable suture in a plane parallel to the long 
axis of the bowel to avoid strictures forming. If 
there is uncertainty regarding entry into the 

Figs. 20.9, 20.10, and 20.11 Shaving of rectal nodule
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lumen, procto-insufflation may be utilized, as 
previously described.

 Discoid Resection
When the anterior wall of the rectum is affected 
by endometriosis, discoid resection may be per-
formed [32]. This involves resection of the ante-
rior wall of the rectum, and can be accomplished 
by resection of the nodule followed by closure 
with either suture repair or stapler repair [28]. 
Stapler repair can be performed trans- 
abdominally with a linear stapler or trans-anally 
with a circular stapler [33, 34]. In most cases, this 
technique is performed either solely by general 
or colorectal surgery colleagues, or in close col-
laboration with them.

Resection begins as previously described, first 
with lysis of adhesions, ureterolysis, and devel-
opment of retroperitoneal and pararectal spaces. 
Then, the lesion is surrounded by dissecting the 
lateral and anterior wall of the bowel. The lesion 
may next be freed from the posterior aspect of the 
uterus and/or vagina via laparoscopic cutting. In 
order to more clearly identify areas of excision, 
stay sutures may be placed bilaterally around the 
lesion. The lesion is then sharply dissected. 
Repair may follow as above either via suture or 
stapler. Again, examination may be performed 
with air insufflation from the rectum under fluid- 
emersion to assess for leakage and ensure com-
plete closure.

 Segmental Resection
Segmental resection should be considered if there 
are endometriotic lesions greater than 3  cm, if 
there are several lesions in close proximity, or if 
there is narrowing of bowel lumen [35, 36]. When 
a segment of bowel is excised, end-to-end anasto-
mosis is performed via a circular stapling device. 
Once again, care should be taken to first isolate 
the affected area by adhesiolysis, developing 
spaces, and identifying surrounding structures. 
Usually when resecting bowel, the sigmoid 
should be released from the left lateral abdominal 
wall and the retroperitoneal space opened. The 
ureter should be dissected on both side walls and 
freed and laterally displaced to develop the para-
rectal space (Fig. 20.7). Probes are placed in the 

vagina and the rectum to identify the area in 
which the rectum is fused to the vagina at the 
level of the cervix. Dissection starts laterally and 
towards the midline. The recto-vaginal septum 
below the lesion is dissected. Then the lesion is 
taken off the vagina and remains on the bowel 
(Figs. 20.12 and 20.13) [37]. Adequate dissection 
of the recto-vaginal space below the lesion allows 
a stapling device to be applied. The diseased por-
tion of bowel is then exteriorized through a mini- 
laparotomy and subsequently transected just 
proximally to the diseased area.

At this point, the anvil of the circular stapler is 
placed inside the stump, followed by placing 
purse-string suture, and then the bowel is reintro-
duced into the abdominal cavity. An EEA circu-
lar stapler is then introduced through the anus, 
connected to the anvil, and activated. To decrease 
the risk of anastomotic leaks, care should be 
taken with resection of low rectal lesions, defined 
as less than 5–8 cm from the anal verge [30]. To 
ensure adequate closure and assess for leaks, a 
rigid sigmoidoscope may be placed to directly 

Figs. 20.12 and 20.13 Segmental resection of a bowel 
nodule
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visualize the anastomosis. The pelvis is filled 
with irrigation fluid, and then while compressing 
the bowel proximal to the anastomosis, air may 
be insufflated through the sigmoidoscope to 
assess for appropriate distention as well as moni-
tor for bubbles of air in the pool of fluid. If there 
is a stream of bubbles, care must be taken to 
 identify and over sew the area of leakage. Rarely, 
revision of the anastomosis is indicated.

In cases where a portion of the vagina has 
been excised along with the rectum, we suggest 
creating a diverting loop ostomy that can later be 
reversed after the vagina has been allowed to 
heal. When the anastomosis is less than 5  cm 
from the anal verge, a loop is also brought up.

If the appendix is grossly affected by endome-
triosis, appendectomy may be performed. Given 
the relatively high incidence rate of microscopic 
disease of the appendix in DIE patients, it also 
may be reasonable to routinely perform appen-
dectomy at the time of laparoscopy, but there is 
no formal guidance on this topic [38]. Dissection 
is begun by following the tenia of the cecum to 
the base of the appendix, at which point the 
mesoappendix is divided, which can be accom-
plished with electrocautery. The appendiceal 
artery runs through the mesoappendix, and care 
should be taken to ensure the artery is adequately 
sealed and divided in this step. The base of the 
appendix may then be ligated between endo- 
loops using laparoscopic scissors, or divided with 
an endoscopic linear cutting stapler. The base of 
the cecum should be inspected and the appendix 
should be removed via a sterile endoscopic bag.

The choice for surgical treatment of intestinal 
endometriosis may be guided by the location, 
size and depth of the lesion, as well as the surgi-
cal expertise of the surgeon and availability for 
intraoperative consults if indicated. As previously 
discussed, imaging such as MRI can be of par-
ticular value for preoperative planning to avoid 
urgent intraoperative consults. Surgical excision 
may be indicated when the small bowel is affected 
due to the risk of small bowel obstruction. The 
benefit for surgical resection of gastrointestinal 
lesions with the goal of improving fertility out-
comes appears limited.

 Genitourinary Endometriosis
Genitourinary endometriosis most commonly 
involves the bladder and ureters (25–85% and 
15–75% of the cases, respectively), and rarely 
may involve the kidneys and urethra (5%) 
[39–42].

Ureteral endometriosis is strongly associated 
with endometriosis of the uterosacral ligaments, 
and may be the result of pelvic sidewall endome-
triotic lesions. The two histologic subtypes of 
ureteral endometriosis are extrinsic and intrinsic. 
Extrinsic ureteral endometriosis involves infil-
trating endometriosis and inflammatory reactions 
that lead to ureteral obstruction from the outside 
and not involving the muscular layer of the ure-
ter. Intrinsic ureteral endometriosis invades the 
ureter wall and muscular layer with or without 
reaching the lumen [43]. Either extrinsic or 
intrinsic ureteral endometriosis may incur hydro-
nephrosis, which could lead to ipsilateral renal 
dysfunction. If hydronephrosis is identified pre-
operatively, ureteral stenting is recommended; 
however, hydronephrosis often goes undetected 
due to nonspecific complaints [44].

Extrinsic ureteral endometriosis may be man-
aged with ureterolysis and subsequent excision 
of the surrounding fibrotic tissue. Ureterolysis 
should be initiated in areas of healthy tissue and 
progressively advancing toward the affected 
location. If ureterolysis fails or if an intrinsic ure-
teral lesion is identified distant to the bladder, 
segmental resection with end-to-end anastomosis 
(EEA) may be indicated if possible. Successful 
anastomosis is dependent upon complete mobili-
zation of the ends, and aided by ureteral stents. 
Intrinsic lesions within close proximity to the 
bladder may require resection and reimplantation 
of the ureter into the bladder via either the psoas 
hitch technique or a Boari procedure (tubulariza-
tion of a flap of bladder when the diseased ure-
teric segment is too long and direct reimplantation 
is not feasible), depending on surgeon prefer-
ence. It is beneficial to coordinate with urologic 
colleagues prior to planned ureterolysis for assis-
tance with difficult resections or possible compli-
cations. If ureteral surgery is performed for either 
intrinsic or extrinsic endometriosis, serial kidney 
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ultrasound should be performed every 6 months 
to monitor for hydronephrosis [45].

Bladder endometriosis commonly involves 
the detrusor muscle, but can also involve the 
mucosa in rare cases [21, 39, 41, 46]. Cystoscopy 
may be performed to evaluate for bladder endo-
metriosis and ureteral stents may be introduced at 
that time if indicated. Bladder lesions are typi-
cally easily identified on cystoscopy; however, if 
the round ligaments are pulled medially, the ven-
tral compartment may be obliterated secondary 
to fibrosis. When a nodule is identified, dissec-
tion starts in the healthy peritoneum adjacent to 
the lesion when possible. It is important to 
develop the vesico-vaginal space to dissect the 
dorsal wall of the bladder away from the uterus 
and the ventral wall of the vagina to fully mobi-
lize the bladder away from surrounding struc-
tures, taking care when scar tissue is present 
particularly with prior history of Cesarean sec-
tion. Dissection should continue until a soft plane 
of connective tissue has been reached distal to the 
lesion. Once the lesion is isolated, it is grasped, 
the tissue is placed on traction, and the lesion 
excised with grossly free margins. Closure of the 
bladder defect is accomplished with running 
suture of absorbable monofilament material in 
either a mono- or double-layer fashion, avoiding 
the mucosa and only including the detrusor mus-
cle. Barbed suture is also acceptable and safe. 
Upon completion, the bladder may be retrograde 
filled with normal saline to assess for leakages, 
which are managed by single interrupted stitches 
of the same suture.

Resection of larger lesions may be limited 
when the uterus is involved and must be pre-
served for fertility. If larger lesions are not involv-
ing the uterus and able to safely be resected, in 
order to allow healing of the defect, a transure-
thral Foley catheter should remain in place for 
8–10 days and a cystogram should be performed 
prior to removal [19]. With smaller resections 
and repairs, the catheter may be removed earlier.

 Diaphragm Endometriosis
Diaphragmatic endometriosis may be superficial 
or more deeply infiltrating. With intraabdominal 
laparoscopy, superficial lesions may be coagu-

lated or ablated with low-energy electrocautery. 
When laparoscopy is performed in the dorsal 
lithotomy position, only the ventral part of the 
diaphragm is able to be visualized. Larger lesions 
may be associated with diaphragmatic fenestra-
tions and resection can prove complicated, pos-
sibly leading to pneumothorax or bloody pleural 
effusions, thus must be managed by a multidisci-
plinary team [47].

 Postsurgical Considerations

 Postsurgical Complications

There are multiple possible complications that 
should be discussed with patients prior to surgi-
cal management of DIE. As such, caution should 
be taken in young and otherwise healthy women 
whose primary purpose for surgery is to improve 
fertility outcomes. Immediately postoperatively, 
the short-term complications include bleeding, 
postoperative fever, anastomotic leak, and infec-
tion/abscess. Other complications with poten-
tially more long-term sequelae include 
rectovaginal fistulas, strictures, and effects on 
ongoing bowel function.

Though every institution and surgeon has dif-
ferent rates of complications, multiple studies 
have estimated the frequency of rectovaginal fis-
tula to be anywhere from 0% to 14% and the like-
lihood of abscess/infection 1% to 5% [30, 48]. 
Studies of patients several years postsurgery have 
found that segmental bowel resection of DIE is 
associated with a higher rate of symptoms includ-
ing abdominal pain or incomplete bowel move-
ments; however, there was no significant increase 
in constipation or fecal incontinence compared to 
those who underwent surgery without bowel 
resection [49]. Furthermore, these patients did 
not show decreased patient satisfaction and a 
similar proportion of these patients compared to 
those who did not undergo bowel resection stated 
they would elect for the same surgery again. 
There was no statistical significance between the 
two groups regarding improved symptoms of 
dysmenorrhea, non-menstrual pelvic pain, dys-
chezia, or lower back pain [49]. At the time of 
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surgery, if there is full thickness resection of vag-
inal implants, concern for bowel injury, or if low 
segmental bowel resection is necessary for full 
excision of endometriosis lesions, patients may 
benefit from an ostomy for diversion during heal-
ing of anastomoses.

 Postsurgical ART Outcomes

Once a patient has reached a point in their fertil-
ity treatment that ART is recommended, the 
question often arises (for those with known or 
suspected DIE) whether surgery for DIE should 
be performed prior to ART for the purpose of 
improving their chance of success. In our experi-
ence, surgery can be considered in patients with 
refractory pain, large endometriomas (i.e. 
greater than 4 cm), or significant and bothersome 
bowel symptoms. In the absence of these signs 
and symptoms, our practice is to reserve DIE sur-
gery for patients with more than one failed 
implantation of high-quality embryos. This prac-
tice pattern arises from the complex and risky 
nature of surgical excision of DIE, the overall 
favorable prognosis of patients undertaking IVF 
and embryo transfer, and the potential to decrease 
ovarian reserve with endometrioma excision or 
adhesiolysis that often accompanies DIE surgery. 
Long-term complications of DIE (especially in 
the setting of bowel resection) may be especially 
poorly tolerated in fertility patients who were 
otherwise previously healthy and without signifi-
cant pain symptoms.

It is important to note that studies suggest that 
extensive excision of peritoneal endometriosis 
lesions does not negatively impact ovarian 
reserve or function when ovarian disease does 
not exist; however, if ovarian lesions are removed 
or if extensive ovariolysis is undertaken, ovarian 
responses are expected to be poorer, as seen by 
decrease in AMH levels. However, even in cases 
with ovarian involvement, overall pregnancy 
rates are higher in those who underwent surgery 
versus those who did not [50]. For patients with 
recurrence of a large endometrioma who intend 
to undergo IVF, repeat surgeries would not be 
recommended given the anticipated continued 

decrease in AMH levels. However, aspiration of 
endometriomas is a minimally invasive alterna-
tive approach that would improve oocyte retrieval 
and ovarian response compared to expectant 
management [51].

Pregnancies via IVF have been shown to occur 
anywhere from 3 to 18 months postoperatively, 
suggesting that the benefits of surgery on fertility 
outcomes begin shortly after surgery and persist 
for an extensive period of time [50]. While there 
is benefit to waiting for patients to heal postop-
eratively and to ensure no surgical complications 
arise prior to beginning ART protocols, there is 
debate as to how long a woman should wait post-
operatively prior to undergoing ART. Some stud-
ies have shown that no difference occurs in 
fertility outcomes when ART is pursued either 
less than or greater than 6 months after surgery 
[50, 52]. However, other studies note that the 
immediate postoperative period (less than 
6  months after surgery) is significantly more 
favorable for conception, particularly for women 
with more advanced disease [53]. The theory is 
that since endometriosis is a progressive disease, 
time can have a detrimental effect on fertility if 
there is disease recurrence or incomplete exci-
sion of disease. Based on this, our practice has 
been to perform ART 1–2 months after DIE sur-
gery and recovery.

 Conclusion

DIE lesions are most often found in the pelvic 
cavity, either in the anterior compartment or more 
commonly in the posterior compartment involv-
ing the posterior vagina, rectum, uterosacral liga-
ments, and ureters. Many women experience 
chronic pelvic pain and genitourinary or gastro-
intestinal symptoms. However, symptoms are not 
required for the diagnosis of DIE. In patients who 
do report symptoms, DIE lesion location corre-
lates well with the severity of patient discomfort 
and pain. Though DIE can be treated medically 
with hormonal suppression, this is not definitive 
management and should not be used in patients 
who desire pregnancy. Hormonal suppression 
both acts as a contraceptive and has not shown an 
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increase in pregnancy rates when used prior to 
ART. Surgery can be utilized to stage the severity 
of disease and definitively diagnose the disease 
via pathology.

Prior to surgery, imaging (ultrasound, MRI) 
can be of high value for preoperative assessment 
and surgical mapping. In particular, it can be 
determined if bowel or bladder resection is 
needed and preoperative consultations can be 
performed with other surgical specialty col-
leagues. Choice of imaging modality can be 
institution- dependent, based on the experience 
and comfort level of sonographers/technicians 
and radiographic interpreters.

Surgically, it is important to take a systematic 
approach to the pelvis so as to not miss any 
lesions. First, all important structures are identi-
fied, including the uterus, adnexa, ureters, blad-
der, colon, small bowel, diaphragm, and major 
vessels and nerves. Lesions are most commonly 
located on the ovaries, peritoneum (particularly 
the broad ligament and cul de sac), and the utero-
sacral ligaments. After identifying and docu-
menting DIE lesions, removal of lesions may be 
performed via shaving, discoid resection, or seg-
mental resection depending on the size, depth of 
invasion, and number of nodules.

Postoperatively, short-term complications 
include bleeding and infection while long-term 
complications include fistula, strictures, leakage 
of anastomosis, and changes in bowel function. It 
is recommended that patients begin ART soon 
after surgery, as early as 1–2 months postopera-
tively. Both rates of spontaneous conception and 
success rates of ART have been shown to be 
increased after surgical excision of DIE; how-
ever, routine excision of suspected DIE is not rec-
ommended given the complex and invasive nature 
of DIE excision and the overall favorable preg-
nancy rates achieved via IVF in this population.

Pain symptoms in patients with endometriosis 
have a recurrence risk of up to 50% at 5 years 
postoperatively [10]. This is most likely due to 
incomplete excision of endometriosis given the 
technical challenges that require surgical exper-
tise. Some studies show that patients with com-
plete excision of DIE lesions have a recurrence 
rate of only 2% at 5 years postoperatively [22]. 

There is a role for medical management (hor-
monal therapy) after a patient has completed 
child-bearing in order to suppress symptoms and 
decrease the likelihood of repeat surgeries.

Overall, surgical management of DIE is rea-
sonable to consider in patients who have failed 
more than one implantation of high-quality 
embryos or who have significant symptoms 
including chronic pelvic pain, large ovarian cysts, 
and/or bowel symptoms. This chapter reviewed 
the diagnosis and clinical picture of DIE as well 
as best operative approaches to fully excise DIE 
lesions in patients seeking improved fertility 
outcomes.
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21Crisis Management in the Office 
Setting

Robert A. Roman, Carey Camille Roberts, 
Rachel Booth, and Steven R. Lindheim

 Introduction

Surgical training is often focused on the develop-
ment of surgical skills that prevent complications 
from occurring and are reinforced in the operating 
room daily. For many surgeons, managing a crisis 
is often out of their comfort zone – with strategies 
based on anecdotal experience from personally 
managing an intraoperative complication or from 
seeing mentors manage a crisis in the past [1]. 
This process is often passive, random, and can 
lead to inconsistent learning experiences across 
trainees. Lack of training is further compounded 

by the shift of certain hospital- based procedures 
to the office setting, where the same providers are 
expected to deliver the same high-quality and safe 
patient care with less available resources than are 
available in the inpatient setting.

Reproductive surgery remains an indispens-
able treatment to restore normal anatomy to the 
uterus, ovaries, and/or fallopian tubes to facilitate 
conception. While reproductive surgery has been 
primarily performed in a hospital setting, diag-
nostic and operative hysteroscopic procedures 
have expanded into the realm of office-based pro-
cedures. The American College of Obstetricians 
and Gynecologists (ACOG) defines an office pro-
cedure as a short interventional technique involv-
ing non-incisional diagnostic/therapeutic 
procedures including excisional intervention [2]. 
With advances in hysteroscopic technology, this 
has further facilitated its transition to the office 
setting. This has included intrauterine device 
removals, polypectomy, myomectomy, lysis of 
adhesions, septoplasty, and proximal tubal cannu-
lation [3]. This shift towards office-based proce-
dures has been well documented within the past 
two decades, with at least 10–12% of hysterosco-
pies being performed in the outpatient setting [4–
6]. This continues to enhance patient satisfaction 
and provide improved continuity of care, higher 
reimbursements, convenient office scheduling, 
and avoidance of general anesthesia.

In the United States (US), outpatient surger-
ies are regulated by the Joint Commission 
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guidelines, though there is no equivalent orga-
nization for office procedures. ACOG released 
a Task Force emphasizing the lack of office 
patient safety guidelines and provides guidance 
for gynecologists to improve patient safety 
measures, mainly in part due to lack of 
 standardization across gynecologists perform-
ing office-based procedures and for maintain-
ing safe office practices [7]. Furthermore, 
despite the increase in office-based procedures, 
there remains an overall lack of training where 
residency training programs’ surgical volume 
largely resides in the inpatient setting. 
Surprisingly, 97% of US medical residents and 
fellows graduate without performing gyneco-
logic procedures in the office setting and even 
less likely to be equipped to effectively manage 
emergent complications [8].

With smaller instruments and increasing com-
fort, surgeons continue to push the boundaries for 
the types of procedures that are performed in the 
office setting, including patients with higher 
American Society of Anesthesiologists (ASA) 
Physical Status classification and subsequently 
higher perioperative risk. Even with the most 
meticulous patient selection criteria, patients can 
still present with challenging airways, difficulty 
achieving adequate sedation or pain control, or 
even vasovagal reactions during office proce-
dures [9]. Fortunately, procedural complications 
are rare, with the most frequent hysteroscopic 
complication (uterine perforation) occurring in 
0.76% of cases [9]. However, since providers will 
need to manage the unexpected, a paradigm shift 
is necessary in the event of a crisis. This chapter 
seeks to provide guidance, algorithms, and exam-
ples to aid in preparation for a crisis in reproduc-
tive surgery. We will take readers through three 
specific crises using the reported STOP (Stop, 
Think, Observe, Plan) framework to effectively 
manage such scenarios [10, 11].

 Crisis Management

A crisis is a catastrophic event that is character-
ized by an element of surprise, a short decision 
time, and a perceived threat to the patient [12]. 

These events can lead to significant morbidity 
and mortality, though, fortunately, many can be 
averted and mitigated. The steps taken to deal 
with catastrophic events before, during, and after 
they occur is referred to as Crisis Management 
(CM) [12]. CM principles were initially devel-
oped in the business and aviation industry as a 
reaction to the large-scale industrial and environ-
mental disasters in the 1980s [13]. These princi-
ples have become increasingly relevant in the 
surgical setting, allowing for the development of 
strategies that better equip physicians with the 
skills to manage a complication and its potential 
adverse outcomes. How one handles a crisis will 
often determine the patient’s ultimate outcome. 
Four components of CM can improve overall 
results: understanding and managing human 
behavior, team leadership, simulation training, 
and panic control [14].

 Understanding and Managing 
Human Behavior During a Crisis

Given that humans react unpredictably and dif-
ferently in a crisis, appreciating the human ele-
ment is critical in any surgical team’s CM 
approach given its disorienting nature. When 
faced with a crisis, surgeons will naturally acti-
vate their hypothalamic-pituitary-adrenal axis 
which leads to several physiologic and behav-
ioral changes in response to stress. Traditionally 
known as the “fight-or-flight” response, sympa-
thetic activation leads to acute cortisol, epineph-
rine, and norepinephrine release and has many 
physiologic functions including increased heart 
rate, increased blood pressure, increased respira-
tory rate, increased muscle strength, and 
increased mental activity [15]. The goal of the 
fight-or-flight response is to first ensure one’s 
own personal safety then secondarily followed by 
the safety of others. Providers should be cogni-
zant of this initial stress response, reassure them-
selves that they are indeed personally safe, and 
then focus on how to take care of their patient in 
a crisis. While sympathetic activation is meant to 
be productive, this response can also lead to mal-
adaptive behaviors in a crisis including decreased 
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recall of short-term memory, frustration, or panic 
which can decrease efficiency in CM [15].

Human behavior was previously thought to be 
personal, with mistakes being attributed to poor 
physician training or insight. Modern approaches 
to address human behavior by approaching it 
from a systems-based perspective minimize 
 personal blame while prioritizing patient safety 
[16]. System-based changes began to include 
things such as alarms, checklists, or safety trig-
gers, while protective measures attempted to 
curtail the error from continuing once it hap-
pened, which will be detailed under simulation 
training [17].

 Team Leadership

Physicians are often seen as the team leader in 
the moment of a crisis. However, when a crisis 
occurs, most physicians have little experience in 
CM, managing themselves as well as their surgi-
cal teams through a crisis. This is seen even in 
those with the longest of medical careers.

Interestingly, surgeons often regard their own 
ability to lead their surgical team with higher 
confidence than their nursing colleagues. In a 
study by Makary et al., surgeons rated that 85% 
of other surgeon colleagues have “high” or “very 
high” surgical teamwork. In contrast, nurses 
rated their collaboration with surgeons “high” or 
“very high” only 48% of the time [18]. Team 
leadership is essential to effectively communi-
cate, define roles, and assign tasks for health care 
team members during a crisis.

Applying experience from cardiac arrest 
resuscitation “codes,” ideal team leaders are indi-
viduals that can keep the health care team orga-
nized, clearly define team member roles, utilize 
both verbal and nonverbal communication, use 
closed-loop communication, and have situational 
awareness [19, 20]. Closed-loop communication 
should involve the sender giving a message and 
the receiver repeating this back to avoid any mis-
understandings during a crisis. The role of team 
leader should be decided in advance so that the 
health care team can be organized promptly, and 
resuscitative measures be initiated effectively.

 Simulation Training

Few studies have explored the impact of simula-
tion and CM, though there is data to suggest it 
positively impacts a physician’s future behavior 
during a crisis and improves patient outcomes 
[21]. Previous exposure, even in the simulation 
setting, allows providers to be “proactive instead 
of reactive” when crises arise. The efficacy of 
simulation training in medical education relies on 
active preparation, design of clinical scenarios 
with differing levels of difficulty, as well as 
debriefing after the session and providing 
feedback.

Health care teams should implement proce-
dure drills on a regular basis with the entire health 
care team (including physicians, nursing staff, 
assistants, anesthesia) to discuss pre-, intra-, and 
postoperative considerations to prevent unantici-
pated events from leading to an adverse event, 
assigning each team member with specific tasks 
to perform and message repetition to improve 
communication during a crisis [2, 22].

ACOG has recommended several practice 
guidelines that should be incorporated into the 
office setting prior to performing office proce-
dures. These include written guidelines that 
should be established with periodic staff training 
on policies and procedures associated with CM 
[2]. Policies should be developed detailing who 
will be checking equipment functioning and 
managing medication inventory and at what 
intervals they will be performed. A designated 
person should confirm that practicing physicians 
have continued proficiency in performing office- 
based procedures. At least one other provider, in 
addition to the operating physician, should be 
certified in basic life support (BLS) to assist the 
primary surgeon as needed [2]. From a systems 
perspective, practices can also preemptively 
develop protocols for hospital transfer and a good 
relationship with a nearby admitting hospital [2].

Furthermore, ACOG specifically recommends 
that checklists be developed for the management 
of a clinical scenario that applies to most patients 
(i.e., checklist for management of uterine perfo-
ration) and that physicians should clearly docu-
ment that they followed the protocol and the 
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reasoning behind any deviations [17]. Physicians 
should work closely with their office staff includ-
ing nurses and other staff members to develop 
and update protocols as necessary.

 Panic Control

Finally, the most important concept in CM is 
panic control—as it is the one factor that provid-
ers can directly influence and control during a 
crisis. Given the rarity of these events, it has been 
reported that at most 10–20% of providers remain 
calm when faced with a crisis [23]. A STOP 
framework (Stop, Think, Observe, Plan) was 
developed to illustrate a mental checklist that 
providers could refer to during a crisis [10, 11].

After recognizing a crisis, providers should 
first stop to transition their mindset from autopi-
lot to manual gear. By interrupting all activity, 
the provider mitigates the immediate, but avoid-
able sympathetic response that can lead to panic 
[10]. Providers should use this time to assess the 
patient’s stability and check their airway, breath-
ing, and circulation (ABC). Next, they should 
concomitantly think through the differential diag-
nosis and observe findings that can help narrow 
their differential diagnosis to form a plan of man-
agement. We apply the “panic control” STOP 
(Stop, Think, Observe, Plan) mental framework 
to different clinical scenarios to highlight the 
application of it to enhance physician preparation 
for handling potentially life-threatening emer-
gencies. To aid in the application of crisis man-
agement to reproductive surgery, three potential 
sentinel scenarios outlining its application are 
discussed.

 Patient Case [1]

 1. History:
A 33-year-old nulligravid female with 

unexplained infertility was diagnosed with an 
endometrial polyp and was scheduled for 
office hysteroscopy prior to proceeding with 
in vitro fertilization (IVF). She received ibu-
profen and diazepam preoperatively and is 

comfortable with minimal anxiety. A specu-
lum was placed, followed by the administra-
tion of paracervical block using a total of 
10 mL of lidocaine without epinephrine. Next, 
a 5  mm operative hysteroscope was placed 
through the cervix with some degree of diffi-
culty. After entry into the uterine cavity, a fun-
dal broad-based polyp was identified. During 
the resection with a morcellating blade, the 
sedated patient began to move on the table. 
The surgeon pulled the hysteroscope back and 
visualized a midline uterine perforation.

 2. Risk Factors:
Uterine perforation most commonly occurs 

using blunt devices such as a suction cannula 
(51.3% cases) or Hegar dilator (24.4%) but 
can also occur with sharp instrumentation 
such as an endometrial curette (16.2%) [24]. 
Uterine perforation can occur anteriorly 
(40%), in the cervical canal (36%), laterally 
(38%), posteriorly (13%), or at the fundus 
(13%) [25]. Risk factors for uterine perfora-
tion include cervical stenosis, Asherman syn-
drome, Mullerian anomalies, uterine fibroids, 
acutely anteflexed/retroflexed uterus, post-
menopausal status, parous uterus, retained 
products of conception, and previous uterine 
surgery. Providers should triage patients for 
the office or inpatient setting based on these 
risk factors to mitigate the risk for potential 
uterine perforation and its sequelae.

 3. Management:
The provider should apply the STOP 

mnemonic.
Stop: The polypectomy should be immedi-

ately terminated.
Think: Signs of uterine perforation include 

loss of resistance during uterine instrumenta-
tion, difficulty with visualization during hys-
teroscopy due to increased bleeding or 
difficulty distending the uterine cavity, large 
fluid deficit, visualization of abdominal con-
tents including bowel or omentum inside the 
uterine cavity. At the time of a suspected uter-
ine perforation, the provider should call for 
assistance.

Observe: Assess the patient’s airway, 
breathing, and circulation. Next, attempt to 
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identify the location of uterine perforation 
(midline, anterior, posterior, or lateral). In lat-
eral perforations, uterine vessels may be 
injured, resulting in broad ligament hema-
toma or hemodynamic instability secondary 
to acute blood loss anemia [26]. If the patient 
is hemodynamically unstable, has excessive 
vaginal bleeding, or abdominal pain, transfer-
ring to an inpatient setting should immedi-
ately be considered.

Plan: If the patient is hemodynamically 
stable, further assessment of the perforation 
should be performed to decide if management 
in an inpatient setting is warranted. If a fundal 
perforation occurred with blunt instrumenta-
tion, the risk of intraabdominal injury is low, 
and the patient may be observed in the office 
and managed as an outpatient. This includes 
strict precautions to notify their physician 
with the development of severe abdominal 
pain, abdominal distension, heavy vaginal 
bleeding, hematuria, or fever [26]. Anterior 
uterine perforation has a higher risk of blad-
der perforation, especially in patients with 
multiple prior cesarean deliveries, and a cys-
toscopy may be warranted to rule out bladder 
injury. If the patient is at low risk for compli-
cations due to the location of uterine perfora-
tion with no active bleeding, monitoring as an 
outpatient can be considered.

Perforations that occur at the level of the 
cervix or laterally have a higher likelihood of 
injury to the broad ligament and uterine ves-
sels. These patients can present with broad 
ligament hematoma or intraabdominal hemor-
rhage and should be transferred to an inpatient 
setting for urgent laparoscopic evaluation. 
Uterine perforation after sharp instrumenta-
tion or energy devices presents a higher risk 
of bowel or bladder injury and diagnostic lap-
aroscopy should be considered [26].

In patients with any possible bowel or 
bladder injury, excessive uterine or vaginal 
bleeding, or broad ligament hematoma, trans-
fer and observation as an inpatient is the most 
conservative approach. If a large fluid deficit 
has been identified, physicians should evalu-

ate for possible fluid overload and pulmonary 
edema.

 4. Prevention:
Patient selection for the office setting 

should be based on patient risk factors for 
uterine perforation. Patients with cervical ste-
nosis or extensive intrauterine pathology such 
as large, International Federation of 
Gynecology and Obstetrics (FIGO) type 0–2 
leiomyomas, Mullerian anomalies, or 
Asherman syndrome should only be done in 
office by the most experienced hands and 
strongly considered for the hospital setting 
due to prolonged duration of the procedure 
and the possible need for energy devices [5].

 Patient Case [2]

 1. History:
A 30-year-old G2P0020 female with a his-

tory of Asherman syndrome status post hys-
teroscopic lysis of adhesions presented for a 
second-look diagnostic office hysteroscopy. 
The patient arrived 20 min prior to her proce-
dure where she was consented, received ibu-
profen orally, and underwent a paracervical 
block with 8  mL of 1% lidocaine. Shortly 
thereafter, she complained of circumoral par-
esthesia, a metallic taste, and then quickly 
became disoriented.

 2. Presentation:
Local anesthetic systemic toxicity (LAST) 

is a complication of regional or neuraxial 
anesthesia. It occurs when local anesthetic is 
either absorbed or injected intravenously 
causing neurological or cardiovascular 
symptoms.

The severity of LAST is determined by 
multiple factors including the type and dosage 
of local anesthetic given and the degree of tis-
sue absorption. Tissues with greater perfusion 
or injections near blood vessels have higher 
rates of local anesthetic systemic absorption 
[27]. For example, a paracervical block is 
more likely to have systemic absorption than a 
neuraxial block under a spinal or epidural.
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Table 21.1 Maximum doses of local anesthetics. For 
reference, 1% lidocaine has 10 mg/mL and 2% has 20 mg/
mL. To calculate the correct dosage, the provider should 
decide on the percentage of lidocaine dosage used and the 
total number of mL used to determine total dose adminis-
tered [29]

Local 
anesthetic

Maximum dose 
without epinephrine 
(mg/kg)

Maximum dose 
with epinephrine 
(mg/kg)

Lidocaine 5 7
Bupivicaine 2.5 3
Mepivicaine 7 8

The type of local anesthetic can also influ-
ence the timing and nature of the initial symp-
toms. Lidocaine is more likely to initially 
present with neurologic symptoms such as 
tinnitus, dizziness, and seizures followed by 
more severe cardiovascular symptoms. In 
contrast, bupivacaine is a longer-acting local 
anesthetic that presents first with 
 cardiovascular collapse, making an early 
diagnosis of LAST more difficult [28].

Table 21.1 illustrates maximum doses of 
local anesthetic with and without epinephrine. 
For example, lidocaine 2% contains 20  mg/
mL lidocaine. Thus, for a 60 kg patient, the 
maximum dose of lidocaine 2% without epi-
nephrine is 15 mL and lidocaine 2% with epi-
nephrine is 21 mL.

 3. Treatment:
The provider should apply the STOP 

mnemonic.
Stop: Immediate management is to stop the 

injection of local anesthetic and call for help.
Think: In patients with LAST, early neuro-

logic manifestations present as agitation, diz-
ziness, circumoral numbness, metallic taste, 
tinnitus, muscle fasciculations, and paresthe-
sias. With worsening toxicity, central nervous 
system depression can occur, and patients can 
present with coma and tonic-clonic seizures. 
Signs of cardiovascular involvement may 
present initially with hypertension and tachy-
cardia followed by hypotension and conduc-
tion defects evident with bradycardia, 
arrhythmias, and EKG changes, and eventu-
ally cardiac arrest.

Observe: In this scenario, signs of worsen-
ing neurologic depression should alert the 
provider that the patient may have difficulty 
maintaining her airway. The following steps 
need to occur simultaneously to provide the 
best patient care in the setting of LAST.

Plan: Secure the patient’s airway and ven-
tilate with 100% oxygen. The rapid deteriora-
tion of patient consciousness compromises 
the respiratory system leading to apnea, 
hypercarbia, and hypoxia.

To prevent seizures, administer an anti- 
epileptic such as a benzodiazepine (consider 
midazolam 2 mg IV if immediately available). 
Literature suggests a small dose of propofol 
may be used; however, it will worsen cardio-
vascular collapse in patients with cardiovas-
cular instability. A 20% lipid emulsion 
(Intralipid ®) bolus of 1.5 mL/kg over 1 min 
should be administered followed by an infu-
sion of 0.25 ml/kg/min. If the patient remains 
hypotensive or hemodynamically unstable, a 
bolus dose may be repeated twice more as 
well as doubling the infusion rate. Continue 
infusion for 10 min after achieving cardiovas-
cular stability. Maximum recommended dose 
of lipid emulsion is 12 ml/kg.

In treating hypotension and bradycardia, 
traditional therapies are used for the manage-
ment of hemodynamic instability. If ACLS is 
required, a lower dose of epinephrine (less 
than 1  mcg/kg) should be used. Given that 
cardiovascular collapse is secondary to car-
diac effects of local anesthetic toxicity (not 
cardiogenic in nature), typical code drugs that 
may further depress nodal conduction, cardiac 
contractility or exacerbate arrhythmias such 
as beta blockers, calcium channel blockers, 
and local anesthetics, should be avoided.

 4. Prevention:
American Society of Regional Anesthesia 

and Pain Medicine (ASRA) provides multi-
modal suggestions on the prevention of LAST 
[29]. Concerning patient selection particu-
larly in the office setting, practitioners should 
be aware of preexisting cardiovascular and 
neurologic conditions to aid in the detection 
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of symptoms. Patients with certain conditions 
such as advanced age, ischemic heart disease, 
underlying cardiac conduction abnormalities, 
metabolic disease, or those currently on 
sodium channel blocking agents are at 
increased risk for LAST [28].

With respect to drug delivery, one should 
consider the discussion of local anesthetic 
dose as part of a pre-procedural “time out” 
with goals to use the lowest effective dose. 
Aspirate prior to injection to observe for 
blood in the syringe; and if there is no concern 
of intraarterial or intravenous injection, pro-
ceed with incremental injection while moni-
toring for patient symptoms. With injection, 
ask patients about possible symptoms such as 
tinnitus, circumoral numbness, or metallic 
taste.

 Patient Case [3]

 1. History:
A 37-year-old G1P0010 with secondary 

amenorrhea after previous suction dilation 
and curettage for septic abortion and imaging 
consistent with mild to moderate intrauterine 
adhesions presented for surgical management. 
She was scheduled for an outpatient hystero-
scopic adhesiolysis and was classified as ASA 
Class I.  An anesthesiologist administered 
deep sedation under monitored anesthesia 
care. After she was adequately anesthetized, a 
5 mm rigid hysteroscope was inserted into the 
cervical canal, but the view of the uterine cav-
ity was obstructed by blood. After removing 
and reinserting the hysteroscope three times 
and placing the patient in significant 
Trendelenburg, the endometrial cavity was 
visualized and adhesions were easily resected. 
At the end of the case, the anesthesiologist 
noted that the patient became hypotensive 
with a blood pressure 80/42 mmHg accompa-
nied by a decrease in oxygen saturation.

 2. Pathophysiology:
Venous embolus is a complication of hys-

teroscopy associated with the entrapment of 
room air (venous air embolism, VAE) or gas 

from either insufflated carbon dioxide or 
smoke produced from electrosurgery (venous 
gas embolism, VGE) in the venous system. 
Air or gas in the venous system enters the 
right heart then flows into the vessels of the 
pulmonary circulation. In this circumstance, 
the venous gas bubbles are removed by the 
lung at a rate that mainly depends on the com-
pensatory rise in pulmonary artery pressure. 
However, when the amount of entrained gas 
or air exceeds the rate of pulmonary clear-
ance, pulmonary artery pressure progressively 
rises. The rise in pulmonary artery pressure or 
pulmonary hypertension causes right heart 
strain and clinically significant hypotension. 
Blockages in these pulmonary vessels lead to 
dead space with decreased oxygenation and 
ventilation evidenced by hypercarbia and 
hypoxia [28].

Larger gas or air emboli entrained in the 
right heart create a mechanical obstruction 
thus preventing flow into the pulmonary cir-
culation leading to pulmonary hypertension. 
Massive right ventricular failure and cardio-
vascular collapse may ensue. Of note, micro-
vascular emboli have also been associated 
with an inflammatory response leading to pul-
monary edema and bronchoconstriction sec-
ondary to activation of endothelial mediators 
from damaged vasculature [30].

 3. Risk factors:
A number of factors associated with hys-

teroscopy predispose patients to VAE/VGE.
Equipment and procedural factors leading 

to VAE/VGE are the use of high flow and 
pressurized intrauterine gas, unpurged fluid 
in-flow line, piston-like action of repetitive 
insertions of the hysteroscope into the uterine 
cavity and inadequate uterine flushing of bub-
bles. Trendelenburg position also elevates the 
uterus above the level of the heart, increasing 
the risk for air entrapment. Disruption of vas-
culature, particularly in patients with large 
venous channels such as in pregnancy or vas-
cular myoma, increases the risk of atmo-
spheric pressure exceeding venous pressure, 
entrapping air in the venous system, and cre-
ating a venous air embolism [31].
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 4. Treatment:
The provider should apply the STOP 

mnemonic.
Stop: When concern for VAE/VGE arises 

from either an anesthesiologist or surgeon, 
immediate communication is imperative. 
Firstly, call for assistance and arrange ambu-
lance transportation to an inpatient facility. If 
the patient is already inpatient, then the sur-
geon should notify the code team.

Think: Symptoms of VAE/VGE reported 
by the patient may include shortness of breath, 
chest pain, or chest tightness.

Observe: You may observe hypoxia with 
decreased oxygen saturation, hypercarbia 
(though end-tidal carbon dioxide may be 
increased or decreased), hypotension, tachy-
cardia or bradycardia, arrhythmias, and tachy-
pnea [32]. A “mill-wheel” murmur is observed 
if air is entrained in the right heart.

Plan: The mainstay of treatment for VAE/
VGE is supportive.

Patients should be placed on supplemental 
oxygen if available and the field (in this case, 
the cervix) flooded with saline or occluded 
with wet gauze to prevent further air entrap-
ment [31]. Additionally, they should be placed 
in neutral position (uterus no longer above the 
level of the heart) and left lateral decubitus 
position (Durant’s maneuver) to assist with air 
movement away from the right ventricular 
outflow tract. Intravenous fluids should run 
open to increase central venous pressure 
(CVP). If available, inotropic and vasopressor 
support (such as norepinephrine) can main-
tain hemodynamic stability and organ perfu-
sion [33].

Further management of VAE would clearly 
need to take place in the inpatient setting. If 
hemodynamic instability persists and air lock 
of the right ventricular outflow tract is sus-
pected, one should consider right-sided cen-
tral line placement to aspirate air from the 
right ventricle. Lastly, if nitrous oxide is being 
administered, it should be discontinued to pre-
vent further increase in size of VAE/VGE.

 5. Prevention:
The prevention of clinically significant 

room and gas emboli during hysteroscopic 
surgery depends upon an educated awareness 
of contributing factors by the surgeon, anes-
thesiologist, and nursing personnel. Office 
personnel must be trained to purge air from 
the fluid lines prior to surgery, avoid entry of 
air into fluid lines, turn off pumps during bag 
changes, use a Y-connector on the fluid in- 
flow line in order to reduce air entrainment 
during bag changes, and provide continuous 
careful attention to fluid deficit. Basic equip-
ment must be available to fulfill the require-
ments for monitoring of fluid deficit, 
assessment and control of intrauterine pres-
sure, and anesthesia monitoring [34].

The surgeon should always employ good 
judgment in patient selection taking into 
consideration the size, number, FIGO type, 
and location of myomas. The minimum 
amount of intrauterine pressure for good 
visualization should be utilized. If the cervix 
is dilated, prevention of exposure to air 
through packing with wet gauze may be con-
sidered [32]. Fluid hydration to assure ade-
quate CVP intraoperatively and use of 
pneumatic calf compression devices to mini-
mize venous capacitance are appropriate 
measures of prevention.

In the office setting, one must have an 
emergency cart with medications in the event 
of advanced cardiac life support (ACLS), 
LAST, venous air embolism, over-sedation, or 
anaphylaxis. The emergency cart may include 
epinephrine, norepinephrine, atropine, nalox-
one, diphenhydramine, hydrocortisone, and 
Intralipid®. There are currently no guidelines 
regarding whether supplemental oxygen 
should be required in the office setting for 
these scenarios but can be considered. 
Consultation with your anesthesiologist prior 
to performing these office procedures can be 
beneficial and discussion with the office sur-
gical staff to maintain an adequate supply of 
these medications.
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 Conclusion

Inevitably, errors and adverse events will occur in 
medicine. CM will always have importance in 
both office and operating room settings for the 
reproductive surgeon and these cases have served 
as an example in select scenarios. However, there 
are other scenarios that providers will need to be 
prepared for. Health care providers should dis-
cuss CM with their health care team and create an 
office culture that embraces human error and 
emphasizes team leadership, simulation training, 
and panic control. Providers should emphasize 
the importance of effective communication dur-
ing a crisis, define goals for health care team 
members, and employ message repetition strate-
gies to improve team communication. Procedural 
drills with the entire health care team discussing 
preoperative, intraoperative, and postoperative 
considerations can reinforce key elements of 
CM. The STOP mental framework will arm pro-
viders with a panic control strategy as they 
maneuver through a crisis. Finally, the awareness 
that human error occurs more often from systems 
errors than from personal faults will allow health 
care teams to shift their focus on developing 
system- based changes such as alarms, checklists, 
treatment guidelines, and root-cause analyses to 
prevent errors from occurring again. Health care 
teams should be cognizant of CM strategies to 
optimize patient safety and it is critically impor-
tant that we, as a team, discuss how CM can be 
applied to our individual practices.
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22Risk Mitigation Strategies 
for Physicians

Jody Lyneé Madeira and Jerry A. Lindheim

 Introduction

In a medical malpractice lawsuit, a patient or cli-
ent claims that they were harmed when a hospi-
tal, doctor, or medical professional through a 
negligent act or omission to act causes an injury. 
The negligence may be the result of errors in 
diagnosis, treatment, aftercare, or health man-
agement [1]. According to a 2019 Medscape 
Malpractice Report, more than half of physi-
cians are sued over the course of their careers, 
regardless of whether they did or did not make a 
medical error [2] and are understandably inter-
ested in learning how to avoid this outcome. 
Evading malpractice lawsuits is difficult and 
depends on many complex factors. But physi-
cians can do a lot to reduce the risk of medical 
malpractice. This chapter describes the legal his-
tory of medical malpractice, describe its ele-
ments; discuss the current landscape of medical 
malpractice (focusing on obstetrics and gynecol-
ogy); examine why patients sue and how medi-
cal and health care providers can mitigate risks; 

and explore how to cope with Medical 
Malpractice Stress Syndrome.

 Historical Perspectives on Medical 
Malpractice

Efforts to hold physicians responsible for their 
actions date back to one of the oldest legal writ-
ings, Hammurabi’s Code, best known for the 
principle of justice through an “eye for an eye.” 
The Code [3] used this Draconian principle to 
hold physicians directly physical or financial 
accountable through several uncompromising 
provisions:

• If a physician shall make a large incision with 
a bronze operating-knife and kill him or shall 
open a growth with a bronze operating-knife 
and destroy the eye, his hands shall be cut off. 
Code Law #218

• If a physician shall make a severe wound with 
a bronze operating-knife on the slave of a 
freed man and kill him, he shall replace the 
slave with another slave. Code Law #219

• If a physician shall open an abscess (growth, 
tumor, cavity) with a bronze operating-knife 
and destroy the eye, he shall pay the half of the 
value of the slave. Code Law #220

Some believe that these strict provisions mean 
that physicians have always had to practice 
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“defensive medicine” [4]. But for over a millen-
nia, there were little to no accountability mecha-
nisms other than physicians’ oaths. Around the 
fifth century B.C., physicians who took the Oath 
of Hippocrates pledged they would act for the 
good of their patients according to their ability 
and judgment and never do harm to anyone [3]. 
More updated tools  for holding physicians 
responsible for harms to patients did not evolve 
until nearly 1600 years later in 1164 A.D., when 
a physician was sued for practicing “unwhole-
some medicine” in Everad v. Hoskins, the first 
recorded case of medical malpractice.

An established medical malpractice frame-
work came in the 1374 case of Stratton v. 
Swanlond, where a highly regarded surgeon by 
the name of John Swanlond promised to surgi-
cally repair a woman’s injured hand, but the 
patient’s hand was still deformed afterwards. The 
patient then sued for breach of contract based on 
the physician’s promise that he could fix her hand. 
Although the lawsuit was dismissed for technical 
reasons, the judge issued the following comment 
in his written opinion: “If a smith undertakes to 
cure my horse, and the horse is harmed by his 
negligence or failure to cure in a reasonable time, 
it is just that he should be liable.”

Although Stratton v. Swanlond set the frame-
work for subsequent claims against physicians, it 
was not until 1768 that the eminent English jurist 
Sir William Blackstone elaborated upon the con-
cept of medical “malpractice” and tied it to phy-
sicians, applying the term “mala praxis” to 
describe “neglect of unskillful [sic] management 
of [a person’s] physician, surgeon, or apothe-
cary…because it breaks the trust which the party 
had placed in his physician and tends to the 
patient’s destruction” [5].

Britain’s legal system emigrated to America 
with its colonies, and the first reported American 
medical malpractice case was the 1794 
Connecticut case of Cross v. Guthery, where, as 
in Stratton v. Swanlond, the husband sued the 
physician after his wife died several hours after 
surgery. Notably this lawsuit was for breach of 
contract—promising to skillfully give care and 
obtain a good result—not for the physician’s 
inability to comply with professional standards 

of care. Apparently, Dr. Guthery had  expressed 
his regrets to her husband, and then sent him a 
bill for 15 pounds. Cross hired a lawyer, who per-
suaded a jury to dismiss Dr. Guthery’s bill and 
award Cross 40 pounds as compensation for the 
loss of his wife’s companionship.

 Legal Elements of a Medical 
Malpractice Claim

In the United States, a patient alleging medical 
malpractice must generally prove four elements: 
(1) that the physician had a legal duty to provide 
care or treatment to the patient; (2) that the physi-
cian breached this duty by failing to adhere to the 
standards of the profession; (3) that the breach of 
duty caused injury to the patient; and (4) that the 
patient suffered damages from the injury that the 
legal system can redress through money or other 
means.

A physician owes a legal duty to a patient 
whenever a professional relationship is estab-
lished between them. The general idea of a legal 
duty is that, in civilized society, each person 
owes a duty of reasonable care to others. Thus, 
where a doctor treats a patient, the doctor is said 
to owe the patient a duty of reasonable profes-
sional care.

Once a physician owes a patient a legal duty, 
the question is whether that duty was breached. 
To prove a physician breached a  professional 
duty, a patient must establish what standard of 
care the physician should have followed. The 
precise definition of “standard of care” differs 
from state to state, but it generally refers to that 
care which a reasonable, similarly situated 
healthcare professional would have provided to 
the patient. Each medical professional and sub-
specialty have defined standards of practice. It is 
rarely obvious that the standard of care has been 
breached; common examples are when a surgical 
instrument is left in a patient’s body, or when a 
physician operates on the wrong limb. Otherwise, 
expert witness testimony is usually  essential to 
establishing that the standard of care has been 
breached since a jury of lay persons cannot 
understand the nuances of medical care
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To have legal relevance, a breach of the medi-
cal standard of care must have caused injury to 
the patient. To prove causation, an injured plain-
tiff must show that the alleged breach is directly 
related to a subsequent injury. The patient must 
also show that there is no policy reason why the 
physician should not be held liable for the 
breached standard of care, or that the injury can-
not be attributed to other factors. In defending 
physicians from this element, defense counsel 
typically argue “no harm, no foul.” For instance, 
if a physician delays in performing a test but this 
delay does not harm the patient, then defense 
counsel will argue there is no “causal harm” and 
thus no medical negligence. For example, a child 
falls from a tree, injures her hand, and is taken to 
the emergency room where Dr. Smith examines 
and discharges her without performing any tests 
or either taking x-rays. If a week passes and the 
child is taken back to the emergency room where 
Dr. Jones takes an x-ray that reveals a fracture, 
the plaintiff would argue that Dr. Smith breached 
the medical standard of care in not taking an 
x-ray. But if the child’s hand is casted and heals 
properly without any deformity, defense counsel 
would argue that the child was not harmed by the 
delay in diagnosis, so that any deviation in treat-
ment was “no harm and thus no foul.”

Damages, the fourth and final element of med-
ical malpractice lawsuits, are decided at the end 
of litigation. Damages are discretionary; juries 
may award monetary damages to compensate the 
injured patient and/or their family members. 
Punitive damages are rarely awarded in medical 
malpractice cases and are reserved for especially 
egregious conduct, including deliberately alter-
ing or destroying medical records or sexual mis-
conduct towards a patient. A plaintiff that cannot 
show damages loses their medical malpractice 
lawsuit. For instance, using the example above, if 
an undiagnosed fractured hand was treated using 
a splint instead of a closed reduction and/or a cast 
when the fracture pattern clearly called for open 
fixation and casting, the treating physician may 
have committed malpractice if the fracture did 
not heal or healed incorrectly, requiring the 
patient to undergo multiple operations and incur 

increased expenses. But a fracture that heals cor-
rectly despite a breach of standard of care and the 
patient sued for medical malpractice but could 
not show actual damages, a jury would only 
award limited damages.

 The Current Landscape of Physician 
Medical Malpractice in the United 
States

Medical mistakes are a major problem and are an 
increasing cause of patient mortality. In a 2016 
study from Johns Hopkins concerning medical 
death rates in the United States over an eight-year 
period, researchers estimated that medical mis-
takes resulted in more than 250,000 American 
deaths—the third leading cause of death, behind 
only cancer and heart disease [6].

A 2016 American Medical Association 
(AMA) survey found that more than half of all 
physicians will be named in a lawsuit during 
their career, regardless of whether they did or did 
not make a medical error [2]. On average, 68 
liability claims were filed per every 100 physi-
cians [7]. According to a 2019 Medscape 
Malpractice Report [8] of over 4300 physicians 
in 29+ specialties, physicians claimed that their 
lawsuit was a terrible experience; yet, only a 
small percentage of lawsuits are decided against 
the physician. The Medscape Malpractice report 
found that 59% of physicians had been sued; 
specialists (62%) were sued more often than pri-
mary care physicians (52%), with the top four 
most frequently sued specialties being general 
surgeons (85%); urologists (84%); otolaryngolo-
gists (83%); and OB/GYN & Women’s Health 
practitioners (83%). Consistent with prior sur-
veys, 33% of claims alleged physicians failed to 
diagnose or delayed diagnosis; 29% involved 
complications from treatment or surgery; and 
26% of claims alleged poor outcome or disease 
progression. More than half of physicians 
reported experiencing shock at being sued, while 
13% were not surprised at all and 29% of physi-
cians who were sued could identify the incident 
that triggered the suit.

22 Risk Mitigation Strategies for Physicians



282

 Common Categories of Malpractice 
Claims

Several common errors that may lead to medical 
malpractice lawsuit. These include but are not 
limited to failure to diagnose, failure to identify a 
treatment complication, inadequate follow-up, 
medication errors, and communication factors.

Failure to diagnose is the most common mal-
practice claim. Whether from a physician’s inat-
tentiveness or outright incompetence, failure to 
diagnose can lead to an undiscovered condition 
or produce misdiagnosis. Delayed diagnosis can 
affect patients’ health and well-being, and can 
result in no treatment, ineffective treatment, or 
treatment that is downright harmful. Physicians 
can also fail to identify treatment complications. 
Surgical errors account for roughly one-third of 
all medical malpractice claims. These errors 
might occur during surgery, when the surgeon 
inadvertently injures an organ or blood vessel, 
causing internal bleeding, sepsis, or death. 
Postoperative management, including immediate 
and follow-up care, is also critical; if a patient 
becomes seriously ill or dies due to negligent 
follow-up care from medical staff, the physician 
and hospital can be held liable. A similar cate-
gory of claims stem from inadequate follow-up, 
such as when physicians do not follow through 
with testing or test results are not received in a 
timely fashion. Physicians and their staff must 
track order status to ensure that all are reviewed 
and considered when creating treatment plans. At 
the same time, physicians should conserve medi-
cal and patient resources by only ordering neces-
sary tests and interventions, avoiding defensive 
medicine.

Medication errors affect an estimated 1.5 mil-
lion people in the United States each year and can 
result from physician or pharmacy error. 
Physicians should be aware of all patient medica-
tions and educate patients on the importance of 
taking medications only as prescribed and imme-
diately contacting the physician’s office if medi-
cations are not having intended effects. Using 
electronic prescribing helps lower malpractice 
risks.

Several malpractice claims stem from inade-
quate physician–patient communication. It is 
imperative to take time to ensure patients under-
stand their diagnosis, treatment, and medication 
plans, and assure their understanding. Although 
constrained by institutional policies, physicians 
must allocate enough time to examine and con-
verse with patients. Allowing patients to fully 
explain their concerns demonstrates the physi-
cian’s concern, empathy, and likeability. The 
more quality time a physician spends with a 
patient, the less likely the physician will be sued.

Research suggests that malpractice suits are 
not fueled by substandard care but by communi-
cation breakdowns [9], increasing chances that 
patients will sue regardless of whether there has 
actually been medical error [10, 11]. Vincent 
et  al. demonstrated that patients’ decisions to 
take legal action depend on the original injury 
and a secondary injury, insensitive communica-
tion, failure to provide information, and lack of 
apology. Furthermore, liability or exposure by 
the medical provider to a lawsuit can be predicted 
by the medical provider’s inability to effectively 
communicate and develop and maintain rapport 
with their patients, especially when an adverse 
event occurs [10].

 Minimizing Medical 
Malpractice Risk

Although the prospect of being sued is enough to 
inject trepidation into the boldest of physicians, 
there are several tactics that can be used to miti-
gate that risk, including adopting a conscientious 
self-awareness, refraining from blaming others, 
following applicable policies, keeping thorough 
records, practicing good communication skills, 
and exhibiting appropriate emotions in interac-
tions with patients and caregivers.

A conscientious attitude and self-awareness 
can prevent medical errors, improve the quality 
of care, and encourage physicians to take respon-
sibility when needed. Blaming others for adverse 
outcomes increases the risk of poor communica-
tion and an unapologetic stance.
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Though it might seem common sense, adher-
ence to clinical guidelines and hospital policies 
is an effective way to improve quality care and 
reduce variation in care. National and interna-
tional clinical guidelines have been systemati-
cally developed to assist evidence-based clinical 
decision making. Comparing deviations to nor-
mative guidelines can help determine the degree 
to which a particular physician’s conduct 
adhered to accepted standards. These guide-
lines, however, may change from time to time. 
To maintain licensure, physicians must fulfill 
continuing medical education requirements. 
Taking programs that are most relevant to care 
specializations will ensure that physicians stay 
informed of current scientific and technological 
developments.

One of the most practical risk mitigation strat-
egies is maintaining thorough patient records. If 
the treating doctor does not document something 
happened, it is difficult to prove it occurred. 
Accurate and thorough charting preserves the 
chain of decisions and events leading up to an 
alleged patient injury. In addition, this informa-
tion is essential to answer questions about duty of 
care in a deposition or other proceeding months or 
years after an alleged injury occurs. Documentation 
has legal credibility when it is contemporaneous, 
accurate, truthful, and appropriate.

Many strategies for mitigating risk affect the 
doctor–patient relationship itself. Excellent com-
munication skills play a key role in decreasing 
the risk of malpractice lawsuits; “patients who 
like their doctors don’t sue, no matter what their 
lawyer says. . . . Patients sue when their feelings 
are ignored or when they are angered by lack of 
genuine concern for their welfare…Though it 
provides no guarantee, a sound physician–patient 
relationship is a powerful antidote to frivolous 
lawsuits” [9]. Furthermore, one study details that 
almost one-third of lawsuits related to some form 
of communication, whether inattentiveness, dis-
courtesy or rudeness, a general breakdown, and 
inadequate information [12].

Poor physician communication practices can 
prompt patients to suspect that physicians are 
being deceptive or concealing information—and 
that it is necessary to sue to obtain information 

[13]. In reviewing how many patients filed mal-
practice claims following perinatal injuries, 
Hickson et  al. evaluated claims in Florida 
between 1986 and 1989. Questionnaires were 
completed by 127 (35%) of a total of 368 such 
families. The  authors found that the number of 
patients who  reporting suing because they 
doubted a physician’s honesty was identical to 
the percentage who reported filing because they 
wanted remuneration [13].

In examining what kinds of breakdowns in 
communication contribute to malpractice claims, 
one study reviewed malpractice deposition tran-
scripts and concluded that several types of com-
munication problems existed in over 70% of 
cases, including: (1) deserting the patient, (2) 
devaluing patients’ views, and (3) delivering 
information poorly [14].

Other studies on malpractice also conclude 
that providing adequate explanations about diag-
nosis and treatment and developing a trusting, 
respectful relationship with patients are impor-
tant to reducing exposure to litigation [15]. 
Research shows that  those medical providers 
who have difficulty in communicating effec-
tively  have a greater likelihood of being sued 
[16].

Transparent communication is particularly 
essential when patients have bad outcomes. 
Physicians should maintain eye contact while 
addressing the patient and feel comfortable mak-
ing appropriate compassionate expressions and 
gestures. Though some physicians may avoid vis-
iting the patient when relatives are present, it is 
important to let patients and caregivers know that 
the treating doctor understands their problems.

Closely related to open and transparent com-
munication are situationally appropriate emo-
tional statements and expressions that 
demonstrate the doctor’s engagement when inter-
acting with patients. Patients especially appreci-
ate empathic care providers who take time to put 
themselves in patients’ situations and try to 
understand the condition from their perspectives. 
Behaviors such as eye contact, nodding, or brief 
responsive utterances can encourage patients to 
share difficult or intimate details, build rapport, 
and strengthen physician–patient relationships.
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The most controversial aspect of communica-
tion and emotional engagement is the apology. 
The act of apologizing, the thinking goes, restores 
dignity and respect to the patient and adds 
humanity and credibility to the physician, drain-
ing away the anger that often motivates lawsuits 
and high settlements. In 2014, National Public 
Radio reported on a Johns Hopkins study of 236 
patients who completed questionnaires, which 
revealed that only 9% of patients stated that a 
doctor’s office or medical facility openly admit-
ted causing harm and that physicians rarely apol-
ogized for medical or hospital errors, particularly 
those resulting in injury or infection. The report 
further explained that  most healthcare profes-
sionals were inclined to withhold information 
concerning medical mistakes and errors and only 
disclosed harm under pressure (including from 
litigation) and only 11% apologized to patients or 
their families [16].

Although the concern of practitioners is that 
an apology may prompt litigation, to provide a 
balance with the effectiveness of transparency 
and communication and concerns with its impact 
with litigation, 39 states and the District of 
Columbia have passed laws permitting physi-
cians to apologize, express sympathy, or share 
condolences without those statements being used 
as evidence against them in court.

Attorneys understand that medical providers 
are human and that errors are inevitable. Taking 
responsibility does not mean admitting negli-
gence, but rather acknowledging that a compli-
cation has occurred and trying to minimize the 
consequences. The worst thing a medical pro-
vider can do is attempt to conceal or lie about a 
medical error. Medical and legal professionals 
as well as ethicists and members of the public 
all believe that physicians are obligated to dis-
close medical errors [17]. Ethically, disclosure 
is in the patient’s best interest; legally, it is part 
of the physician’s duty to the patient. Patients 
benefit from knowing about medical errors to 
make timely treatment decisions to minimize or 
correct related complications and avoid future 
misdiagnosis. Moreover, patients who are 
injured by a physician’s negligence deserve 
compensation.

 The Experience of Being Sued

Physicians who face medical malpractice law-
suits find that they do not conclude quickly and 
can take years to resolve. A malpractice case 
entails lengthy process, including discovery and 
investigation. Physicians who are sued find this 
experience enormously time-consuming and tax-
ing. According to the 2019 Medscape Malpractice 
Report [2], 42% of physicians spent more than 
40  hours preparing for their defense, including 
getting records, meeting with counsel, and pre-
paring for depositions and discussions (this 
excluded the trial itself). Forty percent of physi-
cians reported that lawsuits lasted for 1–2 years; 
but 27% reported that litigation lasted 3–5 years. 
Most suits do not proceed to trial. The Medscape 
report indicated that as many as 33% of lawsuits 
were settled before trial; 3% were settled at trial, 
11% went to trial and returned a verdict for the 
physician; 3% went to trial and returned a verdict 
for the plaintiff; and 44% of the cases were dis-
missed by the plaintiff or court [2].

Physicians defending a malpractice case need 
to stay focused and avoid obsessing over the case 
or its potential outcome. Some can experience 
Medical Malpractice Stress Syndrome (MMSS) 
due to the trauma of being sued. Those experi-
encing MMSS endure feelings of isolation, nega-
tive self-image, feelings of helplessness and 
hopelessness, and depression [18]. Physical syn-
dromes may also appear or intensify. The pro-
longed nature of a medical malpractice case can 
aggravate preexisting emotional and physical 
symptoms. Physicians with MMSS exhibit phys-
ical symptoms that hamper their ability to prac-
tice medicine; some try to  cope by working 
longer hours, while others become insecure in 
their abilities and avoid work altogether. Still oth-
ers lose focus and have difficulty concentrating 
[19]. Physicians with MMSS commonly exhibit 
irritability and anger with patients and staff, fur-
ther increasing malpractice litigation risk.

Left unrecognized and untreated, MMSS can 
have a similar outcome to clinical depression and 
anxiety: physician suicide [19]. There are several 
ways to cope with litigation trauma and 
MMSS.  The most extreme option is to cease 
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practicing medicine, which is not viable or desir-
able for most physicians. A more productive 
choice is to take control of the situation and 
regain physical and emotional health by strength-
ening social support systems, learning more 
about the case instead of regarding it as a mys-
tery, and seeking the appropriate medical and 
psychiatric help to treat emotional and physical 
symptoms of MMSS [20].

 Conclusion

This chapter provides some historical perspec-
tives on the origins of medical malpractice, 
reviews legal elements related to medical mal-
practice, discusses the current litigation land-
scape, and explores the driving forces behind 
litigation. It also provides useful strategies for 
mitigating legal risk, including open communica-
tion. Given the enormous strain on health care 
providers, preserving emotional wellness is para-
mount to overcome the stresses that a medical 
malpractice lawsuit can create.
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23Complications of Oocyte Retrieval

Nigel Pereira and Victoria W. Fitz

 Introduction

The birth of the first baby resulting from in vitro 
fertilization (IVF) in 1978 marked an important 
milestone in the inception of assisted reproduc-
tive technologies (ART). Since then, at least nine 
million babies have been born worldwide through 
IVF [1]. Efficient ovarian stimulation protocols 
and successful laboratory techniques have often 
been recognized as the main causes of acceler-
ated ART utilization; however, the standardiza-
tion of a simple outpatient oocyte retrieval 
technique has played an equally important role in 
increasing the safety and efficacy of ART. In this 
chapter, we outline the history of oocyte retrieval 
techniques, summarize current standards for 
oocyte retrieval, and appraise the existing medi-
cal literature pertaining to complications associ-
ated with oocyte retrieval.

 A Brief History of Oocyte Retrieval 
Techniques

The earliest description of oocyte retrieval in 
humans appeared in two successive manuscripts 
published by Rock and Menkin in 1944 and 
1948, respectively [2]. In their 1944 manuscript 
[2], the authors presented their experience of 
retrieving a single oocyte from a 38-year-old para 
4 woman undergoing laparotomy on cycle day 10 
and another 31-year-old para 6 woman undergo-
ing laparotomy on cycle day 11. Their subse-
quent publication in 1948 [3] summarized their 
experience of retrieving 800 oocytes via laparot-
omy from women undergoing various gyneco-
logic surgeries. However, the invasiveness and 
morbidity associated with laparotomy necessi-
tated a better oocyte retrieval technique.

In the late 1950s and early 1960s, Patrick 
C. Steptoe, a British gynecologist, published sev-
eral important manuscripts describing the use of 
laparoscopy for various gynecologic pathologies. 
Steptoe’s 1968 publication in The Lancet detailed 
his technique of retrieving oocytes via laparos-
copy during the natural menstrual cycle [4]. This 
publication prompted a successful scientific col-
laboration between Robert Edwards and Patrick 
Steptoe who further refined their surgical and 
laboratory techniques for IVF [5]. This collabo-
ration eventually resulted in the birth of the first 
IVF baby in 1978 [6]. Louise Brown, the first 
IVF baby, was born to a mother who underwent 
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laparoscopic oocyte retrieval during the natural 
menstrual cycle and had a history of severe tubal 
disease requiring at least two prior laparotomies 
[6]. Despite the early novelty of IVF, it soon 
became evident that the retrieval of single oocytes 
via laparoscopy during the natural menstrual 
cycle limited IVF success rates [7]. The addition 
of ovulation induction agents and gonadotropins, 
in combination with laparoscopic oocyte 
retrieval, increased IVF success rates over the 
next several years, owing to the availability of 
multiple embryos for transfer [8].

The technical limitations of laparoscopic 
oocyte retrieval, specifically the need for general 
anesthesia, operating room setting, and longer 
procedural time, resulted in further refinement of 
oocyte retrieval technique. Lenz and colleagues 
were the first to demonstrate the feasibility of 
ultrasound-guided follicular puncture [9, 10]. 
Their technique required localization of ovarian 
follicles with a transabdominal probe and pas-
sage of a needle through the abdominal wall and 
bladder into the ovarian follicles [9, 10]. This 
type of oocyte retrieval could be performed with 
local or general anesthesia. In their initial study 
of 30 infertile patients, oocytes were retrieved in 
17 (57%) of the patients [10]. The authors noted 
that extensive pelvic adhesions did not impede 
the procedure and that the technique was atrau-
matic, inexpensive, and time efficient for retriev-
ing oocytes [10]. Gleicher and colleagues [11] as 
well as Dellenbach and colleagues advanced the 
work of Lenz and developed a transvaginal 
ultrasound- guided oocyte retrieval (TVOR) tech-
nique [12, 13]. In this technique, ovarian follicles 
were aspirated under local anesthesia by passing 
the retrieval needle through the posterior fornix 
into the cul-de-sac and the ovary [13]. 
Furthermore, this technique could be performed 
in an outpatient setting without general anesthe-
sia. Following a report of at least 100 oocyte 
retrievals using this technique and subsequent 
live births [13], there was an almost immediate 
shift from the laparoscopic route to the transvag-
inal ultrasound-guided route. As of 2021, TVOR 
is considered the standard of care across IVF 
centers worldwide. Most centers use a high- 
frequency transvaginal ultrasonographic trans-

ducer laden with a needle sheath that is used to 
visualize the ovaries. A 30-cm, 16-G, single- 
lumen or double-lumen aspiration needle is used 
to puncture the ovarian follicles using the needle 
sheath as a guide [14, 15]. A constant pressure of 
80–100 mm Hg assists in the collection follicular 
fluid [14, 15].

 Complications of Oocyte Retrieval

Complications associated with early oocyte 
retrieval attempts, especially via laparotomy or 
laparoscopy, were due to underlying pelvic adhe-
sive pathology. However, developments in ultra-
sound technology, anesthetics, anti-microbial 
prophylaxis, and retrieval needles have simplified 
the technique for TVOR.  Furthermore, these 
advancements have improved the overall safety 
and efficacy of oocyte retrieval for IVF.  For 
example, a retrospective study of almost six mil-
lion ART cycles occurring in Europe between 
1997 and 2011 reported a complication rate of 
less than 0.5% associated with TVOR [16]. 
Despite the reassuring safety profile of oocyte 
retrievals, occasional complications may occur 
and are discussed in the following sections and 
summarized in Table 23.1.

Most complications associated with TVOR 
are caused by iatrogenic trauma to ovarian ves-
sels, pelvic organs, or vasculature from the oocyte 
aspiration needle [17]. One of the earliest retro-
spective studies of 647 patients undergoing 
TVOR reported that 10 (1.5%) patients required 
hospital admission due to perioperative compli-
cations [18]. Specifically, nine patients required 
intravenous (IV) antibiotic therapy, and one 
required inpatient observation for an expanding 
broad ligament hematoma [18]. The study con-
cluded that a history of prior pelvic inflammatory 
disease and/or adnexal adhesions predisposes 
patients to TVOR-associated perioperative com-
plications. A subsequent larger study of 23,827 
oocyte retrievals [17] supported the overall safety 
of TVOR with a total of 96 complications associ-
ated with the procedure. Patients with complica-
tions were more likely to be younger, have a 
lower body mass index (BMI), have a longer pro-
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Table 23.1 Summary of common complications associated with oocyte retrieval as reported in the medical literature

Complication type Incidence Management/treatment
Bleeding complications
Vaginal bleeding 0.008–18.1% Local compression of the laceration site or an interrupted 

suture
Intra-abdominal bleeding 0.06–0.36% Expectant management for mild-to-moderate 

hemoperitoneum
Laparoscopy, laparotomy, and/or blood product replacement 
for severe hemoperitoneum

Injuries to urinary tract
Bladder injuries 0.008% Managed expectantly or occasionally with bladder irrigation 

and cystoscopy
Ureteral injuries Limited to case 

reports
Early ureteral stenting

Infectious complications
Pelvic inflammatory disease/
tubo-ovarian abscess

0.003–0.04% Intravenous antibiotics or surgical drainage

Pain and anesthesia complications
Pain 0.03–6.9% Oral analgesia or intravenous analgesia should be considered 

in patients with high oocyte yield
Anesthesia complications 0.05–0.36% Intraoperative conversion to laryngeal mask airway or an 

oral/nasal airway

cedural time, and have a higher number of 
oocytes retrieved when compared to patients 
without complications. Surgeon experience was 
also identified as a possible risk factor for TVOR- 
related complications, with the incidence of com-
plications being significantly reduced after 250 
procedures.

 Bleeding Associated with Oocyte 
Retrieval

 Bleeding Complications

Bleeding due to TVOR could be at the vaginal 
puncture site or within the abdomen. Isolated 
vaginal lacerations or vaginal bleeding without 
concomitant abdominal bleeding may occur in 
0.008–18.1% of patients [17, 19–21]. The wide 
range is likely due to the difference in the defini-
tion of clinically pertinent vaginal bleeding after 
TVOR at different centers. In most cases, local 
compression of the laceration site or an inter-
rupted suture is sufficient to achieve hemostasis. 
Large vaginal hematomas can occur very rarely 
after TVOR [23].

In contrast, intra-abdominal bleeding after 
TVOR occurs in approximately 0.06–0.36% of 
cases but can be a more serious complication [21, 
24]. Such bleeding usually occurs due to punc-
ture of the ovarian follicles and ovarian vessels 
or, more rarely, due to direct injury to the pelvic 
organs [17]. In a study of 10,251 retrieval cycles, 
Zhen and colleagues [24] identified 22 (0.2%) 
patients with intraperitoneal bleeding. Five 
(0.05%) patients with severe bleeding required 
laparotomy or laparoscopy, while the remaining 
17 patients were managed conservatively. 
Independent studies [17, 22] have confirmed that 
mild-to-moderate hemoperitoneum (<200  mL 
blood), especially in clinically stable patients, 
can be managed expectantly. Figures  23.1 and 
23.2 show mild-to-moderate hemoperitoneum 
within 24–48 h of an oocyte retrieval.

Studies have suggested that severe hemoperi-
toneum can be identified in 30% of patients 
within 1  h and 90% of patients within 24  h of 
TVOR [25]. Patients with severe hemoperito-
neum or those with clinical symptoms such as 
abdominal distention, guarding, or orthostatic 
hypotension require prompt surgical evaluation 
and blood product replacement [26–28]. A longer 

23 Complications of Oocyte Retrieval



290

Fig. 23.1 Mild-to-moderate hemoperitoneum, especially pronounced in the posterior cul-de-sac 48 h after TVOR. A 
total of 13 oocytes were retrieved in this patient

Fig. 23.2 Mild-to-moderate hemoperitoneum in the anterior and posterior cul-de-sac 24 h after TVOR. A total of 16 
oocytes were retrieved in this patient

time interval between TVOR and surgical inter-
vention has been associated with an increased 
risk of oophorectomy [25]. Angiographic embo-
lization has been utilized for the management of 
some cases of severe hemoperitoneum after 
oocyte retrieval [29]. Patients with underlying 
coagulation disorders can have a higher risk of 
intra-abdominal bleeding with TVOR [30–32], 
and such patients may present with delayed 
hemoperitoneum [31].

Direct vascular injury to the iliac blood ves-
sels is exceptionally rare during TVOR, despite 
its close proximity to the ovaries. Levi-Setti and 

colleagues reported only 1 patient out of 23,827 
oocyte retrievals requiring emergent laparotomy 
to repair a small laceration of the iliac vein [17]. 
Direct injury to the iliac blood vessels may result 
in pseudoaneurysms when extravasated blood is 
walled off by the surrounding layers of the con-
nective tissue [33, 34].

 Minimizing Bleeding Complications

Experts have suggested that the transvaginal 
ultrasonographic probe should be well applied to 
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the vaginal wall in order to reduce the space 
between the ovarian cortex and vaginal walls 
[35]. This avoids any intervening bowel loops or 
blood vessels, thereby reducing the risk of bleed-
ing. They also recommend maintaining the nee-
dle within the ovary to avoid repetitive vaginal 
and ovarian punctures [35]. Aspiration of multi-
ple follicles through the same ovarian cortex 
puncture should also be attempted [35]. Finally, 
manipulation of the retrieval needle should be 
performed in a steady and gentle manner, avoid-
ing abrupt movements as much as possible [35].

 Urinary Tract Injuries

 Bladder Injuries

The anatomical location of the bladder and its 
close relationship to the vaginal puncture sight 
increases the risk of needle-associated injury, 
especially when the pressure exerted by the trans-
vaginal ultrasound probe causes the walls of the 
bladder to collapse, thereby limiting visualiza-
tion of the bladder [36]. With an estimated inci-
dence of appoximately 0.008%, bladder injuries 
during TVOR occur less often than bleeding 
complications do [17]. Needle injuries to the 
bladder may result in transient macroscopic 
hematuria [36, 37] or bladder hematoma forma-
tion [38, 39], which can be managed expectantly 
or occasionally with bladder irrigation and cys-
toscopy. Massive hematuria with hemodynamic 
instability [40] or vesicovaginal fistula formation 
[41] may occur in exceptionally rare cases after 
TVOR.

 Ureteral Injuries

Injuries to the ureters occur less frequently than 
bladder injuries and are mostly limited to case 
reports [42–48]. A history of endometriosis, prior 
abdominal surgery, pelvic inflammatory disease 
(PID), or anatomical anomalies of the urinary 
tract may increase the risk of iatrogenic ureteral 
injury during TVOR [43]. Ureteral injuries may 
present with immediate or delayed clinical symp-

toms such as abdominal, suprapubic, or flank 
pain, urinary retention or urgency, fevers, chills, 
nausea, and vomiting [43]. Early diagnosis of 
ureteral injury is imperative. In such cases, ure-
teral stenting serves as an effective therapeutic 
option, thereby avoiding the formation of a fistu-
lous tract [43, 49, 50]. A delay in the recognition 
of ureteral injuries may result in urinary obstruc-
tion or renal dysfunction, ultimately requiring 
nephrostomy, ureteric re-implantation, or even 
nephrectomy [43, 44].

 Minimizing Injuries to the Urinary 
Tract

A full bladder can distort uterine anatomy and 
may increase the distance between the ovaries 
and vaginal fornices [35]. Thus, patients should 
be encouraged to empty their bladders com-
pletely prior to TVOR to minimize urinary inju-
ries [35]. Drainage of urine with a straight 
catheter is reasonable if the bladder does not 
appear empty at the time of placement of the 
transvaginal ultrasonographic probe.

 Infectious Complications

 Pelvic Infections

In principle, pelvic infections due to TVOR occur 
due to the inoculation of pathogenic bacteria into 
the intraperitoneal space. This may occur due to 
the introduction of vaginal bacteria during vagi-
nal puncture or due to the un-intentional puncture 
of a bowel loop, hydrosalpinx, or endometrioma 
during TVOR [35, 51]. Re-activation of latent 
pelvic infections may also occur [35]. Several 
prior studies have noted that pelvic infections 
after TVOR are most likely to occur in women 
with prior history of pelvic inflammatory disease 
(PID), history of endometriosis, or history of pel-
vic surgery [17–22].

Levi-Setti and colleagues reported ten (0.04%) 
cases of infectious complications in their large 
study of 23,827 oocyte retrievals [17]. Six 
patients required inpatient hospitalization for 
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TVOR-related PID, while three with tubo- ovarian 
abscess (TOA) required surgical treatment [17]. 
Of note, the hospital stay was the longest for 
these six patients with PID, when compared to all 
other complications in this large study. In a dif-
ferent study, Aragona and colleagues reported 
two (0.003%) cases of ovarian abscess in a cohort 
of 7098 IVF cycles [24]. Both patients were 
treated with surgery  – one required oophorec-
tomy, and the other was treated with drainage of 
the abscess. Most data suggest that the majority 
of patients with TVOR-related PID have indolent 
symptoms and can be treated with IV antibiotics 
[17, 18, 35]; however, occasionally patients can 
present with persistently high fevers or tachycar-
dia, peritonitis, and septic shock, which warrants 
immediate surgical attention [18, 52]. Rare cases 
of PID due to pelvic tuberculosis or actinomyco-
sis after TVOR have been reported [53–55]. Even 
rarer cases of spondylodiscitis or vertebral osteo-
myelitis due to TVOR have been published in the 
medical literature [56, 57].

At least one study has suggested that pelvic 
infection after TVOR may have a detrimental 
effect on IVF implantation rates [58]. Thus, post-
ponement of embryo transfer should be consid-
ered when post-TVOR PID is suspected [58]. 
PID and TOA have been reported well after 
embryo transfer and the establishment of an early 
pregnancy [59–65]. In such cases, TOAs may 
rupture [59, 60], necessitating urgent treatment in 
order to avoid adverse perinatal outcomes. It is 
interesting to note that the incidence of PID and 
TOA is much lower in the oocyte donors when 
compared to the infertile patient population, 
likely due to the lack of risk factors such as PID, 
endometriosis, or pelvic surgery [26].

 Endometriomas and Pelvic Infections

The excision of endometriomas prior to IVF 
remains controversial [66, 67]. It is postulated 
that the contents of an endometrioma may serve 
as an excellent culture medium for the inocula-
tion of bacteria and the spread of a pelvic infec-
tion [68]. Furthermore, the presence of an 
endometrioma may be detrimental to developing 

oocytes and distort ovarian anatomy, thereby 
impeding access to ovarian follicles during 
TVOR and increasing the risks of un-intentional 
endometrioma puncture. These concerns have 
been exemplified by independent investigators 
who have reported an increased risk of PID or 
TOA after TVOR in patients with endometriomas 
[69–71]. However, more recent data have 
assuaged these concerns pertaining to endome-
triomas. First, TOAs can occur spontaneously in 
women with endometriomas and no prior history 
TVOR or IVF [72]. Therefore, it is possible that 
the perceived increased risk of infectious compli-
cations in women with endometriomas undergo-
ing IVF is not linked to IVF per se but rather 
sporadic occurrences related to endometriomas 
themselves [72]. Second, oocytes exposed to 
endometrioma fluid have similar fertilization, 
early embryo development, and pregnancy rates 
when compared to control oocytes [73, 74]. 
Finally, while TVOR may be technically chal-
lenging in patients with multiple or large endo-
metriomas, the magnitude of these difficulties is 
modest at best [75]. Figure 23.3 shows an intra-
uterine pregnancy at 9 weeks after transfer of a 
single fresh blastocyst in a patient with a 4-cm 
left ovarian endometrioma.

 Hydrosalpinges and Pelvic Infections

The presence of hydrosalpinges can have a detri-
mental effect of IVF outcomes due to the sus-
pected embryotoxicity of the hydrosalpinx fluid 
[76, 77]. Thus, treatment of hydrosalpinges prior 
to IVF and embryo transfer is generally recom-
mended [76–79]. Management via salpingec-
tomy [79, 80], ultrasonographic fluid aspiration 
[78, 80], or ultrasonographic sclerotherapy has 
been described [81]. Some data have suggested 
that ultrasonographic aspiration or sclerotherapy 
may be associated with rapid re-accumulation of 
hydrosalpinx fluid and therefore negates any ben-
eficial effects [80]. Hydrosalpinges resulting 
from prior PID or pelvic surgeries confer a higher 
risk of post-TVOR pelvic infections, especially 
when un-intentional rupture of a hydrosalpinx 
occurs [17, 35].
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Fig. 23.3 An early intrauterine pregnancy at 9 weeks of gestational age after transfer of a single blastocyst in a patient 
with left ovarian endometrioma

 Minimizing Infectious Complications

Prepping of the vagina, cervix, and perineum 
should be considered prior to TVOR with 
povidone- iodine or hexachlorophene solution 
and copious irrigation with sterile saline solution 
[14, 15, 35]. This approach minimizes bacterial 
contamination of the vagina [35]. Patients with 
history of endometriosis, PID, pelvic adhesions, 
previous pelvic surgery, or ruptured appendicitis 
can be considered at high risk for pelvic infection 
[14, 15, 35]. Administration of IV antibiotics 
should be considered shortly before or during 
TVOR in such patients and can include IV cepha-
losporins or oral doxycycline [35]. It is important 
to note that prospective trials are currently lack-
ing to validate the generalizability or superiority 
of prophylactic antibiotic regimens in patients 
considered high risk for pelvic infection [15]. 
Pelvic infections after TVOR may still occur 
despite adequate antibiotic prophylaxis [70].

 Pain and Anesthesia Complications

One of the major advantages of TVOR over ear-
lier retrieval techniques was that the former 
resulted in less pain, especially when combined 

with conscious sedation or local anesthesia [82]. 
Despite adequate anesthesia, women undergoing 
TVOR may still experience pain. For example, 
51 (6.9%) of women undergoing their first IVF 
cycle reported the oocyte retrieval to be very or 
extremely painful [83]. Bodri and colleagues 
reported two (0.05%) cases of severe pain in a 
cohort of oocyte donors undergoing 4052 oocyte 
retrievals [26]. In a prospective study of 1058 
oocyte retrievals, Ludwig and colleagues reported 
that 3% of all patients experienced severe to very 
severe pain after TVOR, which continued in 2% 
of patients 2  days after TVOR [19]. 
Approximately, 0.7% patients required inpatient 
hospitalization of the management of this pain 
[19]. Levi-Setti and colleagues reported six 
(0.03%) cases of isolated pelvic pain in their 
study, all of whom required hospitalization [17]. 
Most studies suggest that pain after TVOR is 
increased with the number of oocytes retrieved 
[17, 19]. Other studies have proposed that prior 
negative gynecological experiences or ongoing 
side effects during ovarian stimulation may be 
predictors of pain after oocyte retrieval [83].

A wide variety of anesthesia and analgesia 
protocols are available to women undergoing 
TVOR [82, 84–86]. There is no current evidence 
to recommend the avoidance of any technique or 
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drug for TVOR, especially given the high degree 
of patient satisfaction with most protocols [82, 
86]. Recent data indicate that 84% and 95% of 
clinics in the UK and USA, respectively, utilize 
conscious sedation [82]. Currently, most centers 
may use a combination of propofol, fentanyl, 
and midazolam for TVOR [87]. This combina-
tion is easy to administer and safe in cooperative 
and healthy individuals [87]. However, anesthe-
sia and analgesia protocols should be individual-
ized to a woman’s preference and local 
availability of certain medications [82, 86]. 
Anesthesia complications are relatively infre-
quent and may include bronchospasm (0.36%) 
[21] or circulatory shock and nausea (0.05%) 
[17]. Serious complications such as atrial fibril-
lation, or cardiorespiratory insufficiency, agita-
tion, and confusion may occur rarely [17]. Obese 
patients generally require higher doses of propo-
fol and fentanyl and may have longer oocyte 
retrievals [88, 89]. They may also require intra-
operative conversion to laryngeal mask airway 
or an oral/nasal airway [88, 89]. However, seri-
ous intraoperative and postoperative anesthesia 
complications remain uncommon even in obese 
individuals [88, 89].

 Minimizing Pain and Anesthesia 
Complications

Gentle manipulation of the retrieval needle 
should be performed during TVOR, with avoid-
ance of sudden lateral movements [33]. Multiple 
punctures of the vaginal wall and ovaries should 
be avoided [33]. Post-TVOR oral analgesia or IV 
analgesia should be considered in patients with 
high oocyte yield [33]. Recent studies have also 
demonstrated that adjuncts such as music or acu-
puncture may reduce the risk of pain after TVOR 
[90, 91]. The use of an aspiration needle with 
smaller gauge can also result in significantly 
lower pain scores during oocyte retrieval [92]. 
Postoperative IV ketorolac has been found to 
decrease the amount of postoperative opioid use 
following TVOR [93]. This retrospective study 
found no increase in complication rates, includ-

ing bleeding, in the group that received ketorolac 
though the overall prevalence of complication 
was low. This agrees with prior investigations 
which demonstrated lower pain scores in those 
who receive ketorolac and no significant differ-
ence in pregnancy rates or live birth outcomes 
with its use [94].

 Special Circumstances

At times, the stimulated ovaries may not be 
accessible via the transvaginal route. This may 
occur due to the distortion of pelvic anatomy by 
enlarged myomatous uteri or pelvic adhesions 
[95, 96]. Women with ovarian transposition sur-
gery, Müllerian anomalies, or obesity may also 
have ovaries that are difficult to access transvagi-
nally [95, 96]. In such cases, transabdominal 
oocyte retrieval or a combined transvaginal and 
transabdominal route may be used, yielding good 
oocyte numbers [96]. Transabdominal oocyte 
retrieval may be the route of choice in transgen-
der patient or virginal women. A study by 
Roman-Rodriguez and colleagues [95] compared 
95 cases of transabdominal oocyte retrieval with 
278 cases of transvaginal oocyte retrieval and 
found no statistical difference in pregnancy rates 
or complications between the two modalities. 
Furthermore, there was no difference in intraop-
erative complications, postoperative pain, hospi-
tal admissions, or post-retrieval infections 
requiring antibiotics. There was no evidence for 
increased abdominal pain, pelvic inflammatory 
disease, hemoperitoneum, urinary tract infec-
tions, or transient macroscopic hematuria. 
Despite the noted safety of transabdominal 
oocyte retrieval, providers should account for 
increased procedure and anesthesia time associ-
ated with transabdominal oocyte retrieval. Ex 
vivo or extracorporeal retrieval of mature oocytes 
from oophorectomized specimens has been 
described in patients with ovarian cancer [97, 
98]. By avoiding follicular puncture within the 
pelvic cavity, ex vivo oocyte retrieval minimizes 
the risk of malignant cell spillage and cancer 
upstaging [97].
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 Conclusion

TVOR remains a vital step in the IVF process. 
While most oocyte retrievals are performed 
without event, occasional minor and major com-
plications may occur. Most complications can 
be managed in the outpatient setting; however, 
certain potentially life-threatening complica-
tions require inpatient treatment or immediate 
surgical treatment. The European Society of 
Human Reproduction and Embryology 
(ESHRE) has provided several good practice 
recommendations to avoid complications during 
TVOR [35]. While most strategies to prevent 
complications have focused on technical con-
siderations and infection prevention, future 
efforts are aimed at surgical training and achiev-
ing adequate competence [35].
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24Reproductive Surgery in Austere 
Settings

Alfred Murage, Timona Obura, and Joseph Njagi

 Introduction

The provision of optimal reproductive health 
relies on adequate healthcare investments. This 
must be coupled with relevant healthcare infra-
structure, skilled healthcare workers, appropriate 
medical equipment and supplies and much more. 
Unfortunately, multiple elements that feed into 
optimal healthcare are usually lacking in 
resource-limited settings. This often translates 
into lack of key health services to deserving poor 
populations. Minimally invasive reproductive 
surgery (MIRS) is one such example, which is 
largely lacking in many resource-poor African 
countries. Appropriate strategies can be put in 
place to address gaps in MIRS in resource-poor 
settings.

 Kenya as a Case Study in MIRS 
in Low-Resource Settings

Kenya is located on the eastern coast of Africa. It 
is categorized by the World Bank as a lower- 
middle- income country. It has a population of 
about 51.4 million, a gross national income 
(GNI) per capita of USD 1620 and a GDP of 
USD 87.9 billion [1]. Healthcare is poorly 
funded, with an allocation of 5.1% of the national 
government budget [2]. This level of healthcare 
funding is way below the WHO target of 15% 
budgetary allocation as recommended in 2001 
[3]. This translates into poor overall public 
healthcare systems, as partly evidenced by a very 
low physician ratio per 1000 people of 0.157 [4]. 
Public healthcare is supplemented by private 
healthcare, which is only accessible to a minority 
of people due to higher out-of-pocket costs and 
limited health insurance coverage [5].

The fertility rate in Kenya remains high at 3.5 
children per woman, as compared to worldwide 
rates of 2.4 [1]. But there is a high infertility rate 
as mirrored in other developing countries in 
Africa and Asia. There are high rates of tubal dis-
ease, with some studies reporting rates of up to 
50% [6]. This immediately points to preventable 
factors and accompanying needs for appropriate 
skills in reproductive tubal surgery. The burden 
of other pelvic pathologies that requires skills in 
reproductive surgery includes high prevalence of 
symptomatic uterine fibroids and endometrial 
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disease (Fig. 24.1a–e showing examples of com-
mon pelvic pathology amenable to MIRS). This 
is in addition to the potential for MIRS in other 
benign gynaecological conditions.

The availability of MIRS in the public health-
care system in Kenya is dismal. Secondary and 
tertiary healthcare facilities (Fig. 24.2) have the 
potential to provide MIRS. Current data suggests 

Fig. 24.1 Common pelvic pathologies amenable to MIS 
in low-resource settings. (a) Tubal disease related to infer-
tility (hyrosalpinges, tuboplasty). (b) Endometriosis 
related to infertility/severe pelvic symptoms. (c) 

Symptomatic fibroids. (d) Endometrial synechie related to 
infertility. (e) Endometrial polyps and sub-mucus fibroids 
related to abnormal uterine bleeding/infertility

a

b

c
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d

e

Fig. 24.1 (continued)

that only about 4% of such public healthcare 
facilities offer some sort of MIRS, though this 
figure has been reported to be improving 
(“Personal Communication”, Head Division of 
Referral Services, Ministry of Health Kenya, and 

Table 24.1) [7]. In comparison, private healthcare 
facilities are mostly located in urban centres [5], 
providing up to 10% MIRS procedures (“Personal 
Communication”, Head Division of Referral 
Services, Ministry of Health Kenya). However 
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Secondary/tertiary healthcare
Scope for MIRS

Primary healthcare

Level 6: national referral hospital

Level 5: provincial hospital

Level 4: district hospital

Level 3: health centre

Level 2: dispensary

Level 1: community

The six levels of health care service delivery in Kenya

Fig. 24.2 Hierarchy of healthcare delivery in Kenya. (Adapted from Ministry of Health Kenya)

Table 24.1 Status of MIRS in public healthcare in Kenya

Level of service 
delivery

Number of 
facilities

MIS 
availability

Level 4 73 0
Level 5 12 0
Level 6 4 4
Total 89 4.5%

Data analysis from Ref. [7]

private healthcare can only be accessed by a 
minority of the population, mostly due to higher 
costs.

Why is there a lower MIRS provision in the 
public sector? The answer lies partly with overall 
public healthcare investments. The general infra-
structure in public healthcare facilities is lacking. 
The operating theatres are basic, and the avail-
ability of skilled MIRS teams is largely lacking. 
Surgical operating spaces are constrained, which 
furthermore must be shared with all other surgi-
cal workload within the facilities. MIRS surgical 
equipment is largely lacking, mandating improvi-
sation and repeated re-use of disposable equip-
ment (Figs.  24.3 and 24.4) including limited 
access to haemostats for high blood loss proce-
dures such as myomectomy. Additionally, post- 
surgical recovery areas are not suitable for a high 
throughput of MIRS workload (Fig.  24.5). 

Furthermore, supportive surgical care systems 
such as haematological services are limited, 
where severe anaemia is rampant pre-, intra- and 
post-operatively [8]. Thus, this limits a focus on 
MIRS.

Currently, the Kenya Society for Endoscopic 
Specialties (KESES) has about 150 members, 
and only about 15% are formally trained or 
skilled in MIRS (“Personal Communication”, 
KESES President). Most of such MIRS experts 
work primarily in the private sector, leaving the 
public sector devoid of MIRS expertise. All these 
factors feed into poor provision of MIRS in the 
public health sector. Comparatively, the private 
sector has MIRS multi-disciplinary teams, dedi-
cated MIRS surgical spaces and appropriate 
availability of MIRS equipment (Fig. 24.6). This 
opens up the possibilities of partnerships and 
scales up MIRS skills in the public sector to 
model the private set-up.

To circumvent the MIRS issues long term, 
strategies must be identified to remedy the pre-
vailing status of MIRS in low-resource settings. 
To some extent, this is occurring and includes the 
ongoing project supported by KESES which is 
trying to widen the availability of MIRS to rural 
health facilities and to the wider public sector. 
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Fig. 24.3 An example of basic operating theatre in public healthcare facilities. Spaces are constrained, and such the-
atres serve all surgical disciplines within the facilities, negating specific focus on MIRS

Fig. 24.4 Example of MIRS equipment in a public health facility. Some of the equipment is disposable but often gets 
re-used, and some equipment is improvised from locally available cheap material

Fig. 24.5 An example of a post-operative recovery section with limited monitoring in a public health facility
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Fig. 24.6 An example of a dedicated and appropriately structured MIRS operating theatre in a private facility

This project relies on volunteers and donated sur-
gical equipment. Appropriate MIRS cases are 
batched together in specific regions in the coun-
try, where procedures are usually conducted over 
2–3 days, with a locally identified lead surgeon 
facilitating the whole program. The project has a 
large emphasis on training and transfer of skills. 
Sustainability is pegged on identifying regional 
MIRS centres and ongoing funding. However, 
the long-term solution for routine provision of 
MIRS in Kenya and other countries is 
 strengthening of the public healthcare system, 
with increased governmental budgetary alloca-
tion to healthcare funding. This would improve 
the current healthcare infrastructure, including 
staffing and equipment. There must be a conse-
quent focus on reproductive health and appropri-
ate investments to upscale reproductive surgery.

Collaborations can address immediate repro-
ductive surgical needs in the meantime. Public- 
private partnerships (PPPs) can play a vital role, 
as already demonstrated by the KESES project in 
Kenya. Other stakeholders, including local fertil-
ity societies, can advocate and facilitate relevant 
training. Collaborations with western institu-
tions, including the Society for Reproductive 
Surgeons, an affiliate society of the American 
Society for Reproductive Medicine, can acceler-
ate transfer of skills and technology. Such col-
laborations would include locally based 
reproductive research opportunities providing 
platforms for local solutions. Surgical equipment 
manufacturers may also help bridge current gaps 

with availability of MIRS equipment in low- 
resource settings. Re-looking at the possibilities 
of re-usable equipment at lesser costs remains a 
viable option. Such networked efforts could yield 
desirable reproductive surgical outcomes in the 
immediate term, with deliberate efforts to assure 
sustainability for the long term.
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