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“She’s Pregnant”

No two words create more doubt, angst, and heartburn for a surgical 
consultant.
Every surgeon has been there. After hearing about a case from an ER doctor 
or a trainee and formulating a mental model and plan, the conversation closes 
with “by the way, she’s pregnant.”

Suddenly a twinge, perhaps a jolt, or maybe even a cold sweat ensues. The 
consultant surgeon’s mind kicks into overdrive churn. The clinical problem 
and solution, previously obvious, is now in question! There is an agonizing 
reappraisal. Do the fundamental principles of care for a general surgical or 
specialty surgical problem remain valid, or do they “go out the window”? 
Now every intervention holds the possibility of a 200% morbidity or 200% 
mortality.

While concurrent surgical disease arises infrequently during pregnancy, 
pregnancy is common. Thus, this is a nontrivial problem, usually arising at 
the worst possible time.

“What to Do?”

Enter Nezhat’s volume Non-obstetric Surgery During Pregnancy: A 
Comprehensive Guide. More than just a “how to do cookbook” this book 
provides a rational framework of thinking about the health of both the fetus 
and the pregnant mother. Dr. Nezhat brings three decades of deep experience 
and expertise in obstetrics and gynecology to us all in this superb book. Ceana 
is recognized as a leading authority and he does not disappoint.

In crisp clean sequence, the fundamental groundwork is laid; preferred 
imaging strategies, anesthesia considerations, and OR setup are wonderfully 
outlined. Subsequent sections target general surgical and specialty surgical 
conditions often arising during pregnancy. Each, in turn, is methodically cov-
ered. Treatment options, risks, and benefits are all carefully and thoroughly 
described. Finally, gynecological conditions, obstetric complications, and in 
utero operative approaches to spinal bifida round out this exceptional book.

Foreword I
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Forearmed with the knowledge gained from this book, the general surgeon 
or the specialty surgeon will no longer quake when they hear the words, 
“She’s pregnant!”

Thomas M. Krummel
Stanford Byers Center for Biodesign  

Stanford University  
Stanford, CA

USA

Foreword I



ix

I congratulate Dr. Ceana H. Nezhat and his associate editors Drs. Michael 
S.Kavic, Raymond J. Lanzafame, Michael K. Lindsay, and Travis M. Polk on 
highlighting the much ignored topic of non-obstetrical surgery during preg-
nancy. In addition to the surgical procedures themselves, it is imperative the 
surgeon is knowledgeable about the pathophysiology of pregnancy and its 
impact on both the mother and fetus. Hypertension and diabetes during preg-
nancy can result in increased morbidity and mortality when compared to 
women who are not pregnant. A 50% increase in blood volume, as well as 
changes in renal function, can impact the procedures being performed. This 
book provides the reader with an in-depth knowledge of surgical procedures 
and anesthesia challenges in the gravid patient. Procedures reviewed range 
from establishing a pneumoperitoneum in pregnancy to exploratory 
laparotomy.
Abdominal surgery is presently the most common surgical procedure for the 
pregnant patient. Unfortunately, even if done by the most experienced sur-
geon, the procedure can result in a miscarriage and loss of pregnancy. The 
authors recommend surgical procedures be delayed when possible and elec-
tive procedures avoided until completion of the pregnancy. However, there 
are many conditions that require emergent surgery, such as appendicitis. The 
authors have provided their readers with a road map to perform these proce-
dures. The ultimate goal is to protect both the mother and the unborn fetus.

This book provides an evaluative review of the surgical management of 
urgent and emergent procedures during pregnancy as well as a thorough anal-
ysis of gynecologic surgery and the surgical management of obstetrical com-
plications. This comprehensive guide is a must-read not only for obstetrician 
gynecologists but also for any clinician involved in the management of a 
pregnant patient.

Foreword II
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Dr. Nezhat has brought together both national and international experts to 
contribute their years of experience for this book. It is through knowledge we 
will be able to decrease the unacceptable morbidity and mortality of the preg-
nant and postpartum patient observed throughout the world today.

Ira R. Horowitz
Department of Gynecology and Obstetrics  

Emory University School of Medicine  
Atlanta, GA

USA

Emory Clinic, Atlanta, GA
USA

Emory Healthcare, Atlanta, GA
USA

Emory University School of Medicine  
Atlanta, GA

USA

Foreword II
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Non-obstetrics Surgery During Pregnancy: A Comprehensive Guide was 
conceptualized from an identified gap in education and fills a major void as 
one of a few texts which provides a comprehensive evidence-based approach 
to the management of major non-obstetric surgical procedures. Surgery for 
non- obstetric causes during pregnancy is not uncommon and a timely topic. 
The book is written in “cookbook style” and geared towards most specialties. 
It is my intention that this book provides a compendium that will assist clini-
cians by guiding their management of pregnant patients and hopefully 
improving outcomes for both mother and baby.

The text flows logically with introductory chapters, such as history of lap-
aroscopy, instrumentation, room setup, and patient positioning, laying the 
groundwork for performing non-obstetric surgery in a pregnant patient. 
Moreover, there will be individual chapters covering various specialties and 
detailing surgical complications that may arise specific to each field. The 
book concludes with an overview of various obstetrics-related complications 
that require surgical management. I trust the readers will find this to be a use-
ful, well-rounded, and educative resource.

Ideally, every child is “well-born,” physically, mentally, and emotionally 
which is fundamental to human dignity. The contributors to this book repre-
sent the vanguard in their respective specialties. They highlight critical fac-
tors for consideration while caring for the pregnant woman and her unborn 
child, aspiring to build human dignity one birth at a time. I greatly appreciate 
the editorial assistance/review provided by my associate editors whose exten-
sive experience in varying disciplines brought expert-level evaluation to the 
review process. Special thanks to Ms. Sarah Kyle McClellan, MPH, who con-
tributed greatly to the review process and preparation of the book. We are 
very proud of the depth of information we are providing to our readers owing 
to the knowledge and experience of our contributors.

Atlanta, GA, USA Ceana H. Nezhat 
Youngstown, OH, USA  Michael S. Kavic 
Rochester, NY, USA  Raymond J. Lanzafame 
Atlanta, GA, USA  Michael K. Lindsay 
Los Angeles, CA, USA  Travis M. Polk 

Preface
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As I reflect upon the days when I delivered babies, I recall hearing the much- 
awaited cry of the newborn filling the room with joy and a sense of relief. It 
was one of the most rewarding moments of my career. Months of caring for 
both mother and her unborn child had finally come to fruition. During my last 
call as a chief resident in obstetrics, I was called on a code for an antepartum 
mother in cardiac arrest around 30 weeks twin gestation in preterm labor on 
tocolysis. When I arrived, Emergency Medical Services (EMS) announced 
unsuccessful resuscitation attempts on the mother. I proceeded with emer-
gency bedside cesarean delivery of the twins in seconds. Following delivery, 
the mother responded to resuscitation and all survived. What I did not know 
at the time was this event would stay with me throughout my career and one 
day blossom into the idea for a comprehensive guide on maternal obstetric 
and non-obstetric complications for all physicians caring for a pregnant 
mother.

Obstetrics is a multifaceted specialty relating closely to other branches in 
medicine. Since pregnant and nonpregnant women are subject to the same 
diseases, physicians must be well versed with surrounding various ailments. 
Extensive knowledge of pregnancy physiology and pathophysiology of 
obstetric disorders must then be applied, improving perinatal outcome.

Fetal and infant safety and survival have taken priority over maternal 
health and well-being during pregnancy. Neonatal wards today are staffed by 
highly trained specialists who are ready for the worst in regard to infants, 
while mothers are tended to by nurses and doctors who expect the best and 
are unprepared when complications arise. Research has shown that pregnant 
women who undergo non-obstetric surgery have a higher risk of postopera-
tive septicemia, pneumonia, and urinary tract infections (UTIs). They are also 
at an approximate fourfold higher risk of in-hospital mortality following non- 
obstetric surgery compared with nonpregnant patients [1]. The lack of educa-
tion provided to doctors, nurses, and other health care professionals regarding 
maternal health in pregnancy demonstrates the absence of risk the modern 
world associates with childbearing.

Historically, pregnancy has been a time of joy and apprehension. During 
the Renaissance, women would write out their wills as soon as they became 
pregnant [2]. History is, in fact, full of maternal death. Thomas Jefferson lost 
his wife after childbirth in 1782. Princess Charlotte of Wales, granddaughter 
of King George III and cousin to Queen Victoria, died after giving birth to a 
stillborn in 1817. Charlotte Bronte died of hyperemesis gravidarum in 1855. 
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In the seventeenth century, childbirth predominantly took place in the home in 
the presence of a midwife and a group of female friends, neighbors, and family 
members [3]. However, in France, the “man-midwife” was becoming more 
accepted [4], and in Britain, the Chamberlen family had developed obstetrical 
forceps, which would be kept a secret for more than 100 years [3, 5].

Early on, successful cesarean sections typically occurred in remote rural 
areas without access to adequate medical care or hospitals. The first record of 
a successful cesarean section was performed by a “sow gelder” in Switzerland 
in 1500. Not only did both mother and baby survive, but fertility was pre-
served and the woman went on to conceive and deliver five more children 
naturally [3, 4]. Cesarean section can be traced back to ancient times in both 
Western and non-Western cultures. The initial purpose of cesarean section 
was to retrieve the infant from a dead or dying mother, either in an attempt to 
save the baby or for religious purposes. Regardless, it was a measure of last 
resort and the mother was not expected to survive.

There are several possible explanations as to why operations in remote 
rural areas yielded more successful outcomes; first, with the absence of pro-
fessional care, cesarean sections were executed without delay in earlier stages 
of labor in stronger women and less distressed fetuses, resulting in greater 
chances of success; and second, hospitals were riddled with infections spread-
ing between patients by the unclean hands of the medical staff. In rural areas, 
cesarean sections were performed in people’s homes, which were less con-
taminated with sickness and disease. However, it was urbanization and the 
growth of hospitals when cesarean sections became largely accepted and 
regularly performed [3].

Today, the average global rate of cesarean section is 18.6%. Latin America 
and the Caribbean report the highest rate of births by cesarean section 
(40.5%), followed by North America (32.3%), Oceania (31.1%), Europe 
(25.0%), Asia (19.2%), and Africa (7.3%) [6]. In 2015, the World Health 
Organization (WHO) released a statement on cesarean section rates. They 
concluded that cesarean sections are effective in saving maternal and infant 
lives, but only when medically necessary, as they can cause significant and 
sometimes permanent complications. WHO further reported, at population 
level, that cesarean section rates higher than 10% have no association with 
further reductions in maternal or newborn mortality rates [7].

Advancing knowledge and development of anesthesia opened doors for 
obstetrics. Opium and its derivatives, including laudanum, morphine, and 
heroin, are the oldest method of pain relief and have been used in childbirth 
for thousands of years. In the nineteenth century, chloroform was popular 
owing to the support of several prominent women: Frances Longfellow, wife 
of the American poet Henry Wadsworth Longfellow; Emma Darwin, wife of 
Charles Darwin; and Queen Victoria, who was given chloroform by Dr. John 
Snow during the births of her eighth and ninth children [2, 8–10]. Today, 
anesthesiologists know the physiological effects anesthesia have on develop-
ing fetuses and should be consulted before any surgery is performed on a 
pregnant patient.

Maternal mortality ratio (MMR) is defined as pregnancy-related deaths 
per 100,000 live births. In 2015, the estimated global MMR was 216 (80% 
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uncertainty interval (UI) 207–249) showing roughly a 44% drop over the past 
25 years; the MMR in 1991 was 385 (80% UI 359–427) [11]. Trends for 
maternal mortality mirror those for many other health statistics; developing 
regions accounted for approximately 99% of the global maternal deaths in 
2015. WHO Sustainable Development Goals (SDGs) explain, “Drivers of 
success in reducing maternal mortality range from making improvements at 
the provider and health system level to implementing interventions aimed at 
reducing social and structural barriers” [11]. According to data collected by 
WHO and its partners, the United States is one of only 11 countries world-
wide and the only developed country to have experienced a negative (−16.7%) 
change in MMR between 1990 and 2015 [11]. A study published in Lancet 
(2016) systematically compiled and processed all available data sources from 
186 of 195 countries and territories. Researchers reported a 56% rise in MMR 
in the United States between 1990 (MMR = 16.9 [95% UI 16.2–17.8]) and 
2015 (MMR = 26.4 [95% UI 24.6–28.4]) [12]. The reason behind this unex-
pected increase in maternal mortality in the United States is unclear. Possible 
explanations include the implementation or improvement of surveillance sys-
tems, such as the addition of pregnancy questions to state death certificates 
starting in 2003 [13]. MacDorman et al. estimate that 79.9% of the increase 
in MMR was a result of improved surveillance. Other possible explanations 
for the observed increase in maternal mortality could be advanced maternal 
age and/or the increasing number of pregnant women in the United States 
with a chronic disease [14]. The Centers for Disease Control and Prevention 
(CDC) launched its nationwide surveillance system for pregnancy-related 
deaths in 1986. Data released in 2017 revealed 26.5% of maternal mortality 
is associated with cardiovascular disease including cardiomyopathy [15]. The 
obesity epidemic in the United States may play a role due to increased risk for 
cardiovascular disease. The 2013 ACOG Committee opinion on obesity in 
pregnancy reported that “more than one third of women are obese, more than  
one half of pregnant women are overweight or obese, and 8% of 
 reproductive-aged women are extremely obese, putting them at a greater risk 
of pregnancy complications” [16]. Rates of severe maternal morbidity or 
mortality increased from 143.2/10,000 births among women with normal 
body mass index (BMI) to 167.9, 178.3, and 202.9/10,000  in women with 
Class I, II, and III obesity, respectively [17]. Other medical noncardiovascu-
lar disease was attributed to 14.5% of maternal deaths, followed by infection 
and sepsis (12.7%) and hemorrhage (11.4%) [15]. One factor that could play 
a role, regardless, is the lack of associated risk afforded to pregnancy and 
childbirth in a “healthy” mother in the modern world.

Throughout a pregnancy, attention must be paid to both mother and fetus. 
However, this is not always the case. Poor communication between health 
care providers, hospital staff, and departments is a structural barrier within 
the health care system that can result in life-threatening situations for both 
mother and baby. For example, neonatal intensive care units (NICUs) and 
labor and delivery staff operate independently of each other. NICU nurses 
may come in to check on an infant and not notice the mother’s elevated blood 
pressure. The same dynamic occurs between other departments. There is a 
need for physicians of all specialties to know how to handle a pregnant 
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patient; odds are they will be confronted with such complications. If a preg-
nant woman comes through the emergency department with a head injury that 
requires immediate surgery, there is not always time to consult an obstetrician 
regarding the appropriate anesthesia or anesthetic to use, proper patient posi-
tioning, or appropriate postoperative instructions and warning signs.

Physicians need to stay up to date with organizational recommendations 
regarding antibiotic use in pregnant patients. UTI occurs in about 8% of 
women, most commonly during the first trimester. Some UTIs are “asymp-
tomatic bacteriuria,” which has been associated with premature birth, low 
birth weight, and death in newborns and developing fetuses. If a UTI goes 
untreated, it can spread and cause permanent maternal kidney damage. Since 
2011, the American College of Obstetricians and Gynecologists (ACOG) has 
recommended against the use of two types of antibiotics, sulfonamides and 
nitrofurantoin, during the first trimester of pregnancy. In 2017, ACOG revis-
ited its stance to add that nitrofurantoin and sulfonamides may be used in the 
first trimester when “no other suitable alternative antibiotics are available.” 
Sulfonamides and nitrofurantoin have both been associated with birth defects, 
including brain malformations, heart defects, and cleft lips and palates [18]. 
However, according to a report published in January 2018 by the CDC, doc-
tors do not seem to be following recommendations or do not know they exist 
[19]. In 2014, about 35% of privately insured first-trimester moms filled pre-
scriptions for nitrofurantoin and 8% filled prescriptions for the sulfonamide 
antibiotic, trimethoprim-sulfamethoxazole. Since UTIs occur most com-
monly during the first trimester, some patients do not yet know they are preg-
nant. It is important for doctors to always ask patients complaining of UTI 
symptoms if they are sexually active and possibly pregnant before prescrib-
ing any antibiotics.

Changing trends in maternal age at first birth are of particular interest and 
importance to obstetricians due to the varying risks of complications and 
maternal outcomes in pregnancy. The CDC published a report in January 
2016 [20] stating that mean age of first-time mothers increased 5.3% from 
24.9 in 2000 to 26.3 in 2014. First births in women aged 30–34 rose the most 
(28%) from 16.5% to 21.1% followed by women aged 35+ from 7.4% to 
9.1% (23%). Women aged 35+ have been found to be at greater odds of pre-
term delivery, hypertension, severe preeclampsia, and superimposed pre-
eclampsia. Furthermore, analysis showed women aged ≥40 years at time of 
delivery were associated with increased odds of mild preeclampsia, poor fetal 
growth, and fetal distress [21]. The number of first births for women under 20 
decreased 42% from 2000 (23.1%) to 2014 (13.4%). Women aged <19 years, 
compared to 25–29-year-old women, have elevated odds of preterm delivery, 
chorioamnionitis, endometritis, and mild preeclampsia. Within the same age 
group, women 15–19 years of age also have significantly elevated odds for 
severe preeclampsia, eclampsia, postpartum hemorrhage, fetal distress, and 
poor fetal growth [21].

Looking past external, structural, and maternal risk factors such as medi-
cal advancements, communication issues, and maternal age, undergoing 
 non- obstetric surgery while pregnant incurs risks of its own. In a recent study 
by Balinskaite et al., researchers identified pregnancies where non-obstetric 
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surgery occurred via maternity admissions using hospital administrative data. 
Of all recorded pregnancies, less than 1% (47,628/6,484,280) had undergone 
non-obstetric surgery. Abdominal surgery (any kind) (26.2%) was the most 
common surgical group and patients who underwent abdominal surgery were 
found to have a high risk of miscarriage associated with hospital admission 
aRR = 1.90 (95% CI 1.81–1.99) and preterm delivery aRR = 1.62 (95% CI 
1.54–1.70) compared to women who did not undergo surgery while pregnant. 
Abdominal surgery was followed by dental (11.3%), nail-skin (10.0%), 
orthopedic (9.6%), ENT (6.4%), perianal (6.3%), and breast (4.0%). Further 
analysis found fewer than 6% of operations occurred within 1 week of the 
end of pregnancy. Researchers estimated that every 287 surgical operations 
were associated with one additional stillbirth, every 31 operations were asso-
ciated with one additional preterm delivery, every 39 operations were associ-
ated with an extra-low-birth-weight baby, every 25 operations were associated 
with an additional cesarean section, and every 50 operations were associated 
with one additional long inpatient stay [22].

Trauma, appendicitis, cholecystitis, pancreatitis, and bowel obstruction 
are some of the major non-obstetric abdominal indications for surgical inter-
vention during pregnancy. Approximately 7% of pregnant women will expe-
rience physical trauma during pregnancy. Trauma is the leading cause of 
maternal death, accounting for approximately 50% of deaths during preg-
nancy. Roughly 1 in 500 pregnant women require surgery and the most com-
mon non-obstetric surgical condition during pregnancy is acute appendicitis. 
Acute cholecystitis is the second most frequently reported non-obstetric 
emergency in pregnancy, with approximately 40% of acute cases requiring 
surgery. The incidence of acute pancreatitis in pregnancy ranges from 1 in 
1066 live births to 1 in 3000 pregnancies. It appears to be more prevalent with 
advancing gestational age and occurs more commonly in the third trimester 
or during the postpartum period. Bowel obstruction, or more specifically, 
adhesive small bowel disease and volvulus, is the third highest cause of surgi-
cal admissions in the pregnant patient.

Elective surgery is generally avoided during pregnancy if observational 
and medical management are possible. Ideally, it is best to perform surgeries 
during the second trimester as risks from teratogenicity and preterm labor are 
lower. However, carefully planned non-obstetric surgeries may be performed 
during any trimester, if required, while still ensuring the safety of two patients, 
mother and fetus. Any physician contemplating surgery on a gravid patient 
should obtain an obstetric consultation prior to surgery, if possible, as obste-
tricians are uniquely qualified and familiar with the physiological changes in 
pregnancy and the pathophysiology of obstetric disorders [23]. A multidisci-
plinary team should also be present during all non-obstetric surgeries. 
Pathologies may present differently or inconsistently due to changes in preg-
nancy requiring good physician understanding of altered pelvic neuroanat-
omy and neurophysiologic pathways of pain to accurately diagnose and 
effectively manage conditions. The configuration of a safe and effective oper-
ating room, active monitoring of patient positioning throughout surgery, and 
adherence to appropriate protocols for prophylactic measures for peripheral 
neuropathy are vital components when performing non-obstetric surgery.
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The aim of this book is to provide health care professionals and students 
with a comprehensive resource for non-obstetric surgery to better prepare for 
appropriate intervention and surgery, be it of a routine or emergent nature that 
may arise in a pregnant patient.

Ceana H. Nezhat, MD
Nezhat Medical Center, Atlanta, GA, USA

Minimally Invasive Surgery and Robotics, Northside Hospital,  
Atlanta, GA, USA

Department of Gynecology and Obstetrics, Emory University,  
Atlanta, GA, USA
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 History of Surgery in Pregnancy

Approximately 1 in 500 women will require non- 
obstetric surgery during pregnancy, but it was not 
until the 1970s and 1980s that researchers began 
looking critically at the effects of non-obstetric 
surgery on the pregnant mother and developing 
fetus [1, 2]. Surgical intervention in pregnancy, 
regardless of the operative approach or trimester 
of pregnancy, can increase the incidence of 
adverse pregnancy outcome, with the most seri-
ous of these complications being pregnancy loss 
and preterm labor [3]. Earlier studies in the 1960s 
demonstrated that intra-abdominal procedures 
were associated with a greater risk of preterm 
labor than extra-abdominal procedures and intra-
operative cervical manipulation increased the 
risk even further [4, 5].

In 1989 Mazze and Kallen published a study 
of adverse fetal outcomes after non-obstetric sur-
gery in pregnancy, examining the Swedish Birth 
Registry between 1973 and 1981 and finding no 

increased risk of congenital malformation or 
stillbirth [6]. This study showed that patients who 
underwent non-obstetric surgery during preg-
nancy had an increased risk for low birth weight 
(<2500 g) and very low birth weight (<1500 g) 
infants, due to growth restriction as well as pre-
term delivery. Another finding from this study 
was the increased rate of neonatal death within 
the first 7 days of life [6]. The study did not, how-
ever, differentiate between complications due to 
the surgical procedure and complications due to 
underlying pathology that necessitated surgical 
intervention.

Cohen-Kerem et  al., in 2005, published a 
review of the surgical literature critically evaluat-
ing maternal and fetal outcomes following non- 
obstetric surgery [7]. This study revealed a 
miscarriage rate of 5.8% of all patients who 
underwent surgical intervention in pregnancy and 
10.5% of patients who underwent surgical inter-
vention in their first trimester. The rate of preterm 
delivery induced by the surgical procedure or the 
underlying pathology was 3.5% and was most 
prevalent in patients undergoing appendectomy, 
while the overall preterm delivery rate was 8.2%. 
A total of 2.5% of patients experienced fetal loss, 
and 2.0% of pregnancies were complicated by a 
major birth defect. Importantly, this study dem-
onstrated that surgical intervention and general 
anesthesia are not major risk factors for miscar-
riage and do not increase the risk of major birth 
defects, concluding that surgical interventions 
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should be performed when indicated in preg-
nancy [7].

A later study published by Balinskaite et al. in 
2017 confirmed these findings, looking at a retro-
spective cohort of 6.5 million pregnancies in the 
United Kingdom [8]. This study measured 
adverse outcome in attributable risk, with an AR 
of 0.4% for stillbirth and 2.6% for low birth 
weight in patients who underwent surgery com-
pared to patients who did not, but there was no 
difference between patients who underwent lapa-
roscopy and open abdominal surgery. This study 
also demonstrated that risks increased with 
increasing gestational age. Again, investigators 
were unable to differentiate the risk of the under-
lying pathology from the risk of the surgery itself, 
but the overall risk of adverse birth outcome in 
women who underwent non-obstetric surgery in 
pregnancy was generally low compared to 
women who did not, providing reassurance to 
both expectant mothers and the practitioners car-
ing for them [8].

 History of Laparoscopy

It was not long before the time when research-
ers were beginning to more critically look at 
the effects of non-obstetric surgery during 
pregnancy that Camran Nezhat was revolution-
izing the world of surgery with the invention of 
video- assisted laparoscopy (Table 1.1) [9–11]. 
Prior to this development, surgeons directly 
visualized intra-abdominal pathology through 
the eyepiece of the laparoscope, requiring them 
to bend over the operating table [12–14] and 
limiting them to relatively simple procedures 
such as cyst drainage, lysis of adhesions, biop-
sies, cautery of lesions, and tubal ligations 
[15–18]. The invention and pioneering of 
video-assisted laparoscopy allowed them to 
stand upright and operate “off the monitor,” 
allowing the entire operative team to visualize 
the surgical procedure from a television screen 
in the operating room. In 1985, Camran Nezhat 
finally reported the use of videolaparoscopy 
for the treatment of severe endometriosis with 
ureteral resection at the annual meeting of the 

American Society of Fertility after years of 
skepticism and intense criticism [19–22].

Camran Nezhat invented and pioneered the 
use of video-assisted endoscopy and its use for 
the most extensive pathology for the first time in 
1979 [9–11, 19, 22]. By doing so, he revolution-
ized surgery and opened the vista for endoscopic 
surgeons all over the world to help their patients. 
He has advocated and proven that a majority of 
procedures previously performed by laparotomy 
can be converted into minimally invasive proce-
dures, providing countless benefits to patients, 
opening the door for other surgeons to further 
advance the field and improve outcomes for 
patients around the world. Early in this field’s 
development, he declared that, “wherever in the 
body a cavity exists or can be created, minimally 
invasive surgery is possible and probably prefer-
able. The limiting factors are only the skill and 
experience of the surgeon and availability of 
proper instrumentation” [19, 23].

The development of videolaparoscopy was by 
no means smooth. Dr. Kurt Semm of Germany 
performed the first laparoscopic appendectomy 
in 1983 and was greeted with derision and con-
demned by the German Board of Surgery [24]. 
The first laparoscopic cholecystectomy was simi-
larly received when presented at the Congress of 
the German Surgical Society by Erich Muhe in 
1986 [25]. A year later, Philippe Mouret per-
formed the first laparoscopic cholecystectomy 
with video assistance, followed by Francois 
Dubois in 1988 [26]. In October 1989, video- 
assisted laparoscopic cholecystectomy was pre-
sented at the American College of Surgeons’ 
annual meeting, sparking a rapid expansion of 
the horizons of minimally invasive surgery. 
Leonard Schulz and John Corbitt developed sev-
eral approaches to laparoscopic herniorrhaphy 
[27–30], and Petelin, Reddick, and Olsen 
reported on laparoscopic common bile duct 
exploration [10]. Camran Nezhat published the 
first video-assisted laparoscopic partial colec-
tomy in 1991 [31], followed by Redwine, Fowler, 
and Jacobs performing minimally invasive seg-
mental colon resections [32–34]. That year, 
Katkhouda, Dallemagne, Zucker, and Bailey 
developed a minimally invasive vagotomy tech-
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Table 1.1 Procedures performed by Camran Nezhat and collaborators for the first time in surgical history [23, 31, 40, 
42, 64, 222–250]

1985 Videolaparoscopy for the treatment of severe endometriosis involving the bowel, bladder, and ureter
Nezhat C, Nezhat F. Videolaseroscopy for the treatment of endometriosis, American Fertility Society (ASRM) 
1985, Canada. American College of Obstetricians and Gynecologists Annual Meeting, Las Vegas, Nevada, 1987

1988 Videolaparoscopy for the treatment of bowel endometriosis
Nezhat C, Nezhat F. Evaluation of safety of videolaseroscopic treatment of bowel endometriosis, Scientific 
Paper, 44th Annual Meeting of the American Fertility Society, Atlanta Hilton and Towers, Atlanta, Georgia, 
October 8–13, 1988

1989 Safe laser excision and vaporization of endometriosis with laparoscopic repair of the bowel after disk 
excision
Nezhat CR, Nezhat FR. Fertil Steril, 1989; P 52(1): 149–151 (reported repair of the bowel after disk 
excision of endometriosis)
Laparoscopic removal of dermoid cysts
Nezhat C, Winer WK, Nezhat F. Laparoscopic removal of dermoid cysts. Obstet Gynecol, February 
1989;73(2): 278–281

1990 Laparoscopic management of interstitial pregnancy
Nezhat, C. & Nezhat, F. Conservative Management of Ectopic Gestation. Fertil Steril 53, 382–383 (1990)

1991 Laparoscopically assisted anterior rectal wall resection and reanastomosis for deeply infiltrating 
endometriosis
Nezhat C, Pennington E, Nezhat F, Silfen SL. Laparoscopically assisted anterior rectal wall resection and 
reanastomosis for deeply infiltrating endometriosis. Surg Laparosc Endosc, June 1991;1(2): 106–108
Laparoscopic ovarian cystectomy during advanced pregnancy
Nezhat F, Nezhat C, Silfen SL, Fehnel SH. Laparoscopic ovarian cystectomy during pregnancy. J 
Laparoendosc Surg, June 1991;1(3): 161–164
Laparoscopic radical hysterectomy with para-aortic and pelvic lymph node dissection
Nezhat, C.R., Burrell, M.O., Nezhat, F.R., Benigno, B.B. & Welander, C.E. Laparoscopic Radical 
Hysterectomy with Para-aortic and Pelvic Node Dissection. Am J Obstet Gynecol 166, 864–865 (1992)
Nezhat C, Nezhat F. Silfen SL. Videolaseroscopy: the CO2 laser for advanced operative laparoscopy. Obstet 
Gynecol Clin North Am. 1991; 18:585–604
Nezhat CR, Nezhat FR, Ramirez CE, et al. Laparoscopic radical hysterectomy and laparoscopic assisted 
vaginal radical hysterectomy with pelvic and para-aortic node dissection, J Gynecol Surg. 1993;9:105–120

1992 Laparoscopic ureteroureterostomy
Nezhat C, Nezhat F. Laparoscopic repair of ureter resected during operative laparoscopy. Obstet Gynecol, 
September 1992; 80(3 Pt 2): 543–544
Laparoscopic segmental bowel resection/proctectomy for infiltrating endometriosis of the rectum
Nezhat F, Nezhat C, Pennington E. Laparoscopic proctectomy for infiltrating endometriosis of the rectum. 
Fertil Steril, May 1992;57(5): 1129–1132
Laparoscopic segmental bowel resection of the rectosigmoid colon
Nezhat F, Nezhat C, Pennington E, Ambroze W Jr. Laparoscopic segmental resection for infiltrating 
endometriosis of the recto sigmoid colon: a preliminary report. Surg Laparosc Endosc. 1992;2:212–216
Laparoscopic treatment of ovarian remnant syndrome
Nezhat F, Nezhat C. Operative laparoscopy for the treatment of ovarian remnant syndrome. Fertil Steril, 
May 1992;57(5): 1003–1007
Laparoscopic ureteral resection and ureteroureterostomy for ureteral obstruction
Nezhat C, Nezhat F, Green B. Laparoscopic treatment of obstructed ureter due to endometriosis by 
resection and ureteroureterostomy: a case report. J Urol, September 1992;148(3): 865–868
New theory regarding pathogenesis and clinical and histologic classification of endometriomas
Nezhat F, Nezhat C, Allan CJ, Metzger DA, Sears DL. Clinical and histologic classification of 
endometriomas: implications for a mechanism of pathogenesis. Journal of Reproductive Medicine, 
September 1992;Vol. 37, No. 9, Pp: 771–776
Laparoscopic vaginal vault suspension for vaginal vault prolapse
Nezhat C, Nezhat F, Nezhat CH. Operative Laparoscopy Minimally Invasive Surgery: State of the Art, 
1992. Obstetrics and Gynecology Journal, 1994
Laparoscopic treatment of diaphragmatic endometriosis
Nezhat F, Nezhat C, Levy JS. Laparoscopic treatment of symptomatic diaphragmatic endometriosis: a case 
report. Fertil Steril 1992;58(3): 614–616
Nezhat C, King LP, Paka C, Odegaard J, Beygui R. Bilateral thoracic endometriosis affecting the lung and 
diaphragm. JSLS. 2012 Jan-Mar; 16(1): 140–142

(continued)
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1993 Laparoscopic segmental bladder resection for endometriosis
Nezhat C, Nezhat F. Laparoscopic segmental bladder resection for endometriosis: A report of two cases. 
Obstet Gynecol, Vol. 81, No. 5, Pp: 882–884, 1993
Laparoscopic repair of small bowel and colon
Nezhat C., Nezhat F. Ambroze W. & Pennington E. Laparoscopic repair of small bowel and colon: A report 
of 26 cases. Surg Endosc. P 7(2): 88–8 9. (1993)

1994 Laparoscopic repair of vesicovaginal fistula
Nezhat CH, Nezhat F, Nezhat C, Rottenberg H. Laparoscopic repair of a vesicovaginal fistula: A case 
report. Obstet. Gynecol, Vol. 83, No. 5, Pp: 899–901, 1994
Laparoscopic-assisted myomectomy
Nezhat C, Nezhat F, Bess O, Nezhat CH, Mashiach R. Laparoscopically assisted myomectomy: a report of 
a new technique in 57 cases. Int J Fertil Menopausal Stud. P 39(1): 39–44. (1994)
Laparoscopic disk excision and primary repair of the anterior rectal wall
Nezhat C, Nezhat F, Pennington E, et al. Laparoscopic disk excision and primary repair of the anterior 
rectal wall for the treatment of full thickness bowel endometriosis. Surg Endosc. 1994;8:682–685
In collaboration with robotic pioneers, Drs. Ajit Shah and Phil Green, Nezhat was involved with the 
development of the da Vinci Robot

1996 First case of vaginal vault evisceration after total laparoscopic hysterectomy
Nezhat CH, Nezhat F, Seidman DS, Nezhat C. Vaginal vault evisceration after total laparoscopic 
hysterectomy. Obstet Gynecol 1996;87: 868–870
Laparoscopic management of advanced ovarian cancer
Amara DP, Nezhat C, Teng NN, Nezhat F, Nezhat C, Rosati M. Operative laparoscopy in the management 
of ovarian cancer. Surgical Laparoscopy 1996 Endoscopy & Percutaneous Techniques. P 6(1): 38–45. 
(1996)

1997 Laparoscopic repair of major retroperitoneal vascular injury
Nezhat C, Childers J, Nezhat F, Nezhat CH, Seidman D. Major Retroperitoneal Vascular Injury During 
Laparoscopic Surgery. Human Reprod 1997; P 12, 480–483

1999 Laparoscopic ureteroneocystostomy with vesicopsoas hitch for ureteral endometriosis
Nezhat C, Nezhat F, Nezhat CH, Frieha F. Laparoscopic Vesicopsoas Hitch for Infiltrative Ureteral 
Endometriosis. Fert Stert 1999 Vol 71, No. 2, P 376–379

2002 Laparoscopic control of a leaking inferior mesenteric vessel secondary to trocar injury
Jacobson M, Oesterling S, Milki A, Nezhat CR. Laparoscopic control of a leaking inferior mesenteric vessel 
secondary to trocar injury. JSLS. 2002; 6:389–391

2003 Laparoscopic repair of uteroperitoneal fistula (niche, isthmocele, cesarean section scar defect, 
diverticulum)
Nezhat C, Jacobson MT, Osias J, Velasco A, Charles R. Laparoscopic Repair of Uteroperitoneal Fistula. 
JSLS 2003; 7:367–369

2005 Laparoscopic treatment of liver endometriosis
Nezhat, C. et al. Laparoscopic management of hepatic endometriosis: report of two cases and review of the 
literature. Journal of Minimally Invasive Gynecology. P 12, 196–200. (2005)

Table 1.1 (continued)

nique for treatment of peptic ulcer disease, and 
Philippe Mouret repaired a perforated peptic 
ulcer laparoscopically [25, 35, 36]. In urology, 
Flowers and Tierney popularized laparoscopic 
pelvic lymphadenectomy [37, 38], while Ralph 
Clayman performed a minimally invasive 
nephrectomy [39]. In 1992, video-assisted lapa-
roscopic radical hysterectomy with pelvic and 
para-aortic lymphadenectomy was developed by 
Camran and Farr Nezhat [40–42]. Also in that 
year, Hashizume, Phillips, Petelin, and Flowers 
performed a minimally invasive splenectomy 

[43, 44]; Petelin and Gagner performed a mini-
mally invasive adrenalectomy [45]. By 1997, 
video-assisted laparoscopic aortofemoral bypass 
had been pioneered by Dion and Gracia [46].

 Benefits of Laparoscopy

Today, video-assisted laparoscopy is the gold 
standard in many fields of surgery [36, 43, 45, 
47–53]. Camran Nezhat has long been one of the 
greatest pioneers and proponents of minimally 
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invasive surgery, declaring, “wherever a cavity 
exists in the body, or can be created, endoscopic 
surgery is indicated, and most probably, prefera-
ble” [23]. Avoiding the large incisions involved 
with laparotomy means that patients undergoing 
minimally invasive surgery are able to avoid 
many of the complications of these operations, 
including the prolonged inflammatory response 
caused by extensive tissue injury [42, 54, 55]. 
The increased blood loss associated with lapa-
rotomy is also avoided, and the subsequent 
increased need for transfusion [56, 57]. Patients 
undergoing video-assisted laparoscopic surgery 
have less postoperative pain and fatigue, require 
less narcotic pain medication, and have a shorter 
duration of recovery [58]. These patients also 
experience a more rapid resumption of peristalsis 
and initiation of oral intake [59, 60]. Further 
advantages of video- assisted laparoscopy include 
better exposure and visualization of the pertinent 
anatomy, improved cosmesis, and decreased 
chronic wound complications [61–63].

 Surgical Considerations 
in Pregnancy

Until 1990, laparoscopy was considered to be 
contraindicated in pregnancy, but in 1991, Nezhat 
et al. showed the safety of laparoscopic surgery 
during advanced pregnancy by reporting the first 
laparoscopic ovarian cystectomy in pregnancy 
[64]. Laparoscopy has numerous advantages over 
laparotomy, similar to those found in nonpreg-
nant patients. These include improved visualiza-
tion and magnification, less postoperative pain 
and opioid requirements resulting in less fetal 
depression, faster recovery time, and earlier 
ambulation resulting in a lower risk of atelectasis 
and thromboembolism [65].

Prior to 1991, concerns over laparoscopy dur-
ing pregnancy included unknown effects of anes-
thesia on the fetus, difficulty with laparoscopic 
entry due to an enlarged uterus, and uterine injury 
during initial trocar placement. Physiologic 
changes in pregnancy to the respiratory, cardio-
vascular, renal, gastrointestinal, and hematologic 
systems decrease patients’ ability to tolerate sur-

gical stressors. Although there is a theoretical 
concern over fetal exposure to carbon monoxide 
from electrocautery and laser [66, 67], a study by 
Nezhat et al. in 1996 did not demonstrate increased 
levels of carboxyhemoglobin in women undergo-
ing prolonged laparoscopic procedures [68].

There are numerous unique effects of pneumo-
peritoneum in the pregnant patient, such as 
reduced blood flow to the uterus due to decreased 
venous return and increased peripheral vascular 
resistance, difficulty with ventilation due to 
increased intra-abdominal pressure and decreased 
functional residual lung capacity, fetal hypercar-
bia, and acidosis due CO2 insufflation [69–73]. A 
study in pregnant sheep performed in 1995 dem-
onstrated fetal acidosis after exposure to 90 to 
120  min of CO2 pneumoperitoneum. However, 
there were no changes in fetal hemodynamics or 
signs of fetal stress for intra-abdominal pressures 
less than 20  mmHg. Furthermore, average fetal 
pH did not fall below 7.2 and recovered after 
release of pneumoperitoneum [71]. Likewise, a 
study by Candiani in 1992 showed no change in 
uteroplacental perfusion with pneumoperitoneum 
during adnexal surgery during pregnancy based 
on measurements of mean uterine resistance and 
umbilical artery pulsatility indices [74].

Due to obvious limitations, no randomized 
controlled studies have been conducted to evalu-
ate the safety of laparoscopy in pregnancy. 
However, all literature published on surgery dur-
ing pregnancy to date have been reassuring. Since 
the 1970s, there have been only two case reports 
of CO2 embolism due to intrauterine insufflation 
[75, 76]. Laparoscopy has been shown to be safe 
in multiple studies and has been performed in 
patients up to 31 weeks gestation [6, 7, 77–86].

Surgery should be performed in the second tri-
mester, if possible, after fetal organogenesis is 
complete. After 10 weeks, the placenta takes over 
progesterone production and no longer relies on 
the corpus luteum to sustain the pregnancy. Thus, 
adnexal surgery may damage the corpus luteum 
in the first trimester and could result in adverse 
pregnancy outcomes, requiring progesterone 
supplementation. Surgery in the third trimester is 
associated with a high risk of preterm labor and 
preterm delivery [87, 88], in addition to technical 
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difficulties associated with an enlarged uterus 
[89]. However, surgery, when indicated, can be 
performed in any trimester. Although anesthetic 
agents are not known to be teratogenic, the effects 
are not known with certainty. Anesthetic agents 
do cross the placenta, and exposure to anesthetics 
should be limited as much as possible. The 
patient should be placed in the left lateral tilt 
position to reduce compression of the IVC by the 
gravid uterus, which can reduce preload and 
cause hypotension. Due to the hypercoagulable 
state in pregnancy, sequential compression 
devices (SCDs) should be placed prior to induc-
tion of anesthesia and remain in place until the 
patient is fully ambulatory. Initial trocar place-
ment should be at Palmer’s point or 4–5 cm above 
the gravid uterus to prevent inadvertent uterine 
injury and perforation. According to the Society 
of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) guidelines for laparoscopic 
surgery during pregnancy (Table  1.2), either 
Veress needle or open Hasson entry techniques 
may be used [86]. ETCO2 should be monitored to 
measure maternal hypercapnia [90] and, indi-
rectly, fetal acidosis, which results from perito-
neal absorption of CO2 and decreased lung 
ventilation in pregnant patients. Surgery time and 
anesthesia exposure should be kept to a minimum 
and pneumoperitoneum maintained at or below 
15 mmHg [91–94].

Isobaric (gasless) laparoscopy was proposed 
as an alternative in 1995 to avoid the complica-
tions of pneumoperitoneum. Performed by man-
ually lifting the abdominal wall, isobaric 
laparoscopy avoids the need for CO2 insufflation, 
thus preventing complications such as maternal 
and fetal hypercarbia. This technique has been 
used in pregnant patients undergoing adnexal 
surgery, cholecystectomy, and myomectomy 
[95–97]. Romer reported a case of a torsed hema-
tosalpinx that was managed using gasless lapa-
roscopy at 13  weeks gestation in 2002. There 
were no surgical complications, and the patient 
proceeded to have a normal pregnancy [96]. In 
2005, Melgrati performed an isobaric laparo-
scopic myomectomy during pregnancy at 
24 weeks gestation under spinal anesthesia with 
conscious sedation. The remainder of the preg-

nancy was uneventful. Although they reported 
that uterine closure was performed as safely and 
quickly as laparotomy [97], a randomized study 
by Goldberg et al. in 1997 demonstrated gasless 
laparoscopy to be inferior in terms of visualiza-
tion, longer operating times, and increased risk of 
complications [98].

Uterine manipulation should be minimized to 
prevent uterine contractions and irritability. 
Postoperative pain control is important, as pain 
can also cause uterine irritability. Opioids can be 
used postoperatively for pain control, although it 
should be limited due to its fetal depressive 
effects and risk of neonatal abstinence syndrome 
with prolonged use near delivery. NSAIDs should 
be avoided greater than 32 weeks gestation due to 
the risk of premature closure of the ductus arte-
riosus. Prophylactic tocolysis is not recom-
mended as there is no difference in rate of preterm 
delivery between patients who received tocolysis 
and those who did not [99]. SAGES recommends 
preoperative and postoperative fetal heart tone 
auscultation only, as intraoperative fetal monitor-
ing may not be an accurate measure of fetal dis-
tress, due to fetal heart rate changes as a result of 
fetal depressive effects of anesthesia [100] and 
technical difficulties of ultrasound monitoring. 
ACOG recommends an individualized approach 
to intraoperative fetal monitoring depending on 
gestational age, type of surgery, and available 
facilities [89].

In 1997, Gurbuz et al. proposed that laparos-
copy is safe in pregnancy for treatment of non- 
obstetric abdominal pain without additional risk 
to the fetus, regardless of gestational age, in 
patients who require urgent surgical intervention 
[101]. That same year, Reedy et al. published the 
results of their review of the Swedish Health 
Registry, showing no significant differences in 
fetal morbidity, malformations, or fetal loss 
between patients who had undergone surgical 
intervention pregnancy and patients who had not 
[80]. Years later, in 2010, Corneille et  al. pub-
lished a review of pregnant women presenting 
with non-obstetric acute abdomen, declaring that 
morbidity and mortality for laparoscopy and lap-
arotomy are similar and that perinatal complica-
tions are due primarily to disease severity and not 
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Table 1.2 2017 SAGES guidelines for the use of laparoscopy during pregnancy [251]

Summary of recommendations
Quality of 
evidence

Strength of 
recommendation

Diagnosis and workup
Guideline 1 Ultrasound Ultrasound imaging during 

pregnancy is safe and effective in 
identifying the etiology of acute 
abdominal pain in many patients 
and should be the initial imaging 
test of choice

+++ Strong

Guideline 2 Risk of ionizing 
radiation

Ionizing radiation exposure to 
the fetus increases the risk of 
teratogenesis and childhood 
leukemia. Cumulative radiation 
dosage should be limited to 
50–100 mGy during pregnancy

+++ Strong

Guideline 3 Computed tomography Abdominal CT scan may be used 
in emergency situations during 
pregnancy. CT scan should not 
be the initial imaging test of 
choice

++ Weak

Guideline 4 Magnetic resonance 
imaging

MR imaging without the use of 
intravenous gadolinium can be 
performed at any stage of 
pregnancy. MRI is preferred over 
CT scan for diagnosis of 
non-obstetric abdominal pain in 
the gravid patient

++ Strong

Guideline 5 Nuclear medicine Administration of 
radionucleotides for diagnostic 
studies is safe for mother and 
fetus

++ Weak

Guideline 6 Cholangiography Intraoperative and endoscopic 
cholangiography exposes the 
mother and fetus to minimal 
radiation and may be used 
selectively during pregnancy. 
The lower abdomen should be 
shielded when performing 
cholangiography during 
pregnancy to decrease the 
radiation exposure to the fetus

++ Weak

Guideline 7 Diagnostic laparoscopy In the absence of access to 
imaging modalities, laparoscopy 
may be used selectively in the 
workup and treatment of acute 
abdominal processes in 
pregnancy

++ Weak

Patient selection
Guideline 8 Preoperative 

decision-making
Laparoscopic treatment of acute 
abdominal disease offers similar 
benefits to pregnant and 
nonpregnant patients compared 
to laparotomy

+++ Strong

(continued)
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Table 1.2 (continued)

Summary of recommendations
Quality of 
evidence

Strength of 
recommendation

Guideline 9 Laparoscopy and 
trimester of pregnancy

Laparoscopy can be safely 
performed during any trimester 
of pregnancy when operation is 
indicated

+++ Strong

Treatment
Guideline 10 Patient positioning Gravid patients beyond the first 

trimester should be placed in the 
left lateral decubitus position or 
partial left lateral decubitus 
position to minimize 
compression of the vena cava

++ Strong

Guideline 11 Initial port placement Initial abdominal access can be 
safely accomplished with an 
open (Hasson), Veress needle, or 
optical trocar technique, by 
surgeons experienced with these 
techniques, if the location is 
adjusted according to fundal 
height

++ Weak

Guideline 12 Insufflation pressure CO2 insufflation of 10–15 mmHg 
can be safely used for 
laparoscopy in the pregnant 
patient. The level of insufflation 
pressure should be adjusted to 
the patient’s physiology

++ Weak

Guideline 13 Intraoperative CO2 
monitoring

Intraoperative CO2 monitoring 
by capnography should be used 
during laparoscopy in the 
pregnant patient

+++ Strong

Guideline 14 Venous 
thromboembolism (VTE) 
prophylaxis

Intraoperative and postoperative 
pneumatic compression devices 
and early postoperative 
ambulation are recommended 
prophylaxis for deep venous 
thrombosis in the gravid patient

++ Weak

Guideline 15 Gallbladder disease Laparoscopic cholecystectomy is 
the treatment of choice in the 
pregnant patient with 
symptomatic gallbladder disease, 
regardless of trimester

++ Weak

Guideline 16 Choledocolithiasis Choledocholithiasis during 
pregnancy can be managed 
safely with preoperative 
endoscopic retrograde 
cholangiopancreatography 
(ERCP) with sphincterotomy 
followed by laparoscopic 
cholecystectomy, laparoscopic 
common bile duct exploration at 
the time of cholecystectomy, or 
postoperative 
ERCP. Comparative studies are 
lacking

++ Weak

M. K. Burns et al.
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Table 1.2 (continued)

Summary of recommendations
Quality of 
evidence

Strength of 
recommendation

Guideline 17 Laparoscopic 
appendectomy

Laparoscopic appendectomy is 
the treatment of choice for 
pregnant patients with acute 
appendicitis

+++ Strong

Guideline 18 Solid organ resection Laparoscopic adrenalectomy, 
nephrectomy, and splenectomy 
are safe procedures in 
appropriately selected pregnant 
patients

+ Weak

Guideline 19 Adnexal mass Laparoscopy is a safe and 
effective treatment in gravid 
patients with symptomatic 
ovarian cystic masses. 
Observation is acceptable for all 
other cystic lesions, provided 
ultrasound is not concerning for 
malignancy and tumor markers 
are normal. Initial observation is 
warranted for most cystic lesions 
<6 cm in size

++ Weak

Guideline 20 Adnexal torsion Laparoscopy is recommended for 
both diagnosis and treatment of 
adnexal torsion

++ Strong

Perioperative care
Guideline 21 Fetal heart monitoring Fetal heart monitoring of a fetus 

considered viable should occur 
preoperatively and 
postoperatively in the setting of 
urgent abdominal surgery during 
pregnancy

++ Weak

Guideline 22 Tocolytics Tocolytics should not be used 
prophylactically in pregnant 
women undergoing surgery but 
should be considered 
perioperatively when signs of 
preterm labor are present

+++ Strong

to operative technique [102]. Now, many abdom-
inal pathologies requiring surgical management 
are treated laparoscopically in pregnancy, as 
addressed below.

 Abdominal Diseases and Disorders

 Appendicitis

Appendicitis [94, 103–105] is the most common 
cause of non-obstetric surgery in pregnant 

patients, [106] and accounts for 25% of non- 
obstetric surgery. It is estimated to have an inci-
dence of 1/500–1/2000 of all pregnancies [106] 
and is most commonly diagnosed during the sec-
ond trimester, comprising 40% of cases [107, 
108]. Pregnancy does not appear to affect the 
incidence of appendicitis, although pregnancy is 
associated with a higher rate of perforation [109], 
most likely due to a delay in diagnosis. The per-
foration rate when surgery is delayed more than 
24  h is 66%, while it is practically nonexistent 
when patients are operated on within 24 h [108].
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Appendicitis is a difficult diagnosis to make 
during pregnancy [110, 111], due to physiologic 
changes in pregnancy that imitate appendicitis: 
nausea, vomiting, and abdominal discomfort due 
to round ligament pain. Leukocytosis is normal in 
pregnancy, although a left shift may indicate an 
infectious etiology of leukocytosis. Stretching of 
the abdominal wall leads to diminished percep-
tion of peritoneal irritation and precise localiza-
tion of pain. Right lower quadrant pain and 
tenderness is the most common sign [107, 112, 
113], but rebound and guarding may not be pres-
ent due to the position of the uterus between the 
appendix and abdominal wall. Hesitation to per-
form imaging and surgery during pregnancy 
results in further delays in diagnosis. Appendicitis 
may have an atypical presentation in advanced 
pregnancies, due to the upward displacement of 
the appendix by the gravid uterus after 12 weeks 
gestation, reaching the iliac crest by 6  months, 
and returning to its normal location by postpartum 
day 10. A retrocecal appendix can present with 
flank or back pain and be confused with pyelone-
phritis [108].

Prompt diagnosis and treatment is important 
to prevent sepsis and rupture, which significantly 
increases maternal and fetal morbidity and even 
mortality [114]. Fetal morbidity is 1.5% in cases 
of unruptured appendicitis but up to 20–35% 
with ruptured appendicitis [1, 108, 112, 115–
119]. Peritonitis and infection can also cause pre-
term contractions, especially in the third trimester. 
Thus, appendicitis should be promptly treated 
surgically as soon as it is diagnosed. There is no 
role for conservative treatment in appendicitis. 
Laparoscopic appendectomy has been shown to 
be safe and associated with fewer complications 
compared with open appendectomy in numerous 
studies [7, 84, 94, 99, 102, 116, 117, 119–134]. 
In 1990 Schreiber et al. reported six cases of lap-
aroscopic appendectomies during pregnancy, 
from 8 to 25 weeks of gestation, with no compli-
cations [103].

Graded compression ultrasound is the initial 
imaging of choice, as it is considered safe in 
pregnancy. However, it has a low sensitivity for 
detection of appendicitis, especially after 
32 weeks due to limited view from the enlarged 

uterus and in cases of ruptured appendicitis [135]. 
Abdominal MRI [136–139] has high sensitivity 
(91%) and specificity (85%) [140] for the diag-
nosis of appendicitis and has not been shown to 
have adverse fetal effects [141–145]. Although 
gadolinium has not been shown to have adverse 
effects on the fetus [142, 143], it is classified as 
Category C, and therefore use should be avoided 
when possible. Although CT provides a higher 
sensitivity and specificity compared with MRI 
(93%) [146], it is avoided when possible due fetal 
radiation exposure. The most susceptible period 
to the harmful effects of radiation is during 
organogenesis (2–8  weeks gestation), whereas 
fetal demise is the highest in the first 2 weeks of 
gestation. After 8 weeks, the major risk is mental 
retardation. After 20 weeks, the risk of radiation 
is associated with a small increase in childhood 
leukemia [147]. Cumulative doses less than 5 
rads are considered safe during pregnancy. A sin-
gle CT delivers approximately 2.5 rads and so 
may be considered only after diagnostic testing 
with ultrasound or MRI is equivocal.

 Biliary Disease: Cholecystitis, 
Cholelithiasis, and Choledocolithiasis

Acute cholecystitis is the second most common 
non-obstetric condition requiring surgery during 
pregnancy and occurs in 1/2000 to 1/2500 of 
pregnancies. The incidence of gallstones in preg-
nant women is 1–3%, and symptomatic biliary 
disease is 0.05–8%. There is an increased inci-
dence of gallstones found during pregnancy, due 
to estrogenic and progestational effects. Estrogen 
increases cholesterol levels, and progesterone 
causes smooth muscle relaxation, decreasing bile 
acid secretion and inhibiting gallbladder empty-
ing. Cholelithiasis is the most common cause of 
cholecystitis, causing over 90% of cases [1].

Ultrasound is the imaging method of choice 
for diagnosis of cholecystitis, with a sensitivity of 
80–90% and specificity of 88–100% [108, 109, 
148]. Findings on ultrasound suggestive of chole-
cystitis include sonographic Murphy’s sign, gall-
bladder thickening, and pericholecystic fluid. 
Elevated transaminases and particularly direct 
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hyperbilirubinemia may indicate cholecystitis; 
elevated alkaline phosphatase is less reliable as it 
is normally elevated in pregnancy.

There is emerging evidence that surgical treat-
ment during pregnancy may be beneficial even in 
cases of symptomatic cholelithiasis. In 2008, 
Jelin et  al. reported an increased risk of fetal 
death and preterm labor with conservative man-
agement of symptomatic biliary disease, as well 
as increased risk of recurrent symptoms, chole-
cystitis, and biliary pancreatitis [108, 149–151]. 
Silvestri et al. later reported in 2011 on the safety 
of laparoscopic cholecystectomy in pregnancy 
after comparing 32,479 nonpregnant and 436 
pregnant women, with decreased rates of compli-
cations in the pregnant women compared to the 
nonpregnant population [152]. In a systematic 
review of 590 patients in 2016 by Nasioudis 
et al., laparoscopic cholecystectomy was shown 
to be safe and associated with fewer complica-
tions compared to laparotomy [153].

Choledocolithiasis is uncommon and estimated 
to occur in 1  in 1200 pregnant women [108]. 
Ultrasound may demonstrate a dilated common 
bile duct. ERCP with sphincterotomy during preg-
nancy is safe and recommended for treatment of 
choledocolithiasis. It is important to counsel 
patients on the risk of pancreatitis, preterm labor, 
or post-sphincterotomy bleeding [154].

 Acute Pancreatitis

The incidence of pancreatitis in pregnancy is 1 in 
1000 to 1 in 5000 [155, 156] and occurs more fre-
quently in the third trimester and postpartum. 
The most common causes of pancreatitis are gall-
stones, which account for the majority of cases, 
followed by alcohol, medications, infections, and 
hyperlipidemia [157, 158]. Extremely elevated 
lipase levels are the most reliable laboratory find-
ing in these cases. Ultrasound or MRI should be 
performed to evaluate the severity of disease, 
which dictates treatment. Gallstone pancreatitis 
is usually managed conservatively during preg-
nancy, with hydration, bowel rest, and antibiot-
ics, followed by cholecystectomy or ERCP with 
sphincterotomy for gallstone pancreatitis once 

the acute inflammation has subsided to prevent 
future recurrence, which can be up to 70% [159, 
160]. Morphine for analgesia should be avoided 
as it can cause sphincter of Oddi spasm. Severe 
hemorrhagic or necrotizing pancreatitis, ruptured 
pseudocysts, or pancreatitis nonresponsive to ini-
tial conservative management requires surgery, 
as it can be associated with a high fetal mortality 
rate of 10–20% [159].

 Acute Intestinal Obstruction

Acute intestinal obstruction is the third most 
common cause of acute abdomen in pregnancy 
and complicates 1 in 1500 to 1 in 3000 pregnan-
cies [161]. The risk is greatest during periods of 
rapid uterine size changes, between 16 to 
20 weeks and 32 to 36 weeks, and in the postpar-
tum period [162]. Abdominal X-ray may demon-
strate dilated small bowel loops and air-fluid 
levels and may be used for either diagnosis or to 
monitor response to treatment. A single abdomi-
nal X-ray provides 0.325 rad of radiation expo-
sure. A CT may be performed if abdominal X-ray 
is inconclusive and there is a high clinical suspi-
cion. Obstruction may occur as a result of adhe-
sions from prior abdominal surgeries or pelvic 
infections, which account for 60–70% of cases 
[163, 164]. Volvulus is the second most common 
cause of intestinal obstruction in pregnancy, 
accounting for 25% of cases. Of these, cecal vol-
vulus is the most common as the enlarging uterus 
displaces the colon, but the cecum remains fixed 
[163, 165]. Other less common causes include 
intussusception (5%), hernia, cancer, and diver-
ticulitis/diverticulosis [165].

Obstruction should be initially managed con-
servatively, with hydration, electrolyte replace-
ment, bowel rest, and decompression, with 
surgical management reserved for those who fail 
conservative therapy. Colonoscopy can be both 
diagnostic and therapeutic in cases of sigmoid 
volvulus but is less effective for cecal volvulus. 
In 1984, Orchard reported a case series of three 
large bowel obstructions caused by volvulus that 
were managed by colonoscopy [166]. Due to the 
high risk (>50%) of recurrent volvulus, surgery 
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postpartum is indicated [166]. Any signs of isch-
emia or strangulation require immediate laparot-
omy and resection of gangrenous bowel. Maternal 
mortality is high, estimated to be 6–20%, fetal 
mortality is 20–26%, and bowel strangulation 
requiring resection is 23%, with the incidence of 
maternal and fetal mortality increasing with 
advancing gestations [162, 164].

 Gastric Cancer

In 2016 Kim et al. reported a case of a 36-year- 
old patient at 18 weeks gestation who underwent 
laparoscopic gastrectomy at 23 weeks gestation 
and then received four cycles of chemotherapy. 
The patient delivered a healthy infant at 36 weeks 
and remained in remission 1  year after surgery 
[167]. The same year, Alshahrani and Yoo pub-
lished a case of laparoscopic distal gastrectomy 
in a woman at 17 weeks gestation, followed by a 
spontaneous vaginal delivery at 39  weeks, and 
the mother remained in remission at follow-up 
4 months after delivery [168].

 Renal Cancer

In 2005 Basten reported a case of laparoscopic 
nephrectomy performed for a 30-year-old patient 
at 16 weeks gestation with renal cell carcinoma, 
demonstrating both maternal and fetal safety of 
the procedure [169].

 Pelvic Diseases and Disorders [65]

 Adnexal Masses [64, 65, 170–175]

In 1991, Nezhat et  al. reported the first case of 
adnexal surgery in pregnancy. The patient pre-
sented with a history of endometriosis and persis-
tent bilateral adnexal masses who underwent 
laparoscopic ovarian cystectomy at 16  weeks. 
There were no complications, and the patient 
went on to have an uneventful pregnancy and 
delivery [64]. Later that year, Shalev reported two 
cases of laparoscopic detorsion of ovaries during 

early pregnancy. Both patients had uneventful 
pregnancies [176]. In 2003, Mathevet et al. pub-
lished a case series of 47 expectant mothers who 
underwent laparoscopic management of ovarian 
cysts, torsion, or pelvic masses. In this study, 17 
women presented in the first trimester, 27 in the 
second trimester, and 4 in the third trimester. One 
pregnancy loss occurred following an uncompli-
cated ovarian cystectomy at 17 weeks gestation. 
The authors concluded that laparoscopic adnexal 
surgery is safe and effective when performed by a 
skilled surgical team [83]. Three years later, 
Purnichescu et  al. reported a case series of 21 
women, with no adverse events documented, 
including eight procedures performed in the first 
trimester [177]. A later retrospective review by Ko 
et al. in 2009 analyzed 11 patients who underwent 
emergent laparoscopic adnexal surgery in the first 
trimester of pregnancy, with no maternal or fetal 
complications [178]. In 2016, Myounghwan Kim 
published a case report of a patient at 10 weeks 
gestation with a torsed pedunculated ovarian leio-
myoma which was managed with salpingo-
oophorectomy. There were no maternal or fetal 
complications [179].

Adnexal masses are estimated to complicate 
2% of pregnancies [180–182]. The most common 
adnexal masses in pregnancy are mature cystic 
teratomas (24–40%) or persistent corpus luteum 
cysts (30%). Although many adnexal masses 
regress during pregnancy [183, 184], persistent 
masses greater than 5–6  cm [183, 185–188] 
should be removed in the second trimester to pre-
vent ovarian torsion, rupture, obstruction of 
labor, and to rule out malignancy [186, 188–191]. 
Only 1–8% of adnexal masses are found to be 
malignant [188, 191–194]. Emergent surgery is 
associated with higher maternal morbidity and 
fetal mortality compared to elective surgery [186, 
195, 196]. The risk of significant morbidity as a 
result of torsion, rupture, infection, or hemor-
rhage is estimated to be 10–42% [186, 197]. 
Laparoscopic surgery for adnexal masses has 
been performed safely during pregnancy in 
numerous studies [64, 83, 88, 173, 177, 178, 
198–202]. Other indications for adnexal surgery 
include adnexal torsion [203–208], heterotopic 
pregnancy [77, 209], and solid ovarian tumors. 
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 Leiomyomas [210, 211]

Myomectomy during pregnancy has been reported 
in symptomatic patients, often due to the increase 
in leiomyoma size during pregnancy causing 
increased pain. In 2000, an observational study 
was published by Dubuisson et al. of 100 patients 
who underwent laparoscopic myomectomy. Of 
these, 72 patients had a trial of labor, and 58 deliv-
ered vaginally. There were three cases of uterine 
rupture, although only one case ruptured at the site 
of the uterine scar, none ruptured during a trial of 
labor [212]. A retrospective analysis published in 
2002 reviewed 18 patients who underwent iso-
baric myomectomy between 6 and 24 weeks ges-
tation and demonstrated no adverse outcomes [82, 
213]. In 2005, Melgrati et  al. published a case 
report of isobaric myomectomy in a patient at 
24 weeks gestation, followed by a full-term nor-
mal spontaneous vaginal delivery [97]. Concerns 
regarding myomectomy during pregnancy include 
the risk of preterm labor, preterm rupture of mem-
branes, fetal injury, technical difficulty, and uter-
ine rupture during pregnancy and labor. The risk of 
uterine rupture after laparoscopic myomectomy 
has been estimated to be less than 1% [97, 214].

 Cervical Cancer

Cervical cancer is the most common malignancy 
diagnosed during pregnancy, estimated to affect 
1 in 1000 to 1 in 10,000 pregnant women [215–
218]. The optimal treatment for cervical cancer 
during pregnancy has not been well established 
and depends on maternal desires, clinical stage of 
disease, and gestational age at time of diagnosis. 
Historically, the standard treatment for cervical 
cancer diagnosed prior to 20  weeks’ gestation 
was pregnancy termination in order to not delay 
treatment of the malignancy. Options now include 
preservation of pregnancy if desired, with sched-
uled delay of treatment until fetal viability, neo-
adjuvant chemotherapy followed by cesarean 
hysterectomy at fetal viability, and radical trach-
electomy in pregnancy [219]. Patients with stage 
IB1 cervical cancer or less may choose conserva-
tive surgical management with radical vaginal 

trachelectomy and laparoscopic pelvic lymphad-
enectomy [219–221]. Delay of treatment is asso-
ciated with a 5% risk of recurrence, similar to the 
risk of recurrence in nonpregnant patients.

In order to help guide management decisions, 
and whether conservative management is an 
option, Hertel et  al. performed laparoscopic 
lymph node staging of cervical cancer on a 
39-year-old G1P0 woman at 19 weeks’ gestation 
in 2001. The patient was diagnosed with stage 
IB1, grade 2 adenosquamous cervical cancer with 
positive margins on cone biopsy and lympho- 
vascular space invasion. Eighteen parametric and 
pelvic lymph nodes were removed. One positive 
lymph node was detected, and therefore the 
patient underwent an open radical hysterectomy 
with para-aortic lymphadenectomy [216].

In 2010, Favero et  al. proposed that laparo-
scopic pelvic lymphadenectomy is both feasible 
and safe in pregnancy prior to a planned treat-
ment delay in 18 patients at gestational ages 
ranging from 6 to 23 weeks. In this study, no sur-
gical complications nor maternal or fetal compli-
cations were noted, and 14 patients with negative 
lymph nodes successfully carried to fetal matu-
rity and showed no evidence of disease at 
38 months postpartum [218]. In 2012 Bravo et al. 
published the first case of radical vaginal trache-
lectomy with laparoscopic pelvic lymphadenec-
tomy in a patient with stage IB1 cervical 
adenocarcinoma at 11  weeks’ gestational age, 
followed by cesarean hysterectomy at 36 weeks’ 
gestational age with remission noted at 40 months 
postpartum [219].

 Conclusion
The development of non-obstetric endoscopic 
surgery in pregnancy is relatively recent, start-
ing with the 1991 publication of laparoscopic 
ovarian cystectomy in advanced pregnancy by 
Camran Nezhat. Other laparoscopic surgical 
procedures were rapidly applied to the preg-
nant population, with demonstrated safety in 
all trimesters of pregnancy. Now, surgery is 
recommended in the pregnant population 
when indicated, regardless of gestational age, 
and laparoscopic approaches should be 
strongly considered when appropriate.
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 Introduction

Although physiologic to pregnancy, adaptations in 
the bony pelvis and pelvic floor muscles, vascula-
ture, and viscera themselves may cause pain. In 
addition, any coincidental conditions known to 
cause or worsen pain may also occur during preg-
nancy; however, in the altered physiological envi-
ronment of pregnancy, such known pathologies 
may present differently or inconsistently. This 
dynamic interplay between modified physiology 
and pathology poses a challenge to accurate diagno-
sis and effective management of these conditions.

Extensive knowledge of the pelvic neuroanat-
omy and pain pathways is essential to navigate 

through these often blurred clinical pictures, allow-
ing for a better understanding of the topographical 
origin of the pain. In this chapter, we will review 
pelvic neuroanatomy and explore the neurophysi-
ologic pathways of pain during pregnancy in order 
to provide the reader with this necessary  tool for 
diagnosis and treatment. We will then highlight 
common nerve entrapments and related neuropa-
thies caused and/or exacerbated by pregnancy.

 Topographical Innervation 
of the Lower Body

The foundation of accurately mapping the topo-
graphical origin of pain begins with understand-
ing the innervation and related  dermatomes of 
somatic and autonomic nerves, which are dis-
played in Fig. 2.1. In this chapter, we will focus 
on the intrapelvic and intra-abdominal pathways, 
which encompass virtually all of the bundles of 
the lumbosacral plexus.

 Innervation of the Abdominal Wall

The thoracoabdominal nerves are branches of the 
ventral primary rami of spinal nerves T7–T11. 
They travel anteroinferiorly between the internal 
oblique and transverse abdominal muscles and 
supply motor and sensory fibers along the 
abdominal wall, mostly above the umbilicus and 
the umbilical level.

M. R. Shaubi · C. Sermer · A. L. K. Li 
Department of Obstetrics and Gynecology, Mount 
Sinai Hospital, Toronto, ON, Canada 

L. Cancelliere 
Faculty of Medicine, Department of Obstetrics and 
Gynecology, University of Toronto,  
Toronto, ON, Canada
e-mail: laura.cancelliere@mail.utoronto.ca 

Nucelio L. B. M.  Lemos (*) 
Department of Obstetrics and Gynecology, Pelvic 
Functional Surgery and Neuropelveology Clinic, 
Mount Sinai Hospital and Women’s College Hospital, 
Toronto, ON, Canada 

Pelvic Neurodysfunctions Division, Department of 
Gynecology, Federal University of São Paulo,  
São Paulo, SP, Brazil
e-mail: nucelio.lemos@utoronto.ca

2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90752-9_2&domain=pdf
mailto:laura.cancelliere@mail.utoronto.ca
mailto:nucelio.lemos@utoronto.ca


26

V1

V1

V2

V3

1

1

2

2

C2

C2

C3
C3

C3 C4

C4 C5

C5

C6

C6

C7
C7

C8

C8

Th1

Th1

Th2
Th2

L1

L1

L2

L2

L2

S2

L3

L3

L4

L4

L4

L5

L5

L5

S2

S3

S4

S1

S1

S1

S1

5

5

5

5

5

5

3

3

3
3

4

4

4
4

6

6

6

6

6

7

7
7

7

8

9

9
9

9

8

8

10

10 10

10

11

11

11

11

12

12

12

12

13

13

14

14
15

15
16

16

17

17
18

18
19

19

20
20

21

21

22

22

23

23

24
24

25
25

26

26

26

27

2929

30 27 28
29

28

  1. N. trigeminus 
  2. N. auricularis magnus 
  3. N. transversus colli 
  4. Nn. supraclaviculares 
  5. Rr. cutanei anteriores
      nn.inter-costalium 
  6. N. cutaneus brachii
      lateralis superior (N.
      axillaris) 
  7. N. cutaneus brachii
      medialis 
  8. Rr. mammarii laterales
      nn. inter-costalium 
  9. N. cutaneus brachii
      posterior (N.radialis) 
10. N. cutaneus antebrachii
      posterior 
11. N. cutaneus antebrachii
      medialis 
12. N. cutaneus antebrachii
      lateralis 
13. R. superficialis n. radialis 
14. R. palmaris n. mediani 
15. N. medianus

16. Nn. digitales palmares
      communes 
17. R. palmaris n. ulnaris 
18. N. iliohypogastricus 
     (R. cut. lat.) 
19. N. ilioinguinalis 
     (Nn. scrotales anteriores) 
20. N. iliohypogastricus 
     (R. cutaneus anterior) 
21. N. genitofemoralis 
     (R. femoralis) 
22. N. cutaneus femoris
      lateralis 
23. N. femoralis 
     (Rr. cutanei anteriores) 
24. N. obturatorius (R. cut.) 
25. N. cutaneus surae
      lateralis 
26. N. saphenus 
27. N. peronaeus
     superficialis 
28. N. suralis 
29. N. peronaeus profundus 
30. N. tibialis (Rr. calcanei)

16. R. dorsalis n. ulnaris 
17. N. medianus 
18. N. iliohypogastricus 
     (R. cut. lat.) 
19. Nn. clunium superiores 
20. Nn. clunium medil 
21. Nn. clunium inferiores 
22. N. cutaneus femoris
      lateralis 
23. N. cutaneus femoris
      posterior 
24. N. obturatorius (R. cut.) 
25. N. cutaneus surae
      lateralis 
26. N. suralis 
27. N. saphenus 
28. N. plantaris lateralis 
29. N. plantaris medialis

  1. N. frontalls(V1) 
  2. N. occipitalis major 
  3. N. occipitalis minor 
  4. N. auricularis magnus 
  5. Rr. dorsales nn. cervicales 
  6. Nn. supraclaviculares 
  7. N. cutaneus brachii
      lateralis superior (N.
      axillaris) 
  8. Rr. dors. nn. spin. cervic.,
      thorac., lumb. 
  9. Rr. cutanei laterales nn.
      inter-costalium 
10. N. cutaneus brachii
      posterior 
11. N. cutaneus brachii
      medialis 
12. N. Cutaneus antebrachi
      posterior 
13. N. cutaneus antebrachii
      medialis 
14. N. cutaneus antebrachii  
      lateralis 
15. R. superficialis n. radialis

a b

Fig. 2.1 Dermatomes of the cranial and spinal nerves
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The lower abdominal wall, inferior to the 
umbilicus, has few origins for motor and sensory 
innervations.

The subcostal nerves (T12) also travel antero-
inferiorly between the internal oblique and trans-
verse abdominal muscles.

The iliohypogastric and ilioinguinal nerves 
(T12–L1) enter the retroperitoneal space emerg-
ing on the lateral border of the psoas muscle. 

They then course anteriorly and distally to pierce 
the internal abdominal oblique muscle close to 
the anterosuperior iliac spine. The genitofemoral 
(T12–L2) nerve emerges from the anterior border 
of the psoas muscle, and its two branches leave 
the abdomen through the femoral (femoral 
branch) and inguinal (genital branch) canals 
(Fig. 2.2). Their fibrotic entrapment is related to 
post-herniorrhaphy inguinodynia.

a

b

Fig. 2.2 Iliohypogastric 
(IHN), ilioinguinal 
(IIN), and genitofemoral 
(GFN) nerves, with the 
overlying peritoneum 
intact (a) and reflected 
(b) PM psoas muscle, 
LO left ovary, IPL 
infundibulopelvic 
ligament, LFA left 
femoral artery
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 Innervation of the Lower Back

The innervation of the back arises from the men-
ingeal branches and dorsal rami of the spinal 
nerves. Each spinal nerve gives off a recur-
rent  meningeal branch (or sinuvertebral nerve), 
which then reenters the vertebral canal and sup-
plies vasomotor and sensory fibers to the dura, 
ligaments, periosteum, and blood vessels.

The dorsal primary rami of the spinal nerves 
contain motor, sensory, and sympathetic fibers. 
They supply the muscles, bones, joints, and skin of 
the back. Most dorsal rami divide into medial and 
lateral branches. Through most of the trunk, the 
sensory distribution of dorsal primary rami appears 
in regular bands. However, in the skin overlying 
the buttocks, the lumbar and sacral dorsal primary 
rami overlap as a series of cluneal nerves.

 Innervation of the Pelvic Viscera

The superior hypogastric plexus, which is formed 
by fibers from the para-aortic sympathetic trunk, 
gives rise to the hypogastric nerves. The hypogas-
tric nerves run over the hypogastric fascia in an 
anterior and distal direction. After crossing about 
two thirds of the distance between the sacrum and 

the uterine cervix or the prostate, its fibers spread 
to join the pelvic splanchnic nerves, thereby form-
ing the inferior hypogastric plexus (Fig. 2.3). The 
hypogastric nerves carry the sympathetic signals 
to the internal urethral and anal sphincters, rec-
tum, and bladder. These signals cause detrusor 
relaxation and bladder contraction, thus promot-
ing urinary continence. The hypogastric nerves 
also carry proprioceptive and nociceptive afferent 
signals from the pelvic viscera.

The sacral nerve roots can be found juxta- 
laterally to the hypogastric fascia, which is formed 
by the medial fibers of the endopelvic fascia. They 
leave the sacral foramina and course  anteriorly 
and distally, lying over the piriformis muscle and 
crossing the internal iliac vessels, laterally, to 
merge and form the nerves of the sacral plexus. 
Before crossing the internal iliac vessels,  sacral 
nerve roots give off thin parasympathetic branches 
known as the pelvic splanchnic nerves (Fig. 2.4). 
The pelvic splanchnic nerves  promote detrusor 
contraction and provide extrinsic parasympathetic 
innervation to the descending colon, sigmoid 
colon, and rectum. They also carry nociceptive 
afferent signals from the pelvic viscera. 
Finally,  the pelvic splanchnic nerves join the 
hypogastric nerves to form the inferior hypogas-
tric plexus in the pararectal fossa.

Fig. 2.3 The 
hypogastric nerve (HN) 
emerges from the 
superior hypogastric 
plexus (SHP) at the level 
of the sacral promontory 
(SP) and runs anteriorly 
and distally, juxta- 
laterally to the 
hypogastric fascia (HF), 
to merge with the pelvic 
splanchnic nerves to 
form the inferior 
hypogastric plexus (IHP)

M. R. Shaubi et al.
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 Innervation of the Pelvic Floor 
and Perineum

The pudendal nerve is formed by fibers of S2, 
S3, and S4 nerve roots and leaves the pelvis 
through the pudendal (Alcock’s) canal (Fig. 2.5). 
It gives sensory branches to the lower gluteal 
region and the perineal skin. It also sends motor 
branches to the perineal muscles and the anterior 
fibers of the levator ani. Finally, there are direct 
motor and sensory nerves from the S3 and S4 
nerve roots to the posterior fibers of the levator 
ani [1, 2].

 Innervation of the Lower Limbs

The femoral nerve is the largest motor and sen-
sory nerve of the lumbar plexus. It enters the 
abdomen by the posterolateral aspect of the psoas 
muscle and leaves through the femoral canal to 
innervate the quadriceps muscle and the skin 
overlying the anterior thigh (Fig. 2.6).

The obturator nerve enters the obturator space 
at the level of the pelvic brim and exits through 
the obturator canal. It provides motor branches to 
the hip adductors  and sensory branches to the 
skin of the medial thigh (Fig. 2.7a).

The lumbosacral trunk and distal portions of 
the S1, S2, S3, and S4 nerve roots merge into the 
obturator space and form the sciatic and puden-
dal nerves (Fig. 2.7b).

The sciatic nerve is formed by the L4 and L5 
fibers of the lumbosacral trunk and fibers from 
the S1, S2, and S3 nerve roots. It leaves the pelvis 
through the sciatic notch, giving off sensory 
branches to the upper gluteal region, posterolat-
eral thigh, leg, ankle, and foot. It also controls the 
hip extensors, abductors and rotators, knee flex-
ors, and all the muscles of the ankle and foot.

 Central Nerve Pathways

 The Spinal Cord and Brain Stem

 Ascending Tracts in the Spinal Cord
There are two main pathways that carry nocicep-
tive signals to higher centers in the brain: the spi-
nothalamic tract and the spinoreticular tract.

The cell bodies of the secondary afferent 
neurons of the spinothalamic tract are located at 
the dorsal horn of the spinal gray matter. From 
there, they decussate within a few segments of 
the level of entry into the spinal cord and ascend 
in the contralateral spinothalamic tract to nuclei 

Fig. 2.4 The sacral 
nerve roots (S2–S4), 
found juxta-laterally to 
the hypogastric fascia 
(HGF), give origin to the 
pelvic splanchnic nerves 
(PSN), which run 
anteriorly and distally to 
merge the hypogastric 
nerve and form the 
inferior hypogastric 
plexus (IHP)

2 Neurological Pathway of Non-obstetric Pain During Pregnancy
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Fig. 2.5 Schematic diagram illustrating the most com-
mon pattern of innervation of the levator ani muscles 
(LAM)—superior view. The nerves traveling on the 
superior surface of LAM are shown as a continuous line, 
and the nerves coursing inferior to LAM are illustrated 
by a dashed line. IRN inferior rectal nerve, PN pudendal 
nerve. The PN branches into the dorsal nerve of the cli-

toris (DNC), perineal nerve (PnN), and the inferior rectal 
nerve (IRN). The perineal nerve and the IRN send 
branches that enter the inferior surface of the iliococcy-
geus (ICM), pubococcygeus (PCM), and puborectalis 
(PRM) muscles. The PN innervates the visceral bundles 
of the PCM, the PRM, and the external urethral 
sphincter

Fig. 2.6 The left 
femoral nerve (FN) 
enters the retroperitoneal 
space on the 
posterolateral aspect of 
the psoas muscle (PM). 
LC left colon
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within the thalamus. Third-order neurons then 
ascend to terminate in the somatosensory cor-
tex. There are also projections to the periaque-
ductal gray (PAG) matter. The spinothalamic 
tract transmits signals that are important for 
pain localization.

The spinoreticular tract fibers also decussate 
and ascend in the contralateral cord to reach the 
brain stem reticular formation, before projecting 
to the thalamus and hypothalamus and many fur-

ther projections to the cortex. This pathway is 
involved in the emotional aspects of pain.

 Cortical Representation and Brain 
Processing

Pain stimuli received from the spinal cord are 
interpreted in different forebrain areas, known as 
the central pain matrix. In previous studies, it has 

a

b

Fig. 2.7 Nerves of the 
obturator space (right 
side). (a) The final 
step of a laparoscopic 
approach to Alcock’s 
canal syndrome, where 
the sacrospinous 
ligament has been 
transected to expose the 
pudendal nerve (PN). 
(b) The sacrospinous 
ligament (SSL) is intact. 
In both pictures, the 
internal and external 
iliac vessels are retracted 
medially. ON obturator 
nerve, PM psoas muscle, 
SN sciatic nerve, LST 
lumbosacral trunk, PN 
pudendal nerve, IRF 
ischiorectal fossa, IS 
ischial spine, SB sacral 
bone, PFM piriformis 
muscle
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been shown that different pain stimuli cause dif-
ferent neural activity  within this matrix [3, 4]. 
The  processing of pain stimuli involves three 
parts of the central nervous system: the first part 
localizes the pain and depicts it;  the second part 
allows the understanding of the pain; and the third 
part is responsible for the emotional aspect of the 
pain. Visceral pain usually initiates stronger emo-
tional responses, when compared to somatic pain. 
The emotional structures of the brain—the hypo-
thalamus, amygdala, and anterior cingulated cor-
tex—therefore  fulfill  an important  role in pain 
perception. The activity of these regions is related 
to emotions associated with  past events, conse-
quently individualizing the perception of pain.  In 
addition, this creates correlations with events and 
sensations not related to, yet experienced during, 
the pain period;  in turn, this may precipitate  a 
cross- memory phenomenon through which expe-
rience of  such  sensations causes the associated 
pain experience to be perceived, even after the 
physiologic cause of pain is removed. Mild pain 
stimuli that activate the amygdala may be inter-
preted in a more intense way and may cause anxi-
ety, fear, and obsession. Therefore, previous 
emotional events may have a key function in pain 
nociception.

 Neurophysiological Changes 
During Pregnancy

 Pregnancy-Related Hormonal 
Changes and Their Effects 
on the Peripheral Nervous System

Pregnancy can have a profound impact on the nor-
mal physiology of several  components  of the 
peripheral nervous system. Most notably, electro-
physiological studies show that median nerve 
latency is prolonged in the pregnant population 
(2.1 ms compared to 1.8 ms in nonpregnant popu-
lation), often leading to symptoms of carpal tun-
nel syndrome [5]. Furthermore, gustatory 
thresholds of both the chorda tympani and the 
glossopharyngeal nerve are increased during the 
first trimester of pregnancy [6]. By the third tri-
mester, the gustatory thresholds have returned to 

nonpregnant levels [6]. Animal studies have also 
suggested changes in peripheral nerve physiology 
during pregnancy. For example, pregnant rats 
require a greater stimulus (higher right atrial pres-
sure) to initiate discharge of their afferent cardiac 
receptors [7]. The pregnant rats also lack the high-
frequency discharge seen in nonpregnant rats, fur-
ther suggesting physiological changes [7].

Unfortunately, the mechanisms responsible for 
these changes are  poorly understood; however, 
several theories have been postulated. Soft tissue 
edema due to fluid overload and/or hormonally- 
induced musculoskeletal changes can cause com-
pression of nerves, thereby  compromising their 
function [8]. Specifically, relaxin, which is 
increased in pregnancy, can cause tightening of 
the transverse flexor retinaculum leading to com-
pression of the median nerve and altered nerve 
function. Moreover, other hormones of pregnancy 
including progesterone and estrogen, have been 
linked to increased nociceptive threshold [9] and 
increased pain latency [10] all of  which could 
play a role in the physiological changes in the 
peripheral nervous system during pregnancy.

 Neurophysiological Changes 
of the Central Nervous System

Different systems have different alterations as a 
modification for pregnancy. These modifications 
may have different effects on pain perception.

An increased pain threshold during pregnancy 
has been illustrated in rat models [11, 12]. Studies 
suggest that this is due to activation of an endoge-
nous spinal opioid system. Iwasaki et al. demon-
strated an increased threshold for somatic and 
visceral pain on day 21 of pregnancy, as compared 
to thresholds on day 7 and in nonpregnant rats.

Moreover, in response to stress, ani-
mals  (including humans) increase their plasma 
levels of β-endorphin released by the pituitary. 
Pregnancy imposes a significant  stress  on the 
body; hence, β-endorphin levels are high [13]. 
The placenta is also an endorphin-releasing site 
for the mother and the fetus [14].

Sex steroids - including the major hormones of 
pregnancy estrogen and progesterone -  play an 
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important role in pain perception within both the 
peripheral and central nervous sytems. During 
the menstrual cycle there are fluctuations of pain 
sensitivity, thereby suggesting that the associated 
hormonal fluctuations in sex steroid levels 
affects sensitivity to pain stimuli. High levels of 
estrogen during pregnancy may lower pain toler-
ance by increasing the sensitivity of afferent noci-
ceptors and dorsal horn neurons in the spinal cord.

 Intrapelvic Nerve Entrapments 
in Pregnancy

A significant portion of the lumbosacral plexus 
crosses the pelvic brim and is subject to entrap-
ments by endometriosis, fibrosis, nerve sheath 
tumors, varicose veins, and abnormal bundles of 
the piriformis. The latter two etiologies are of 
particular interest during pregnancy, because of 
the mechanical and vascular changes that could 
directly affect their behavior [15].

During pregnancy, the uterus grows from 
~70 g prior to conception to ~1100 grams at full 
term, when it fills most of the abdominal cavity 
[16]. As early as the second trimester, the uterus 
of a pregnant woman in the supine position can 
compress the aorta and the inferior vena cava, 
diverting the venous return from the legs and pel-
vis to the vertebral venous system. Nerve entrap-
ment, or compression neuropathy, can occur in 
pregnancy because of mechanical compression 
of the uterus on adjacent structures, or directly 
on  nerves or nerve roots. This produces  symp-
toms including pain, tingling, numbness, and 
muscle weakness along the affected nerve’s der-
matome and/or myotome [17]. Autonomic nerve 
entrapment or distention will produce visceral 
and vegetative symptoms, such as urinary fre-
quency or urgency, dysuria, rectal pain, suprapu-
bic, and/or abdominal cramps and chills.

Lumbosacral pain affects more than 50% of 
women at some time during pregnancy [18]. 
Although it is also common in women who are 
not pregnant, pain may be more severe and dis-
abling in the pregnant population [19]. The dis-
comfort can be pregnancy-related pelvic girdle 
pain, which is often near the sacroiliac joints and 

can radiate to the pubic symphysis and/or the 
posterior thighs [19]. Other women have lumbar 
spine pain, which is sometimes accompanied by 
pelvic girdle pain. Lumbar pelvic pain usually 
resolves after delivery but may persist for many 
months postpartum. Additionally, the pain can 
begin in the postpartum period [20]. There are 
several factors that contribute to back pain during 
pregnancy, including increased  lumbar lordosis, 
direct pressure from the gravid uterus, postural 
stress, and ligamentous laxity due to the hormone 
relaxin. Severe lumbar disk displacement with 
objective clinical signs of radiculopathy occurs in 
1 in 10,000 pregnancies [21]. In these cases, the 
L5 or S1 root is commonly affected by lateral 
compression. Women can develop low back pain, 
sciatica, and other typical findings of lumbar or 
lumbosacral radiculopathy [22]. Surgical emer-
gencies, such as cauda equina syndrome leading 
to bilateral leg or sphincter dysfunction can occur 
with large central disk herniations. Less than 2% 
of disk herniations result in cauda equina syn-
drome or severe neurologic deficit [23].

The musculoskeletal and hematologic adapta-
tions of pregnancy may aggravate or unmask 
intrapelvic causes of lumbosacral radiculopathy. 
To accommodate for a growing uterus and chang-
ing center of gravity, the lordosis of the lumbar 
spine and anterior tilt of the pelvis significantly 
increase. This subsequently  increases forces on 
joints in the pelvis and lower limbs, strains the 
paraspinal and hip extensor and abductor mus-
cles, and changes the spatial relationships 
between the pelvic sidewalls and floor, intrapel-
vic nerves, and vasculature [24]. An increase in 
blood volume and uterine blood flow, coupled 
with a decrease in systemic vascular resistance 
and venous return, creates intrapelvic vascular 
distention. This can exacerbate or trigger pain 
due to pelvic congestion in previously symptom-
atic or asymptomatic patients, respectively. 
Pelvic congestion syndrome is a well-described, 
multifactorial cause of cyclic pelvic pain. Dilated 
ovarian veins and subsequent pelvic varicosities 
have been identified as the underlying structural 
etiology in symptomatic patients. Pain is there-
fore worse during times of increased vascular 
distention, which occurs during prolonged walk-
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ing and standing, and during the premenstrual 
period and pregnancy [25–28].

Varicosities or aberrant vessels may also cause 
pelvic pain by entrapping the lumbosacral nerves 
[29]. The sacral plexus covers the pelvic sidewalls 
and is covered itself by branches of the internal 
iliac vessels. Therefore, dilated or variant branches 
of iliac vessels may entrap the lumbosacral plexus 
against structures of the pelvic sidewalls and floor. 
Specifically, variant superior gluteal veins com-
pressing the lumbosacral nerve roots have been 
identified in patients with sciatica with no identifi-
able spinal or musculoskeletal cause. This ana-
tomical variation in symptomatic patients—referred 
to as superior gluteal vein syndrome—has been 
identified as a novel intrapelvic cause of sciatica 
(Fig. 2.8) [29]. A significant improvement in pain 
with a 92.3% success rate after nerve decompres-
sion by laparoscopic vessel ligation strongly sug-
gests a potential causative role of this 
neurovascular conflict in the pathophysiology of 
atypical sciatica [29]. Associated symptoms of 
perineal or gluteal pain, anorectal dysfunction, 
rectal pain, and/or lower urinary tract symptoms 
in the absence of pelvic organ prolapse or other 
identifiable causes suggest an intrapelvic source 
of nerve entrapment [26, 28, 29].

Women with varicosities or aberrant iliac ves-
sels overlying lumbosacral nerve roots may expe-
rience sciatica with the aforementioned urinary, 

perineal, gluteal, and anorectal symptoms when 
such vessels become further dilated in pregnancy. 
While some patients present with exacerbation of 
preexisting pain, many patients experience the 
onset of symptoms in pregnancy. A recent cadaver 
study identified variant superior gluteal veins in 
35.6% (CI 21.6–49.5%) of dissected female 
cadavers [30]. Given that the prevalence of sciat-
ica in the general population is much lower at an 
estimated 3–5%, not all individuals with variant 
pelvic vessels develop symptoms of lumbosacral 
nerve entrapment [31]. However, these vascular 
variants leave otherwise asymptomatic women 
vulnerable to neurovascular compression should 
fluctuations in the intrapelvic environment occur. 
Specifically, veins overlying nerve roots may 
become dilated, and/or postural changes affect-
ing the relationship between the bony pelvis and 
sacral plexus may trigger symptomatic neurovas-
cular conflict in pregnancy. Therefore, preg-
nancy  may function as a stress test to identify 
women at risk of developing vascular entrap-
ments of the sacral plexus in the future.

Piriformis syndrome is a common entity 
described as buttock pain that is exacerbated by 
hip flexion when combined with internal or 
external rotation of the affected leg. However, 
these symptoms may also present secondary to 
 entrapment by the hamstring, gluteal, and obtu-
rator internus-gemellus complex muscles and/or 

Fig. 2.8 Anatomical variation of the superior gluteal vein causing entrapment of the sciatic nerve. Top: variant of the 
superior gluteal vein (SGV) compressing the lumbosacral trunk (LST)
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fibrous bands and aberrant vessels [29, 32, 33]. 
In pregnancy, this group of deep gluteal muscles 
must compensate for the increase in lumbar lor-
dosis and the anterior tilt of the pelvis. 
Intrapelvic entrapment of sacral nerve roots by 
abnormal bundles of the piriformis have also 
been identified in patients presenting with 
symptoms of piriformis syndrome (Fig.  2.9). 
We have recently performed a cadaver study 
(data not yet published) and found a 37.5% (CI 
20.7–54.3%) prevalence of variant piriformis 
bundles in a general population of female cadav-
ers. The postural changes in pregnancy may 
therefore also aggravate or trigger symptoms of 
piriformis syndrome in women with this variant. 
This may also serve as a prognostic marker for 
women at risk of developing the piriformis syn-
drome in the future. Therefore, when symptoms 
resolve after delivery, these women should be 
counseled not to perform exercises that cause 
hypertrophy of the piriformis and to routinely 
stretch the muscle.

 Other Pelvic Entrapment 
Neuropathies Directly Related 
to Pregnancy

 Meralgia Paresthetica

Meralgia paresthetica is a common syndrome in 
pregnancy. It is strictly a sensory neuropathy 
caused by compression of the lateral femoral 

cutaneous nerve under or within the inguinal lig-
ament. In approximately 80% of cases, symp-
toms are unilateral and consist of tingling, 
numbness, and pain in the lateral thigh [34]. 
Increased abdominal girth and lumbar lordosis 
are risk factors for developing this neuropathy 
during pregnancy [35]. The lateral femoral cuta-
neous nerve may also be injured during thigh 
flexion during the second stage of  labor. In 
women who undergo caesarean delivery, the lat-
eral femoral cutaneous nerve may be injured by 
the incision or pressure from a retractor. 
Treatment during pregnancy consists of support-
ive care, as spontaneous recovery after delivery 
typically occurs. The sensory branches of the 
femoral nerve form the anterior femoral cutane-
ous and saphenous nerves. Femoral neuropathy is 
rare during pregnancy [36]. The femoral nerve 
may be compressed at the inguinal ligament dur-
ing delivery by thigh flexion, external rotation, 
and abduction [35]. This mononeuropathy usu-
ally presents as painless weakness when the 
patient attempts to walk after delivery.

 Obturator Neuropathy

The obturator nerve is derived from the anterior 
divisions of the ventral rami of the L2–L4 nerve 
roots. The nerve travels along the lateral pelvic 
wall, enters the obturator foramen, and innervates 
the thigh adductor muscles. Obturator nerve 
lesions are uncommon because the nerve is pro-

Fig. 2.9 Laparoscopic 
view of a transected 
abnormal bundle of the 
piriformis muscle which 
was causing the 
entrapment of nerve 
roots S3 and S4. PM 
piriformis muscle
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tected deep within the pelvis and the medial thigh 
[37]. Unilateral or bilateral lesions can be associ-
ated with delivery. Contributing factors include 
compression by the fetal head against the pelvic 
wall, use of forceps, and the lithotomy position. 
Obturator neuropathy can cause pain along the 
medial thigh as well as weakness. Prognosis is 
similar to that of femoral neuropathy.

Conclusion
Pregnancy is a unique physiologic condition of 
stress where the adaptive changes of virtually 
all systems contribute to the multifactorial per-
ception of pain. Non-obstetric pain can be an 
extremely bothersome situation to many preg-
nant women. The dynamic interplay between 
modified physiology and pathology often 
causes altered and/or inconsistent presentations 
in pregnancy, thereby posing a challenge to 
accurate diagnosis.  A deep understanding of 
the normal  neuroanatomy and physiology  of 
pain, paired with appreciation for the mechani-
cal, hormonal, and vascular changes of preg-
nancy  prove  essential to the topographic and 
etiological diagnosis of pain, which is the basis 
for effective treatment.
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Non-obstetric Imaging in Pregnant 
Women

Sudheer Balakrishnan

 Introduction

The patient’s pregnancy status should be deter-
mined when considering non-sonographic imag-
ing for a woman of childbearing age that will 
include the abdomen and pelvis. The exception to 
this standard is the scenario of life-threatening 
trauma, in which case the patient may be imaged 
without delay. Once a pregnancy is confirmed, 
the main predicament healthcare providers face 
when deciding whether to order diagnostic imag-
ing is the associated risk to the developing fetus. 
Choosing an imaging modality and deciding on 
the necessity of a contrast agent involve a careful 
balance between maximizing diagnostic yield 
and minimizing harmful exposure to the fetus. It 
is vital for healthcare providers to educate them-
selves on these topics so they can engage in 
thoughtful risk-benefit discussions with patients 
and make confident decisions without delaying 
patient care. Knowledge on this subject matter 
will also be instrumental in creating a multidisci-
plinary institutional policy when it comes to 
imaging pregnant patients.

 Pregnancy Screening

Current ACR (American College of Radiology) 
guidelines for pregnancy screening before imag-
ing studies using ionizing radiation are based on 
whether the evaluation will involve a high fetal 
absorbed radiation dose (typically studies that 
include the abdominopelvic region) [1]. For these 
studies, a urine pregnancy test is recommended. 
If the study is not likely to expose the fetus to a 
high radiation dose (e.g., extremity radiograph), 
a verbal/written confirmation should be obtained 
from the patient confirming that she is not preg-
nant. If the patient expresses any uncertainty dur-
ing this questioning, a urine pregnancy test 
should be obtained. It is recommended that preg-
nancy screening also be performed before MRI 
evaluations [2].

 Informed Consent

Informed consent should be obtained from 
patients before any imaging evaluation that 
involves ionizing radiation or before an MRI 
evaluation. The exception to this standard is the 
pregnant patient with life-threatening traumatic 
injuries, for which imaging should proceed with-
out delay. Consent includes a discussion of 
potential risks to the pregnant patient and fetus, 
as well as the benefits of obtaining potentially 
valuable clinical information using imaging.
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 Ionizing Radiation: Radiography, 
Fluoroscopy, Computed 
Tomography (CT), and Nuclear 
Medicine

While the fetal effects of both ultrasound and 
magnetic resonance imaging (MRI) have been 
studied, it is the effect of ionizing radiation on the 
developing fetus that has produced the most 
research as well as anxiety from healthcare pro-
viders. These potential effects include death of 
the embryo, organ malformations, intrauterine 
growth restriction, microcephaly, mental retarda-
tion, decreased intelligence quotient, and 
increased incidence of childhood cancers [3, 4]. 
Most of the data we have on this topic are based 
on results of animal model research, epidemio-
logic studies of atomic bomb survivors in Japan, 
and studies of patients exposed to treatment-
related radiation. Ionizing radiation includes par-
ticles and photon radiation (e.g., gamma rays 
used in nuclear medicine, X-rays used in radiog-
raphy/mammography/fluoroscopy/CT). Fetal 
radiation-induced effects are the product of either 
mutagenesis (changes in nuclear DNA) or cell 
death and can be subdivided into those that are 
teratogenic and those that are carcinogenic.

Teratogenesis is a process by which congeni-
tal malformations are induced in an embryo or 
fetus. Fetal susceptibility to teratogens depends 
on the gestational age and the estimated exposure 
dose incurred by the fetus (Table  3.1) [3, 4]. 
Teratogenesis falls under the category of deter-
ministic effects, which are those effects that do 
not occur below a certain threshold. Once this 
threshold is exceeded, however, the severity of 
the effect increases with increasing dose. Fetal 
radiation doses of less than 50 mGy are not asso-
ciated with a higher risk of teratogenesis or fetal 
loss [1, 5], and most diagnostic imaging employ-
ing ionizing radiation falls well below this thresh-
old (Table 3.2). It is important to note, however, 
that this threshold refers to the cumulative dose 
incurred by the fetus throughout the duration of 
the pregnancy, not just the dose incurred during a 
single examination. Thus, a patient who is imaged 
several times throughout her pregnancy or an 
injured pregnant patient undergoing several con-

secutive imaging evaluations may possibly 
exceed this threshold, particularly during lifesav-
ing interventional procedures and fluoroscopy. 
During the first 2 weeks of gestation, a fetal radi-
ation dose of greater than 50 mGy will result in 
death of the embryo or will have no effect. This 
is referred to as the “all or none” phenomenon. 

Table 3.1 Estimated threshold dose and effects of ioniz-
ing radiation

Gestational period 
(weeks after 
conception) Effects

Estimated 
threshold dose
[3–7]

Before 
implantation 
(0–2 weeks)

Embryo death or 
no effect (“all or 
none”)

50–100 mGy

Organogenesis 
(2–8 weeks)

Congenital 
anomalies 
(skeletal, ocular, 
genital)

200 mGy

Growth 
retardation

200–
250 mGy

Fetal period 
(8–15 weeks)

Severe mental 
retardation (high 
risk)

60–310 mGy

Intellectual deficit 25 IQ point 
loss per gray

Microcephaly 200 mGy
Fetal period 
(16–25 weeks)

Severe mental 
retardation (low 
risk)

250–
280 mGy

Table 3.2 Estimated mean fetal absorbed dose (mGy) [3, 
8, 9]

Cervical spine 
radiograph (AP, lateral)

<0.001

Extremity radiograph <0.001
Chest radiograph (PA, 
lateral)

0.002

Lumbar spine 
radiograph (AP, lateral)

1

Abdominal radiograph 
(AP)

1–3

CT head 0
CTPA 0.03 in early pregnancy, 

0.2 in late pregnancy
CT chest 0.2
CT abdomen/pelvis 25
CTA aorta 34
V/Q scan Perfusion: 0.6 early 

pregnancy, 0.8 late 
pregnancy
Ventilation: 0.3
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The risk of congenital malformations from radia-
tion-induced teratogenesis is greatest during ges-
tational weeks 2–8, the period of fetal 
organogenesis. The risk of adverse central ner-
vous system effects is greatest during gestational 
weeks 8–15 [6].

Carcinogenesis is the transformation of nor-
mal cells to cancerous cells. Cancer induction as 
a consequence of radiation exposure falls under 
the category of stochastic effects. Stochastic 
effects do not have a threshold, and while the risk 
increases with increasing radiation dose, the 
severity does not (i.e., the patient will either 
develop cancer or they will not). There is some 
debate as to whether the risk of radiation-induced 
fetal carcinogenesis is increased during any par-
ticular period of the pregnancy, with some pri-
mate studies indicating an increased risk during 
the first trimester [10]. Although there is signifi-
cant evidence to support the claim of increased 
risk of childhood cancers as a result of fetal irra-
diation, the previously estimated excess cases per 
gray of exposure have fallen under increased 
scrutiny due to less than the expected number of 
cases found among atomic bomb survivors [3]. 
The estimated relative risk of a fatal childhood 
cancer after fetal exposure to 50 mGy is 2, which 
signifies an increased baseline risk from 1  in 
2000 to 1 in 1000 [11]. While there is an increased 
risk of all childhood cancers, the risk of leukemia 
is the highest postradiation exposure [3]. A fetal 
radiation dose of 50 mGy will also increase the 
overall lifetime risk for cancer by 2% [3, 12, 13].

The estimated fetal radiation exposure is less 
than 50 mGy (the threshold for radiation-induced 
teratogenesis) during most imaging studies that 
employ ionizing radiation (Table  3.2). To put 
things in perspective, the natural background radi-
ation dose incurred by the fetus during pregnancy 
is 1 mGy. According to the 1977 Report 54 of the 
National Council on Radiation Protection and 
Measurements, “the risk of abnormality is consid-
ered to be negligible at 5mGy or less when com-
pared to other risks of pregnancy, and the risk of 
malformation is significantly increased above 
control levels only at doses above 150 mGy” [14]. 
The other risks of pregnancy referenced in this 
statement include spontaneous abortion (15%), 

prematurity/growth retardation (4%), spontane-
ous birth defects (3%), and mental retardation 
(1%). The ACR issued the following policy state-
ment concerning therapeutic abortion following 
radiation exposure during pregnancy: “The inter-
ruption of pregnancy is rarely justified because of 
radiation risk to the embryo or fetus from a radio-
logic examination” [15]. The American College 
of Obstetricians and Gynecologists agrees that 
“exposure to less than 5 rad (50  mGy) has not 
been associated with an increase in fetal anoma-
lies or pregnancy loss” [5].

 MRI

MRI uses a magnetic field and radiofrequency 
(RF) pulses to generate images of the body. Most 
notably it does not employ ionizing radiation. 
There is currently no evidence that MR imaging 
during pregnant at 1.5 tesla (T) or lower magnetic 
field strengths causes detrimental effects to the 
fetus [16]. Two aspects of this modality that have 
caused some concern are fetal exposure to acous-
tic noise from generation of the magnetic gradient 
and heating effects associated with energy absorp-
tion from RF pulses. Thus far, studies have not 
shown any evidence of cochlear injury or signifi-
cant increased risk of neonatal hearing loss asso-
ciated with fetal exposure to 1.5 T MRI in utero 
[17, 18]. Due to the highly conductive nature of 
amniotic fluid and its limited capacity to dissipate 
heat, absorption of RF energy with subsequent 
heating of fetal tissues has raised some concern. 
The specific absorption rate (SAR) is a measure 
of RF energy deposition in tissues and indicates 
the potential for tissue heating. SAR is dependent 
on both scanner (strength of the magnetic field, 
type of pulse used, etc.) and patient (body size, 
anatomic region being exposed, etc.) characteris-
tics. The FDA has set acoustic noise limits as well 
as SAR limits for the whole body, head, torso, and 
extremities. One study which evaluated RF energy 
deposition in an anatomic model of a pregnant 
patient found that the temperature rise in fetal 
model tissues was not significant when recom-
mended SAR limits were followed [19]. The 
ACR’s 2007 white paper on safe MR practices 
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states that MRI may be used in pregnant patients 
during any trimester if deemed necessary by refer-
ring clinicians and radiologists [2]. MRI may be 
considered “necessary” if the desired clinical 
information cannot be obtained with ultrasound 
and could possibly affect clinical management of 
the patient or fetus during the pregnancy. Due to 
the lack of data and experience with use of mag-
netic fields strengths greater than 2.5 T in evaluat-
ing pregnant patients, these should be avoided.

 Ultrasound

Ultrasound uses high-frequency sound waves to 
generate images of the body. It also does not 
employ ionizing radiation. There is currently no 
evidence that diagnostic ultrasound evaluations 
during pregnancy cause detrimental effects to the 
human fetus. However, as with any modality, a 
lack of evidence does not definitively confirm 
absent risk. The thermal effect of ultrasound 
refers to heating within tissues after absorption of 
ultrasound beam energy. This effect is dependent 
on the thermal characteristics of the imaged tis-
sues, the intensity of the ultrasound beam, and 
the length of the evaluation [20]. The thermal 
index (TI) is an on-screen guide that indicates 
potential for tissue heating. In addition, there are 
nonthermal effects of ultrasound, principally cav-
itation and acoustic streaming. Cavitation arises 
when negative pressure in an ultrasonic pulse 
draws gas bubbles out of solution into tissues, 
where their interaction may affect cell membrane 
transport or cause direct tissue damage. Acoustic 
streaming refers to energy absorption within liq-
uids in the sonographic field, which may lead to 
velocity gradients and associated shear stress. 
The mechanical index (MI) is an on-screen guide 
that indicates potential for nonthermal effects. 
Most animal research on these effects have 
employed ultrasound exposures that are more 
typical of therapeutic application rather than 
diagnostic. There are no documented cases of 
these effects occurring during diagnostic ultra-
sound evaluation on a human [21]. With the 
introduction of newer ultrasound techniques 
requiring higher acoustic output levels, it is 
imperative that we continue to follow cautionary 

measures. In general, the sonographer should 
regularly check both the TI and MI and keep 
them as low as possible while still maintaining 
the diagnostic integrity of the exam. Exam times 
should be kept as short as possible. Doppler 
imaging (color, spectral, power) has a higher 
potential to produce a biologically significant rise 
in temperature, so this modality should be used 
sparingly, especially in the first trimester, with 
the lowest possible power output that still pro-
duces diagnostic images [21].

 Intravenous Iodinated Contrast

It is well documented that iodinated contrast 
crosses the placenta [22]; thus fetal exposure to 
these agents warrants discussion. The FDA clas-
sifies iodinated contrast as a category B drug, 
indicating that while animal studies have not 
revealed a fetal risk, there have been no con-
trolled studies in pregnant women [23]. These 
agents should be administered only after evaluat-
ing the associated risk-benefit ratio. Because cur-
rent iodinated contrast mediums are water 
soluble, they are quickly cleared through fetal 
and maternal circulation; thus deleterious effects 
on fetal thyroid function are highly unlikely [24]. 
Evaluation of neonatal thyroid function during 
the first week of life is already standard practice, 
regardless of the mother’s history of iodinated 
contrast exposure during pregnancy. Because 
there have been no controlled studies in pregnant 
women, iodinated contrast should only be used 
when it will provide valuable information for 
patient management that a non-contrast evalua-
tion would not [25]. One such clinical scenario is 
the evaluation of a traumatized pregnant patient, 
in which case intravenous iodinated contrast 
should always be administered to exclude life-
threatening vascular and visceral injuries.

 Intravenous Paramagnetic Contrast

The FDA classifies paramagnetic contrast as a 
category C drug. This designation is a result of 
animal studies revealing toxic fetal side 
effects  (i.e., growth retardation, congenital 
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 malformations) after the administration of intra-
venous gadolinium at a two to seven times 
higher dose than that which is routinely admin-
istered to humans [26]. Gadolinium-based 
agents also pass through the placenta into fetal 
circulation and are subsequently excreted into 
the amniotic fluid via the fetal kidneys [2]. 
Chelated gadolinium may reside in the amniotic 
fluid for an indeterminate time before being 
resorbed and eliminated. The main concern is 
the dissociation of the potentially toxic gado-
linium ion from its chelate while residing in the 
amniotic fluid. In a retrospective review of the 
Canadian birth database, exposure to gadolin-
ium-based contrast agents at any time during 
pregnancy was associated with an increased risk 
of stillbirth or neonatal death, as well as rheu-
matologic and inflammatory skin conditions 
[27]. It should be noted that the control group in 
this study was pregnant patients who did not 
undergo MRI, rather than patients who under-
went MRI without gadolinium-based contrast 
agents. There are no known cases of nephro-
genic systemic fibrosis, which is a syndrome 
involving connective tissue and visceral fibrosis 
after gadolinium exposure, associated with use 
of gadolinium-based contrast agents in pregnant 
patients [25]. Because the fetal effects of intra-
venous gadolinium-based contrast agents have 
not been completely elucidated, its use is 
restricted to only those situations in which con-
trast is absolutely critical to gain valuable clini-
cal information for patient management [25].

 Intravenous Contrast 
Administration During Lactation

Neonatal blood levels of both iodinated contrast 
and gadolinium-based contrast agents after breast-
feeding are very low [25]. Thus there is no need 
for breastfeeding cessation after these agents are 
administered to a lactating mother [25].

 Oral and Rectal Contrast

Oral and rectal contrast agents (i.e., barium sulfate, 
Gastrografin) are not absorbed by the body and 
may be administered without affecting the fetus. 
Oral contrast may be considered in patients with a 
history of bowel surgery or to assist with bowel 
evaluation in patients with low BMI or decreased 
intra-abdominopelvic fat. Rectal contrast may be 
considered to evaluate for bowel trauma in the set-
ting of penetrating injury to the pelvis.

 Contrast Reaction

Aside from cases of life-threatening trauma, 
patients should always be questioned about prior 
contrast reactions and allergies. Management of 
contrast reactions in pregnant patients is the same 
as that for nonpregnant adults [28]. For pregnant 
patients with hypotension, appropriate treatment 
may include placing the patient in a left lateral 
decubitus position to alleviate inferior vena cava 
(IVC) compression by the gravid uterus. If car-
diac compressions are required, the patient 
should be placed back into the supine position.

 Specific Clinical Scenarios

 Acute Appendicitis

Acute appendicitis is the most common non-
obstetric emergency warranting surgical inter-
vention in pregnant patients [29]. Associated 
risks during pregnancy include a higher rate of 
appendiceal perforation due to delayed diagno-
sis, premature labor, and increased fetal morbid-
ity and mortality [29, 30]. Imaging is essential 
not only to avoid these complications but also to 
decrease the number of negative laparotomies 
which one study described as high as 14–43% 
without preoperative imaging [31]. See Fig. 3.1.

Clinical concern for
acute appendicitis

Right lower quadrant ultrasound Non-diagnostic or negative ultrasound
with persistent clinical concern

MRI CT
(if MRI is contraindicated or unavailable)

Fig. 3.1 Imaging algorithm for evaluation of appendicitis
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 Ultrasound
Ultrasound is recommended as the initial imag-
ing study for acute appendicitis during pregnancy 
as it does not involve fetal radiation exposure and 
can simultaneously evaluate the pelvis for alter-
native sources of pain. Studies evaluating ultra-
sound diagnosis of acute appendicitis in pregnant 
patients have shown consistently high specificity 
(95–96%) and varying sensitivity (66–100%) 
[32]. The appendix is more easily evaluated dur-
ing the first and second trimester due to superior 
migration and rotation of the appendix that may 
occur in the third trimester. Placing the patient in 
the left lateral decubitus position may aid evalua-
tion during the third trimester [32]. Limitations 
of ultrasound evaluation include poor visualiza-
tion due to increased abdominal girth, overlying 
bowel gas, or operator proficiency. In the setting 
of clinically suspected acute appendicitis with a 
negative or inconclusive ultrasound, further 
imaging is warranted.

 CT
A recent study demonstrated CT to be 92% sensi-
tive and 99% specific for the diagnosis of acute 
appendicitis during pregnancy [33]. The main 
drawback of this modality is fetal radiation expo-
sure which makes it a tertiary option after ultra-
sound and MRI.  The estimated fetal radiation 
dose from a CT abdomen/pelvis is 25 mGy, and 
while this still falls below the threshold of 
50 mGy for induction of fetal teratogenesis, there 
is still a theoretical risk of carcinogenesis that is 
estimated to be approximately 1 cancer per 500 
fetuses exposed to 30  mGy [34]. Consultation 
with a diagnostic radiologist is recommended to 
make protocol adjustments that will reduce fetal 
radiation dose. CT may also be considered after a 
nondiagnostic ultrasound if MRI is contraindi-
cated or not available. Administering both intra-
venous and oral contrast will improve 
visualization of the appendix.

 MRI
Studies have shown MRI to have a high sensitiv-
ity and specificity for detection of appendicitis as 
well as other lower abdominal and pelvic pathol-
ogies causing acute right lower quadrant abdomi-
nal pain [35]. MRI should be used as a second-line 
imaging study after an inconclusive ultrasound 
[36, 37]. Intravenous paramagnetic contrast is not 
required for this study.

 Biliary Disease

Complications of biliary calculi and cholecystitis 
are associated with high maternal and fetal mor-
tality and may require ERCP or surgical interven-
tion [38]. The estimated fetal radiation dose 
during ERCP is reported to be within safe limits 
[39, 40]. See Fig. 3.2.

 Ultrasound
Ultrasound is the initial study of choice for evalu-
ating biliary disease. Depending on the patient’s 
clinical condition and surgical preference, sono-
graphic findings of cholecystitis may be managed 
medically, evaluated further with MRI or MR 
cholangiopancreatography (MRCP), or may war-
rant endoscopic retrograde cholangiopancreatog-
raphy (ERCP) and/or surgical intervention.

 MRI
MRCP has a high sensitivity (98%) and specific-
ity (84%) for biliary disease [41] and does not 
require the use of intravenous paramagnetic con-
trast. MRCP avoids the known complications of 
ERCP which include pancreatitis, hemorrhage, 
infection, and bowel perforation. One study con-
cluded that MRCP is comparable to ERCP for 
diagnosis of choledocholithiasis in pregnant 
patients and ERCP should be reserved for those 
patients requiring an intervention [42]. 
Additionally, abdominal MRI with MRCP may 

Clinical concern for biliary colic, cholecystitis,
cholangitis, pancreatitis

Right upper quadrant or
abdominal ultrasound

Depending on
institution/surgeon preference

MRCP or ERCP/Surgery

Fig. 3.2 Imaging algorithm for evaluation of biliary colic, cholecystitis, cholangitis, pancreatitis
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detect alternative causes of elevated liver 
enzymes.

 Pulmonary Embolism (PE)

Pulmonary venous thromboembolism occurs 
more frequently during pregnancy and is associ-
ated with a higher mortality in pregnant patients 
[43, 44]. The clinical manifestations of PE are 
nonspecific, and the utility of the D-dimer test is 
limited as this value may be elevated in normal 
pregnancy. Thus the diagnosis of PE during preg-
nancy is almost wholly reliant on imaging. See 
Fig. 3.3.

 Ultrasound
Compression ultrasound of the lower extremities 
to evaluate for deep venous thrombosis (DVT) is 
the recommended initial imaging study. Because 
the treatment for DVT and pulmonary embolus 
(PE) is the same in both pregnant and nonpregnant 
patients, a positive lower-extremity ultrasound can 
preclude any further imaging. A negative lower-
extremity ultrasound however does not exclude 
systemic venous thromboembolism. One study 
showed that 10% of nonpregnant patients with a 
high clinical suspicion of PE and a negative lower-
extremity ultrasound had angiographically proven 
PE [45]. Patients with a high clinical suspicion of 
PE and a negative lower-extremity ultrasound war-
rant further imaging with either CT pulmonary 
angiography (CTPA) or ventilation/perfusion 
(V/Q) scan. Limitations of lower-extremity ultra-
sound include a low sensitivity for detection of 
iliac vein thrombosis which occurs more fre-
quently during pregnancy [44].

 CT Pulmonary Angiography (CTPA) vs. 
Ventilation/Perfusion (V/Q) Scan
CTPA has a higher sensitivity (81–91%) and 
specificity (93–97%) than V/Q scanning for 

main, lobar, and segmental pulmonary arterial 
emboli [43]. The sensitivity of a high-probability 
V/Q scan for these types of emboli is 41% [43]. 
While the average estimated fetal radiation dose 
from CTPA is lower than that from V/Q scan-
ning, the radiation dose administered to the 
maternal breasts from CTPA is higher [45]. The 
consulting diagnostic radiologist can assist with 
protocol adjustments to decrease breast radiation 
exposure during CTPA. An additional advantage 
of CTPA is that it can evaluate for an alternative 
etiology of the patient’s symptoms (pneumonia, 
pulmonary edema, pleural effusion, etc.).

 Magnetic Resonance Angiography 
(MRA)
Most MRA protocols for detection of pulmonary 
embolism employ gadolinium-based contrast 
agents which are not routinely recommended for 
use in pregnant patients. Studies evaluating non-
contrast MRA for detection of pulmonary emboli 
have shown a per vessel sensitivity of 69% as 
compared to CTPA, with the missed emboli 
occurring in segmental and subsegmental pulmo-
nary arteries [46].

 Trauma

Traumatic injury is the most common cause of 
non-obstetric maternal mortality, with the high-
est percentage of these cases involving motor 
vehicle collisions [47–49]. The primary goal in 
caring for a pregnant trauma patient is to stabi-
lize the mother. Imaging is vital in evaluation of 
maternal traumatic injuries as non-obstetric lap-
arotomy is associated with a 26% incidence of 
preterm labor in the second trimester and an 
82% incidence in the third trimester [50, 51]. 
The reported fetal mortality rate after blunt 
trauma ranges from 3 to 38%, most commonly 
due to placental abruption, maternal death, or 

Clinical concern for pulmonary embolism Lower extremity ultrasound CT pulmonary angiography (CTPA)Negative
ultrasound

Fig. 3.3 Imaging algorithm for evaluation of pulmonary embolism
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shock [48]. While fetal loss occurs at a much 
higher rate with life-threatening trauma (i.e., 
40–50%) than minor trauma (i.e., 1–5%), minor 
trauma is much more common [52]. Thus the 
majority of fetal losses are secondary to minor 
trauma [52]. For imaging evaluations that would 
require the patient to lie supine for extended 
periods of time, consideration may be given to 
having the patient lie in a 30° left lateral decubi-
tus position to avoid exacerbation of hypoten-
sion from IVC compression by the gravid uterus. 
After the mother has been stabilized, a fetal 
ultrasound may be performed to assess gesta-
tional age and confirm a fetal heart rate. If the 
gestational age is less than 24–26 weeks, inter-
mittent fetal monitoring may be used as a fetus 
this age would not survive outside of the uterus. 
If the gestational age is greater than 24–26 weeks, 
the fetus is considered viable, and continuous 
external fetal monitoring should be used [53]. 
See Fig. 3.4.

 Ultrasound
Initial imaging of the mother may begin with a 
focused assessment with sonography in trauma 
(FAST) to evaluate for intraperitoneal or pericar-
dial fluid. It should be noted that the reported sen-
sitivity of this exam exhibits significant variation, 
and it is limited in detection of small (<400 mL) 
amounts of intraperitoneal fluid [54–56] as well 
as detection of retroperitoneal injuries. 
Confounding this is the actual relevance of small 
amounts of intraperitoneal fluid in pregnant 
patients, which may be a normal, expected find-
ing. In pregnant patients, ultrasound demon-
strates a 61–83% sensitivity and 94–100% 
specificity in detection of traumatic intra-abdom-
inal injuries [57–59]. Ultrasound is not a substi-
tute for CT in evaluation of traumatic injuries as 
its ability to detect solid and hollow organ inju-
ries is substantially less than CT [54, 60–62].

 Radiographs
The estimated fetal radiation dose from radio-
graphs obtained to evaluate traumatic injury in a 
pregnant patient falls well below the threshold of 
50 mGy for induction of fetal loss/fetal anoma-
lies. Clinicians should not hesitate in obtaining 
chest and extremity radiographs in pregnant 
trauma patients. If there is concern for an unsta-
ble pelvic injury, an AP pelvic radiograph can be 
obtained with the chest radiograph during the ini-
tial evaluation. Abdominal and lumbar spine 
radiographs are associated with relatively higher 
fetal radiation dose that is typically 1–3 mGy and 
should not be obtained in trauma evaluations as 
injuries in these regions can be identified on a CT 
of the abdomen/pelvis.

 CT
CT is the workhorse imaging modality in the 
evaluation of the traumatized pregnant patient 
and is more sensitive than ultrasound in detection 
of small-volume free peritoneal fluid, retroperito-
neal hemorrhage, and visceral organ injury [54, 
60–62]. When imaging body segments that do 
not include the fetus in the field of view, the esti-
mated fetal radiation dose is well below that of 
background radiation during pregnancy (0.5–
1.0  mGy). Imaging which includes the fetus 
within the field of view will incur a higher esti-
mated fetal radiation dose; however even the 
dose associated with a CT abdomen/pelvis 
(25 mGy) is still below the threshold of 50 mGy 
for induction of fetal loss/congenital anomalies. 
One scenario in which a single imaging study of 
a traumatized pregnant patient could exceed 
50  mGy would be a prolonged fluoroscopic 
abdominopelvic evaluation/intervention for life-
threatening hemorrhage [8]. Another scenario in 
which cumulative fetal radiation dose may 
exceed 50 mGy throughout the pregnancy would 
be multiple follow-up CT and/or fluoroscopic 
imaging evaluations for a patient with extensive 

Stabilize pregnant trauma patient
* An unstable patient may be taken to
the operating room without imaging

Chest and pelvic radiographs
FAST scan

Non contrast head CT
Non contrast cervical spine CT or CTA neck
Contrast chest CT, Contrast abdomen/pelvis CT
CT cystogram (if there is concern for urinary bladder injury)
Extremity radiographs

Fig. 3.4 Imaging algorithm for evaluation of traumatic injuries
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traumatic injuries. Intravenous iodinated contrast 
administration is absolutely vital in the assess-
ment of both visceral and vascular traumatic inju-
ries and should not be withheld due to concerns 
about fetal exposure. While gastrointestinal con-
trast is not routinely administered during CT 
evaluations of the traumatized patient, rectal con-
trast may be considered in the setting of penetrat-
ing pelvic trauma to evaluate for possible bowel 
injury. The healthcare provider will determine 
which regions of the body require evaluation with 
CT. If there is concern for traumatic injury to the 
head and neck, a non-contrast head and non-con-
trast cervical spine CT should be obtained. 
Alternatively, if there is concern for cervical vas-
cular injury, a CT angiography (CTA) of the neck 
may be substituted for the non-contrast cervical 
spine CT. Neck CTA will not only exclude major 
cervical vascular injury but will also evaluate for 
cervical spine injury. If there is concern for tho-
racic injury, a contrast-enhanced chest CT should 
be obtained. If there is concern for abdominopel-
vic injury, a contrast-enhanced abdomen/pelvis 
CT should be obtained. At our institution, a typi-
cal CT evaluation for traumatic injury dubbed as 
“pan-scan” includes non-contrast head CT, non-
contrast cervical spine CT or CTA neck, contrast-
enhanced CT of the chest and upper abdomen in 
the arterial phase, and a contrast-enhanced CT of 
the abdomen/pelvis in the portal venous phase. 
The initial images from the abdomen/pelvis are 
previewed by the radiologist at the scanner to 
assess whether delayed imaging is required. 
Delayed imaging that is obtained at 3–5 min after 
the initial scan may be helpful in differentiating 
pseudoaneurysm vs. active arterial contrast 
extravasation as well as detecting urinary collect-
ing system/urinary bladder injuries. If there is 
concern for urinary bladder injury, a CT cysto-
gram should be obtained, as delayed imaging 
itself does not effectively exclude traumatic uri-
nary bladder injury [63].

 MRI
Although MRI offers diagnostic evaluation with-
out the use of ionizing radiation, there are several 
disadvantages with the use of MRI rather than 
CT as the initial modality to exclude acute trau-
matic injury. These include long examination 
times which make MR imaging more susceptible 
to motion artifact, increased difficulty with 
patient monitoring and resuscitation efforts, and 
the controversial use of intravenous paramag-
netic contrast, given the known teratogenic 
effects of these agents in animal models.

 Urolithiasis

Urolithiasis is one of the most common non-
obstetric indications for hospitalization of preg-
nant patients [64, 65]. To further complicate the 
issue, hormone-related physiologic dilatation of 
the collecting system and compression of distal 
ureters by the enlarged uterus may mimic obstruc-
tive hydronephrosis. It is reported that 70–80% of 
ureteral calculi will pass spontaneously in preg-
nant patients [65]. However, if obstructive uroli-
thiasis is not appropriately addressed, it may lead 
to pyelonephritis or premature labor induced by 
renal colic [65]. See Fig. 3.5.

 Ultrasound
Ultrasound is the initial imaging modality of 
choice in evaluation of urolithiasis in pregnant 
patients. Sensitivity for detection of renal/ure-
teral calculi with ultrasound ranges from 34 to 
95% [65, 66]. Use of Doppler ultrasound with 
calculation of resistive indices (RI) has been 
advocated to differentiate obstructive hydrone-
phrosis from physiologic dilatation of the 
 collecting systems. Typically, pregnancy should 
not affect intrarenal RI; thus an abnormally ele-
vated RI >0.70 should be considered pathologic 
[67]. It should be noted that RI elevation usually 

Clinical concern for
urolithiasis

Renal/Bladder
Ultrasound

Non-diagnostic or negative ultrasound
with persistent clinical concern

Conservative management
Magnetic resonance urography (MRU)

Low-dose non-contrast CT abdomen/pelvis
(if MRU is contraindicated or not available)

Fig. 3.5 Imaging algorithm for evaluation of urolithiasis
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occurs within 6  h after acute obstruction. An 
absent ureteral jet on the symptomatic side has a 
reported sensitivity of 100% and specificity of 
91% [68]. However approximately 15% of 
asymptomatic pregnant patients have absent uni-
lateral ureteral jets; thus the patient should be 
imaged in the contralateral decubitus position to 
decrease the false positive rate [68, 69]. 
Transvaginal US may be considered to evaluate 
for distal ureteral calculi if the transabdominal 
US is normal or nondiagnostic [70].

 CT
Low-dose non-contrast CT has gained favor as a 
possible second-line imaging test for urolithiasis 
in pregnant patients if MRI is contraindicated or 
not available. One article reports an estimated fetal 
radiation dose of 4–7.2 mGy at 0 months gestation 
and 8.5–11.7 mGy at 3 months gestation using a 
protocol that employs low-tube current (i.e., 
160 mA, 140 kVp) and a 16-row multidetector CT 
[71]. The reported sensitivity and specificity for 
these exams are >95% and >98%, respectively.

 MRI
Non-contrast MR urography is also considered to 
be a second-line imaging test when ultrasound is 
non-diagnostic in a patient with persistent symp-
toms despite conservative management. These 
studies have a high reported sensitivity for identi-
fying urinary tract dilatation and locating the site 
of obstruction [72]. Limitations include a lack of 
institutional availability, high cost, and poor visu-
alization of small calculi.

 Therapeutic Intervention
While conservative treatment is recommended as 
the initial management for patients with renal 
colic, if therapeutic intervention is required, a 
ureteral stent may be placed with ultrasound 
guidance or under direct visualization using a 
ureteroscope [64]. Percutaneous nephrostomies 
may also be placed via ultrasound [64].

 Conclusion
Preference should always be given to evalua-
tions that provide the desired diagnostic infor-
mation without the use of ionizing radiation 

when imaging non-traumatized pregnant 
patients. The healthcare provider should dis-
cuss risks and benefits of the examination with 
the patient when ordering an imaging study 
that employs ionizing radiation or an MRI for 
a pregnant patient and should obtain consent 
in cases that do not involve life-threatening 
trauma. While there are no documented 
adverse human fetal effects from diagnostic 
ultrasound, judicious use is advocated to keep 
fetal exposure as low as possible. The esti-
mated fetal radiation dose should be kept as 
low as possible (i.e., below the cumulative 
threshold of 50 mGy) if an imaging evaluation 
that employs ionizing radiation must be used. 
Consideration should also be given to the 
number and type of imaging evaluations 
employing ionizing radiation a pregnant 
patient has already had during her current 
pregnancy, as these studies will contribute to 
the cumulative fetal radiation dose. 
Intravenous iodinated contrast administration 
is typically very useful for CT evaluations, 
especially for evaluation of traumatic injuries. 
Administration of intravenous paramagnetic 
contrast agents for MRI evaluations during 
pregnancy should only be considered when it 
is absolutely vital for patient management. 
Consultation with a diagnostic radiologist is 
helpful not only with choosing the appropriate 
imaging evaluation but also with tailoring 
study parameters to decrease radiation expo-
sure while still maintaining the diagnostic 
integrity of the exam.
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 Laparotomy in Pregnancy

In the hands of a skilled surgeon, many non- 
obstetric procedures performed during pregnancy 
can be completed via a minimally invasive 
approach. However, in the third trimester, as the 
uterus continues to enlarge and encompass the 
upper abdomen, adequate pneumoperitoneum 
and visualization may be difficult to achieve.

In addition to conventional laparotomy instru-
ments (Fig. 4.1), a cesarean section tray should 
be readily available in case there are any signs of 
fetal distress and the mother does not respond to 
resuscitative measures.

 The Laparoscope

A high-performance laparoscope is a vital com-
ponent of any laparoscopic procedure.

Besides size and configuration, laparoscopes 
are based on rod lens or CCD/CMOS sensor 
design and are used with 2D or 3D cameras. The 
laparoscope diameter ranges from 2 to 12  mm 
and may incorporate a working channel, an 
essential feature for laser or electrosurgery. It 
should be noted that the resolution of 4K cameras 
is outpacing the resolution of laparoscopes. For 
that reason, larger laparoscopes may be preferred 
to maximize the resolution.

The angle of view ranges from 0° to 120° in 
laparoscopes with a rod lens design. 
EndoCAMeleon® is a special variable-view 
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laparoscope manufactured by KARL STORZ 
and allows the angle of view to be changed 
intraoperatively between 0° and 120° (Fig. 4.2). 
Combined with a 4K camera system, such as 
IMAGE1 S™, it provides a look-around capa-
bility in 4K resolution.

 Light Source

In recent years, there have been two noteworthy 
developments in light source technology. The 
first includes the LED-based light sources that 
provide brightness similar to xenon light sources 
but do not require a cooling fan and have a lower 
maintenance cost (Fig. 4.3). The second involves 
fluorescence imaging. Several manufacturers are 
also providing light sources that output a segment 
within or outside of the visible spectrum. Special 

cameras and scopes are required to visualize 
anatomy under near- infrared light after injection 
of indocyanine green (ICG) fluorescing dye. 
Assessment of the biliary duct system, organ per-
fusion, and lymph nodes are indications for use 
of this technology today.

 The Camera

Endoscopic surgery requires the use of a camera 
acquiring an image. In some video imaging sys-
tems for endoscopic surgery, the camera is a sep-
arate device that attaches to an endoscope and is 
called a “camera head.” In other video imaging 
systems for endoscopic surgery, the camera sen-
sor is integrated into the endoscope, in which 
case the endoscope is called a video endoscope.

All camera heads and video endoscopes must 
be connected to a camera control unit (CCU) that 
houses the electronics and software. The CCU 
then receives the image data from the camera, 
processes, and distributes it for viewing on a dis-
play or documents it on a recording device.

KARL STORZ currently markets a camera 
system that is based on a modular design and 
incorporates multiple modalities.

The modular CCU, consists of one CONNECT 
module (top box in Fig. 4.4) and multiple video 
technology LINK modules (lower boxes in 
Fig. 4.4), which can be purchased independently. 
At a minimum, a CONNECT and one LINK 
module are required for a functioning CCU. Four 
LINK modules are available today, of which 
three can be connected with the CONNECT 
module at the same time:

• H3-LINK: for 4U camera heads and NIR/ICG 
high-definition (HD) camera head (Fig. 4.5)

• X-LINK: for single-chip camera heads and 
video endoscopes

• D3-LINK: for 3D HD video endoscopes 
(TIPCAM®)

• 4U-LINK: for 4K camera head

IMAGE1 S™ enhances the visualization of 
HD and ultra-high-definition (UHD/4K) images 
in the following ways:

Fig. 4.2 EndoCAMeleon® variable-view laparoscope. 
©2018 Photo Courtesy of KARL STORZ Endoscopy- 
America, Inc.

Fig. 4.3 Power LED 300 light source. ©2018 Photo 
Courtesy of KARL STORZ Endoscopy-America, Inc.
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• CLARA identifies and further brightens dark 
areas in an otherwise bright image dynami-
cally and in real time without overexposing 
the bright part of the image.

• CHROMA enhances the visibility of vascular-
ity by increasing red color contrast.

• For some surgical procedures, selecting 
CLARA plus CHROMA combines both 
enhancements to optimize viewing for those 
specific applications. NIR (near-infrared) imag-
ing, used in conjunction with  indocyanine green 
(ICG) fluorescing dye, enhances the visibility 
of blood vessels (perfusion) and biliary ducts.

 The Monitor and Digital Capture 
Device

Display technology has also seen continued 
progress, allowing visualization of HD and 4K 
images. The size of surgical screens has also 
increased progressively with 32" becoming 
the norm in modern ORs. The surgical care of 
a pregnant woman requires close collaboration 
from multiple care teams, including specialty 
surgeons, anesthesiologists, and neonatolo-
gists. A new technology offered by KARL 
STORZ that assists a collaborative “care team” 
is called a “collaboration display” (Fig.  4.6). 
This large wall-mounted interactive display is 
available in sizes 55" up to 98" allowing the 
“care team” to visualize ALL relevant infor-
mation, including preoperative imaging, intra-
operative imaging, sonogram, and patient/
fetus vitals. This technology allows for 
improved communication and coordination 
among the care team members. Remote surgi-
cal collaboration is also possible, making it 
possible to tap into the expertise of extended 
care team members who may not even be pres-
ent in the OR.

Several modalities are available to digitally 
capture surgical footage. They range from built-
 in capture in CCUs to dedicated digital capture 
devices, such as the AIDA™ BELLA from 
KARL STORZ, as well as a streaming technol-
ogy, e.g., StreamConnect®, that allows for cloud-
based storage as part of the electronic health 
record of each patient (Fig. 4.7).

Fig. 4.4 IMAGE1 S™ Camera Control Unit with 
CONNECT module and three LINK modules. ©2018 Photo 
Courtesy of KARL STORZ Endoscopy-America, Inc.

a b

Fig. 4.5 4U camera head (a) and ICG system (b). ©2018 Photo Courtesy of KARL STORZ Endoscopy-America, Inc.
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 Insufflator

To adequately observe the contents of the abdom-
inal and pelvic cavity, the abdomen is distended 
with CO2 using an electronically controlled 
insufflator. The system has manually adjustable 
settings for the desired maximum intra- abdominal 
pressure in mmHg and the maximum CO2 flow 
rate in liters per minute (L/min). There is also a 
digital display for the current intra-abdominal 
pressure, the CO2 flow rate in L/min, and the vol-
ume of CO2 gas consumed (Fig. 4.8).

The system is able to automatically adjust its 
flow rate based on the recorded intra-abdominal 
pressure throughout the procedure. There is also 
a protective feature that will sound an alarm if 
the intra-abdominal pressure exceeds the maxi-
mum desired pressure that was manually set. To 
avoid complications such as subcutaneous 
emphysema and difficulties for anesthesia in 
maintaining adequate ventilation, the maximum 
intra-abdominal pressure should not exceed 
15 mmHg. Many commercial insufflators have a 
built-in heating function that heats the CO2 to 

37  °C/99  °F to help prevent the patient from 
becoming hypothermic and to decrease laparo-
scope fogging.

High-flow insufflators such as 
ENDOFLATOR® 50 can be paired with an 
S-Pilot® smoke evacuation device to maintain a 
clear visual field and distention.

Airseal iFS (ConMed, Utica, NY; Fig. 4.9) is a 
commercial insufflator that has a “3-in-1” insuf-
flation management system that is capable of 
operating in three distinct modes. The Standard 
Insufflation Mode provides high-flow insuffla-
tion and can be attached to conventional ports. 
The Smoke Evacuation Mode utilizes a bifur-
cated, dual-lumen filtered tube set that provides 
high-flow insufflation and facilitates smoke evac-
uation and filtration. The AirSeal Mode is most 
popular for its ability to maintain stable pneumo-
peritoneum while providing high-flow 
 insufflation and facilitating smoke evacuation. 
The AirSeal Mode does require the use of an 
AirSeal Access Port that also has the added 
advantage of being valve-free with unimpeded 
access to the abdominal cavity [1].

Fig. 4.6 Collaboration screen. ©2018 Photo Courtesy of KARL STORZ Endoscopy-America, Inc.
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 Integrated Operating Rooms

Like most examples of contemporary medical 
care, operating rooms have moved toward more 
complex environments. The modern OR embod-
ies numerous critically interrelated surgical sys-
tems, technology platforms, and information 
systems. Each component has been developed to 
facilitate and enhance the flow, both into and out 
of the OR, of patients, personnel, and medical, as 
well as billing data and more (Fig.  4.10). The 
hurdle facing hospitals and device manufacturers 
is to create solutions for organizing and manag-
ing this movement.

a

b

Fig. 4.7 (a) AIDA™ BELLA 4K Digital capture. (b) StreamConnect®. ©2018 Photo Courtesy of KARL STORZ 
Endoscopy-America, Inc.

Fig. 4.8 ENDOFLATOR® 50 showing the digital display 
for intra-abdominal pressure, flow rate, and volume con-
sumed. ©2018 Photo Courtesy of KARL STORZ 
Endoscopy-America, Inc (intra-abdominal pressure, 
etc…).
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The movement of individuals, equipment, data, 
and more through the OR environment can be 
viewed in terms of workflow dynamics. The role 
of new generations of medical equipment within 
such a system can thus be envisioned as streamlin-

ing both incoming and outgoing flows while, ide-
ally, increasing efficiency and effectiveness in 
terms of patient outcomes and safety.

Like most facets of medical care, the flow of 
people, equipment, and data into and out of the 

Fig. 4.9 AirSeal iFS 
showing the three modes 
available. Image 
courtesy of Surgiquest, 
ConMed, Utica, NY

Fig. 4.10 Operating rooms today, such as the OR1® inte-
grated suite above, must encompass a broad range of sys-
tems for data and image management, device control, and 
more. Each piece of equipment and its functional compo-

nent must be integrated for interoperability and to stream-
line functional dynamics. ©2018 Photo Courtesy of 
KARL STORZ Endoscopy-America, Inc.
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OR has only increased in magnitude and com-
plexity between the surgical settings of yester-
day’s Industrial Age and the currently evolving 
Information Age.

 Instruments for Fetoscopy

Embryoscopy and fetoscopy were developed in 
the 1970s, but were displaced by high-resolution 
ultrasound before they were reintroduced as a 
surgical fetoscopy intervention. Over the past 
three decades, various procedures have been 
developed to treat the fetus for several congenital 
diseases, affording those patients significantly 
improved odds for survival and better outcomes 
after birth. While some of the equipment neces-
sary to perform a fetoscopy procedure, such as 
light sources and cameras, are similar to those 
used in laparoscopic or hysteroscopic surgery, 
these latest interventions are enabled by new 
developments in endoscopes and instrumenta-
tion. KARL STORZ has been a pioneer in devel-
oping the instrumentation required for fetoscopy 
procedures and has supported the development of 
several procedures and multicenter studies in 
both Europe and the USA. Today, a number of 
surgical interventions on fetuses are performed 
outside of the USA. Restrictions by the regula-
tory body in the USA have limited the diversity 

of the procedures performed in the USA. 
Humanitarian Device Exemption (HDE) is a reg-
ulatory process within the US Food and Drug 
Administration (FDA) that follows the orphan 
drug model. Using this process, companies with 
an interest in marketing a device that is critical to 
the care of a very limited number of patients and 
has no predicate device to qualify for a 510(k) 
process can apply for a Humanitarian Use Device 
(HUD) designation to establish the device is used 
to treat diseases affecting a limited number of 
patients. This would be followed by the submis-
sion of an HDE application demonstrating that 
the probable benefit outweighs the risk. The clin-
ical data and other relevant information are very 
comprehensive but less burdensome than a 
Premarket Approval Application that would be 
required with procedures with a higher preva-
lence. KARL STORZ is the only company in the 
USA that has made the required investment in 
resources that generate the data required to secure 
an HDE designation for its instrumentation used 
for the treatment of twin-to-twin transfusion syn-
drome (TTTS), which is discussed further in 
Chap. 33. These instruments are currently in use 
across more than 20 institutions in the USA, with 
ongoing efforts to expand the available scope and 
instrument designs, procedures, and sites. The 
current HDE-approved set (Fig.  4.11) includes 
fetoscopes in 1.0 to 2.0  mm in diameter and 

Fig. 4.11 Fetoscopy 
instrumentation. ©2018 
Photo Courtesy of 
KARL STORZ 
Endoscopy-America, 
Inc.
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© KARL STORZ Endoskope

Fig. 4.12 The fetoscope used for TTTS. ©2018 Photo Courtesy of KARL STORZ Endoscopy-America, Inc.

© 2018 KARL STORZ Endoskope

Fig. 4.13 Example of 
picture-in-picture 
display of clinical 
image. ©2018 Photo 
Courtesy of KARL 
STORZ Endoscopy-
America, Inc.

© 2018 KARL STORZ Endoskope

Fig. 4.14 Veress pneumoperitoneum needle with spring-loaded blunt inner cannula. ©2018 Photo Courtesy of KARL 
STORZ Endoscopy-America, Inc.

20–30 cm in working length with accompanying 
instrumentation. A scope with a specially 
designed remote eyepiece (Fig. 4.12) reduces the 
weight and enables the surgeon to navigate the 
scope with fine movements and an ergonomic 
fashion. The new “Picture in Picture” feature 
(Fig. 4.13) of the IMAGE1 S™ camera allows a 
simultaneous side-by-side display of endoscopic 
and ultrasound images.

The Veress needle is the most common method 
used to insufflate the abdomen. There are dispos-
able and reusable Veress needles available that con-
sist of a blunt-tipped, spring-loaded inner stylet and 
a sharp outer needle (Fig. 4.14). The other end of 
the Veress needle has a valve with an adjustable 
occluder to allow for an injectable syringe or CO2 
tubing to be attached for insufflation. The stylet has 
a lateral hole that allows CO2 to pass through.
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 Access Devices

Reusable and disposable ports, which come in 
numerous compositions, are available for use. 
Trocars used with ports may be blunt, sharp, radi-
ally expanding (Fig. 4.15), shielded, and/or clear 
for visualization during insertion. The ports may 
be made of plastic, metal, or a combination of 
both. Commonly used port diameters range in 
size from 3 to 13 mm. The choice of port compo-
sition is generally up to the preference of the 
 surgeon. If a port containing metal is selected, 
however, caution should be taken when using 
monopolar cautery as there is an increased risk 
for thermal injury from capacitive coupling [2]. 
Techniques for trocar insertion will be discussed 
in a later chapter.

A Gelpoint device (Applied Medical, Rancho 
Santa Margarita, CA) can be used during single- 
site video-assisted laparoscopic procedures to 
allow for multiple trocar insertions through a 
single abdominal incision.

 Suction-Irrigator Probe 
and Hydrodissection Pump

The suction-irrigator probe has many functions 
during a video-assisted procedure. Its obvious 
functions include evacuating blood, fluid, and 
smoke from the operative field with the suction 
mode and lavage with the irrigation mode. The 
suction-irrigator tip can also be used as an 
extension of the surgeon’s fingers to aid in blunt 

dissection, division of tissue planes and spaces, 
and, uniquely, hydrodissection, which dissects 
planes while protecting proximal structures, i.e., 
the ureter, pelvic vessels, bladder, and bowel, in 
cases of adhesion. Since the probe is sand-
blasted, it can also be used as a backstop for the 
CO2 laser. In general, a properly designed suc-
tion-irrigation system has the following 
characteristics:

• The trumpet valve is designed ergonomically 
so that the valve is easy to use and provides 
constant control of fluid or suction, including 
valve regulation, rather than an on/off 
mechanism.

• The internal valve diameters are large enough 
to allow the blood and tissue to pass easily 
through the canister and provide sufficient 
irrigation flow.

• Probe tips are smooth, strong, and nonreflec-
tive, so that they can be used for blunt dissec-
tion and serve as a backstop for the CO2 laser.

• The irrigation pump provides precise and vari-
able irrigation pressures.

The trumpet valve can also have a metered 
adjustment feature incorporated into its design to 
allow for continuous smoke evacuation without 
having to manually compress the suction piston. 
Additional suction capability can be accessed by 
manually depressing the suction piston. The 
probe tip is available in various lengths and diam-
eters. Care should be taken when using the probe 
for blunt dissection as bowel injuries have been 
reported during this process [3]. High pump pres-
sures are used in hydrodissecting areas near the 
bowel, bladder, major blood vessels, and ureters. 
It is also recommended to use warmed irrigation 
fluid (39 °C) to help reduce risks of a drop in core 
temperature, which has commonly been observed 
with the use of large quantities of irrigation fluid 
during laparoscopy [4].

A higher electrically powered pump with 
adjustable “high” and “low” settings has been 
developed (Davol X-Stream Irrigation System; 
Davol Inc., a subsidiary of C.  R. Bard, Inc.). 
On the low setting, the flow rate ranges from 
2500 to 3800 mL/min. On the high setting, the 

Fig. 4.15 Trocars used for access. ©2018 Photo Courtesy 
of KARL STORZ Endoscopy-America, Inc.
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flow rate ranges from 3400 to 5000 mL/min. It 
incorporates the effectiveness and convenience 
of bag irrigation with the precision and effec-
tive delivery of pressurized pump irrigation 
(Fig.  4.16a). The Hydro-Surg Plus system 
(Fig. 4.16b) is another battery-powered, high-
performance system with an on/off switch for 
pump activation and a smoke evacuation fea-
ture that directly attaches to an I.V. pole for 
convenience and added security.

 Electrosurgical Generator 
with Bipolar Forceps and Monopolar 
Scissors

The primary instrument used for hemostasis dur-
ing operative laparoscopy is the bipolar electro-
coagulator. The use of bipolar energy allows for a 
more controlled thermal spread over the tissue 
when compared to monopolar energy. Several 
types of bipolar forceps are available, including 
reusable and disposable forms. This instrument 
should be prepared routinely and tested prior to 
starting the procedure to ensure its proper func-
tion. Fine tips are used for coagulating small 
blood vessels during delicate operations  involving 

the fallopian tubes, bowel, and ureters. Flatter 
jaws are used on larger blood vessels or pedicles, 
including the uterine artery and infundibulopel-
vic ligaments.

Monopolar scissors with and without attach-
ment to an energy source is another instrument 
that should be routinely available. This instru-
ment also comes in reusable and disposable 
forms. This instrument can be used for both blunt 
and sharp dissection of adhesions, dissecting the 
pelvic sidewall, resecting the diseased tissue (i.e., 
endometriosis), or sampling tissue for biopsy. 
The shaft can easily be rotated along its longitu-
dinal axis by adjusting the dial on the handle. 
Care must be taken to avoid arcing when using 
the scissors while attached to an energy source, 
as this could lead to injury of the proximal tissue 
and blood vessels.

 Grasping Instruments

As seen in Fig.  4.17, laparoscopic instrument 
trays with the necessary grasping instruments can 
be designed at the hospital or facility to be read-
ily available and specialized for the planned pro-
cedures. A variety of graspers designed to firmly 
hold tissue without exerting excessive pressure 
that could result in injury to the tissue can be 
included in these trays. The following list of 
graspers should be included:

• At least 2–3 wavy graspers: with and without 
teeth

• Bowel grasper
• Maryland dissection grasper
• Babcock grasper
• Blunt-tipped probe

These graspers should include a locking 
mechanism and a knob on the handle that allow 
for the instrument to be rotated along its longitu-
dinal axis for additional maneuverability. Many 
of these instruments are also available in 3.5-mm 
diameters, instead of the standard 5-mm diame-
ter, which can be used in mini-laparoscopy. As a 

Fig. 4.16 StrykeFlow2 suction irrigator courtesy of 
Stryker, Inc.
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broad range of miniature-size instruments 
(Fig.  4.18) have been made available, their use 
has increased in recent years. This is attributed to 
improved cosmetics, reduced postoperative pain, 
faster recovery, and reduced risk of hernias, adhe-
sions, and infections.

 Da Vinci Si and Xi Basic Instruments

Although rarely necessary, computer-enhanced 
video-assisted laparoscopy (robotic) may be 
used during pregnancy. Similarly to the trays 
described above, specialized gynecology 
robotic trays can be assembled for both the Da 
Vinci Si and Xi compatible systems. These trays 
should include the following 8-mm instruments 
(Fig. 4.19):

• Fenestrated Bipolar Forceps1

• Maryland Bipolar Forceps1

• ProGrasp™ Forceps
• Tenaculum Forceps
• Monopolar Curved Scissors1

• Large or Mega Needle Driver
• Large or Mega SutureCut™ Needle Driver
• Large SutureCut™ Needle Driver
• Permanent Cautery Spatula (Xi system)1

Some of the specialized instruments available 
with the Da Vinci robotic system that might be use-
ful are the Vessel Sealer and the Harmonic Ace® 
Curved Shears (Ethicon, Inc., Cincinnati, OH).

1 Also available in 5-mm diameter for single-site 
applications

Fig. 4.17 Routine 
laparoscopic gynecology 
tray. ©2018 Photo 
Courtesy of KARL 
STORZ Endoscopy- 
America, Inc.

Fig. 4.18 Mini- 
laparoscopy instruments. 
©2018 Photo Courtesy 
of KARL STORZ 
Endoscopy-America, 
Inc.
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 Specialized Instruments

 Vessel-Sealing Devices

Traditional monopolar and bipolar cautery 
devices generate significant heat and smoke and 
often result in inconsistent vessel sealing with 
larger thermal spread and charring [5]. To com-
pensate for these inadequacies, many devices 
have since been developed that utilize sophisti-
cated energy systems for dissection and hemosta-
sis. These advances in electrosurgical technology 
continue to transform the field of operative 
 laparoscopy and have allowed for the ongoing 
development of devices that result in effective 
vessel sealing with minimal collateral damage. 
The most commonly utilized devices include 
modern feedback-controlled bipolar devices as 
well as ultrasonic shears.

Most commonly used modern feedback- 
controlled bipolar devices include the 
LigaSure™ sealing device (Covidien, Boulder, 
CO) (Fig. 4.20a, b), the Gyrus Plasma Kinetics 
sealer (Gyrus ACMI, Southborough, MA), and 
the ENSEAL® (Ethicon, Inc., Cincinnati, OH) 
(Fig. 4.21a, b). All of these devices use radio- 
frequency bipolar energy and have an 
impedance- based feedback loop that modifies 
the bipolar energy delivered. Bipolar energy dif-
fers in that the LigaSure device provides a con-
tinuous bipolar waveform, whereas the Gyrus 

Plasma Kinetic™ sealer delivers a pulsed bipo-
lar waveform, allowing for a cooling-off period 
for  cooling the blades [6]. The ENSEAL® deliv-
ers high uniform compression through the 
device jaws, and its dynamic thermal modula-
tion maintains a constant temperature of approx-
imately 100 °C, minimizing tissue charring [7, 
8]. The I-shaped blade advances as the tissue is 
being sealed, simultaneously sealing and tran-
secting the tissue. These devices are recom-
mended for sealing vessels up to 7  mm in 
diameter.

 Harmonic Scalpel

The ultrasonically activated vibrating blade of 
the Harmonic Ace® scalpel or shears (Ethicon, 
Inc., Cincinnati, OH) moves longitudinally at 
55,000 vibrations per second, cutting tissue while 
simultaneously providing hemostasis. The vibra-
tion of the ultrasonic scalpel is thought to gener-
ate low heat at the incision site. The combination 
of vibration and heat causes the protein to dena-
ture. The Harmonic Ace® scalpel may limit the 
number of steps required for desiccation and 
transection of vascular pedicles. Another advan-
tage of the harmonic scalpel is that the active 
blade can be used as a surgical knife. It was also 
found to cause less thermal spread in tissue when 
compared to bipolar vessel-sealing devices [5, 9]. 

Fig. 4.19 Da Vinci Xi 
gynecology instruments

A. Amiri et al.
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a

b

Fig. 4.20 (a) Covidien 
Electrosurgical 
Generator. (b) LigaSure 
5-mm laparoscopic 
instrument. Photos 
courtesy of Covidien, 
Boulder, CO
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a

b

c

Fig. 4.21 (a) Ethicon 
electrosurgical 
generator. (b) Ethicon 
ENSEAL® tissue sealing 
device. (c) Ethicon 
Harmonic HD 1000i 
Shears. ©Ethicon, Inc. 
2018. Reproduced with 
permission
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In response to a few studies that showed the 
Harmonic Ace® scalpel to be inferior at sealing 
vessels greater than 4  mm when compared to 
bipolar vessel-sealing devices, the Harmonic 
Ace® + 7 Shears (Ethicon, Inc., Cincinnati, OH) 
was developed with the advanced hemostasis 
mode with improved burst pressures (1419 mmHg 
for 5–7-mm diameter vessels) so that the 
Harmonic scalpel could be utilized for sealing 
larger vessels up to 7 mm [5]. The HARMONIC® 
HD 1000i Shears (Ethicon, Inc., Cincinnati, OH; 
see Fig. 4.22b) was most recently developed and 
is now completely disposable with the energy 
cord already attached. This version of the har-
monic scalpel is supposed to combine the advan-
tages of the Max and Min functions into one 
button. There is still the advanced hemostasis 
mode button on the side for sealing up to 7-mm 
vessels. A study was published in 2016 to assess 
the clinical experience during a total laparoscopic 
hysterectomy with the use of the advanced hemo-
stasis mode. The study included 40 patients and 
reported that 94.4% of transections, including the 
uterine artery or pedicle and the ovarian pedicles 
(when indicated), achieved adequate hemostasis 
with the Advanced Hemostasis mode alone. Five 
patients required the use of conventional bipolar 
or monopoly energy [10].

 PlasmaJet

Plasma Surgical, Inc. (Roswell, GA) developed 
the PlasmaJet® system (Fig. 4.22), which is unique 
in employing a pure and electrically neutral 
plasma, a stream of excited argon ions and elec-
trons at very high enthalpy, to cut, vaporize, and 
coagulate tissue. Because the PlasmaJet® does not 
use high voltage, it can be utilized in several fields 
of surgery, including cardiac, safe laparoscopy, 
neurosurgery, and spine surgery, where the use of 

a high-voltage device would not be appropriate. 
There is also no external electrical current gener-
ated by the PlasmaJet® system because it uses 
argon gas at 0.4  L/min, so it does not stimulate 
nerves and evoke action potentials or muscle 
twitch during surgery. The other distinct and major 
advantage of plasma surgery technology is that the 
depth of tissue damage is significantly less than 
that observed in electrosurgery, allowing for con-
trolled use on delicate tissue, such as the ovary, 
fallopian tube, adhesions, bowel, and diaphragm 
and the ability at a higher- power setting to cut and 
coagulate denser structures.

The laparoscopic handpieces are 5  mm in 
diameter and 28 cm in length. The device can be 
controlled by the handpiece or foot pedal with 
both modes containing cut and coagulation func-
tion. The tissue effect is determined by the dis-
tance of the handpiece from the targeted tissue. 
With near-direct contact, a cutting effect may be 
achieved, while a greater distance from the tissue 
results in a coagulative effect. The PlasmaJet® 
produces very little plume smoke and will not 
overpressure the pneumoperitoneum.

 Endoscopic Lasers

Three different lasers are available in the operat-
ing room: a CO2 laser (with coupler), an argon or 
potassium titanyl phosphate (KTP) laser, and a 
neodymium-doped: yttrium-aluminum-garnet 
(Nd:YAG) laser. They are used through the oper-
ative channel of the laparoscope or a separate 
port. The CO2 laser is on the patient’s side, oppo-
site the surgeon. The articulating arm is extended 
appropriately so that it does not weigh too heav-
ily on the surgeon’s hand and it can be used as 
free beam or fiber. YAG and argon lasers are used 
less frequently and are located behind the assis-
tant standing between the patient’s legs. This 

Fig. 4.22 PlasmaJet® 5-mm handpiece. Image courtesy of Plasma Surgical, Inc., Roswell, GA
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allows laser fibers to be passed from the back 
table through the second puncture site. 
Appropriate electrical outlets and special water 
connections are necessary when using fiber 
lasers. Typically, an outlet supplying a 220  V 
30A circuit is required. The YAG laser may be 
either three-phase or single-phase and air or 
water cooled, depending on the peak wattage 
required for a particular procedure. Individually 
wrapped sterile fibers are kept with the fiber 
lasers, each with its own cleaver for sharpening 
fiber tips. Because fibers can break easily, they 
are handled carefully and checked repeatedly. 
Safety precautions are followed strictly when one 
is using lasers. In the CO2 laser, the free beam is 
transmitted through and reflected by mirrors con-
tained in the articulating arm. When fiber lasers 
are used, both the patient and the staff must wear 
protective tinted eyewear. CO2 lasers have the 
benefit of high water absorption, with more than 
95% of energy absorbed by water in 1 mm of tis-
sue. By comparison, water transmits more than 
95% of argon laser energy in 1 mm of tissue. This 
limits the effect of the CO2 laser to only the most 
superficial layers of tissue with minimal thermal 
spread (approximately 0.1  mm, compared to 
4 mm in the Nd: YAG laser), allowing very pre-
cise cutting and coagulation [11].

 Endoscopic Stapler

Several designs of endoscopic staplers are cur-
rently available. They are very useful for rapid 
cutting while maintaining excellent hemostasis. 
In bowel surgery and appendectomy, the overlap-

ping rows of staples prevent spillage of bowel 
contents within the abdomen [12]. The linear sta-
pler designed for gynecologic use is similar to the 
one used for bowel operations and can be intro-
duced through a 12-mm trocar sleeve (Fig. 4.23). 
Ethicon and Covidien produce endoscopic surgi-
cal staplers with different designs, but their func-
tions overall are essentially the same. The 
available staplers are disposable and can be 
reloaded with cartridges designed for gyneco-
logic, generally, and thoracic surgery. Each car-
tridge contains titanium staples that are arranged 
in two sets of triple-staggered rows. The instru-
ment also contains a push-bar knife assembly, 
which cuts between the two sets of triple rows, 
ligating both ends of the incised tissue. The cut 
line was designed to be shorter than the staple 
line to prevent bleeding or spillage of bowel 
contents.

The endoscopic circular stapler is used most 
commonly in gastrointestinal and colorectal sur-
gery, as well as gynecologic oncology for bowel 
resection and anastomosis, but may also be used 
in bowel resection or disk resection for deep infil-
trating endometriosis [13, 14].

 Laparoscopic Specimen Retrieval Bag

In many cases, specimens are too large to be 
removed directly from a standard 5-mm or even 
11-mm trocar. If there is concern regarding pos-
sible malignancy or chemical peritonitis, the 
specimen should be contained within a specimen 
retrieval bag before proceeding to allow for 
piecemeal removal from the pelvic and  abdominal 

Fig. 4.23 Linear stapler 
designed for 
gynecologic use. 
©Ethicon, Inc. 2018. 
Reproduced with 
permission

A. Amiri et al.
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cavities. Over the years, multiple disposable 
retrieval bags have been developed (Fig.  4.24). 
Although they have slightly different designs, the 
overall mechanism of action is similar. The most 
commonly utilized bag sizes are 5, 10, and 
15 mm and are composed of a flexible plastic or 
polyurethane bag, introduction sleeve, and cap. 
The cap should be removed prior to inserting the 
device. Once the device is inserted within the 
cavity, the bag is released and opened using a 
plunger-like mechanism. The bag remains patent 
due to its attachment to a metal hoop. The speci-
men can then be placed within the bag and closed 
by pulling on the drawstring which will also sep-
arate the bag from the metal hoop. The metal 
hoop is simultaneously pulled back into the intro-
duction sleeve during this process. Care should 
be taken prior to closing the bag to ensure that no 
additional tissue is within the bag’s opening, i.e., 
bowel. If the bag and its contents are too large to 
be directly removed through the canula, then the 
bag should be pulled into the sleeve until resis-
tance is felt. The port can then be removed and 
the bag brought through the incision site. The bag 
can then be opened, allowing the specimen con-
tents to be aspirated and tissue extracted using 
forceps and/or a scalpel. The incision may need 
to be extended for larger specimen extraction. 
Care should be taken to not puncture the bag dur-
ing specimen aspiration and extraction.

 Aspiration-Injection Needle

A 16- or 22-gauge aspiration-injection needle 
can be used to aspirate and inject fluids. When 

attached to a 28-cm laparoscopic probe tip 
without fenestrations, close-chambered ovarian 
cyst aspiration can be performed. The needle is 
usually 2 cm in length and has been etched with 
0.5- cm markings in order to accurately gauge 
tissue penetration. Once the needle is inserted 
to its desired depth, the cyst contents can be 
aspirated without leakage by attaching it to a 
suction device or a 60 mL syringe for manual 
aspiration. The aspirated cyst contents are then 
able to be sent for cytologic examination. The 
Topel (Cook Medical, Bloomington, IN) is one 
of the disposable laparoscopic needles avail-
able that consists of a needle with a surround-
ing sleeve that directly attaches to a 
suction-irrigator device. The suction device is 
first activated, allowing for the desired tissue to 
be pulled against the sleeve. The needle is then 
used to puncture the cyst while avoiding spill-
age of its contents.

Fig. 4.24 Disposable retrieval bags. ©Ethicon, Inc. 
2018. Reproduced with permission

Fig. 4.25 Berci fascial closure. ©2018 Photo Courtesy 
of KARL STORZ Endoscopy-America, Inc.
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The needle can also be used to inject dilute 
vasopressin into the base of fibroids before a 
myomectomy or into the mesosalpinx or tube 
before a salpingostomy for a tubal pregnancy.

 Laparoscopic Port Closure Devices

It is generally accepted that the fascia from ports 
that are smaller than 10 mm do not need to be 
closed as they are not at increased risk for hernia-
tion. However, there have been reports of hernia-
tion even through ports as small as 5  mm with 
excessive manipulation that has led to an unin-
tentional extension of the fascial incision [15]. If 
excessive manipulation has occurred throughout 
the procedure, then closure of the fascia should 
be considered. There are numerous reusable and 
disposable devices available on the market 
designed to close the fascia of port sites to pre-
vent herniation.

The BERCI Fascial Closure Instrument by 
KARL STORZ (Fig. 4.25) is a simple, reusable, 
and cost-effective solution that is available in a 
2.8-mm size with a 17-cm working length. The 
BERCI Fascial Closure Instrument facilitates 
full-thickness abdominal wall closure. It is 
designed for subcutaneous ligature of trocar inci-
sions for closure of trocar incision wounds. At 
the completion of the procedure, the surgeon 
grasps the suture at mid-length with the forceps. 
Under direct laparoscopic vision, with adequate 
pneumoperitoneum, the surgeon places the 
BERCI Fascial Closure Instrument with suture 
into subcutaneous tissue directly adjacent to the 
trocar cannula. The instrument will pass through 
the tissue layers as entry is made into the perito-
neal cavity. The BERCI Fascial Closure 
Instrument is then reinserted on the opposing lat-
eral side of the trocar, where the suture is then 
grasped and pulled outside. The surgeon then ties 
the suture extracorporeally in a routine fashion.

The Carter-Thomason CloseSure System® has 
been reported as the best-reviewed and fastest-to- 
use device available [16]. There was also a study 
by Elashry that showed the Carter-Thomason 
device had few complications and maintained the 
pneumoperitoneum once the suture was tied, 

when compared to other closure devices [17]. 
Once the trocar has been removed, the appropri-
ately sized pilot guide is inserted into the perito-
neal cavity passing through the skin, muscle, 
fascia, and peritoneum. Next, the suture passer is 
placed through the hole in the pilot into the peri-
toneal cavity, making sure that it passes through 
adequate fascial tissue. The suture is grasped, 
preferably with a Maryland dissector grasper. 
The suture passer is removed and reinserted 
through the opposite hole in the pilot, again mak-
ing sure to pass through adequate fascial tissue.

The suture passer firmly grabs the suture from 
the Maryland grasper and pulls it back through 
the pilot. The pilot is removed and the suture is 
finally tied extracorporeally.
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Operating Room Setup and Patient 
Positioning for Non-obstetric 
Surgery During Pregnancy

Vicki Barnett, Ashley N. Bartalot, 
and Ceana H. Nezhat

 Introduction

Elective surgery is generally avoided during preg-
nancy if observation and medical management are 
possible. However, carefully planned non-obstet-
ric surgeries may be performed if required while 
still ensuring the safety of both the mother and the 
fetus. The incidence of women requiring non-
obstetric surgery during their pregnancy is similar 
to the frequency of nonpregnant women of child-
bearing age requiring surgery. Representing about 
2% of the female population in the United States, 
these patients require a variety of procedures and 
numerous surgical specialties [1]. Therefore, the 
perioperative surgical team requires a comprehen-
sive knowledge of safe patient positioning for 

non-obstetric surgical procedures. These concepts 
are described in detail in this chapter based on 
their application in conventional operating rooms 
although they may be successfully adapted to 
various procedural settings.

Laparotomy or laparoscopy may be necessary 
for appendicitis, acute cholelithiasis, ovarian 
masses, trauma, or intestinal obstruction. 
Appendicitis is the most common non-obstetric 
surgical condition that complicates pregnancy 
and occurs in approximately 2  in every 1000 
pregnancies [1]. This chapter provides guidance 
for safe and effective operating room configura-
tion, setup, and positioning in the most common 
non-obstetric surgical procedures performed for 
pregnant surgical patients.

 Team Collaboration and Safety Plan

Proper positioning is essential to the safe perfor-
mance of non-obstetric surgical procedures for 
pregnant patients. Coordination with each mem-
ber of the surgical team helps prevent patient 
harm, lowers the risk of health-care provider 
injury, and assures that the patient is safely man-
aged. As soon as the surgery is posted to the oper-
ating room schedule, the perioperative team 
begins the care planning process and makes 
adjustments based on frequent reassessments of 
the patient’s status. Prevention of positioning 
injuries requires the team to anticipate  positioning 
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equipment and supplies that will be needed based 
on an initial comprehensive patient  assessment. 
The evaluation is generated by a patient inter-
view, a full history and physical examination, and 
a detailed review of the medical records in order 
to plan for transportation, transfer, and hand-off 
during each phase of perioperative care. 
Preoperatively identifying hazards that may be 
encountered during transport and transfer activi-
ties can prevent potential problems by assuring 
the required equipment, and an adequate number 
of appropriately skilled personnel are available to 
ensure the safety of both the patient and the peri-
operative team [2].

The assessment includes the plan for anesthe-
sia, which may involve anesthetic procedures for 
the care of the patient preoperatively, intraopera-
tively, and postoperatively. The orientation and 
setup of the operating room will be determined 
based on which configuration will provide the 
most suitable access for the type of anesthetic to 
be delivered, the planned procedure, and the 
desired surgical position. Additional safety plan-
ning and precautions will need to be considered 
for procedure-specific positioning.

 Operating Room Setup

Prior to the patient entering the operating room 
(OR), the table should be checked if it is func-
tioning properly and that it is able to perform all 
the positions necessary for the procedure. The 
goal of positioning the operative equipment is to 
maximize the operating room space while creat-
ing a safe and comfortable environment for the 
entire team. The table should be centered and 
parallel to the longest wall positioned in the room 
to minimize the need for relocation. The table 
should be in level position, with the height low-
ered to allow for safe patient transfer and relaxed 
arm positioning for all operators (Fig. 5.1).

 Patient Positioning

The pregnant patient should be attended during 
transport and transfer by appropriate personnel 
maintaining a left lateral recumbent position 

using a positioning wedge and avoiding a flat 
supine position. Active participation in safely 
positioning the patient initially and positioning 
assessment during the procedure are expected 
from the entire surgical team including the peri-
operative registered nurse and surgical technolo-
gist under the direction of and in collaboration 
with the surgeon and anesthesia provider [2]. 
Additional staff members should be available to 
help safely move and position the patient to pro-
tect staff members from injury. Transfer the 
patient to the surgical table with the stretcher, and 
the table should be positioned side by side and 
securely locked. Sliding or pulling the patient can 
result in shearing forces or friction on the patient’s 
skin and should be avoided by using a sufficient 
number of staff. An inflatable transfer pad can 
also be used to aid in transferring the patient to 
and from the surgical table [3]. The patient should 
be attended at all times while on the surgical 
table, and the team should actively coordinate all 
positioning changes or table movement. A lack of 
clear communication about who will attend to the 
patient during the brief time the safety straps are 
removed or before the patient is transferred is a 
contributing factor for when the patient falls in 
the operating room [2].

Specifically designed equipment should be 
used to decrease the risk for positioning injuries 
(Fig.  5.2). Assemble all necessary positioning 
aids, such as padding, pillows, and bed accesso-
ries before induction in order to position the 
patient promptly after induction or regional anes-
thetic. Ensure all positioning aids are clean and 
working properly and that there is moving help to 
lift or turn the patient.

The number of pads and warming blankets 
beneath the patient has been implicated as a risk 
factor for pressure ulcer development [3]. 
Pillows, blankets, and molded-foam devices may 
produce only a minimum amount of pressure 
redistribution and are therefore less effective dur-
ing long procedures (Fig. 5.3). Towels and sheet 
rolls do not reduce pressure and may contribute 
to friction injuries. Convoluted foam mattress 
overlays (egg crate mattresses) may be more 
effective in redistributing pressure and resist 
compression best if they are made of thick, dense 
foam. Several anti-skid methods may be used to 
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prevent the patient from sliding, including gel 
pads, egg crate, or foam mattress pads placed 
directly beneath the patient [3].

When using a uterine displacing wedge or 
chest rolls to reduce pressure from the preg-
nant uterus on the vena cava, the placement 

Fig. 5.1 Final OR setup

Fig. 5.2 Positioning aids assembled prior to patient induction
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device should be placed underneath the patient 
and not beneath the mattress or overlay. 
Additional safety straps across the patient’s 
chest are discouraged in pregnancy due 
to  the  concern of restricting respiratory 
effectiveness [1].

The primary safety consideration for patient 
positioning equipment is to redistribute pressure, 
especially at bony prominences on the patient’s 
body. The need to assess the skin thoroughly 
before surgery is imperative. Proper skin assess-
ment includes noting the temperature, color, 
moisture, turgor, and integrity. The costs of treat-
ing pressure injuries are far more than the costs 
of preventing them. Therefore, it is advisable to 
focus on preventative strategies that take into 
account the extrinsic and intrinsic factors that 
interact to contribute to the overall risk of devel-
oping pressure injuries [4].

 Extrinsic Factors

Pressure is the major physical force responsible for 
decubitus ulcer formation. Its intensity and dura-
tion affect the ultimate outcome of whether the tis-
sue suffers damage. An inverse relationship exists 
between pressure and time: the greater the pressure, 
the shorter time it takes to cause ischemic changes. 
The longer a patient is on the surgery table, the 
higher the risk of operating room-acquired pressure 
ulcer development when combined with the multi-
ple variables of the intraoperative experience. 
Duration is considered more of a causative factor 
than is the intensity of pressure [4].

Hypothermia is the frequent result of the cooler 
operating room environment, exposure of external 
and internal body surfaces, and infusion and irri-
gation with unwarmed solutions. This creates 
peripheral vessel constriction to conserve core 

Fig. 5.3 Convoluted foam mattress effective in redistributing pressure. The Pink Pad: Pigazzi Positioning System 
(Xodus Medical, Inc. New Kensington, PA)
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temperature and increases the patient’s heat 
metabolism, which enhances the tissues need for 
oxygen, nutrients, and metabolic waste product 
removal. Ways to offset hypothermia in the OR 
and to reduce its detrimental effects include using 
forced-air warming therapy over the patient. 
Avoid placing a warming blanket under the patient 
in the areas where the pressure is greatest [4].

 Intrinsic Factors

Intrinsic factors lower a patient’s tissue toler-
ance to pressure and decrease the time and pres-
sure required for tissue breakdown. Certain 
preexisting conditions are regarded as intrinsic 
risk factors for operating room-induced pres-
sure injury. These risk factors [4] can be catego-
rized into patient-specific and surgical-specific 
(Table 5.1).

 Plan for Fetal Monitoring

The facility’s ability to deliver appropriate intra-
operative and postoperative care to the mother 
and her fetus is an important consideration. The 
team must carefully consider the resources avail-
able to them to manage both obstetric and neona-
tal emergencies, should preterm delivery occur 
(Fig. 5.4).

Table 5.1 Risk factors for developing peripheral 
neuropathy

Patient-specific Surgical
Diabetes mellitus Improper positioning
PVD Prolonged operative times
Congenital cervical rib Use of candy cane stirrups
Extreme BMI
History of smoking
History of alcohol intake

Fig. 5.4 Surgical team including labor and delivery nurse confirming patient positioning prior to induction
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According to the American Academy of 
Pediatrics, fetal viability is determined by the 
age, weight, and gender of a preterm neonate 
before 26 weeks. For patients whose neonate is 
older than 26 weeks gestation, intraoperative 
electronic fetal monitoring may be advisable if 
all of the following apply [5]:

• The fetus is viable.
• It is physically possible to perform intraopera-

tive electronic fetal monitoring.
• A health-care provider with obstetric privi-

leges is available to intervene if needed for 
fetal indications.

• The surgeon obtained informed consent to 
perform an emergency cesarean delivery.

• The type of surgery will allow for safe inter-
ruption of the surgical procedure for physi-
cians to perform an emergency delivery if 
warranted.

When the fetus is not viable, a person qualified 
in fetal heart rate monitoring should perform simul-
taneous electronic fetal heart rate and contraction 
monitoring before and after the surgical procedure 
(Fig. 5.5) [5]. The necessity for perioperative moni-
toring of the fetus and uterine activity remains a 
matter of discussion and ongoing controversy. In 
spite of recent improvements in surgical techniques 
and anesthesia, little has been written about fetal 
and uterine response during non-obstetric surgery. 
Currently, few studies exist that support the neces-
sity and feasibility of fetal heart rate (FHR) moni-
toring during non- obstetric surgical procedures [6]. 
Although with fetal heart rate monitoring, should 
early compromise or contractions be detected, 
prompt treatment may allow rapid improvement of 
fetal status or uterine activity [7].

Perinatal nurses are ideally positioned to col-
laborate in providing comprehensive nursing care 
to both the fetus and mother. Because of their 

Fig. 5.5 Uterine displacing wedge and fetal monitoring in place
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knowledge, experience, and education in this 
area, perinatal nurses have an important intraop-
erative role to play in the care of these patients. 
They are ideally suited to join the surgical team 
in order to provide information to the surgical 
team about the fetus and the mother’s response to 
surgery.

A comprehensive and thorough surgical plan 
will also include the plan for potential emergency 
procedures. The setup necessary for any emer-
gency procedures, including cesarean section 
delivery and neonatal resuscitation, is available 
and open or as determined necessary by the plan 
of care. If unrelieved fetal distress occurs, one 
intervention to be considered is emergency cesar-
ean delivery. When the decision is made that an 
emergency cesarean delivery will be performed, 
the circulating nurse and surgical assistant should 
open the required instruments and count them 
before beginning the procedure.

The perinatal circulating nurse should bring 
the infant warming device and infant resuscita-
tion equipment into the OR to prepare for receiv-
ing the infant. In this situation, an additional 
nurse is required to care for the infant, because 
the operating room circulating nurse is only able 
to care for one patient, the mother. This addi-
tional nurse should be in the OR for the entire 
procedure, enabling the fastest response to a 

potential emergency situation. The nurse or respi-
ratory therapy practitioner who joins the team for 
this circumstance must be competent at resusci-
tating an infant should there be a need to do so. 
The surgeon or obstetrician also may request that 
a pediatrician be available in the operating room 
or be available on call for the emergency cesar-
ean birth. If the pediatrician is to remain on call, 
ensure that the physician’s correct contact infor-
mation is immediately available [8].

 Video- and Robot-Assisted 
Laparoscopic Surgery

Video-assisted and robot-assisted laparoscopic 
surgeries are safe for pregnant patients. Placing a 
video monitor directly facing each surgeon over 
the patient’s contralateral knee at eye level helps 
decrease eyestrain (Fig. 5.6) [4].

If possible an additional video monitor for the 
assistant can also be set up toward the patient’s 
shoulder. The video monitors can be fixed and 
mounted to the ceiling, placed on a portable stand, 
or attached to a mobile stand with an articulating 
arm. The video monitor provides the surgeons 
view of the operative field and should be set for 
maximal clarity and true color transmission. The 
laparoscopic tower should be designed to hold the 

Fig. 5.6 Monitor positioning (side view)
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CO2 insufflator, camera boxes, light sources, 
insufflator, and recording/printing devices. The 
tower should be positioned opposite to the sur-
geon, so that it does not interfere with the assis-
tant’s position nor obstruct the surgeon’s view of 
the insufflator and light source (Fig. 5.7) [4].

If robot-assisted laparoscopy is planned, pre-
pare the robot for the procedure by draping it in a 
sterile manner. In order to maintain sterility, the 
robot should be positioned out of the way of OR 
traffic, preferably against the far wall (Fig. 5.8) [4].

In order to optimize OR space and functional-
ity, the robotic console with or without the teach-
ing console should be parked against the opposite 
OR wall. This should be accomplished while 
maintaining the surgeon’s ability to easily com-
municate with their assistants at the bedside 
(Fig. 5.9) [4].

The robot will be docked in relation to the 
operating table depending on the surgeon’s pref-
erence for the planned procedure. It can be 
docked parallel, perpendicular (90°), or at a 45° 
angle to the surgical table. If the patient is 

attached to a robot, caution should be taken 
before moving either the patient or the robot.

 Protecting the Patient 
from Peripheral Neuropathy

A patient safety goal is to maintain the body’s 
natural alignment as much as possible while still 
providing adequate access to the surgical site. 
The surgical team needs to be aware of the limits 
to range of motion, refraining from joint exten-
sion beyond what is necessary. Improper posi-
tioning can lead to peripheral neuropathy of the 
upper and lower extremities [4]. Although rare 
and usually self-limited, the most common cause 
of injury is from compression or stretching of the 
nerves. These complications can be avoided with 
a few preventative measures while paying close 
attention to proper patient positioning in the 
planning and execution of the surgical procedure. 
Safety straps and wrist restraints should be 
applied carefully to avoid peripheral nerve 

Fig. 5.7 The laparoscopic tower is positioned in direct 
view of the surgeons

Fig. 5.8 Console is positioned against the far wall of the 
OR
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 compression injury and compromised blood flow 
to deep and peripheral vessels from tight 
restraints. When peripheral nerves are injured 
during positioning, the result could be impaired 
sensory function, motor function, or both. 
Stretching and compression are avoidable posi-
tion-induced nerve injuries [9].

Generally speaking, pregnant patients who are 
in the 20th week of gestation or greater should be 
placed in a left lateral recumbent position, cre-
ated by placing a wedge under the patient’s right 
hip to shift the abdominal contents away from the 
midline [9]. This position is used during transport 
and if possible during the procedure because it 
decreases the pressure caused by the enlarged 
uterus, the vena cava, or the aorta and also vis-
ceral compression on the diaphragm. The supine 
position may be modified into a sitting or semi- 
sitting position for access to the shoulder, poste-
rior cervical spine, or posterior or lateral head.

Positioning the pregnant patient except in the 
semi-Fowler, sitting or reverse Trendelenburg 
positions could compromise the respiratory sys-

tem [9]. While there is better lung excursion and 
diaphragmatic activity in these positions, there is 
increased risk for poor venous return from the 
lower extremities contributing to increased risk 
of thrombosis and pooling of blood in the 
patient’s pelvis [2].

 Upper Extremity Neuropathy

The patient’s head should be in a neutral position 
and placed on a headrest. Unless necessary for sur-
gical reasons, the patient’s arms should not be 
tucked at her sides [2]. The left arm should be 
placed on an arm board at 90° to facilitate stabiliza-
tion, and the right arm should be positioned to 
maintain proper alignment. If it is necessary to tuck 
the arms, the drawsheet should extend above the 
elbows and should be tucked between the patient 
and the surgical table mattress (Fig. 5.10) [2].

The patient’s arms should be padded with spe-
cial attention paid to cushioning the posterome-
dial aspect of the elbows, wrists, and hands 

Fig. 5.9 Da Vinci Xi Robot is positioned in the far corner, optimizing OR space and decreasing risk of contamination
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(Fig. 5.11). The location of the patient’s fingers 
should be in a position that is clear of surgical 
table breaks or other hazards.

The ulnar nerve passes through the olecranon 
groove, close to the medial epicondyle of the 
humerus [4]. At this location, the superficial ulnar 
nerve is more susceptible to compression injury 
if the posteromedial portion of the elbow is not 
padded appropriately. The patient would present 
with complaints of sensory loss or paresthesia in 
the medial 1.5 fingers and loss of motor function 
of the small muscles of the hand. The radial nerve 
passes directly along the spiral groove of the 
humerus. The radial nerve can be injured by 
being compressed between the edge of the oper-
ating table and the humerus passing over the spi-
ral groove. The patient would present with 
complaints of sensory loss or paresthesia to the 
lateral 3.5 fingers and loss of motor function in 
the extensor muscles in the wrist and the fingers, 
which may result in wrist drop [4]. Injury to the 
brachial plexus (C5-T1) is more likely to occur 
from an excessive stretching force. The upper 
nerve roots (C5–C6) are more likely to be injured 

Incorrect arm

Placement

Correct arm

Placement

Drawsheet

ArmArm
Head Body

OR mattress

OR bed platform

Fig. 5.10 Correct method for tucking arms in at patient’s side

Fig. 5.11 Hand facing patients side with thumb pointing 
up
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from hyperabducting the arms, when left on the 
arm boards at greater than 90°. The stretching 
trauma is further exacerbated if the arms are in a 
pronated position with the head turned to one 
side [4].

 Lower Extremity Neuropathy

The patient’s head and upper body should be 
aligned with the hips. The wedge will create a 
slight pronation of the right hip, knee, and ankle. 
The patient’s legs should be parallel and the 
ankles uncrossed to reduce pressure to the 
occiput, scapulae, thoracic vertebrae, olecranon 
processes (elbows), sacrum/coccyx, calcaneus 
(heel), and ischial tuberosities. The patient’s 
heels should be elevated off the underlying sur-
face when possible, and her head should be in a 

neutral position and placed on a headrest 
(Fig. 5.12).

It is recommended to offload the heels from 
the table surface in patients undergoing supine 
and modified supine surgical procedures. 
However, studies also suggest that off-loading 
the heels can increase sacral pressure; therefore it 
is recommended to implement strategies to mini-
mize sacral pressure [3].

The use of stirrups and the lithotomy position 
would be minimized whenever possible in the 
pregnant surgical patient. Lower extremity neu-
ropathies result most frequently from prolonged, 
excessive sharp flexion (>120°) of the hip [9]. 
Patients could present with complaints of 
impaired sensation over the anterior medial thigh 
as well as the medial aspect of the calf in addition 
to weakness or inability to flex at the hip or to 
extend at the knee [4].

Fig. 5.12 Legs are parallel, ankles uncrossed, and heels elevated off the underlying surface
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 Deep Vein Thrombosis (DVT) 
Prevention

During pregnancy, the mother’s blood is in a 
hypercoagulable state [10]. It is particularly vital 
that the organization’s protocol for prevention of 
DVT is instituted for all pregnant patients [11]. 
The hypercoagulable state is a leading factor in 
the development of DVT [8]. The protocol may 
include the use of sequential compression devices 
with or without the use of antiembolism stock-
ings and a medication regimen (Fig. 5.13).

For the pregnant patient a procedure requir-
ing the prone position may be modified into the 

knee- chest position to provide exposure to spi-
nal, sacral, rectal, and perineal areas [8]. 
Surgical staff should reposition the mother 
slowly when placing her into or out of the 
Trendelenburg or reverse Trendelenburg posi-
tion. The slow transition will decrease the 
potential for rapid changes in the mother’s blood 
pressure, which may have negative effects on 
the mother and the fetus [10]. To prevent injury 
of the shoulders, brachial plexus, or feet in 
Trendelenburg or reverse Trendelenburg posi-
tions, shoulder braces should be avoided, and a 
padded footboard should be used in reverse 
Trendelenburg positions [2].

Fig. 5.13 Sequential compression devices with or without the use of antiembolism stockings
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 Document Assessments 
for Positioning-Related Outcomes

Document the patient’s overall skin and extrem-
ity condition on arrival to the surgery area, at 
intervals during the procedure and at discharge 
from the operating room. It is important to note 
the type and location of positioning equipment 
used and any changes in position needed during 
the surgery [2]. Assess and describe pertinent 
information related to positioning or changes in 
condition to post anesthesia care providers upon 
arrival and admission to the next phase of periop-
erative care.

 Conclusion
Configuring a safe and effective operating 
room, actively monitoring patient positioning 
throughout surgery, and adhering to appropri-
ate protocols for prophylactic measures for 
peripheral neuropathy are vital components to 
keep in mind when preparing for non-obstetric 
surgery (Table 5.2).
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2. Transportation
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  (d) Nerve injury
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Pneumoperitoneum 
for Laparoscopic Surgery During 
Pregnancy

Douglas E. Ott

When the need for non-obstetric surgery arises 
during pregnancy, does the choice between an 
open versus laparoscopic procedure matter? This 
chapter explores the following questions: Is the 
outcome different for the patient or fetus based 
on procedure? Are there different considerations 
for laparoscopy during pregnancy? What are the 
differences and consequences of either choice? Is 
the effect of surgery different for the patient 
based on route? What is the rate of spontaneous 
abortion and are there effects on the fetus? Is 
there a clinical benefit to either an open or laparo-
scopic approach, and what precautions are rec-
ommended? The variables that should be 
considered when choosing between open versus 
laparoscopic surgery for non-obstetric surgery 
during pregnancy include the stage of pregnancy, 
presence of a fetus, physiologic changes during 
pregnancy, and the non-obstetric surgical prob-
lem as it relates to pregnancy.

Pregnancy creates dynamic alterations to nor-
mal physiology. These changes may mimic medi-
cal disease, making it important to differentiate 
between a normal altered physiological condition 
and disease pathology. Drug metabolism and 
pharmacokinetic responses coupled with elevated 
concentrations of various hormones during preg-
nancy influence metabolism and a patient’s 

response to surgery. Cardiac output, blood vol-
ume, red blood cell mass, heart rate, oxygen con-
sumption, tidal volume, and minute ventilation 
all increase during pregnancy [1–4], causing 
compensated respiratory alkalosis, with the fetus 
normally having mild respiratory acidosis [5]. 
This requires increased oxygen concentration 
during anesthesia. The diaphragm is displaced 
due to the enlarging uterus, causing decreased 
residual lung volume and functional residual 
capacity. Changes in the coagulation system cre-
ate a hypercoagulable state with fibrinogen, fac-
tor VII, and factor XII increasing but antithrombin 
III decreasing, causing an increased risk of 
venous thromboembolism.

Gastrointestinal motility slows during preg-
nancy due to increased progesterone, which 
delays drug absorption. Plasma volume is 
expanded, which dilutes plasma proteins and 
increases concentration(s) of unbound drugs. 
Glomerular filtration rate and renal plasma flow 
increase, which enhances renal drug excretion. 
Hepatic clearance, protein binding, and hepatic 
blood flow increase, which affects drug- 
metabolizing enzyme activity. Plasma concentra-
tions of estrogens (estradiol, estrone, estriol, and 
estetrol) and progesterone dramatically increase. 
Placental growth hormone, human placental lac-
togen, and prolactin influence cellular responses 
and metabolism. Corticosteroid-binding globulin 
and free cortisol plasma levels increase [6]. 
Changes in the size of the uterus, kidneys, and 
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other organs, along with metabolic and physio-
logic adaptations during pregnancy, are in flux as 
pregnancy progresses to term and through post-
partum recovery [1]. The physiologic changes of 
pregnancy influence intraoperative and postoper-
ative care for the patient and fetus. Knowledge of 
these physiologic changes can help the physician 
select a surgical approach and understand intra-
operative and postoperative concerns and treat-
ments. These physiologic changes of pregnancy 
are further affected by comorbidities, including 
diabetes, gestational diabetes, obesity, hyperten-
sion, preeclampsia, seizure disorders, asthma, 
renal disease, sickle cell disease, inflammatory 
bowel disease, hyperthyroidism, malignancy, 
heart disease, autoimmune disease, previous sur-
gery, and substance abuse [7].

The abdomen behaves like a hydraulic system, 
with normal intra-abdominal pressure (IAP) of 
5–7  millimeters of mercury (mmHg). Morbid 
obesity increases baseline IAP by 9–14  mmHg 
[8, 9]. Pregnant patients follow the laws of phys-
ics and formulas relevant to IAP: abdominal 
compliance, pressure calculation and differen-
tials, flow dynamics, vector forces, Laplace’s 
law, and hydraulic hydrostatic pressure laws of 
Pascal (Table  6.1). Intra-abdominal pressure 
gradually increases during pregnancy: “Factors 
causing increased intra-abdominal pressure in 
pregnancy include: progressive uterine expan-
sion, obstetrical factors that increase intra-uterine 
volume excessively or acutely, maternal 
 anthropometric measurements that affect 

 intra- abdominal pressure thresholds, maternal 
postures that increase abdominal force direction, 
abdominal compliance that is decreased, dimin-
ished with advancing gestation, or has reached 
maximum expansion, habitation at high altitude, 
and rapid drops in barometric pressure” [10].

Pregnancy and the postpartum period create a 
continuum of biologic and mechanical alterations 
influenced by existing comorbidities. Creating a 
pneumoperitoneum for laparoscopy during preg-
nancy has different baseline parameters. What 
are the consequences for the patient and fetus and 
the differences from the nonpregnant state? The 
pregnancy puts the patient at higher risk due to 
mechanical and physiologic changes. For the 
pregnant patient undergoing laparoscopy, the 
challenges of creating a pneumoperitoneum 
include the overlapping pre-existing morbidities, 
the mechanical and physiologic adaptations 
caused by the pneumoperitoneum, the alterations 
caused by pregnancy, and the combination of all 
these factors. The principles governing increased 
IAP and carbon dioxide (CO2) pneumoperito-
neum during pregnancy are the same as for the 
nonpregnant state, but with an amplified effect 
and smaller margins of error. The majority of lit-
erature regarding laparoscopy and pregnancy was 
published between 2012 and 2017. This is due to 
laparoscopic surgical familiarity, safety, efficacy, 
experience, training, increased reporting, and 
shortened recovery time.

The abdominal wall is composed of viscoelas-
tic tissues that predictably expand due to 

Table 6.1 Physics principles for the pneumoperitoneum

Pressure P = F/A (pressure = unit force/unit of area)
Pascal’s law With an increase in pressure at any point in a contained fluid, there is an equal increase at every 

other point in the container—an incompressible fluid transmits applied pressure
Compliance Cab = ΔV/ΔP (abdominal compliance = change in volume/change in pressure)
Vector force VF = VM + D (vector force = volume magnitude + direction)
Darcy’s law F = ΔP/R (flow = pressure difference of a vessel/resistance) resistance (blood flow) has an inverse 

relationship proportional to the fourth power of the radius of the vessel, so even a small decrease in 
blood vessel diameter will lead to a significant decrease in blood flow and extreme elevation in 
vascular resistance

Laplace’s 
law

Pressure = (2 × thickness × tension)/radius

The greater the pressure differences between two sides of a wall (transmural pressure) and the larger 
the radius of the wall, the greater the tension on the wall. The tension within the wall of a sphere 
filled to a particular pressure depends on the thickness of the sphere
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 pneumoperitoneum pressure. The fascia has a 
lower compliance (higher stiffness) than the sub-
cutaneous fat and muscle layers which have 
greater compliance (lower stiffness). The end 
result of creating and maintaining a pneumoperi-
toneum is uniform strain and stretch. At the final 
pressure attained, an equilibrium is reached 
between the expansion and contraction forces. 
The insufflation pressure applied over the inter-
nal surface of the abdominal wall equals the 
abdominal wall weight plus the elastic stress to 
contract back to its original shape. Most of the 
increase in laparoscopic working space is due to 
sagittal plane expansion because the rectus 
abdominis muscle is less rigid than transverse 
fascial fiber stiffness, with the stress force being 
almost double the sagittal plane [11–15].

Initiation of a pneumoperitoneum results in an 
initial elastic phase that has a direct linear rela-
tionship between the stress (IAP) on abdominal 
wall tissues and the strain created. During insuf-
flation, the abdominal wall changes from a cylin-
der to a dome shape, expanding the working 
space on average by 20% [14]. Expansion contin-
ues until the stretch limit is reached. At this pres-
sure, equilibrium occurs between the expansive 
and contractive forces. Any additional volume of 
gas past this point will not expand the intra- 
abdominal space but increases pressure. Once 
maximum expansion capacity is reached, IAP 
will increase acutely, rapidly, and logarithmically 
[16]. The absolute thickness of abdominal wall 
subcutaneous fat and the ratio of abdominal fat 
thickness to rectus abdominal muscle thickness 
have a statistically significant direct exponential 
correlation. Each patient will have her own spe-
cific maximum pressure, beyond which no addi-
tional volume gas creates more operating space. 
This may be different than the recommendation 
for nonpregnant patients of 12–15  mmHg 
pressure.

As pregnancy progresses, especially toward 
the end of the second trimester and the third tri-
mester, diastasis recti can influence abdominal 
entry and the pneumoperitoneum. The optimal 
pressure for the operating space of the pneumo-
peritoneum is the lowest pressure that the sur-
geon can safely perform the surgery without 

compromising the best possible outcome. 
Patients with a higher abdominal fat thickness 
need a lower IAP to maintain adequate working 
space, but higher volume of gas; patients with 
less abdominal fat may need higher pressure and 
lower gas volume [13].

Intra-abdominal pressure increases during 
pregnancy, with standard values not defined and 
little studied [8]. The supine position is associ-
ated with a higher IAP compared to left lateral tilt 
(10.9 vs. 8.9  mmHg and as high as 25 vs. 
23 mmHg) [17, 18]. To reduce aortocaval com-
pression, a 10-degree left tilt is recommended. 
Normal IAP is defined as 5–7 mmHg [19]. Even 
though the IAP increase during pregnancy is not 
“abnormal” but a physiological accommodative 
steady-state process, the definition of intra- 
abdominal hypertension (IAH) is met in some 
patients (i.e., a sustained or repeated elevation of 
IAP over 12–15  mmHg) [10, 18, 19]. This 
increased IAP during pregnancy is a change in 
IAP being equal to the relationship between 
intra-abdominal volume and abdominal compli-
ance, which results in a hydrodynamic shift 
decreasing visceral organ perfusion, ischemia 
reperfusion injury, and intestinal mucosal perme-
ability translocation.

Laparoscopy is safe and feasible during preg-
nancy. The object is to maximize benefits of lapa-
roscopic surgery for the pregnant person and the 
fetal occupant. Positioning, fetal monitoring and 
ultrasound assessments, sequential compression 
devices, modified trocar placement, attention to 
IAP, use of humidified warmed CO2, appropriate 
IAP, and intraoperative monitoring of end expira-
tory CO2 levels are benchmarks for laparoscopic 
surgery during pregnancy. Initial abdominal 
access can be safely accomplished by any method 
used by appropriately adjusting for fundal height 
[2, 3]. Use the lowest IAP you are able to tolerate 
to not compromise your surgical procedure for 
the best outcome without exceeding 12–15 mmHg 
[2, 3, 20]. You should prevent pressure peaks, not 
allow room-air introduction into the abdomen, 
and maintain stable gas inflow and pressure with 
a responsive insufflator [21]. Laparoscopic pro-
cedures performed during pregnancy for general 
surgical and gynecological indications appear to 
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have no increase in fetal or maternal complica-
tions compared with laparotomy, and none were 
associated with the laparoscopic procedure itself 
[22, 23].

The gas used for a laparoscopic pneumoperi-
toneum is almost always CO2 because it has the 
least undesirable consequences and effects on the 
patient. Chemistry, biochemistry, and physiology 
make CO2 the gas of choice (Tables 6.2, 6.3, and 
6.4) [24]. Carbon dioxide has a high diffusion 
coefficient (20:1 to oxygen and 25:1 to nitrogen) 
and is a normal metabolic end product that is rap-
idly cleared by the lungs. It is highly soluble in 
blood and tissues and does not support combus-
tion. However, carbon dioxide is a drug; all lapa-
roscopists should know its indications, effects, 
dosages, methods of administration, frequency 

and duration of administration, hazards, contrain-
dications, side effects, and the precautions to be 
taken. Despite the benefits of creating an operat-
ing space, a pneumoperitoneum is not without 
physiological consequences. Insufflation reduces 
blood flow to organs within the peritoneal space 
due to pressure, not the chemistry of the gas. The 
reduction in blood flow promotes anaerobic 
metabolism, leading to lactic acidosis, postopera-
tive alteration in liver enzymes, subclinical 
hepatic dysfunction, and increases in oxidative 
stress markers [25]. The release of vasoactive 
substances is stimulated, including vasopressin, 
angiotensin, cortisol, and adrenocorticotropin 
hormone (ACTH), which is not attributable to 
CO2 chemistry [26]. Carbon dioxide causes vaso-
dilatation and is counteracted by increased IAP, 
causing changes in blood flow within the pneu-
moperitoneum. The net effect of CO2 and the 
pressure on tissues and organ blood flow is a 
combination of intrinsic and extrinsic mecha-
nisms. Intrinsic factors include tissue metabo-
lism, local reflexes, cell-induced vasoactive 
chemicals that influence vasodilatation, hypoxia, 
and flow regulation [26]. Extrinsic factors include 
systemic hemodynamics and circulating vasoac-
tive chemicals, including anesthetic agents and 
sympathetic nerve response.

Regulatory agencies mandate that the gas be 
extremely dry (less than 200 parts per million of 
water vapor, 0.02% relative humidity [RH]) [2]. 
This makes it harsh and unphysiologic to the 
normal condition of the abdominal cavity. 
Without modification, the gas enters the abdo-
men at 20 °C, which is 15 °C below body tem-
perature [27]. The pressurized gas flows at high 
velocities through constrictions from the insuf-
flator to the abdomen. This circumstance of very 
dry, cool gas flowing over wet warm tissue sur-
faces in a high- moisture (>95% RH) environ-
ment causes rapid evaporation, tissue 
hypothermia, and peritoneal desiccation. 
Correcting CO2 to more physiologic moisture 
and temperature parameters reduces peritoneal 
desiccation and damage, inflammatory response, 
hypothermia, and potential adhesion formation; 
improves postoperative pain; and shortens 
recovery time [28, 29].

Table 6.2 Physical + chemical + biologic effects = 
pneumoperitoneum

Physical effects
Chemical 
effects Biologic effects

Mechanical 
effects
Abdominal 
compliance
Intra-abdominal 
pressure
Time
Patient position

Gas
Desiccation
Hypoxia
Acidosis

Hypothermia
Tissue disruption
Increased 
peritoneal viscosity
Acidosis
Hypoxia

Table 6.3 Factors affecting the pneumoperitoneum inde-
pendent of the gas used

Intra-abdominal pressure Patient position
Dryness of the gas Volume of gas used
Acidosis Hypoxia
Length of exposure Abdominal compliance

Table 6.4 Changes that occur due to a pneumoperito-
neum regardless of the type of gas used

Increased Decreased
Intra-abdominal 
pressure
Neurohormonal 
vasoactivity
Pulmonary vascular 
resistance
Peripheral vascular 
resistance

Systemic 
blood 
pressure
Mean arterial 
pressure
Heart rate

Venous return
Cardiac output
Splanchnic 
blood flow
Functional 
residual 
capacity
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The insufflator is a gas throttling-down 
pressure- regulating device for flow rate and 
 pressure [21]. Flow occurs until the preset pres-
sure is reached. Insufflators comparatively have 
different performance characteristics for filling 
rates, and do not have the same performance char-
acteristics even at the same settings. What is set 
and visualized on the dials does not always repre-
sent what is actually happening to the abdomen.

An abdominal wall will only stretch so much. 
Compliance and stretching occur with changes in 
volume per change in pressure. The volume of 
abdominal cavity insufflation has overlapping 
phases, reshaping with minimal changes from 
pressure and stretching with elastic expansion of 
the abdominal wall and pressure, which can be 
characterized by a pressure–volume relationship 
that produces maximum stretch [12]. When com-
plete abdominal compliance is reached, adding 
another mmHg of gas pressure will not expand 
the abdominal wall any further; no more space is 
created in the pneumoperitoneum, but pressure is 
increased. This decreases capillary blood flow to 
the visceral splanchnic compartment and vessels 
under the abdominal fascia, increasing hypoxia 
and cellular inflammatory reactions [30, 31]. The 
chemical and biologic interactions of gas within 
the abdominal cavity are related to its surface 
characteristics, diffusion, local cellular and bio-
chemical activities, and global responses to pres-
sure and chemical changes [32, 33]. What matters 
is pressure, duration of pressure, and total vol-
ume of gas used. Therefore, IAP should be kept 
just below the limit of complete abdominal com-
pliance to maintain sufficient operating space, 
improve perfusion, and reduce hypoxia.

Gas velocity delivered from an insufflator 
through a trocar cannula can reach 30 meters per 
second (m/s), becoming a “jet stream” [34]. The 
gas stream touches peritoneal surfaces, causing a 
circular hydraulic deflection. If the gas is dry and 
cool, it produces rapid tissue surface evaporative 
cooling, increased peritoneal fluid viscosity, 
changes in peritoneal fluid constituent concentra-
tion, and peritoneal tissue damage and disruption 
[35, 36]. The thin layer of peritoneal mesothelial 
cells can be damaged by dry gas, destroying 
microvilli, retracting and bulging cells, and 

exposing the basal lamina [28, 37–45]. When 
humidified warmed gas is used, these conditions 
are reduced [28, 38, 39, 44, 45]. Desiccation tis-
sue damage is not possible when the gas is highly 
saturated with water vapor, keeping water at an 
elevated RH at the same temperature as the 
abdominal tissues [28]. Evaporative cooling, cell 
desiccation, and peritoneal fluid viscosity 
changes do not take place when the gas is 
hydrated and warmed [35, 36, 46]. Heating gas 
without humidification has no beneficial and 
some detrimental effects [47–50].

The rate of peritoneal gas absorption is deter-
mined by the inhibitor of apoptosis protein, IAP, 
partial pressure gradients influenced by tissue/gas 
permeability, tissue absorptive capacity, tempera-
ture, and the exposed surface area. The amount of 
CO2 absorption through the peritoneum during 
laparoscopy is between 14 and 48 milliliters per 
minute (mL/min) [51–53], with 10–20% of CO2 
eliminated from peritoneal absorption variability 
due to different insufflation pressures. Carbon 
dioxide absorption reaches a plateau after 
20–25 min of pneumoperitoneum and continues 
to be eliminated up to 30 min after desufflation 
[54]. Humidifying and warming CO2 for insuffla-
tion leads to faster dissipation of residual gas after 
pneumoperitoneum desufflation [55].

The constancy of body temperature regulation 
is integral to the interior milieu required for 
health and proper functioning of cellular ele-
ments of warm-blooded animals, as recognized 
by Claude Bernard in 1854 [56, 57]. Bernard said 
that a healthy person does not exist with an inter-
nal body temperature much outside the normal 
range of 36°–38  °C.  Internal stability of self- 
regulating homeostasis developed from this rec-
ognition [58].

Patients undergoing laparoscopy have a body 
temperature of approximately 37 °C with a peri-
toneal cavity high in humidity and a thin film of 
peritoneal fluid covering peritoneal tissues. 
Intentionally using gas that is 15–17  °C cooler 
and dry will cause problems. Thinking that this 
drastic difference will not matter nor has no det-
rimental biologic or physiologic effects is wrong, 
illogical, and incorrect. Hypothermia related to 
any surgical procedure is multifactorial, based on 
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the patient age, sex, weight, anesthetic drugs, 
patient’s original temperature, room temperature, 
length of operation, temperature of infused or 
irrigation fluids, volume of fluids used, tempera-
ture of skin cleansing solutions, and temperature 
and volume of irrigation left in the peritoneal 
cavity. However, there is irrefutable scientific 
evidence that humidifying and warming the gas 
for a pneumoperitoneum benefits the patient and 
improves outcomes.

Heat loss during surgery is due to radiation, 
convection, conduction, and evaporation. 
Reducing or preventing thermal losses from these 
situations is beneficial and desirable. The differ-
ence between laparoscopy and laparotomy is an 
open peritoneal cavity vs. a closed cavity. The 
ambient environment for laparotomy is 20  °C, 
45–50% RH, and mild air current of 1–3 m/s. For 
laparoscopy, the ambient environment external to 
the peritoneal cavity is 20 °C, 45–50% RH, and 
mild air flow of 1–3 m/s on the patient’s surface; 
inside the peritoneal cavity, there should be inter-
mittent gas flow of 20 °C, 0.02% RH, and up to 
30 m/s flow and hundreds of liters gas consumed 
[59–64].

The physiologic response to general anesthe-
sia and anesthetic drugs is an increase in the 
threshold of warmth response and a decrease in 
the threshold of cold response [65]. Anesthetic 
drugs cause a chemical disconnect between the 
hypothalamic pituitary axis, suppressing control 
of afferent sensing and efferent responses for 
thermoregulation. During anesthesia, patients are 
at the mercy of their environment and what is 
done to them, which has an influence on the 
direction, rapidity, and how far their temperature 
will trend. Mild hypothermia is defined as a core 
body temperature below 35  °C.  Intraoperative 
hypothermia alters pharmacodynamics and phar-
macokinetics for each 0.1 °C below 35 °C, espe-
cially with inhalation agents (which are more 
soluble) and muscle relaxants (which have pro-
longed effects at lower internal temperatures). 
Intraoperative hypothermia also decreases respi-
ratory volume and frequency per minute, 
decreases cerebral blood flow by 7% for each 
1  °C decrease in core temperature, increases 
coagulopathy, prolongs recovery time, increases 

oxygen consumption, increases discomfort due 
to chill and shivering, delays wound healing, 
increases infection rates, increases immunosup-
pression for euthermic patients, and prolongs 
hospital stay.

Along with other contributing factors, general 
anesthesia contributes to hypothermia through 
three phases. In the first phase, central body heat 
is lost through thermal redistribution in the first 
60  min with a temperature loss of 0.5–1.5  °C, 
mostly due to radiation. In the second phase, 
peripheral and central heat loss leads to clinical 
mild hypothermia with a temperature below 
35 °C. In the third phase, peripheral vasoconstric-
tion causes the core temperature to stay below 
35  °C.  All of these factors—anesthesia, drugs, 
the use of dry and cool gas for the pneumoperito-
neum, rapid evaporation, and local cooling from 
the peritoneal tissue surface—contribute to the 
total hypothermia effect. Conditioning the CO2 
gas to just below body core temperature and 
humidifying to 95% RH can eliminate or reduce 
hypothermia, tissue desiccation, inflammation, 
adhesion formation, and postoperative pain; it 
also has clinical benefits and utility [28, 39, 
66–79].

Peritoneal hypothermia causes vasoconstric-
tion, which disrupts gastrointestinal peristalsis 
and myoelectric conduction. If a dry, cool gas is 
used for the pneumoperitoneum, a temperature 
gradient occurs, thus reducing myoelectric activ-
ity. A persistent ionic feedback response deforms 
and destabilizes the physiological enteric electri-
cal activity due to intestinal surface cooling, 
which leads to intestinal arrhythmias and dys-
motility and disrupts peristaltic activity. The 
interruption in velocity propagation and dynam-
ics of intestinal electrophysiological wave propa-
gation cause pain and temporary peristaltic 
dysfunction [80]. Intestinal hypothermia, disrup-
tion of gastrointestinal electrical activity and 
transit time, and postoperative bowel dysfunction 
are improved by preconditioning CO2 gas.

Penetration of the abdominal wall to create 
and maintain a pneumoperitoneum sets in motion 
a cascade of normal cellular responses to repair 
the peritoneal injury. These healing processes are 
not abnormal. Any resulting adhesion or scarring 
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distortions may create abnormalities in function 
and location, but the healing response to an insult 
is not abnormal.

The peritoneum is the body’s largest serous 
membrane, with a surface area that is approxi-
mately equal to the integumentary system at 1.1–
2.1  m2 [26, 81]. The peritoneal surface is a 
continuous sheet of mesothelial cells overlying 
loose mesenchymal connective tissue, a basal 
lamina, and basement membrane attached to the 
abdominal wall and viscera well supplied with 
blood vessels, capillaries, and lymphatics [29, 
82]. Peritoneal thickness ranges between 0.3 and 
1.1 mm depending on the surface covered [83]. 
The visceral peritoneum represents 81.89% of 
the surface area, with the parietal making up 
18.11%. The peritoneum contains microvilli, 
vessels and microcirculation that are most impor-
tant for exchange [84].

The pneumoperitoneum affects the entire gas- 
exposed surface of the peritoneum; when dam-
aged, it can uncover portions of the basal lamina 
[40, 85]. Characteristic alterations of the perito-
neum caused by the use of cold, dry CO2 for the 
pneumoperitoneum include mesothelial damage, 
desiccation, distorted and denuded peritoneal 
surfaces, and exposed areas of basal lamina [40–
43, 45, 86–97]. Preconditioning CO2 for laparos-
copy by humidifying and warming the gas creates 
a physiologic pneumoperitoneum that enhances 
preservation of peritoneal integrity and has clini-
cal benefits [37, 38, 98–101].

Mesothelial cells and peritoneal fluid protect 
and sustain peritoneal homeostasis. The apical 
surface of the mesothelium has a liquid film, the 
glycocalyx, which provides a slippery, nonadhe-
sive, hydrodynamic boundary surface lubricant 
that protects the peritoneal viscera and mesothe-
lial surfaces from abrasions and adhesions. The 
glycocalyx plays an important role in cell-cell 
contact, tissue hydration, regulation of inflam-
mation, tissue remodeling, and flow of nutrients 
and growth factors across the peritoneal mem-
brane [102–107]. The mesothelial cells synthe-
size cytokines, growth factors, and matrix 
protein components that are integral for the 
induction and resolution of inflammation and 
 tissue repair.

There are four responses to peritoneal injury: 
repair and resurfacing with normal anatomic and 
functional location and three “adhesion pro-
cesses,” which are adhesion formation at loca-
tions with or without excess peritoneal 
attachments (adhesions formed at operative 
sites), de novo adhesion formation (adhesions 
formed at nonoperative sites), and adhesion ref-
ormation (adhesions formed after lysis of previ-
ous adhesions) [98–100, 108]. Regardless of how 
the insult occurred or its etiology, the peritoneum 
reacts with the same cellular response. Repairs 
are initiated in the same way no matter how the 
injury happened: scalpel, instrument, gauze pad, 
drying, scissors, cautery, laser, harmonic scalpel, 
freezing, and bacteria or body fluids.

Peritoneal drying, a desiccation injury, has 
long been recognized as a postoperative compli-
cation [101]. In 1918, it was suspected that “the 
amount of peritoneal drying” during laparotomy 
detrimentally influenced postoperative recovery; 
thus, it was recommended to “avoid peritoneal 
drying” [101]: “Peritoneal drying causes meso-
thelial desquamation” [109]. It was said “that the 
surgeon should try to avoid peritoneal drying” 
[110] and that “adhesions may be due to perito-
neal drying, injury” [111]. Furthermore, “insuf-
flations with heated, humidified CO2 are the least 
likely to induce mesothelial damage” [44, 112] 
because “drying of tissue is a known cause of 
adhesion formation” [67, 82, 96] and that “due to 
the high flow rates, warming and moistening of 
the insufflated CO2 are necessary” [113].

Because of peritoneal CO2 absorption, minute 
respiratory, end-expiratory, or end-tidal CO2 
(ETCO2) levels should be maintained throughout 
the procedure, adjusting to maintain normocap-
nia. Carbon dioxide causes reversible systemic 
and local acidosis, and the effect of IAP on pari-
etal peritoneal pH has minor significance [114, 
115]. Normal excretion of CO2 is 100–200 mL/
min, which is increased by 14–18 mL/min due to 
intraperitoneal CO2 [54, 116–118]. A pneumo-
peritoneum decreases thoracopulmonary compli-
ance by 30–50% in healthy patients (i.e., those 
classified as ASA I according to the American 
Society of Anesthesia) [119, 120]. Increased 
 levels of CO2 may help in detecting a CO2 
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 embolism and should not exceed 25% of original 
ETCO2.

Cardiovascular effects during laparoscopy are 
usually due to hypercarbia, acidosis, and 
increased IAP [119]. Renal effects related to IAP 
and indirectly to CO2 absorption include neuro-
endocrine and tissue damage from oxidative 
stress [121]. Transient oliguria is the most com-
mon due to activation of the renin-angiotensin- 
aldosterone system as a result of decreased renal 
perfusion [115]. During IAP, urine outflow 
decreases and creatinine increases. These levels 
normalize within 24 h after a pneumoperitoneum 
of less than 15 mmHg [122–124].

Oxidative stress is associated with surgery, 
whether the approach is open or laparoscopic 
[125]. This is influenced by the surgery per-
formed, IAP, length of time, ischemia, reperfu-
sion, and desufflation and is less severe with 
laparoscopy than open surgery [126–128]. 
Surgical response and recovery are measured by 
inflammatory markers and the immune response 
[129–133]. These are cytokines, lymphokines, 
and prostaglandins such as tumor necrosis factor 
alpha, interleukin-6, IL-8, C-reactive protein, 
and granulocuyte colony-stimulating factor [95, 
129–133]. These immunologic factors are cre-
ated by tissue damage. Laparoscopic surgery 
causes a decreased systemic immunologic 
response compared with open surgery [134, 135], 
especially when the distending gas is more physi-
ologic by being humidified and warmed [136].

A pneumoperitoneum is safe during preg-
nancy. However, attention to detail is paramount 
because the margins of error are smaller, the 
physiology is more temperamental, and two per-
sons are involved in the surgical event. The gas 
should be preconditioned by humidifying and 
warming to physiologic conditions to reduce 
hypothermia, decrease peritoneal damage, and 
improve outcomes. There should be continuous 
ETCO2 monitoring. The patient should be in the 
left lateral decubitus position. IAP should not 
exceed 15 mmHg but should be less if abdominal 
compliance warrants; the procedure can be per-
formed safely at lower pressure without compro-
mising the outcome. Venous thrombosis 
prevention should be performed using intraoper-

ative and postoperative compression devices with 
early ambulation. Perioperative fetal monitoring 
should be done when there is a viable fetus. 
Tocolytic prophylaxis may be required perioper-
atively if there are signs of preterm labor.

 Summary

When the need for non-obstetric surgery arises 
during pregnancy, the choice between an open ver-
sus laparoscopic approach does matter. The effects 
that general anesthesia and surgical intervention 
have on a patient can influence the therapeutic 
choice. Reports on non-obstetric surgery (regard-
less of route) vary in indications, techniques, 
comorbidities, ages, lifestyles, and anesthesia 
choice, making comparison and evaluation of the 
literature difficult. The outcomes for patients 
undergoing laparoscopic procedures are better 
than those for open procedures. The miscarriage 
rate for laparoscopy compared with an open pro-
cedure is higher in the first trimester, but has only 
been reported for appendectomy. Fetal anomalies 
were not statistically significantly different. The 
variables to be considered in the selection of open 
versus laparoscopic surgery for non-obstetric sur-
gery during pregnancy include stage of pregnancy, 
presence of a fetus, physiologic changes during 
pregnancy, and the non- obstetric surgical problem 
as it relates to pregnancy. Considerations for lapa-
roscopic surgery compared with laparotomy dur-
ing pregnancy include the type of procedure, the 
skill of the surgeon, and possibility of premature 
infant delivery.
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Anesthetic Considerations 
for the Gravid Patient for Non- 
obstetric Surgery

Laura E. Gilbertson, Milad Sharifpour, 
and Grant C. Lynde

 Introduction

Over 75,000 pregnant patients each year undergo 
non-obstetric surgery [1], with the most common 
indications related to obstetric and gynecologic 
conditions, acute abdomen, and trauma. The vast 
majority of cases that are performed do so with-
out complication.

Anesthesia plans must consider the needs of 
two patients. Maternal considerations will 
include the physiologic changes that accompany 
pregnancy, most significantly hemodynamic and 
pulmonary. Fetal considerations include the risk 
of birth defects as well as premature delivery. 
Careful consideration must be made for the 
entire perioperative care of the mother and fetus 
to ensure that each has the best possible 
outcome.

We will examine the maternal physiologic 
changes and fetal development during pregnancy. 

Additionally, we will discuss the intraoperative 
considerations that surgeons and anesthesiolo-
gists should have when performing non-obstetric 
surgery on the gravid patient. Finally, we will dis-
cuss national guidelines to consider when per-
forming surgery on the gravid patient.

 Physiologic Changes During 
Pregnancy

The gravid patient undergoes many dramatic 
physiologic changes during pregnancy, the earli-
est of which are initiated by rising hormone lev-
els and later are adaptations to resultant from 
maternal anatomical changes.

 Cardiovascular

The cardiovascular system undergoes the most 
change during pregnancy for the mother and is 
the leading cause of maternal mortality [2]. 
Maternal blood volume, peripheral vascular 
resistance, and cardiac output all see changes of 
greater than 30% from preconception through 
birth. Understanding the cardiovascular changes 
will aid the physicians caring for the patient in 
predicting and identifying early stages of mater-
nal distress.

Systemic vasodilation, cardiac output, 
and mean arterial pressure all drop by 6 weeks 
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post- gestation and are related to rapidly rising 
levels of hormones probably released from the 
corpus luteum [3]. Maternal blood volume 
increases approximately 15% by 6  weeks and 
between 30 and 50% by 34  weeks [3, 4]. 
Systemic vascular resistance will decrease by 
33% by 6 weeks and remains at that level until 
delivery. And cardiac output will rise 30% by 
6 weeks, where it will rise as high as 8.7 L/min 
in the third trimester. The maternal heart rate 
generally sees its greatest increase in the third 
trimester, rising to approximately 15% above 
baseline [4]. Concomitant with these physiologic 
changes, maternal hematocrit will generally fall 
from 39% to 35% at term [5]. Additional drops 
in hematocrit during pregnancy may signify 
inadequate maternal nutritional intake of iron or 
other macronutrients [6].

Dysrhythmias become more frequent during 
pregnancy. While pregnancy-related dysrhyth-
mias are common, the need for aggressive treat-
ment is rare and should be reserved for 
symptomatic patients or in situations where 
there is hemodynamic compromise affecting 
either the mother or fetus. There are two gener-
ally accepted mechanisms accounting for the 
increase in dysrhythmia during pregnancy. The 
first is a result of atrial stretching arising from 
increased intravascular volume, resulting in 
disturbances in cardiac conduction pathways. 
The second mechanism of dysrhythmia in 
gravid patients is a result of increased levels of 
estrogen, which lowers the threshold for 
arrhythmias. Additionally, estrogen increases 
the number of myocardial adrenergic recep-
tors,  increasing cardiac responsiveness to 
 catecholamines [7].

Increased valve diameters result in regurgi-
tant flows in all valves except the aortic valve. 
Pulmonary regurgitation is seen in 90% of 
healthy pregnant women, and almost 30% of all 
pregnancies experience mild mitral regurgitation 
[8]. While mild valvular regurgitation is typi-
cally well tolerated throughout pregnancy and 
delivery, new-onset murmurs should be evalu-
ated by a cardiologist and an echocardiogram 
obtained to assess the severity of the valvular 
lesion.

 Pulmonary

Changes in lung volumes precede increases in 
fetal metabolic demand, most likely due to rising 
levels of estrogen. From the nonpregnant state, 
minute ventilation rises 40% in the first trimester 
and maintains this increase throughout the dura-
tion of pregnancy. The expiratory reserve volume 
(ERV) decreases as the uterus displaces abdomi-
nal contents cephalad, decreasing by one-third 
while in a sitting position [9].

The reduction in ERV is most significant when 
performing general anesthesia on late-term preg-
nant patients. When inducing general anesthesia, 
the ERV is used as an oxygen reservoir to ensure 
that the patient maintains adequate blood oxygen 
saturation despite potentially prolonged apnea. 
The average nonpregnant patient consumes 
approximately 3 mL/kg/min of oxygen, while the 
average patient in their third trimester consumes 
approximately 4 mL/kg/min, rising to as high as 
15 mL/kg/min when in labor [10]. The ERV in a 
nonpregnant patient is approximately 1.3  L, 
while in the third trimester, it is approximately 
0.8 L [9]. Assuming adequate time was given to 
preoxygenate the patient, a nonpregnant patient 
may maintain blood oxygen saturation for as 
long as 6 min, while a pregnant patient in labor 
may begin to desaturate within 1 min of induc-
tion of general anesthesia.

 Airway

The maternal airway undergoes significant 
change during pregnancy. Excessive weight gain 
can result in increased neck girth and size of oro-
pharyngeal structures. Additionally, edema 
resulting from reduced oncotic pressure and 
increase in extracellular fluid results in engorge-
ment of tissues in the mouth and pharynx. 
Physical examination of the posterior oropharynx 
is described using the Mallampati score, with a 
score of 1 indicating full visualization of the ton-
sillar pillars, soft palate, and uvula, and a score of 
4 indicates that only the hard palate could be 
visualized [11]. An increase in Mallampati score 
reflects increasing difficulty intubating a patient. 
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The average pregnant patient has a 1 point 
increase in Mallampati score and a 1 cm increase 
in neck circumference [12], which may account 
for the disproportionate number of difficult and 
failed intubations noted in the obstetric popula-
tion [13, 14].

 Gastrointestinal

Aspiration is a rare, but serious, consequence of 
inducing general anesthesia prior to placement of 
the endotracheal tube. It is believed that the gas-
tric reflux that many women experience during 
pregnancy is due to the upward displacement of 
the stomach and displacement of the intraabdom-
inal esophagus into the thorax [15]. While preg-
nant patients were once believed to have lower 
gastric pH and increased residual volumes, con-
sensus now believes that there is no significant 
difference between pregnant and nonpregnant 
patients [16, 17].

The American Society of Anesthesiologists 
practice guidelines do not provide specific rec-
ommendations for aspiration prophylaxis during 
pregnancy. However, in nonpregnant patients, 
they recommend a period of fasting of 2 h follow-
ing the consumption of clear liquids, at least 6 h 
following a light meal (defined as toast and a 
clear liquid) and at least 8 h following the con-
sumption of fatty and fried foods and meat [18]. 
Many of the techniques used to prevent aspira-
tion in the gravid patient date to a retrospective 
review published in 1946 by Curtis Mendelson in 
which his main recommendation was to withhold 
oral feeding in the laboring patient [19]. As a 
result, some anesthesiologists advocate for lon-
ger fasting intervals as compared to the non- 
gravid patient because the consequences of 
aspiration are high, while the risk of delaying an 
elective procedure as a result of eating a meal is 
low.

The approach to fasting times in nonlaboring 
pregnant patients is evolving. Two studies using 
ultrasound to evaluate antral cross-sectional area 
over time in both nonobese and obese pregnant 
patients revealed that subsequent to consumption 
of 300 mL of clear liquids, the gastric volumes 

returned to baseline values within 30  min [20, 
21]. In a more recent study, 168 laboring women 
were randomized to drink a high-protein drink 
supplement or consume ice chips and water. The 
gastric volumes were compared in 18 of these 
patients, and both groups had statistically insig-
nificant differences in emptying halftimes (25.5 
vs. 20.0 min in the protein shake and ice chips 
groups, respectively) [22]. It would be a reason-
able assumption that gastric emptying would be 
at least as efficient in the nonlaboring patient and 
that further studies will guide future consensus 
guidelines on fasting.

 Renal

There is a 20% increase in renal blood flow and a 
50% increase in glomerular filtration rate during 
pregnancy [23]. As a result, laboratory measure-
ments of kidney function, including serum creati-
nine, urea, and uric acid, also decrease. Also 
resulting from this increase in GFR is the shorter 
half-life of renally cleared medications. Β-lactam 
antibiotics, atenolol, and digoxin all have more 
rapid serum clearances which may need to be 
accounted for when selecting the appropriate 
medication dose and frequency [24]. While the 
clearance of vecuronium is increased due to 
increases in GFR, the clinical duration of effect is 
prolonged due to a hypothesized increase in neu-
romuscular sensitivity to the medication [25]. 
Close monitoring of neuromuscular blocking 
agents should take place to ensure appropriate 
dosing intervals.

 Coagulation

Pregnancy is a hypercoagulable state, character-
ized by an increase in levels of clotting factors, 
fibrinogen, and von Willebrand factor. 
Antithrombin III levels remain constant through-
out pregnancy. In contrast, several anticoagulant 
factors are reduced [26]. Average platelet counts 
have significant variability, with studies demon-
strating inconsistent changes in platelet counts 
[27–29]. What is clear, however, is that more than 
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10% of patients at term demonstrate platelet 
counts less than 150 × 109/L [27].

The hypercoagulability found in pregnancy 
results in increased rates of venous 
thromboembolism(VTE) [30] and stroke [31]. The 
risk of thrombotic complications can extend to 
6 weeks postpartum. Due to the increased risk of 
these complications, the American College of 
Chest Physicians recommends early mobilization 
for all patients and the use of low-molecular- 
weight heparin in patients with either one major 
(including immobility for ≥1  week, history of 
VTE, and thrombophilia) or two minor risk factors 
(including BMI > 30, smoking > 10 cigarettes/day, 
and multiple gestation pregnancy) [32].

 Fetal Development

In utero, the human brain and central nervous 
system develop from a small set of embryonic 
cells to a complex and efficient network of over 
100 billion neurons. The process of neural devel-
opment begins with proliferation from a neural 
stem cell, followed by migration and differentia-
tion into a specialized neuron. By 4 weeks gesta-
tion, primary neuromodulation and neural tube 
formation ensues. Prosencephalon development 
is initiated between 8 and 12  weeks’ gestation 
with neuronal proliferation and migration occur-
ring simultaneously [33]. Beginning at 20 weeks 
gestation, there is a significant increase in corti-
cal development, organization, and synapse for-
mation. The cortical volume increases by fourfold 
in the third trimester alone with the size of the 
immature brain being one-third that of an adult at 
the time of birth [34, 35].

Cutaneous sensory receptors are present in the 
human fetus at approximately 7 weeks’ gestation. 
By 20 weeks, a widespread network of cutaneous 
nociceptive receptors has been established [36]. 
Myelination of the pain pathways of the spinal 
cord and brain stem is then completed during the 
second and third trimesters of gestation [37]. As 
early as 18 weeks’ gestation, human fetuses dem-
onstrate pituitary-adrenal, sympathoadrenal, and 
circulatory stress responses to noxious stimuli 
[38]. In premature neonates studied at 25 weeks, 

near-infrared spectroscopy has demonstrated cor-
tical activity in response to noxious stimuli [39]. 
Therefore, current evidence suggests that fetal 
nociception (the ability to feel pain) occurs after 
the midpoint of pregnancy (between 24 and 
30 weeks).

 Teratogenicity of Anesthetic Agents

While it still remains that maternal issues such as 
severe maternal hypoxia and hypotension pose 
the greatest risk to the fetus, there has now been 
considerable attention placed on the role of anes-
thetic agents on development. Teratogenicity 
involves any significant postnatal effect in func-
tion or form of a neonate brought about by prena-
tal treatment. Concern about the deleterious 
effects of anesthetics on the developing fetus has 
stemmed from animal studies, which have shown 
manifestations of teratogenicity associated with 
numerous anesthetic agents. There are a number 
of key factors that may influence teratogenicity, 
such as species susceptibility, dose of the terato-
genic substance, duration and timing of the expo-
sure, as well as genetic predisposition (Fig. 7.1).

Due to the substantial concern about the tera-
togenicity seen in animal models exposed to 
anesthetics, the US Food and Drug Administration 
(FDA) issued an extensive statement to the public 
on December 14, 2016. In the document, there 
are multiple warnings about the potential harmful 
effects of general anesthetics on the developing 
fetus. They state, “published studies in pregnant 
animals and young animals have shown the use 
of general anesthetic and sedation drugs for more 
than 3 h caused widespread loss of nerve cells in 
the brain. Studies in young animals suggest these 
changes result in long-term effects on the ani-
mals’ behavior or learning …repeated or lengthy 
use of general anesthetic and sedation drugs dur-
ing surgeries or procedures in pregnant women 
during their third trimester may affect the devel-
opment of children’s brain.” The FDA felt that 
these concerns were valid enough to now place 
warnings on general anesthetic and sedation drug 
labels to this effect. As this statement is now in 
the public realm, it is even more important for 
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physicians to stay knowledgeable on the most 
recent literature [40].

The contemporary belief is that anesthetics 
work by interfering with normal GABAA and 
NMDA receptor-mediated activity to produce 
effective amnesia and unconsciousness. 
GABA and NMDA modulation are also 
believed to be the essential mechanisms for 
central nervous system development in the 
fetus, making it plausible that anesthetic 
agents could affect normal neurodevelopment. 
The most widely studied deleterious conse-
quence of exposure to sedatives or anesthetics 
in immature animals is apoptosis (programmed 
cell death). It currently remains unknown 
whether anesthesia-induced neuroapoptosis 
accelerates physiologic programmed cell 
death or whether it eliminates cells not des-
tined to die, as in pathologic apoptosis. In 
order to provide a succinct overview, we will 
briefly review the potential teratogenicity of 
different classes of the major anesthetics.

 Benzodiazepines

Benzodiazepines are GABA agonists that are fre-
quently used for preoperative anxiolysis. 
Benzodiazepine therapy became controversial 
after an association between maternal diazepam 
ingestion during the first trimester and infants with 
cleft palate were reported. Subsequent prospective 
research showed that women who ingested diaze-
pam during the first trimester did not demonstrate 
a higher risk of cleft palate associated with benzo-
diazepine therapy [41]. Studies have also consis-
tently reported increased neuroapoptosis in 
neonatal rats after diazepam administration [42]. 
Although this neuroapoptosis has been described, 
two studies have shown no neurocognitive learn-
ing disabilities in adult mice after receiving seda-
tion with diazepam as neonates [43]. In summary, 
no evidence suggests that a single dose of a benzo-
diazepine during the course of anesthesia is harm-
ful to the fetus, but a risk benefit ratio should 
always be implemented prior to administration.
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Fig. 7.1 This figure shows development of the fetus with 
critical periods for organ formation noted. The dark bars 
denote periods of high sensitivity to potential teratogens, 
while the lighter bars indicate periods of lesser sensitivity. 
Notice that during the first 2 weeks of development, there 
is an all-or-nothing phenomenon: where a substance 
either damages all of the cells resulting in death or it 

 damages only a few cells allowing for the embryo to sur-
vive without complication. Reprinted with permission 
from Chestnut DH, Wong CA, Tsen LC, Kee WD, Beilin 
Y, Mhyre J.  Chestnut’s Obstetric Anesthesia: Principles 
and Practice E-Book, Chapter 17. Philadelphia: Elsevier 
Health Sciences; 2014 Feb 28: 362
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 Nitrous Oxide

Nitrous oxide is an inhalational anesthetic that 
acts by NMDA antagonism and is the oldest 
anesthetic in clinical use. Its low potency neces-
sitates the co-administration of other anesthetics 
to provide surgical anesthesia. Nitrous oxide has 
been shown to be a weak teratogen in rodent 
studies, with effects occurring only after a pro-
longed exposure to high concentrations that are 
unlikely to be encountered in clinical anesthesia 
in humans [44]. In rats, nitrous oxide alone has 
not been shown to induce neuroapoptosis; how-
ever, it does have an additive toxicity effect when 
combined with other anesthetic agents [45].

 Inhalational Anesthetics

Volatile anesthetics such as isoflurane and sevoflu-
rane exert their anesthetic properties predominantly 
by their agonistic effects on the GABAA receptor. 
Conflicting studies on the potential teratogenic risks 
of inhalational anesthetics have been published. 
Consistent findings in a variety of animal models 
have shown widespread apoptosis directly after 
exposure to inhalational anesthetics but have failed 
to show correlation with future developmental 
abnormalities. In one study, neonatal mice exposed 
to 6 h of isoflurane developed widespread neuronal 
degeneration immediately after exposure but failed 
to cause neurocognitive deficits or decreases in neu-
ronal density in adulthood [46]. Long-term expo-
sure to subanesthetic concentrations of halothane, 
an older inhalational anesthetic no longer currently 
popular in practice, caused fetal growth restriction 
in rats but no congenital abnormalities, while isoflu-
rane, which is a more commonly used anesthetic, 
showed no adverse effects [47, 48].

 Propofol

Propofol acts primarily via GABA and glycine 
receptor agonist properties and is often the IV 
induction agent of choice. Propofol has been 
shown to cause neuroapoptosis after doses 
exceeding 50 mg/kg in neonatal rats.  However, 
there have been no consistent findings of neuro-

cognitive deficits in adult animals that were 
exposed as neonates [49].

 Physiologic Effects of Anesthetic 
Agents on the Fetus

Fetal hypoxia is one of the most serious risks 
associated with maternal surgery during preg-
nancy. Fetal oxygenation is dependent on mater-
nal oxygenation; therefore, fetal well-being is 
reliant on normal maternal arterial oxygen ten-
sion, oxygen-carrying capacity, and uteroplacen-
tal perfusion. Maternal hypotension can 
significantly threaten uteroplacental perfusion 
and cause fetal hypoxemia. The most common 
sources of hypotension in the pregnant patient 
undergoing surgery include hypovolemia, hem-
orrhage, aortocaval compression, deep levels of 
general anesthesia, and sympathectomy from 
high levels of spinal or epidural anesthesia.

Volatile anesthetics can affect the fetus 
directly by depressing the fetal cardiovascular 
system or central nervous system and indirectly 
by causing maternal hypoxia or hypotension. 
Studies in animal models have shown maternal 
administration of moderate concentration volatile 
anesthetics produced minimal fetal effects. At 
normal concentrations of inhalational anesthet-
ics, uterine vasodilation compensates for small 
decreases in maternal blood pressure to maintain 
uterine perfusion [50]. However, higher concen-
trations for prolonged periods can cause marked 
maternal hypotension which may result in 
reduced uteroplacental blood flow, fetal hypoxia, 
diminished fetal cardiac output, and fetal acido-
sis. Consequently, the avoidance of inhalational 
anesthetics in pregnant females is not supported 
provided that maternal hypotension is prevented.

Opioids and induction agents such as propofol 
may decrease fetal heart rate variability more 
than inhalational agents. In the absence of mater-
nal hypotension or other abnormalities, the 
decrease in FHR variability is not cause for con-
cern [51]. Fetal respiratory depression may also 
occur with administration of these medications; 
nonetheless this is only relevant if a cesarean sec-
tion is to be performed in conjunction with the 
surgical procedure. The neonatologist should be 
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informed of maternal administration of such 
agents to ensure that planning for neonatal respi-
ratory support occurs.

Muscle relaxants and reversal agents have also 
been demonstrated to be safe to the fetus follow-
ing maternal administration. Atropine and glyco-
pyrrolate are anticholinergic medications 
administered with neuromuscular reversal agents. 
Atropine readily crosses the placenta and when 
given in large doses may potentially lead to fetal 
tachycardia and loss of fetal heart rate variability. 
Glycopyrrolate crosses the placenta less readily 
and therefore may result in mild fetal bradycardia 
when administered with acetylcholinesterase 
inhibitors for reversal. However, when standard 
clinical doses are administered neither atropine 
nor glycopyrrolate have been shown to signifi-
cantly affect fetal heart rate variability [52].

 National Standards

The American Society of Anesthesiologists 
(ASA) and the American College of Obstetricians 
and Gynecologists (ACOG) have jointly pub-
lished ACOG Committee Opinion 696, 
“Nonobstetric Surgery During Pregnancy” [53]. 
It is felt by both organizations that indicated sur-
geries should be performed regardless of trimes-
ter with the second trimester being optimal for 
nonurgent procedures, while elective surgeries 
should be postponed until after delivery.

The joint statement further states that the pri-
mary obstetric care provider should be notified 
and, if that provider is not available, that another 
obstetric care provider should be involved with 
the perioperative care of the patient. Finally, the 
facility should be qualified to care for both the 
mother and fetus should they need delivery, 
including the ability to provide for neonatal and 
obstetric services.

 Perioperative Fetal Monitoring

The joint ASA/ACOG Committee opinion rec-
ommends performing pre- and post-procedure 
fetal heart rate Doppler monitoring if the fetus is 
pre-viable. Once viability is obtained, pre- and 

post-procedure fetal heart rate and contraction 
monitoring should be performed [53]. 
Intraoperative monitoring is controversial, and 
there are no large randomized trials to guide rec-
ommendations. The ASA/ACOG joint statement 
recommends consideration of intraoperative 
monitoring when the fetus is viable, an obstetri-
cian is present and available to intervene surgi-
cally, and the non-obstetric surgery is amenable 
to both intraoperative monitoring and interrup-
tion if an emergency delivery is necessary.

Proponents of intraoperative monitoring rec-
ommend using it to identify perturbations in 
maternal hemodynamics and to improve fetal 
oxygenation. Volatile anesthetic agents, such as 
sevoflurane, result in decreased fetal heart rate 
variability. However, significant fetal heart rate 
decelerations would only be expected in situa-
tions where there was inadequate oxygen deliv-
ery to the fetus. Options for correcting these 
decelerations include increasing left uterine dis-
placement, optimizing maternal blood pressure 
and cardiac output, transfusing the mother when 
indicated, and decreasing insufflation pressures 
during abdominal laparoscopy. There is large 
regional variability in the adoption of continuous 
intraoperative fetal monitoring, and there are no 
widely accepted national standards for its use for 
the pre-viable fetus.

 Specific Surgery Considerations

 Patient Positioning

During the first trimester, pregnant women can be 
placed in supine position during surgery as the 
uterus is not large enough to compromise venous 
return [54]. However, after the first trimester, 
pregnant women should be placed in left lateral 
decubitus (LLD, 15-degree lateral tilt) position to 
avoid inferior vena cava (IVC) compression by 
the gravid uterus, which decreases venous return 
and leads to significant hypotension. Placing the 
patient in LLD will decompress the IVC and 
improve venous return to the heart and improves 
cardiac output [55]. Patients can be placed in par-
tial LLD position if surgical access to abdominal 
cavity is compromised by full LLD.
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 Laparoscopy

 Insufflation Pressures
Upward displacement of the diaphragm by CO2 
pneumoperitoneum further reduces the patient’s 
FRC, increases the peak airway pressure, increases 
ventilation-perfusion mismatch, decreases thoracic 
cavity compliance, and may lead to significant 
hypoxia and difficulty with ventilation in pregnant 
patients [56]. The Society of American 
Gastrointestinal and Endoscopic Surgeons 
Guidelines for the Use of Laparoscopy During 
Pregnancy Guideline 12 states that CO2 insuffla-
tion pressures of 10–15 mmHg can be safely used 
for laparoscopy; however, the level of insufflation 
should be adjusted to the patient’s physiology [54].

Benefits of laparoscopy include reduced surgi-
cal pain, decreased postoperative opioid require-
ments, decreased incidence of postoperative ileus, 
and shorter length of hospital stay [57]. Benefits 
unique to pregnant patients include decreased risk 
of fetal respiratory depression as well as decreased 
postoperative maternal hypoventilation secondary 
to decreased opioid consumption, lower risk of 
wound complications, and decreased risk of 
thromboembolic events [58].

 CO2 Management
There are conflicting data from animal studies on 
the effects of CO2 pneumoperitoneum on the 
fetus. While some studies report fetal tachycar-
dia, hypertension, and hypercapnia, others refute 
these findings [54, 56]. There is a linear relation-
ship between maternal arterial CO2 (PaCO2) and 
fetal PaCO2. While there are no reports of fetal 
acidosis caused by CO2 insufflation in humans, 
given the potentially detrimental consequences 
of fetal acidosis, the Society of American 
Gastrointestinal and Endoscopic Surgeons rec-
ommends intraoperative maternal end-tidal CO2 
monitoring to avoid maternal hypercapnia [54].

 Other Perioperative Planning

Detailed planning should be undertaken prior to 
any pregnant patient undergoing surgery. This 
planning should include an evaluation of the 

facility and its available resources. It’s vital to 
understand how any potential obstetric emergen-
cies would be handled, whether or not there is a 
massive transfusion protocol available, and what 
other services exist for the care of a neonate and 
mother. Additionally, planning should include all 
potential providers caring for the patient: anes-
thesiology, neonatology, OB/GYN, nursing ser-
vices, and surgical specialties. Finally, a risk 
assessment should be performed with consider-
ation made to transferring the patient to a facility 
which may be more equipped to address any 
untoward outcomes that may be encountered in 
the perioperative period.

 Conclusion
Careful attention to planning should occur 
prior to any surgery, and completely elective 
surgeries should be deferred until the fetus has 
been delivered. No anesthetic agents currently 
used have been demonstrated to have terato-
genic effects, however, due to general concerns 
about the potential for teratogenicity and pre-
term labor, surgeries when necessary are ide-
ally performed in the second trimester. Prior to 
viability, intraoperative fetal heart rate moni-
toring may be useful in the to help optimize 
maternal hemodynamics and may be necessary 
once viability has been achieved to help guide 
obstetric care. While performing non- obstetric 
surgery during pregnancy is not  desirable, with 
proper planning and support, it may be per-
formed safely for both the mother and fetus.
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Medical Complications 
in Pregnancy

Michael Franklin Neblett II, Shabnam Gupta, 
and Iris Krishna

Introduction

Two of the most commonly encountered medical 
complications in pregnancy are diabetes mellitus 
(DM) and hypertensive disorders. Diabetes mel-
litus in pregnancy is characterized as pregesta-
tional diabetes and gestational diabetes. 
Pregestational diabetes is diagnosed prior to 
pregnancy and affects approximately 1% of preg-
nancies [1]. Gestational diabetes is diagnosed 
during pregnancy and affects approximately 
6–9% of pregnancies [1]. Hypertensive disorders 
affect approximately 10% of hospitalizations in 
the USA [2]. Hypertensive disorders of preg-
nancy have a wide spectrum of clinical manifes-
tations, ranging from asymptomatic mild 
elevations in blood pressure to severely elevated 
pressures with concomitant laboratory abnormal-
ities and dysfunction of numerous organ systems. 
Both diabetes mellitus and hypertension are asso-
ciated with adverse perinatal, obstetric, and neo-
natal outcomes, and appropriate management of 

these conditions in pregnancy is key to ensuring a 
successful maternal and fetal outcome. This 
chapter will outline the management of these 
conditions in pregnancy.

 Pregestational Diabetes Mellitus

 Pathophysiology

Pregestational diabetes is a metabolic abnormal-
ity characterized by elevated circulating glucose 
outside of pregnancy. The exact etiology of dia-
betes mellitus (DM) varies and can include a pri-
mary insulin production defect, insulin receptor 
abnormalities, end-organ insulin resistance, dia-
betes secondary to another disease process (e.g., 
cystic fibrosis), or drug-induced diabetes (e.g., 
steroid use) [3]. Type 1 DM, an insulin-deficient 
state, occurs secondary to an autoimmune 
destruction of the pancreatic islet beta cells [3]. 
This disease process typically occurs early in life, 
requiring insulin therapy for treatment and is 
more susceptible to ketoacidosis if no therapy is 
initiated [4]. Type 2 DM is more common than 
type 1 DM and is characterized by onset later in 
life, peripheral insulin resistance, relative insulin 
deficiency, and obesity [4]. These conditions can 
be further exacerbated by pregnancy itself as it is 
characterized by increased insulin resistance and 
reduced sensitivity to insulin action. Insulin 
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resistance increases throughout the pregnancy 
with the third trimester being the time of greatest 
insulin resistance. Insulin resistance is largely 
due to a result of a mixture of placental hor-
mones: human placental lactogen, progesterone, 
prolactin, placental growth hormone, cortisol, 
tumor necrosis factor-α, and leptin [4].

 Diagnosis

The diagnosis of diabetes mellitus prior to preg-
nancy is established on the basis of formal labora-
tory criteria (Table 8.1) [3, 5]. In general, patients 
are asymptomatic but can present with symptoms 
of hyperglycemia such as polyuria, polydipsia, 
and polyphagia [3, 5]. Women with long-standing 
DM may have microvascular disease (e.g., dia-
betic retinopathy, diabetic nephropathy), which 
may further complicate pregnancy. As a result, the 
evaluation of the pregnant woman with pregesta-
tional DM should include hemoglobin A1C, met-
abolic profile for evaluation of glucose and 
creatinine, urine culture, electrocardiogram 
(EKG), TSH for patients with type I diabetes, 
ophthalmologic exam, and 24-h urine collection 
for protein and creatinine clearance.

It is well recognized that adverse pregnancy 
complications related to diabetes are inversely 
proportional to the level of glucose control. Of 
utmost concern early in pregnancy, women with 
poorly controlled DM are at increased risk for 
congenital anomalies (most common cardiac and 
central nervous system anomalies) with rates as 
high as 20–25% with hemoglobin A1C concen-
trations near 10% [6, 7]. Poorly controlled DM 
has also been associated with preterm labor, 

polyhydramnios, preeclampsia, macrosomia, 
fetal growth restriction with microvascular dis-
ease, and cesarean delivery [8–10]. To improve 
overall pregnancy outcomes, the care of the preg-
nant woman with pregestational DM should 
begin early in pregnancy, and ideally women who 
are considering pregnancy should be counseled 
on improving blood glucose control prior to 
conception.

 Antepartum Management

Management of pregestational DM consists of 
dietary modifications, exercise, and insulin ther-
apy [4]. Dietary therapy consists of caloric intake 
of approximately 30  kcal/kg/day divided into 
three meals and three snacks [4, 11, 12]. Calories 
should be divided as 40–50% carbohydrates, 
20% protein, and 30–40% unsaturated fat to help 
maintain a low glycemic index [4, 12]. Nutritional 
counseling should be offered to maximize dietary 
therapy, and a moderate weight training exercise 
program (increases lean muscle mass and 
improves tissue sensitivity to insulin) is recom-
mended three times per week for a total of 
20–45 min [12, 13].

All subcutaneous insulin types used for treat-
ment of pregestational DM have been approved 
for use in pregnancy as they do not cross the pla-
centa [4, 12]. Insulin requirements increase with 
increasing gestational age, and insulin should be 
adjusted accordingly throughout pregnancy. In 
general, insulin needs in the first trimester range 
from 0.7 to 0.8 U/kg/day, second trimester from 
0.8 to 1 U/kg/day, and third trimester from 0.9 to 
1.2 U/kg/day [14]. Capillary blood glucose moni-
toring should be performed at least four times a 
day, fasting, and 1 or 2 h postprandial with the 
goal of insulin therapy to maintain a fasting glu-
cose level ≤95 mg/dL and 1-h level ≤140 mg/dL 
or 2-h level ≤120 mg/dL [4]. To achieve target 
glucose levels, a combination of short-acting and 
longer-acting insulins is administered. Generally, 
short-acting insulins (insulin lispro, insulin 
aspart, insulin regular) are administered before 
meals to reduce glucose elevations associated 
with eating, and longer-acting insulins (insulin 

Table 8.1 Criteria for the diagnosis of diabetes mellitus 
in the nonpregnant state

Test
Diabetes 
mellitus

Fasting glucosea ≥ 126 mg/dL
75-g, 2-h OGTTb ≥ 200 mg/dL
Hemoglobin A1C ≥ 6.5%
Random glucose and symptoms of 
hyperglycemia

≥ 200 mg/dL

aNo caloric intake for at least 8 h
bOGTT, oral glucose tolerance test
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NPH, insulin detemir, insulin glargine) are used 
to restrain hepatic glucose production between 
meals and in the fasting state (Table 8.2) [4, 13]. 
Longer-acting insulins are usually administered 
before breakfast and/or bedtime [4, 13]. Close 
monitoring of glucose log at least weekly with 
provider is recommended to maximize care of the 
pregestational diabetic.

Women with pregestational DM are at an 
increased risk of birth defects and perinatal mor-
tality [4]. Screening for birth defects is recom-
mended by offering maternal serum 
alpha-fetoprotein testing at 16–18 weeks, detailed 
anatomy ultrasound at 18–20  weeks, and fetal 
echocardiogram at 20–22  weeks. 
Recommendations for antenatal testing for fetal 
well-being are generally accepted as serial 
growth scans throughout pregnancy and twice 
weekly nonstress test or biophysical profile start-
ing at 32 weeks. The nature of this surveillance is 
by convention and expert consensus secondary to 
the increased risk of stillbirth [4].

 Diabetic Ketoacidosis

Poorly controlled diabetes in pregnancy can 
result in diabetic ketoacidosis (DKA), an acute 
life-threatening complication for the mother and 
her fetus. Pregnancies complicated by DKA are 
associated with increased rates of perinatal mor-
bidity and mortality and require a high index of 
suspicion as onset of DKA usually is at lower 
glucose levels and often progresses more rapidly 
as compared with nonpregnancy [4, 15]. Risk 
factors for DKA in pregnancy include new-onset 
diabetes,  infections, poor patient compliance, 

and treatment with antenatal corticosteroids. 
Pregnant women may present with abdominal 
pain, nausea and vomiting, lethargy, and altered 
mental status. Laboratory evaluation will demon-
strate acidosis with a low arterial pH <7.3, anion 
gap >12  mEq/L, serum bicarbonate level 
<15 mEq/L, and serum ketones. Fetal heart rate 
monitoring will demonstrate recurrent late decel-
erations which improve with treatment. Treatment 
is based on aggressive hydration with isotonic 
sodium chloride and intravenous insulin. 
Additionally, glucose and potassium concentra-
tions should be monitored closely. A pregnant 
woman suspected of being in DKA is a medical 
emergency and requires multidisciplinary man-
agement by a maternal-fetal medicine specialist 
and endocrinologist [4, 15].

 Timing of Delivery

The optimal timing of delivery relies on balanc-
ing the risk of stillbirth with the risk of preterm 
birth in women with pregestational DM. Timing 
of delivery is usually recommended at 39 weeks 
of gestation unless maternal or fetal factors dic-
tate earlier intervention [4]. Early delivery may 
be indicated in patient with microvascular dis-
ease, poor glucose control, or prior stillbirth [4]. 
With respect to mode of delivery, vaginal is pre-
ferred. Cesarean delivery may be considered to 
prevent a traumatic birth in patients with an esti-
mated fetal weight >4500  g; patients, however, 
should be counseled regarding the risks and ben-
efits of cesarean delivery as it has been estimated 
that up to 588 cesarean deliveries would be 
needed to prevent a single case of permanent bra-
chial plexus palsy [4, 12, 13, 16].

 Gestational Diabetes

Gestational diabetes mellitus (GDM) is defined as 
a state of hyperglycemia that results from carbohy-
drate intolerance that is first recognized or diag-
nosed during pregnancy [12]. The importance of 
screening for GDM and treatment is to optimize 
glycemic control to reduce complications associ-

Table 8.2 Pharmacokinetics of commonly used insulin 
agents

Type Onset Peak Duration
Lispro 1–15 min 1–2 h 4–5 h
Aspart 1–15 min 1–2 h 4–5 h
Regular 30–60 min 2–4 h 6–8 h
NPHa 1–3 h 5–7 h 13–18 h
Detemir 1–3 h 3–9 h 6–23 h
Glargine 1–2 h No peak 24 h

aNPH neutral protamine hagedorn
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ated with hyperglycemia. Universal screening for 
GDM is recommended at 24–28 weeks. The risk 
of developing GDM is directly associated with 
prepregnancy BMI, and women with risk factors 
(e.g., obesity, history of gestational diabetes, 
strong family history of diabetes, history of large 
for gestational age infant) should be screened pre-
conception or at the first prenatal visit [3, 17]. If 
these women are identified early in pregnancy, 
they could benefit from receiving the diagnostic 
and therapeutic interventions routinely provided to 
women with pregestational diabetes. If the early 
screen is negative, a repeat screen should be per-
formed at 24–28 weeks of gestation.

There is a two-step approach to screening in 
the USA.  The first step involves a 50-g, 1-h 
oral glucose tolerance test (OGTT) given in the 
non-fasting state. A positive result on the first 
step is defined as a threshold of 130–140 mg/
dL as there is insufficient data to support the 
ideal threshold value [12, 18]. Pregnant women 
who obtain a positive result then perform a 
100-g, 3-h OGTT administered after an over-
night fast. Two or more abnormal values on the 
3-h OGTT using either the National Diabetes 
Data Group (NDDG) or Carpenter and Coustan 
criteria establish a diagnosis of GDM 
(Table  8.3) [3]. If initial screening value is 
greater than or equal to 200 mg/dL, it is con-
sidered diagnostic of GDM.

Woman with GDM have a higher risk of 
developing preeclampsia and undergoing a cesar-
ean delivery during their pregnancy [19, 20]. 
Other complications include macrosomia, poly-
hydramnios, operative delivery, birth injury, 
delayed lung maturity, and stillbirth. Neonatal 
complications include respiratory distress syn-
drome, jaundice, and hypoglycemia [10, 21, 22]. 
Furthermore, women with GDM have an 

increased risk of developing diabetes later in life, 
and it has been estimated that up to 70% of 
woman with GDM will develop diabetes within 
22–28  years after pregnancy [23]. Long-term 
adult disorders, such as glucose intolerance and 
obesity, have been demonstrated with fetal expo-
sure to maternal diabetes [24].

Initial treatment of GDM involves nonphar-
macological approaches with dietary modifica-
tion and exercise [12]. If this approach fails to 
achieve target blood glucose levels (fasting 
<95 mg/dL and postprandial blood glucose val-
ues <140  mg/dL at 1  h or 120  mg/dL at 2  h), 
pharmacologic treatment should be initiated. 
Insulin is considered first-line treatment and 
should be dosed the same as pregestational dia-
betics. For women who decline insulin therapy 
or for those women who may not be able to 
safely administer insulin, oral hypoglycemic 
agents may be used with Metformin being the 
preferred second-line agent [12]. Metformin is a 
biguanide that inhibits hepatic gluconeogenesis 
and glucose absorption and stimulates glucose 
uptake in peripheral tissues [12]. Metformin 
does cross the placenta, and dosing usually starts 
at 500 mg nightly for a week and then increased 
to 500 mg twice daily due to common adverse 
side effects of abdominal pain and diarrhea. The 
maximum dose of metformin is 2500–3000 mg 
per day in two to three divided doses. Glyburide 
is another suggested oral hypoglycemic agent 
and is a sulfonylurea that binds to pancreatic 
beta cells to increase insulin secretion and insu-
lin sensitivity of peripheral tissues [12]. 
Glyburide crosses the placenta, and the common 
dosage of glyburide is 2.5–20 mg daily in divided 
doses, but doses up to 30 mg may be necessary 
to achieve adequate glucose control [25]. When 
compared with insulin use, glyburide is associ-
ated with increased risks of respiratory distress 
syndrome, hypoglycemia, macrosomia, and 
birth injury [26].

Antepartum fetal testing is recommended for 
gestational diabetics on pharmacologic treatment 
similarly to pregestational diabetics [12]. 
Gestational diabetics who achieve target blood glu-
cose control with nonpharmacological approaches 
should not be delivered prior to 39 weeks unless 

Table 8.3 Diagnostic criteria for gestational diabetes 
mellitus

Status
Carpenter and coustan 
(mg/dL) NDDG (mg/dL)

Fasting 95 105
1 h 180 190
2 h 155 165
3 h 140 145
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otherwise indicated. Delivery may be prolonged up 
to 40 6/7 weeks in setting of antenatal testing initi-
ated at 40 0/7 weeks. Vaginal delivery is preferred 
for mode of delivery, but patients should be coun-
seled regarding risks and benefits of cesarean deliv-
ery if the estimated fetal weight is >4500 g as in 
pregestational diabetics [12].

 Surgery Considerations

Non-obstetric surgery during pregnancy requires 
a multidisciplinary team which should include 
surgeon, obstetrician, maternal-fetal medicine 
specialist, anesthesiologist, and neonatologist. In 
general, a pregnant woman should never be 
denied indicated surgery regardless of trimester; 
elective surgery should be postponed until after 
delivery, and if possible non-urgent surgery 
should be performed in the second trimester 
when preterm contractions and spontaneous 
abortion are least likely [27]. Surgery should be 
performed at an institution with access to pediat-
ric services, obstetrician readily available for 
cesarean delivery, and with qualified staff readily 
available to interpret fetal heart rate tracings. 
Administration of antenatal corticosteroids for 
fetal benefit is recommended for non-obstetric 
surgery performed at viability. Antenatal 
 corticosteroids will result in a transient hypergly-
cemia in diabetic patients which may require 
inpatient admission for blood glucose 
monitoring.

A diabetic woman whose blood glucose is 
well controlled before surgery is expected to have 
fewer complications [28]. Decisions regarding 
management depend on the patient’s current regi-
men, which may include insulin, oral medica-
tions, or diet alone. Based on expert opinion, it is 
recommended to maintain glucose levels within 
target ranges of fasting <95  mg/dL and 1-h 
≤140  mg/dL or 2-h postprandial ≤120  mg/
dL. Ideally, surgery should be performed early in 
the day to avoid prolonged fasting. The patient 
should take full dose of insulin the night before 
surgery and take no insulin the morning of sur-
gery. Even on a NPO regimen postoperatively, 
the patient should be advised to take one-half to 

two-thirds of their basal insulin regimen [28]. 
While inpatient, blood glucose levels can be 
drawn every 4–6 h, and sliding scale insulin can 
be used to maintain blood glucose levels at target 
ranges. Once home or eating, regular insulin regi-
men can be restarted. For diabetics on oral medi-
cation, the perioperative management depends on 
the length of the surgical case. If surgery is short 
or an anticipated same-day discharge, minimal 
change in medication is needed. Table  8.4 
 provides a guide to management of oral agents in 
the perioperative period [28].

 Hypertensive Disorders of Pregnancy

Early identification and appropriate management 
of hypertensive disorders of pregnancy are impor-
tant in preventing antepartum and postpartum 
complications, as well as development of future 
cardiovascular disease. This section will address 
hypertension in pregnancy and its management.

 Classification

Elevated blood pressure (BP) in pregnancy can 
be characterized as mild range or severe range. 

Table 8.4 Management of oral hypoglycemic medica-
tions in the perioperative period

Metformin Glyburide
Preoperative Discontinue on 

day of surgery
Discontinue on day 
of surgery; if long 
acting consider 
discontinuing 
24–36 h 
preoperatively

Intraoperative Use short-
acting insulin 
if needed

Use short-acting 
insulin if needed; 
monitor for 
hypoglycemia; use 
of IV dextrose 
acceptable

Postoperative Resume 
postop; hold if 
renal function 
worsens or if 
contrast is used

Risk of 
hypoglycemia due 
to long half-life; 
monitor blood 
glucose; do not 
restart until eating 
regular diet
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Mild range blood pressure is defined as systolic 
BP (SBP)  ≥  140  mmHg or diastolic BP 
(DBP) ≥  90  mmHg. Severe range blood pres-
sure is defined as SBP  ≥  160  mmHg or 
DBP ≥  110  mmHg [29]. The most commonly 
encountered forms of hypertension in pregnant 
women are categorized as preeclampsia-eclamp-
sia, chronic hypertension, chronic hypertension 
with superimposed preeclampsia, and gesta-
tional hypertension and defined as follows:

Preeclampsia-eclampsia refers to the syn-
drome of new-onset hypertension and protein-
uria or new-onset hypertension without 
proteinuria in association with severe features 
defined as thrombocytopenia (platelet 
count  <  100,000/μL), impaired liver function 
(liver transaminases at least twice the normal 
concentration or persistent right upper quadrant 
or epigastric pain), new development of renal 
insufficiency (serum creatinine > 1.1 mg/dL or 
doubling of serum creatinine in the absence of 
other renal disease), pulmonary edema, or new-
onset cerebral or visual disturbances [29]. 
Hypertension is defined as elevated blood pres-
sure on two occasions at least 4  h apart after 
20 weeks gestation in a previously normotensive 
woman. Proteinuria is defined as the excretion of 
300 mg or more in a 24-h urine collection, a pro-
tein to creatinine ratio of 0.3  mg/dL, or urine 
dipstick reading of 1 + [29]. Eclampsia is diag-
nosed when a seizure occurs.

Chronic hypertension (CHTN) is defined as 
SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg pre-
ceding pregnancy or present before the 20th week 
of pregnancy.

Chronic hypertension with superimposed 
preeclampsia is when a woman with CHTN 
develops worsening hypertension with new-onset 
proteinuria or other features of preeclampsia as 
noted above (e.g., thrombocytopenia, impaired 
liver function, renal insufficiency, pulmonary 
edema, cerebral or visual disturbances).

Gestational hypertension (GHTN) refers to 
new-onset elevated blood pressures after 
20 weeks gestation, without proteinuria or severe 
features. This disorder is the most frequent type 
of hypertension during pregnancy.

 Management of Chronic 
Hypertension

Physiologic changes in early pregnancy decrease 
blood pressure in the first and second trimester 
(increased blood volume and decreased colloid 
oncotic pressure). As a result, women with CHTN 
may have blood pressure < 140/90 mm/Hg early 
in pregnancy and may even discontinue antihy-
pertensive drugs as a result of this physiologic 
lowering of blood pressure. Blood pressure will 
typically increase once again in the third 
trimester.

Evaluation of the pregnant woman with CHTN 
should include a baseline comprehensive meta-
bolic panel (liver function, creatinine), complete 
blood count (platelets), and evaluation of protein-
uria (24-h urine for total protein and creatinine 
clearance or protein to creatinine ratio). An EKG, 
echocardiogram, and ophthalmological examina-
tion in women with long-standing hypertension 
>4 years should be also be considered [29].

Antihypertensive medications are recom-
mended in pregnancy in cases with severe range 
blood pressure defined as SBP ≥  160 mmHg or 
DBP  ≥  110  mmHg [30]. The most commonly 
used antihypertensive drugs in pregnancy are 
labetalol, nifedipine, and methyldopa. Labetalol is 
the drug of choice for many experts [29]. It is an 
alpha- and beta-blocker with dosing typically 
started at 100  mg twice a day with a maximum 
dose of 2400  mg a day in two to three divided 
doses. Adverse effects include lethargy, fatigue, 
sleep disturbances, and bronchoconstriction. 
Nifedipine is a calcium channel blocker, and 
extended release formulations are typically used. 
Nifedipine XL is initiated at 30  mg a day and 
titrated up to a maximum of 120  mg a day. 
Methyldopa was historically used as a first-line 
agent, and onset of action is gradual over 6–8 h. 
Dosing is initiated at 250 mg two to three times a 
day with maximum dose of 2 g a day in divided 
doses. Serious adverse effects include hepatic dys-
function and hemolytic anemia. Current recom-
mendations suggest that BP levels be maintained 
between 120/80 mmHg and 160/105 mmHg [29].

Maternal complications of CHTN include 
worsening hypertension and superimposed pre-
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eclampsia [31]. Superimposed preeclampsia 
develops in 13–40% of women with chronic 
hypertension. Home BP monitoring of women 
with CHTN is encouraged as gradual worsening 
of BP’s can signal evolving preeclampsia. Fetal 
complications of CHTN include fetal growth 
restriction, placental abruption, preterm birth, 
and stillbirth. Women with CHTN are managed 
with serial ultrasounds to monitor fetal growth 
and antenatal testing for fetal well-being gener-
ally starting at 32 weeks. Women with uncompli-
cated CHTN should not be delivered prior to 38 
0/7 weeks [29].

 Management of Preeclampsia

Preeclampsia is the leading cause of maternal 
and perinatal morbidity and mortality with an 
estimated 50,000–60,000 preeclampsia related 
deaths per year worldwide [29]. The only known 
cure for preeclampsia is delivery. Women who 
present with severe preeclampsia typically have a 
progressive course with maternal and fetal clini-
cal deterioration. Maternal complications of 
severe preeclampsia include pulmonary edema, 
stroke, myocardial infarction, acute respiratory 
distress, and renal failure [29, 32]. Fetal compli-
cations are the result of uteroplacental insuffi-
ciency or prematurity or both. Once the diagnosis 
has been made for women less than 34 0/7 weeks 
of gestation, they should be evaluated as to 
whether they require prompt delivery or are can-
didates for continued expectant management as 
clinical presentation and course may vary. Prompt 
delivery is recommended for women diagnosed 
with preeclampsia with severe features at 34 
0/7 weeks or greater [29, 32].

Women with severe preeclampsia less than 34 
0/7 weeks should be observed on labor and deliv-
ery for the first 24–48 h while undergoing further 
assessment. Magnesium sulfate prophylaxis 
should be initiated and antihypertensives admin-
istered to women with severe range blood pres-
sures (systolic  >  160 or diastolic  >  110). 
Magnesium sulfate is typically administered as a 
4–6  g IV loading dose administered over 
20–30  min, followed by a 2–3  g/h IV mainte-

nance dose. The fetus should undergo ultrasound 
evaluation for growth, amniotic fluid, and fetal 
well-being. Antenatal corticosteroids should be 
administered for fetal benefit. The pregnant 
woman that demonstrates any of the following 
features requires prompt delivery after maternal 
stabilization: eclampsia, pulmonary edema, 
uncontrollable severe hypertension, disseminated 
intravascular coagulopathy, placental abruption, 
abnormal fetal testing, nonviable fetus, or fetal 
demise. For women with severe preeclampsia at 
33 6/7 weeks or less with preterm premature rup-
ture of membranes, labor, platelet count 
<100,000/μL, abnormal hepatic enzymes, fetal 
growth restriction, oligohydramnios, reversed 
end-diastolic flow on umbilical artery Doppler, or 
new-onset renal dysfunction, delivery may be 
deferred to allow for antenatal corticosteroid 
administration if maternal and fetal condition 
remains stable with delivery at 48 h. Women with 
severe preeclampsia at less than 34 0/7  weeks 
who meet criteria for continued expectant man-
agement should remain inpatient with serial eval-
uation of vital signs, symptoms, and blood tests 
with delivery occurring if abnormal maternal/
fetal tests, new contraindications to expectant 
management, or achievement of 34 0/7  weeks 
[29, 32].

For women who are diagnosed with mild 
GHTN or preeclampsia without severe features 
and not delivered, management may continue in 
the hospital or at home with modified activity and 
close maternal and fetal surveillance. Maternal 
surveillance should include regular BP monitor-
ing, in clinic and home, and serial evaluation of 
platelets, serum creatinine, and liver enzymes at 
least once a week [29]. Women with GHTN 
should have weekly assessment of proteinuria. 
Women should be counseled to report symptoms 
that may suggest severe features: persistent, 
severe headache, blurred vision or scotoma, and 
right upper quadrant or epigastric pain. Fetal 
evaluation should include serial ultrasounds for 
growth every 3  weeks, daily fetal kick counts, 
and amniotic fluid assessment at least once 
weekly. Additionally, it is recommended that 
women with GHTN have a NST or biophysical 
profile weekly and women with preeclampsia 
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have twice weekly NSTs or biophysical profiles. 
Timing of delivery in women with preeclampsia 
without severe features or GHTN is recom-
mended at 37 0/7 weeks, if not delivered sooner 
for worsening maternal or fetal condition [29]. If 
women are 34 0/7 weeks or greater with labor or 
rupture of membranes, abnormal maternal or 
fetal test results, ultrasound estimate of fetal 
weight less than 5%tile, or suspected placental 
abruption, then delivery is recommended [29]. It 
is important to note that women with gestational 
hypertension may progress to severe gestational 
hypertension or preeclampsia over the span of 
1–3 weeks, conversely women with preeclampsia 
may progress to severe preeclampsia within days 
[33]. Mode of delivery for the woman with pre-
eclampsia should be based on gestational age, 
fetal presentation, cervical status, and maternal/
fetal condition.

 Management of Acute-Onset Severe 
Hypertension

A hypertensive emergency is diagnosed when the 
pregnant woman presents with acute-onset severe 
range blood pressures that persist for more than 
15 min. Severe hypertension can result in neuro-
logic injury; therefore the use of antihyperten-
sives is recommended to reduce risk [34]. 
Antihypertensives used for acute management 
include labetalol, nifedipine, and/or hydralazine 
(Table  8.5). The goal of treatment is to reduce 
blood pressure to 140–150/90–100 mmHg. Any 
of these drugs may be used as first-line agents as 
some pregnant women may respond to one drug 
and not another. Although each of these medica-
tions can successfully be used to manage a hyper-
tensive emergency, each can be associated with 

adverse effects. Administration of parenteral 
labetalol has been associated with bradycardia 
and should be avoided among women with 
asthma or congestive heart failure. The use of 
parenteral hydralazine can cause tachycardia and 
maternal hypotension (systolic BP < 90 mmHg). 
Oral nifedipine can also cause tachycardia and 
overshoot hypotension. In rare instances, labet-
alol or nicardipine infusions may be used to 
improve severe hypertension. Sodium nitroprus-
side should be reserved for extreme cases out of 
concern for possible cyanide toxicity for mother/
fetus and potential worsening of maternal cere-
bral edema [34]. Management of the pregnant 
woman with acute-onset severe hypertension 
resistant to first-line agents should include mater-
nal-fetal medicine specialist, anesthesia,  or criti-
cal care specialist.
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Trauma and Surgical Management 
During Pregnancy

Morgan Schellenberg and Travis M. Polk

 Introduction

Trauma is the leading cause of maternal death, 
accounting for approximately 50% of deaths dur-
ing pregnancy [1]. Approximately 7% of preg-
nant women will experience physical trauma 
during pregnancy [2–3], and trauma is associated 
with increases in both maternal and fetal 
mortality.

In this chapter, both maternal and fetal out-
comes in the short and long term after trauma 
will be presented, along with mechanisms of 
injury and the anatomic and physiologic changes 
of pregnancy. Key aspects of assessment, evalua-
tion, and management of a pregnant woman and 
her fetus after trauma are highlighted. Indications 
for emergent cesarean section after trauma and 
the management of non-traumatic causes of intra- 
abdominal bleeding are described.

 Maternal and Fetal Outcomes 
After Trauma

There are important sequelae for both the preg-
nant woman and her fetus after trauma, both in 
the short and long term. In the short term, there is 
a high risk for premature delivery, a risk that is 
doubled when compared to a pregnant woman 
who has not sustained trauma [4]. The risk of 
fetal death is increased by 4.6-fold after a preg-
nant woman sustains trauma [4], with 1 large 
case series documenting a fetal survival rate of 
only 56% after maternal trauma [5]. Interestingly, 
the consequences of maternal trauma on the fetus 
persist after delivery. In one study, the rate of 
neonatal death among children of women who 
sustained traumatic injuries while pregnant was 
three times higher than the neonatal death rate 
among the general population [4]. Low birth 
weight is also more common among neonates 
born to women who sustained trauma during 
pregnancy [6].

From the mother’s perspective, the rate of 
maternal death is also greatly increased after 
traumatic injury, with a mortality rate that is 69 
times higher than that of pregnant women with-
out a history of trauma [4]. Both maternal and 
fetal mortality are higher after penetrating than 
blunt trauma, with maternal mortality 7% and 
2%, respectively, and fetal mortality 73% and 
10%, respectively [7]. Studies comparing mortal-
ity rates between pregnant and nonpregnant 
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women after trauma are conflicting. Some studies 
show that, after adjusting for Injury Severity 
Score (ISS) and other confounders, pregnant 
women have almost twice the mortality rate of 
nonpregnant female trauma patients [8]. Other 
studies have demonstrated lower mortality rates 
among pregnant trauma patients compared to 
nonpregnant trauma patients, citing differences 
in hormonal factors as a potential explanation 
[9]. At the present time, the effect of pregnancy 
on mortality after trauma is unclear.

 Mechanism of Injury

In pregnancy, traumatic injuries can be broadly 
considered to occur after blunt trauma, penetrat-
ing trauma, or intimate partner violence. The 
incidence of blunt trauma far outweighs penetrat-

ing trauma [7]. Among causes of blunt trauma, 
motor vehicle collisions (MVCs) are most com-
mon (55–70%), followed by assaults (12–22%) 
[10–11]. The most common mechanism of injury 
that causes fetal mortality is MVCs [7]. Because 
of the frequency of MVCs as a mechanism of 
injury during pregnancy, proper seat belt use for 
pregnant women, in which the lap belt is placed 
across the hips instead of across the uterus 
(Fig.  9.1), has been an important public health 
intervention. Although studies on seat belt use 
during pregnancy are limited, there are case stud-
ies that demonstrate that incorrect seat belt place-
ment contributes to fetal death [12]. Overall, 
blunt trauma results in a 2% risk of maternal 
mortality and a 10% risk of fetal mortality [7].

Penetrating trauma is most commonly caused 
by gunshot wounds (GSWs) [1, 7]. Both maternal 
and fetal mortality are higher after penetrating 

Fig. 9.1 Proper seat belt use during pregnancy. The lap 
belt should be placed across the maternal hips, below the 
gravid uterus. The lap belt should not be worn across the 

gravid uterus as this results in the transfer of force to the 
fetus if a collision occurs. This has become an important 
public health education topic
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than blunt trauma, with maternal mortality of 7% 
and fetal mortality of 73% [7]. As the fetus grows 
out of the maternal pelvis, it becomes particularly 
vulnerable to penetrating trauma while offering a 
degree of protection to maternal organs by the 
displacement and shielding that occur from the 
gravid uterus. Interestingly, fetal mortality rates 
are much higher than maternal mortality rates 
after the same trauma [13], reflecting the sensi-
tivity of the fetus to catecholamine-induced vaso-
constriction of the placenta after maternal trauma.

Pregnancy is a high-risk time for intimate part-
ner violence, and this must be considered in the 
assessment of any injured pregnant patient. 
Intimate partner violence involves physical vio-
lence, sexual violence, or psychological aggres-
sion toward a person by someone with a close 
emotional and/or physical relationship to that per-
son [14]. Rates of intimate partner violence during 
pregnancy vary widely according to geographical 
location, age and race of the woman, and socio-
economic status but have been reported to be as 
high as 40% [14]. For this reason, the American 
College of Surgeons’ Advanced Trauma Life 
Support (ATLS) course recommends that all preg-
nant women who present with traumatic injuries 
be screened for intimate partner violence [15].

 Anatomic and Physiologic Changes 
in Pregnancy

 Anatomic

The anatomic changes in pregnancy, as they 
relate to maternal and fetal trauma, are best con-
sidered by trimester. As the fetus grows and its 
relationship to the maternal pelvis changes, it is 
at risk for injury after different forms of trauma 
and imparts different degrees of protection to 
various maternal organs.

In the first trimester, the fetus is confined to 
the maternal pelvis. This confers protection to the 
fetus, as the strength of the pelvic ring shields the 
fetus from both blunt and penetrating trauma. 
However, this enclosure within the pelvis also 
places the fetus at high risk for direct injury after 
maternal pelvic fractures [15–16]. There is also a 

risk of fetal loss, even after seemingly minor 
trauma.

In the second trimester, the fetus grows out of 
the maternal pelvis, increasing the risk of injury 
after penetrating trauma. It remains vulnerable to 
injury after maternal pelvic trauma, and the risk of 
fetal loss persists throughout pregnancy. As the 
volume of amniotic fluid increases, the risk of 
amniotic fluid embolism grows. Through the first 
and second trimesters, the maternal organs remain 
in similar locations to their nonpregnant states, 
and therefore maternal injury patterns tend to be 
similar, although some data suggest a 25% 
increased risk of hepatic and splenic injury after 
blunt trauma due to changes in vascularity and dis-
placement of other intra-abdominal contents [17].

In the third trimester, as the fetus occupies an 
increasingly larger proportion of the maternal 
abdomen, the maternal viscera are displaced up 
under the costal margins and are relatively pro-
tected (Fig.  9.2). The fetus, meanwhile, is 
exposed and vulnerable to injury.

 Physiologic

While the anatomic changes in pregnancy are 
best considered by trimester, the physiologic 
changes a pregnant woman experiences are most 
clearly described by organ system. The physio-
logic changes of pregnancy merit an entire chap-
ter of their own, but the changes critical to the 
trauma patient are discussed here.

 Neurologic
Neurological conditions of pregnancy can be 
confused with signs and symptoms of neuro-
logical injury after trauma and must be consid-
ered. For example, eclampsia, which occurs in a 
woman with preeclampsia once she has the 
onset of seizures, can mimic head or spinal cord 
injury in the polytrauma patient with seizures 
and hyperreflexia. Although neurological 
 abnormalities in a trauma patient are the result 
of trauma until proven otherwise, the physician 
must consider non-traumatic causes in the 
 differential as the treatment can be dramatically 
different.
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 Respiratory
Particularly as the fetus grows, the respiratory 
changes from pregnancy can be dramatic. 
Diaphragm elevation occurs with the growth of 
the fetus, which must be considered when plac-
ing a chest tube into a trauma patient with a 
pneumo- or hemothorax. Tidal volume and min-
ute ventilation increase in pregnancy, and because 
of this, a PaCO2 of 30 mmHg is normal for these 
patients [15]. Blood gas interpretation in the 
pregnant trauma patient must be done with this in 
mind, as a “normal” PaCO2 of 40  mmHg may 
reflect hypoventilation and respiratory failure in a 
pregnant woman.

 Cardiovascular
Although heart rate increases in pregnancy, the 
change is subtle and is generally not clinically 
significant. It is typically in the range of 5–10 
beats per minute higher than in the nonpregnant 
state by term. Cardiac output increases by about 
20% to allow for perfusion of the high- capacitance 
placenta. Even with the increase in cardiac out-

put, pregnant women experience a lowering of 
both the systolic and diastolic blood pressures, 
which reaches a nadir in the second trimester. In 
trauma, one of the important considerations when 
evaluating a pregnant woman’s circulatory status 
during the primary survey is her body position-
ing. In later stages of pregnancy, compression of 
the IVC by the gravid uterus and fetus is most 
significant with the woman in the supine position 
and can result in hemodynamically significant 
decreases in venous return and hypotension as a 
result. This is overcome by tilting the woman 
slightly to the right, which can be accomplished 
while maintaining full spinal precautions by 
placing a wedge below the right side of the spine 
board (Fig. 9.3).

 Hematologic
Pregnant women have an increased blood volume 
as compared to their nonpregnant counterparts. 
Although the volume of red blood cells increases, 
the plasma volume increases to a greater extent. 
This produces a dilutional physiologic anemia of 

a b

Fig. 9.2 CT scan of a pregnant trauma patient. Especially in the third trimester, displacement of maternal organs occurs 
as the gravid uterus enlarges. Photo credit: Lee Myers, MD
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pregnancy, with a typical hematocrit of 32–34% 
[18]. This process begins toward the end of the 
first trimester and increases thereafter. In contrast 
to the hematocrit, a mild leukocytosis occurs in 
pregnancy as the result of hormonal changes. 
Platelets tend to remain unchanged. In terms of 
coagulation, pregnant women are notably hyper-
coagulable. This occurs by a number of mecha-
nisms, including an increase in fibrinogen and 
coagulation factors combined with a decrease in 
fibrinolysis. This manifests clinically as an 
increased rate of venous thromboembolic events 
among pregnant women.

 Evaluation of the Pregnant Trauma 
Patient

 Initial Assessment

An in-depth description of the primary and sec-
ondary survey for a pregnant trauma patient is 
detailed elsewhere [15]. In brief, the primary 
survey of the pregnant patient should proceed 
as it does for the nonpregnant patient. The opti-

mal treatment of the fetus is the optimal treat-
ment of the mother. The anatomic and 
physiology changes of pregnancy outlined 
above must be considered. Once life-threaten-
ing maternal injuries have been excluded or 
managed, the maternal secondary survey ensues 
and should include fetal assessment, the details 
of which depend upon signs and symptoms of 
injury as well as fetal gestational age. In addi-
tion to the usual components of the secondary 
survey, the secondary survey in a pregnant 
woman must include physical examination for 
signs of uterine rupture and placental abrup-
tion, presented in detail in the sections that 
follow.

In addition to the history and physical exam, 
the diagnostic work-up of any injured pregnant 
patient consists of both radiographic and non- 
radiographic investigations, discussed in detail 
below. The selection of each test depends upon 
the magnitude of the trauma sustained as well 
as gestational age and signs and symptoms of 
injury. After assessing the mother for injury, the 
fetus may require individual assessment as 
well, depending on the gestational age.

Aorta

Inferior

vena cava

Fig. 9.3 Inferior vena cava compression (IVC) may 
cause supine hypotension syndrome. In later stages of 
pregnancy, the gravid uterus compresses the mother’s IVC 
when she is supine, resulting in decreased venous return 
and hypotension. Rolling the patient toward the left can 

help mitigate this effect (as seen in this figure). If neces-
sary, spine precautions can be maintained by stacking sev-
eral blankets under the spine board near the woman’s right 
flank, which shifts the uterus off of the IVC and allows 
uncompromised venous return

9 Trauma and Surgical Management During Pregnancy



126

 Radiographic Evaluation

The recommended radiographic investigations 
for injured pregnant women are controversial. 
The risks of missing an injury, which can have 
particularly devastating consequences among the 
pregnant patient, must be balanced against the 
risk of radiation-induced malignancies in the 
fetus. Common sense must be employed, and 
only investigations that have the potential to alter 
management should be pursued. Additionally, 
increased effort should be made to avoid redun-
dancy in imaging. For example, a stable patient 
who will proceed to the CT scan does not first 
require chest and pelvic x-rays [19]. Fetal shield-
ing should be used when imaging areas other 
than the abdomen and pelvis, and the lowest pos-
sible doses of radiation possible to achieve appro-
priate CT scan quality should be employed.

Radiation exposure of <5  rad appears to be 
safe at any point in pregnancy, although there is 
no high-quality evidence [19]. For reference, an 
abdominal CT scan is roughly 3 rads, but this 
depends upon the CT scanner used and the proto-
col employed. The increased malignancy risk 
imparted by fetal radiation is very small. The 
absolute risk increase of developing a childhood 
cancer is on the order of 0.00002 times greater 
for every mGy of radiation exposure [19].

In summary, the clinician should not hesitate 
to perform radiologic investigations in pregnant 
women following trauma if suspicion for injury 
exists. The increased fetal malignancy risk 
imparted by imaging is very small but does exist. 
Therefore, every effort should be made to limit 
the imaging required, to perform it with the low-
est radiation doses possible, and to use fetal 
shielding.

 Non-radiographic Evaluation

Standard trauma labs, including a complete blood 
count, serum creatinine, and coagulation profile 
including a fibrinogen level, should be obtained in 
all pregnant trauma patients. Fibrinogen levels may 
be helpful in predicting placental abruption. Major 
trauma society guidelines also recommend a 

Kleihauer- Betke (KB) test for all pregnant patients 
who are >12 weeks in gestation [19]. The KB test 
is important in the assessment for maternal-fetal 
hemorrhage, one of the most well-known sequelae 
of maternal trauma. Maternal-fetal hemorrhage can 
result in isoimmunization of Rh-negative women 
as fetal blood gains access to the maternal circula-
tion. If this occurs in a Rh-negative woman with a 
Rh-positive fetus, this mixing of blood can result in 
maternal antibody production against fetal Rh anti-
gen. This, in turn, can produce immune-mediated 
hydrops fetalis, a condition where dramatic inter-
stitial fluid accumulation in the fetus leads to 
hypoxia and can be fatal.

To prevent this complication, current guide-
lines recommend that all Rh-negative pregnant 
women receive Rh immune globulin within 72 h 
of any type of maternal trauma, however minor, 
because mixing of as little as 0.001  cc of fetal 
blood into the maternal bloodstream can be suffi-
cient to cause isoimmunization [20]. The typical 
dose is 300 mg, which provides coverage against 
30 cc of fetal blood that has accessed the maternal 
circulation. In the vast majority of women (>90%), 
this dose is sufficient [20]. However, if greater 
amounts of fetal blood have accessed the maternal 
circulation, higher doses will be required. In this 
situation, the KB test is useful. This test, per-
formed on a maternal blood sample, quantifies the 
extent of the maternal-fetal hemorrhage and will 
alert the clinician if additional dosing of Rh 
immune globulin is required [20]. Although the 
KB test’s principal utility in the trauma patient is 
to guide the administration of Rh immune globulin 
to Rh-negative mothers, its ability to quantify the 
extent of maternal-fetal hemorrhage may also be 
clinically useful in Rh-positive women since the 
extent of  transplacental hemorrhage has been 
shown to be associated with poorer fetal outcomes 
[20–21]. Therefore, the KB test has potential util-
ity in any pregnant trauma patient.

 Fetal Monitoring

The indications, type, and duration of fetal moni-
toring following maternal trauma are controver-
sial. In general, any pregnant woman with a 
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gestation >10 weeks should undergo some form 
of fetal monitoring. Prior to 10 weeks, fetal heart 
tones are generally undetectable, and therefore 
fetal monitoring devices are not useful. For gesta-
tions between 10 and 20  weeks, periodic fetal 
heart rate assessment with a Doppler ultrasound 
is sufficient and should be repeated following any 
significant changes in maternal condition or 
major interventions. For gestations >20  weeks, 
continuous fetal heart rate monitoring and exter-
nal tocometry is typically the standard method of 
fetal assessment. Major trauma society guide-
lines conservatively recommend 6 h of continu-
ous fetal heart rate monitoring for fetuses 
>20 weeks, based upon the limited existing stud-
ies that recommend between 2 and 6 h of moni-
toring [19]. Fetal monitoring should be continued 
for 24 h if there are any signs of fetal distress, 
uterine contractions, signs/symptoms of placen-
tal abruption or uterine rupture, serious maternal 
injuries, or a high-risk mechanism of injury 
[19–20].

 Management of the Pregnant 
Trauma Patient

 Surgical Considerations

When preparing for a trauma laparotomy on a 
pregnant patient, many of the considerations are 
the same as for a nonpregnant patient. An appro-
priate surgical retractor must be on the field, and 
the operating surgeon should wear a head lamp. 
Particularly in the pregnant patient, longer instru-
ments may be needed, depending on the trimester 
of pregnancy. If time permits, a wedge should be 
placed under the woman’s right side in order to 
tilt the gravid uterus off her IVC to avoid hypo-
tension from caval compression.

In terms of selection of surgical incision, the 
authors recommend a standard vertical laparot-
omy incision for trauma patients undergoing 
laparotomy. Although a Pfannenstiel incision 
can provide proper exposure in some cases, it 
takes longer to complete, is not extensile, and 
does not allow thorough evaluation of the upper 
abdomen.

In general, laparoscopy is used infrequently in 
the treatment of trauma patients due to concerns 
for missed injuries, longer operative times, and 
the hemodynamic consequences of pneumoperi-
toneum. However, it may occasionally serve as a 
useful tool in the diagnosis and treatment of 
delayed injuries, abdominal lavage, or repair of 
the diaphragm. While there is ample evidence to 
support the safety of laparoscopy in the pregnant 
patient, concerns for fetal compromise due to 
maternal instability usually preclude its use in the 
acute trauma patient. A very limited role may 
exist for repair of certain injuries (diaphragm/
splenectomy) in a delayed fashion in the most 
stable of gravid patients. However, the reported 
experience is limited to only a few case reports or 
small case series [22]. Therefore, in the absence 
of strong evidence to guide its use, the use of 
laparoscopy in the pregnant trauma patient should 
be guided by the astute clinical judgment of an 
attending traumatologist.

 Non-obstetric Injuries

 Blunt Trauma
In general, blunt trauma in the pregnant patient is 
managed as it is in the nonpregnant patient. As 
previously mentioned, the incidence of solid 
organ injury is higher in pregnancy by about 
25%. Solid organ injuries in pregnancy are gener-
ally managed as they are in nonpregnant states, 
with operative intervention reserved for hemody-
namically unstable patients. However, angioem-
bolization, a common intervention for solid organ 
injury and pelvic fractures in nonpregnant 
patients, is used more sparingly because of the 
significant radiation exposure. Therefore, 
 management options are more limited. Another 
important consideration after blunt abdominal 
and pelvic trauma is the association with uterine 
and fetal pathology, including direct fetal injury, 
uterine rupture, placental abruption, and prema-
ture induction of labor, discussed further below.

 Penetrating Trauma
The pregnant trauma patient can sustain any 
injury that a nonpregnant trauma patient sustains. 
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However, the anatomic changes that occur during 
pregnancy must be considered when examining 
weapon trajectory for consideration of resultant 
injuries. As the fetus enlarges during pregnancy 
and grows out of the maternal pelvis, it becomes 
increasingly vulnerable to penetrating injury due 
to its anterior position in the maternal abdomen. 
Conversely, it confers protection to the maternal 
organs, which are relatively shielded by the gravid 
uterus or displaced under the costal margin or into 
the pelvis and protected by these bony structures. 
Therefore, the clinician must be cautious about 
correlating penetrating wound tracts with injuries 
that would be expected in nonpregnant patients.

 Obstetric Injuries

 Direct Fetal Injury
Direct fetal injury is rare and can occur following 
either blunt or penetrating abdominopelvic trauma. 
In blunt trauma, maternal pelvic fracture can cause 
severe fetal head trauma [23]. Additionally, any 
force that compresses the maternal abdomen or 
pelvis can be transmitted to the more vulnerable 
fetus, and catastrophic injuries to the fetus can 
occur in the absence of any significant maternal 
injuries. Improper seat belt use [12] and even air-
bag deployment [23] have been known to cause 
direct fetal injury. In most cases, penetrating injury 
to the uterus results in fetal mortality.

 Uterine Rupture
Uterine rupture occurs after significant blunt 
force trauma. It is associated with high rates of 
maternal mortality and is nearly uniformly fatal 
for the fetus [24]. Uterine rupture presents with 
abdominal pain, uterine tenderness, vaginal 
bleeding, and fetal distress. The diagnosis should 
be considered in any pregnant woman who sus-
tains blunt trauma and has suggestive features on 
physical examination and is typically confirmed 
at laparotomy with visualization of full-thickness 
uterine disruption. If the diagnosis is suspected, a 
fetal nonstress test (NST) should be obtained. 
Any evidence of fetal distress is an indication for 
emergent cesarean section.

 Placental Abruption
Placental abruption, in which the placenta is 
separated from the uterine wall as a result of 
bleeding from maternal vessels, impedes the 
ability of the placenta to sustain the fetus and 
may occur after blunt trauma. Abruption is sug-
gested clinically by abdominal pain, vaginal 
bleeding, uterine tenderness, or premature labor, 
and therefore all pregnant trauma patient should 
be examined for these signs and symptoms. 
Vaginal bleeding should be investigated with a 
sterile speculum examination, and not with a 
digital vaginal exam, in order to avoid poten-
tially exacerbating bleeding from a placenta 
previa. If suspected, a fetal NST should be per-
formed immediately, and a cesarean section 
should be performed if fetal distress is present. 
Ultrasound can be helpful to distinguish placen-
tal abruption from uterine rupture, which pres-
ents similarly, and from other placental disorders 
such as placenta previa. Fibrinogen levels can 
be instructive as a fibrinogen of ≤200 mg/dL on 
presentation has a positive predictive value of 
1.00  in predicting severe maternal hemorrhage 
[25]. Placental abruption results in fetal loss in 
up to 60% of cases [24, 26].

 Premature Labor
Maternal trauma can result in premature labor, in 
which uterine contractions and cervical dilation 
occur. This should be suspected on the basis of 
the physical examination, and urgent obstetrical 
consultation should be obtained. A fetal NST is 
warranted. The management depends on a num-
ber of factors, including the gestational age, 
maternal injuries, and stability of the fetus. In 
the presence of premature labor or significant 
contractions, the administration of tocolytics 
should be considered, along with cortico steroids 
to assist in fetal lung maturation prior to deliv-
ery, but these management decisions are com-
plex after trauma and require joint input from the 
trauma surgeon, obstetrician, and patient.

 Amniotic Fluid Embolism
Amniotic fluid embolism (AFE) is a rare but 
potentially devastating consequence of maternal 
trauma. In AFE, amniotic fluid gains access to 
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the maternal circulation as a result of uterine 
trauma and can precipitate cardiovascular col-
lapse. There is no definitive method of confirm-
ing the diagnosis of AFE, and therefore it must 
be suspected clinically in any pregnant trauma 
patient with the sudden development of hypoten-
sion and hypoxemia with an appropriate inciting 
factor. There is no specific treatment for AFE, 
and management consists of hemodynamic and 
respiratory support. Urgent obstetrical consulta-
tion should be obtained for consideration of 
delivery.

 Indications for Cesarean Section

Cesarean section (c-section) in the trauma set-
ting can be considered under three different cir-
cumstances. First, there is fetal distress requiring 
emergent c-section with or without a maternal 
indication for an operation. Second, a woman 
pregnant with a viable fetus requires emergent 
laparotomy without signs of fetal distress. Third, 
the mother has had cardiac arrest or is peri-
arrest, and a perimortem c-section is being 
considered.

The first scenario, in which fetal distress after 
maternal trauma occurs in the absence of mater-
nal indications for laparotomy, should be man-
aged as it is in the nonpregnant patient, with 
emergent obstetrics consultation and c-section 
through a Pfannenstiel incision.

In the second scenario, c-section at maternal 
trauma laparotomy in the absence of fetal dis-
tress has been considered for pregnancies in the 
third trimester. However, there is no high-qual-
ity evidence to support this practice, and avoid-
ance of the additional blood loss associated 
with c- section may be best in some situations. 
In general, the absence of fetal distress pre-
cludes the need for c-section, regardless of 
maternal injuries or need for maternal trauma 
laparotomy.

Most dramatically, perimortem c-sections are 
considered when the mother is moribund or 
undergoing CPR. One early study attempted to 
define features that made a fetus salvageable 
after catastrophic maternal trauma and found 

that there were no survivors when c-section was 
performed for fetuses less than 26 weeks in ges-
tation or for those who had no fetal heart tones 
immediately prior to section [27]. These authors 
therefore recommend that perimortem c-section 
not be undertaken unless the fetus is ≥26 weeks 
and fetal heart tones are present. Since the gesta-
tional age may not be known, and the perimor-
tem clinical setting may not lend itself to an 
ultrasound to assess fetal gestational age, the cli-
nician can estimate viability on the basis of ges-
tational age by palpating a uterine fundus a few 
fingerbreadths above the maternal umbilicus 
[27] (Fig. 9.4).

Other studies have demonstrated the impor-
tance of performing this procedure expedi-
tiously, with improved fetal outcomes if the fetus 
is delivered within 5  min of maternal cardiac 
arrest [28–33]. Interestingly, perimortem cesar-
ean section with evacuation of the uterus has 
been shown in some cases to help achieve return 
of spontaneous circulation (ROSC) in the 
mother, especially when the section is performed 
within 4  min of maternal cardiac arrest [30]. 
Although this study did not examine trauma 
patients exclusively, trauma was the cause for 
cardiac arrest in 21% of patients. It is possible 
that the increased venous return permitted by 
relieving pressure on the IVC with c-section 
helps achieve ROSC. Therefore, we recommend 
perimortem c-section after maternal trauma if 
the mother is in cardiac arrest with a uterine fun-
dal height above the umbilicus if it can be per-
formed expeditiously, in order to potentially 
salvage the fetus and additionally for potential 
resuscitative benefit to the mother.

The steps of a perimortem c-section include 
rapid skin preparation with Betadine followed by 
a generous midline laparotomy incision. Once 
access to the peritoneal cavity is gained, a full- 
thickness vertical incision is made in the uterus, 
and the fetus is delivered. Appropriate neonatal 
resuscitation should be administered by a sepa-
rate team, while the surgical team continues to 
focus on maternal resuscitation. After delivery of 
the fetus, if ROSC is achieved, the placenta is 
delivered, and the uterus is closed in the standard 
two-layer fashion (Fig. 9.5).
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 Non-traumatic Causes of Intra- 
abdominal Bleeding in Pregnancy

A number of non-traumatic surgical emergencies 
may also present during pregnancy. While non- 
bleeding surgical emergencies are covered else-
where in this textbook, two pregnancy 
complications associated with significant intra- 
abdominal bleeding are described here.

 HELLP Syndrome

HELLP is an acronym that stands for hemolysis, 
elevated liver enzymes, and low platelets, 
describing the intravascular sequelae and resul-
tant laboratory abnormalities that occur with this 
condition. HELLP syndrome can lead to sponta-
neous subcapsular hematomas of the liver, which 
can rupture and cause catastrophic 
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Fig. 9.4 Uterine fundal 
height. Palpation of the 
uterine fundus in a 
pregnant woman allows 
the estimation of 
gestational age on the 
basis of physical 
examination findings
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 intra- abdominal bleeding. It affects less than 1% 
of pregnant women, particularly those with pre-
eclampsia or eclampsia [34]. Its etiology is not 
entirely understood, but it is generally considered 
to be related to abnormal development of the pla-
centa, which results in abnormal activation of the 
coagulation system and subsequent systemic 
inflammation, particularly within the liver. Some 
believe HELLP is a severe form of preeclampsia, 
while others consider it a distinct disease of the 
placenta.

Patients with HELLP generally present in the 
third trimester with abdominal pain and hyper-
tension, but symptoms can be nonspecific, and 
therefore clinical suspicion should remain high. 
Diagnosis is confirmed with laboratory tests 
demonstrating a microangiopathic hemolytic 
anemia with schistocytes, platelet count 
≤100,000 cells/μL, bilirubin ≥1.2  mg/dL, and 
AST more than double the upper limit of normal 
[35]. Delivery of the placenta is curative. 
Therefore, management decisions must involve 
an obstetrician and account for gestational age 
and overall maternal stability.

Intraparenchymal bleeding and subcapsular 
hematomas of the liver are severe complications 
of HELLP syndrome. These can rupture and bleed 
significantly. When rupture occurs, maternal and 
fetal mortality both exceed 50% [36]. Clinically, 
ruptured liver hematomas should be suspected 
among patients with HELLP who present with 
markedly elevated transaminases and evidence of 
bleeding. These patients should be managed with 
aggressive blood product resuscitation and should 
be brought expeditiously to the OR for liver pack-
ing if they are unstable. If stable, interventional 
radiology for embolization should also be consid-
ered. The development of a subcapsular hema-
toma or intraparenchymal hemorrhage of the liver 
among patients with HELLP is generally consid-
ered an indication for delivery of the fetus in order 
to remove the causative agent, the placenta [37].

 Splenic Artery Aneurysms

Aneurysms of the splenic artery are uncommon 
among the general population but increase in 
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pregnant trauma
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Estimate gestational
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Perimortem c-section
indicated

Perimortem c-section
not indicated

• Splash prep 
• Midline laparotomy
• Vertical incision through uterus 
• Delivery of fetus, neonatal resuscitation
• If maternal ROSC, delivery of placenta
   and uterine closure

≥ 26 weeks GA

< 26 weeks GA

Fig. 9.5 Steps and 
considerations in 
perimortem c-section. 
GA gestational age, 
C-section cesarean 
section, ROSC return of 
spontaneous circulation
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incidence among pregnant women. In fact, 
multiparous women are at four times the risk of 
developing these aneurysms as compared to 
nulliparous women [38]. The hormonal 
changes in pregnancy may cause arterial dila-
tation with resultant development or worsening 
of splenic artery aneurysms [39–40]. Although 
they are rare, they are important causes of mor-
tality for both the mother (75%) and fetus 
(>95%) when rupture occurs [38]. The risk of 
rupture exists at any size of aneurysm but is 
especially marked with aneurysms >2.5 cm in 
diameter [41].

Rupture of a splenic artery aneurysm in a 
pregnant woman presents with abdominal pain, 
nausea, vomiting, and signs of bleeding, espe-
cially sudden circulatory collapse. Digital sub-
traction angiography (DSA) is the imagine 
technique of choice to diagnose these aneurysms 
in nonpregnant patients but is avoided in preg-
nancy because of risks to the fetus [38]. 
Ultrasound and MRI may be better options 
among pregnant patients but should only be per-
formed if the patient is stable.

If the diagnosis of ruptured splenic artery 
aneurysm is suspected in a pregnant woman in 
hemorrhagic shock, it should be treated with 
prompt maternal resuscitation and laparotomy 
with splenectomy. If the fetus is viable, strong 
consideration of delivery via c-section at the time 
of laparotomy should be made [38].

 Conclusion
Pregnancy is a high-risk time for trauma. 
Clinicians who manage trauma patients 
must be aware of the anatomic and physio-
logic changes that occur in pregnancy, espe-
cially as they relate to the types of traumatic 
injuries that occur and to the maternal 
response to trauma. The optimal treatment 
of the fetus after maternal trauma is prompt 
resuscitation and management of maternal 
injuries, followed by fetal assessment and 
monitoring appropriate for gestational age. 
Early involvement of both a trauma surgeon 
and an obstetrician in the management of 
any injured pregnant patient is most 
prudent.

References

 1. Fildes J, Reed L, Jones N, Martin M, Barrett 
J.  Trauma: the leading cause of maternal death. J 
Trauma. 1992;32(5):643–5.

 2. Knudson MM, Yeh DD.  Trauma in pregnancy. In: 
Mattox KL, Moore EE, Feliciano DV, editors. Trauma. 
7th ed. New  York: The McGraw Hill Companies; 
2013. p. 709–24.

 3. Lavery J, Staten-McCormick M.  Management of 
moderate to severe trauma in pregnancy. Obstet 
Gynecol Clin North Am. 1995;22:69–90.

 4. El Kady D, Gilbert WM, Anderson J, Danielsen B, 
Towner D, Smith LH. Trauma during pregnancy: an 
analysis of maternal and fetal outcomes in a large 
population. Am J Obstet Gynecol. 2004;190:1661–8.

 5. Battaloglu E, McDonnell D, Chu J, Lecky F, Porter 
K.  Epidemiology and outcomes of pregnancy and 
obstetric complications in trauma in the United 
Kingdom. Injury. 2016;47:184–7.

 6. Sperry JL, Casey BM, McIntire DD, Minei JP, 
Gentilello LM, Shafi S.  Long-term fetal out-
comes in pregnant trauma patients. Am J Surg. 
2006;192:715–21.

 7. Petrone P, Talving P, Browder T, Teixeira PG, Fisher 
O, Lozornio A, et al. Abdominal injuries in pregnancy: 
a 155-month study at two level 1 trauma centers. Int J 
Care Injured. 2011;42(1):47–9.

 8. Deshpande NA, Kucirka LM, Smith RN, Oxford 
CM. Pregnant trauma victims experience nearly 2-fold 
higher mortality compared to their nonpregnant coun-
terparts. Am J Obstet Gynecol. 2017;217(5):590.e1–9.

 9. John PR, Shiozawa A, Haut ER, Efron DT, Haider 
A, Cornwell EE, et  al. An assessment of the 
impact of pregnancy on trauma mortality. Surgery. 
2011;149:94–8.

 10. Ikossi DG, Lazar AA, Morabito D, Fildes J, Knudson 
MM. Profile of mothers at risk: an analysis of injury 
and pregnancy loss in 1,195 trauma patients. J Am 
Coll Surg. 2004;200(1):49–56.

 11. Weiss H.  Pregnancy-associated injury hospital-
izations in Pennsylvania, 1995. Ann Emerg Med. 
1995;34:626–36.

 12. Bunai Y, Nagai A, Nakamura I, Ohya I. Fetal death 
from abruptio placentae associated with incor-
rect use of a seatbelt. Am J Forensic Med Pathol. 
2000;21(3):207–9.

 13. Prokop A, Swol-Ben J, Helling HJ, Neuhaus W, 
Rehm KE. Trauma in the last trimester of pregnancy. 
Unfallchirurg. 1996;99:450–3.

 14. Chisholm CA, Bullock L, Ferguson JE.  Intimate 
partner violence and pregnancy: epidemiology and 
impact. Am J Obstet Gynecol. 2017;217(2):141–4.

 15. American College of Surgeons Committee on Trauma. 
Advanced Trauma Life Support (ATLS). 10th ed. 
Chicago, IL: American College of Surgeons; 2017.

 16. Pape HC, Pohlemann T, Gansslen A, Simon R, Koch 
C, Tscherne H. Pelvic fractures in pregnant multiple 
trauma patients. J Orthop Trauma. 2000;14(4):238–44.

M. Schellenberg and T. M. Polk



133

 17. Shah KH, Simons RK, Hollbrook T, Fortlage D, 
Winchell RJ, Hoyt DB.  Trauma in pregnancy. 
Maternal Fetal Outcomes J Trauma. 1998;45(1):83–6.

 18. Hill CC, Pickinpaugh J. Physiologic changes in preg-
nancy. Surg Clin North Am. 2008;88:391–401.

 19. Barraco RD, Chiu WC, Clancy TV, Como JJ, Ebert 
JB, Hess LW, et al. Practice management guidelines 
for the diagnosis and management of injury in the 
pregnant patient: the EAST practice management 
guidelines work group. J Trauma. 2010;69(1):211–4.

 20. Jain V, Chari R, Maslovitz S, Farine D. Maternal Fetal 
Medicine Committee. Guidelines for the management 
of a pregnant trauma patient. J Obstet Gynaecol Can. 
2015;37(6):553–71.

 21. Muench MV, Baschat AA, Reddy UM, Mighty HE, 
Weiner CP, Scalea TM, et al. Kleihauer-Betke testing 
is important in all cases of maternal trauma. J Trauma. 
2004;57(5):1094–8.

 22. Latic F, Delibegovic S, Latic A, Miskic D, Pitlovic V, 
Koluh A. Laparoscopic splenectomy in blunt trauma: 
is the procedure safe in pregnant patient? Med Arh. 
2010;64(1):51–2.

 23. Bard MR, Shaikh S, Pestaner J, Newell MA, Rotondo 
MF. Direct fetal injury due to airbag deployment and 
three-point restraint. J Trauma. 2009;67(4):E98–E101.

 24. Tsuei BJ. Assessment of the pregnant trauma patient. 
Injury. 2006;37:367–73.

 25. Charbit B, Mandelbrot L, Samain E, Baron G, 
Haddaoui B, Keita H, et al. The decrease of fibrino-
gen is an early predictor of the severity of postpartum 
hemorrhage. J Thromb Haemost. 2007;5(2):266–73.

 26. Henderson SO, Mallon WK.  Trauma in pregnancy. 
Emerg Clin North Am. 1998;16:209–28.

 27. Morris JA, Rosenbower TJ, Jurkovich GJ, Hoyt 
DB, Harviel JD, Knudson MM, et  al. Infant sur-
vival after caesarean section for trauma. Ann Surg. 
1996;223(5):481–91.

 28. Healey ME, Kozubal DE, Horn AE, Vilke GM, Chan 
TC, Ufberg JW.  Care of the critically ill pregnant 
patient and perimortem caesarean delivery in the emer-
gency department. J Emerg Med. 2016;51(2):172–7.

 29. Katz VL. Perimortem caesarean delivery: its role in 
maternal mortality. Semin Perinatol. 2012;36:68–82.

 30. Katz V, Balderston K, DeFreest M. Perimortem cae-
sarean delivery: were our assumptions correct? Am J 
Obstet Gynecol. 2005;192:1916–20.

 31. Boyd R, Teece S. Towards evidence-based emergency 
medicine: best BETs from the Manchester Royal 
Infirmary: Perimortem caesarean section. Emerg Med 
J. 2002;19:324–235.

 32. Strong THJ, Lowe RA. Perimortem caesarean section. 
Am J Emerg Med. 1989;7:489–94.

 33. Oates S, Williams GL, Rees GA.  Cardiopulmonary 
resuscitation in late pregnancy. BMJ. 1988;297:404–5.

 34. Abildgaard U, Heimdal K. Pathogenesis of the syn-
drome of hemolysis, elevated liver enzymes, and 
low platelet count (HELLP): a review. Eur J Obstet 
Gynecol Reprod Biol. 2013;166(2):117–23.

 35. Sibai BM, Ramadan MK, Usta I, Salama M, Mercer 
BM, Friedman SA.  Maternal morbidity and mortal-
ity in 442 pregnancies with hemolysis, elevated liver 
enzymes, and low platelets (HELLP syndrome). Am J 
Obstet Gynecol. 1993;169(4):1000.

 36. O’Brien JM, Barton JR. Controversies with the diag-
nosis and management of HELLP syndrome. Clin 
Obstet Gynecol. 2005;48(2):460–77.

 37. American College of Obstetricians and Gynecologists; 
Task Force on Hypertension in Pregnancy. 
Hypertension in Pregnancy: Report of the American 
College of Obstetricians and Gynecologists’ Task 
Force on Hypertension in Pregnancy. Obstet Gynecol. 
2013;122(5):1122–31.

 38. Sadat U, Dar O, Walsh S, Varty K.  Splenic artery 
aneurysms in pregnancy  - a systematic review. Int J 
Surg. 2008;6:261–5.

 39. Selo-Ojeme DO, Welch CC.  Review: spontaneous 
rupture of splenic artery aneurysm in pregnancy. Eur J 
Obstet Gynecol Reprod Biol. 2003;109(2):124–7.

 40. Mattar SG, Lumsden AB. The management of splenic 
artery aneurysms: experience with 23 cases. Am J 
Surg. 1995;169:580–5.

 41. Salo JA, Salmenkivi K, Tenhunen A, Kivilaakso 
EO. Rupture of splanchnic artery aneurysms. World J 
Surg. 1986;10:123–7.

9 Trauma and Surgical Management During Pregnancy



135© Springer International Publishing AG, part of Springer Nature 2019 
C. H. Nezhat (ed.), Non-Obstetric Surgery During Pregnancy, 
https://doi.org/10.1007/978-3-319-90752-9_10

Acute Appendicitis During 
Pregnancy

Hakan Orbay, Christine M. Kariya, 
and Stephen M. Kavic

 Introduction

Appendicitis is the most common non-obstetric 
condition requiring surgery during pregnancy 
[1–3]. It accounts for 25% of all non-obstetric 
surgical procedures performed on gravid women 
and complicates every 1 in 1500–2000 pregnan-
cies [1–3]. The risk of appendicitis peaks during 
the second trimester of pregnancy [2, 4, 5]. The 
overall risk of appendicitis is equal in pregnant 
and nonpregnant women, but the incidence of 
perforated appendicitis in pregnant women is 
greater (43% vs. 4–19%) [1, 2]. The increased 
incidence of perforation may indicate a delay in 
diagnosis or a reluctance to operate on pregnant 
women [1].

The first report on the operative management 
of appendicitis in pregnancy was in 1848. Henry 
Hancock performed a laparotomy on a pregnant 
woman to drain an appendiceal abscess [6], 
although this is disputed by some historians [7]. 
Early series that followed this case report 
described very high maternal and fetal mortality 

rates, especially in the cases of perforated or 
gangrenous appendicitis. Babler reported an 
early literature review in 1908 that included 235 
pregnant women with appendicitis, with 103 
perforated or gangrenous appendices and 104 
non-perforated appendices and an overall mater-
nal mortality of 24% and fetal mortality of 40% 
[8]. Based on his observations, Babler concluded 
“the mortality of appendicitis complicating preg-
nancy is the mortality of delay,” which continues 
to be one of the main principles today [9].

 Complications of Appendicitis 
During Pregnancy

Since Babler’s report in 1908, there has been a 
dramatic decline in maternal and fetal mortality 
due to appendicitis, which can be attributed to the 
advancements in diagnostic and surgical tools as 
well as the use of antibiotics and improved sup-
portive care (e.g., fluid resuscitation, hemody-
namic and fetal monitoring, earlier recognition of 
sepsis, improved anesthesia, etc.) [10]. Current 
maternal mortality rate is less than 0.4% [10–12] 
and is almost always associated with perforation 
[10]. Perforation occurs more than twice as often 
in the third trimester compared to the first and 
second trimesters [3, 13]. Fetal loss has likewise 
decreased from 40% in 1908 to 1.5% to 8.7% in 
recent retrospective studies [12]. However, the 
fetal loss rate increases to 10.9% when peritonitis 
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is present, making the perforated appendicitis the 
most common surgical cause of fetal loss during 
pregnancy [12, 14, 15]. Despite the decreased 
mortality in recent decades, pregnant women 
with appendicitis are more likely to deliver pre-
term and have a fourfold [11] increased risk of 
unexplained antepartum hemorrhage and abrup-
tio placenta. The increased risk of preterm deliv-
ery does not continue beyond the first week after 
appendectomy in uncomplicated cases [16]. 
However, in cases complicated with appendiceal 
rupture and peritonitis, there is increased risk of 
preterm delivery and of cesarean sections 
(C-sections) throughout the remainder of the 
pregnancy [11].

In addition to abovementioned common com-
plications, appendicitis in pregnancy is also asso-
ciated with increased risks of sepsis and septic 
shock, transfusion requirement, pneumonia, 
bowel obstruction, postoperative infection, 
increased hospital stay, primary microcephaly, 
intrauterine growth retardation, and low fetal 
birth weight (Table 10.1) [4, 11, 17, 18].

 Diagnosis of Appendicitis During 
Pregnancy

The diagnosis of appendicitis during pregnancy 
begins with a thorough history and complete 
physical examination. Often the patient will give 
a history of nausea (71%), vomiting (54%), and 
anorexia (51%) [10], which are all common com-

plaints during pregnancy [3]. The elevation in 
body temperature is not considered helpful in 
diagnosing acute appendicitis but may predict 
perforation [19]. The most reliable symptom of 
appendicitis is right lower quadrant pain 
(Table  10.2) [1, 3, 10, 20]. Other abdominal 
signs, such as rebound tenderness and guarding, 
are not very specific during pregnancy, being 
present in 55%–77% and 50%–68% of patients, 
respectively, as a result of the distension of the 
abdominal wall muscles and the interposition of 
the uterus between the appendix and the anterior 
abdominal wall [1, 3, 10, 20–23]. Flank and back 
pain can represent a urinary tract infection (UTI), 
especially pyelonephritis, or a retrocecal inflamed 
appendix. Psoas irritation (i.e., psoas sign) is 
observed less frequently during pregnancy com-
pared to nongravid women [20].

Laboratory studies should consist of a com-
plete blood count, urinalysis, aspartate amino-
transferase and alanine transaminase levels, and 
amylase and lipase levels to exclude UTI, hepati-
tis, and pancreatitis. Urinalysis is performed to 

Table 10.1 Complications of appendicitis during 
pregnancy

Maternal and fetal morbidity
Peritonitis
Preterm labor
Unexplained antepartum hemorrhage
Abruptio placenta
Sepsis and septic shock
Pneumonia
Bowel obstruction
Postoperative infection
Increased hospital length of stay
Primary microcephaly
Intrauterine growth retardation
Low birth weight

Table 10.2 Differential diagnosis of acute abdomen dur-
ing pregnancya

Non-obstetric Obstetric
Acute appendicitis Labor
Cholecystitis Preterm labor
Inflammatory bowel 
disease

Placental abruption

Pancreatitis Uterine rupture
Gastritis Preeclampsia with liver 

involvement
Mesenteric adenitis
Diverticulitis
Urinary tract calculi
Urinary tract infection
Ovarian torsion
Ovarian cyst rupture
Ectopic pregnancy
Pelvic inflammatory 
disease
Adnexal mass
Degenerating fibroid
Ligamentalgia
Pulmonary embolism
Right lower lobe 
pneumonia

aAdapted from [3]
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rule out pyelonephritis or nephrolithiasis, but it 
should be kept in mind that pyuria can also be 
present in appendicitis [24]. Leukocytosis rang-
ing from 10,000 to 20,000/mm3 is also a common 
finding during normal pregnancy and is thus not 
very helpful as a diagnostic sign [1, 3, 19, 22, 23, 
25]. On the contrary, the presence of granulocy-
tosis (i.e., a left shift) is more specific for an 
infectious etiology such as appendicitis or UTI 
and may be of some utility in narrowing the dif-
ferential diagnosis. Clinical scoring systems such 
as the Alvarado scale have been designed in order 
to simplify the diagnosis of appendicitis in the 
general population [26]. However, Alvarado scale 
is not widely used, and there is currently no vali-
dated scoring system for use in pregnancy [3].

Other diseases that should be considered in 
the differential diagnosis of abdominal pain dur-
ing pregnancy are listed in Table  10.3. Fetal 
assessment is essential and involves ultrasound 
(US) for viability and confirmation of gestational 
age and biophysical profile and/or nonstress test, 
depending on the gestational age. Abdominal 
imaging studies may include US, magnetic reso-
nance imaging (MRI), and computerized tomog-
raphy (CT) [2].

 Abdominal Imaging Studies

Abdominal imaging is an important part of the 
diagnostic work-up of appendicitis during preg-

nancy. However, the vulnerability of the fetus and 
teratogenic effects of conventional x-rays neces-
sitates careful consideration. Because of con-
cerns for ionizing radiation, graded compression 
US has been the initial diagnostic imaging 
modality of choice because of its long record 
safety specifically in pregnant women [2, 20, 27]. 
More recently, MRI and CT have also become 
important techniques in improving diagnostic 
accuracy beyond that which is provided by US 
alone [2, 28]. The American College of Radiology 
published Appropriateness Criteria guidelines 
that recommend that US should be used first, fol-
lowed by MRI (sensitivity 80%, specificity 99%) 
if the US is inconclusive [29]. In general, US and 
MRI can be used throughout gestation, but CT 
imaging is reserved for those patients beyond the 
first trimester [2, 30]. Fetuses between 2 and 
15 weeks gestation are the most at risk for adverse 
events from ionizing radiation, so special care 
should be taken to minimize radiation exposure 
during these gestational weeks. An algorithmic 
approach to the imaging of appendicitis during 
pregnancy based on the most recent data can be 
seen in Fig. 10.1.

 Ultrasound
Graded compression US remains the preferred 
initial imaging test for suspected appendicitis in 
pregnancy [31, 32]. This preference is largely 
because there are no documented adverse fetal 
effects of US in humans by either thermal or 

Table 10.3 Comparison of imaging methods in diagnosis of appendicitis during pregnancy

US MRI CT
Sensitivity 46.1–100%a [35, 49, 86] 80–100% [28, 43, 80, 87] 85.7–100% [48, 49, 87]
Specificity 83–96% [35, 86] 92–99% [28, 43, 80, 87] 97.4% [48, 87]
Ionizing 
radiation

− − +

Interference 
by uterine size

+ − −

Cost + +++ ++
Duration + +++ ++
Availability +++ + ++
Diagnostic 
criteria

Incompressible fluid-filled 
appendix, measuring >6 mm 
in diameter, and a calcified 
appendicolith

Enlarged, fluid-filled appendix 
measuring >7 mm in diameter 
accompanied by periappendiceal 
fat stranding

Tubular, fluid-filled appendix 
measuring >7 mm with an 
enhancing wall, which may 
or may not contain a fecalith

aThe sensitivity of US decreases to 28.5% in case of perforated appendicitis [20, 88]
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 nonthermal mechanisms, and thus there are no 
contraindications to its use during pregnancy 
[33]. The major limitations of US in pregnant 
patients are primarily related to impaired visual-
ization of the appendix due to the enlarged uterus, 
especially in the later stages of pregnancy [31, 
32], and the need for an experienced ultrasonog-
rapher. The typical diagnostic criteria are incom-
pressible fluid-filled appendix, appendix diameter 
>6 mm, and a calcified appendicolith [2, 31, 34, 
35]. Moreover, the presence of loculated periap-
pendiceal fluid collection in conjunction with an 
inflamed appendix indicates appendiceal perfora-
tion (Fig. 10.2) [35]. The sensitivity and specific-
ity of US in the diagnosis of appendicitis during 
pregnancy range between 67% and 100% and 
83% and 96%, respectively [32, 35, 36], but is 
operator-dependent, as with all other US studies 
[28]. If US is inconclusive and no clear alterna-
tive diagnosis is identifiable, then MRI is the next 
step in the imaging ladder [31].

 Magnetic Resonance Imaging
The American College of Radiology White Paper 
on MRI Safety states that pregnant patients may 
undergo MRI at any stage of pregnancy if the 

benefits outweigh the risks [37]. Recent studies 
have shown MRI to be safe in pregnancy and has 
a higher specificity and sensitivity for diagnosing 
appendicitis than US [38–41]. MRI is also a rea-
sonable alternative to CT in pregnancy since it 
does not use ionizing radiation [28, 38, 42], but it 
should always be remembered that the safety of 
MRI in pregnancy has not been conclusively 
proven [30, 37, 43]. Disadvantages of MRI 
include its high cost, poorer spatial resolution 
compared to CT, increased sensitivity to motion 
artifacts, longer acquisition time, and limited 
compatibility with other patient monitoring 
equipment which may be necessary for an acutely 
ill patient [43]. Findings on MRI consistent with 
appendicitis include an enlarged, fluid-filled (not 
contrast-filled) appendix measuring more than 
7 mm in diameter (Fig. 10.3) [39, 44] that is fre-
quently accompanied with periappendiceal fat 
stranding [45].

 Computed Tomography

CT has traditionally been avoided during preg-
nancy because of ionizing radiation and its risk of 

Clinical suspicion of acute appendicitis

US
Positive US

non-compressible appendix
>6 mm in diameter 

Surgical treatment

Negative/inconclusive US

Search for biliary, urologic, obstetric or gynecologic disorder

No other disorder
Acute appendicitis?

1st trimester pregnancy 2nd & 3rd trimester pregnancy

MRI MRI or CT

Other disorder +
Appendicitis -

Appropriate
treatment

in consultation with
other teams

Positive MRI or CT

Fig. 10.1 The algorithmic approach to the abdominal imaging in a pregnant patient for the diagnosis of acute appen-
dicitis. Adapted from [82]
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teratogenesis and carcinogenesis [30]. Radiation 
from an abdominal CT scan ranges from 10 to 20 
millisievert (mSv), which is comparable to 500 to 
1000 chest radiographs [3]. A newer CT tech-
nique,  helical CT, has a rapid imaging time of 
under 15 min [21], and it also decreases the radia-
tion exposure to one third of the average abdom-
inal-pelvic CT, approximately 3  mSv, which is 
well below the accepted safe level of fetal expo-
sure (50  mSv) [21]. Current consensus is that 
when US findings are inconclusive and further 
imaging is deemed necessary, CT can be consid-
ered for pregnant women in their second and 
third trimesters [21] and is the preferred second-

line imaging modality if an MRI would risk a sig-
nificant delay in diagnosis [46]. The combination 
of clinical examination, US, and CT decreases 
the negative appendectomy rates significantly 
(from 54% to 8% in one series of 86 patients) 
with high diagnostic accuracy [47–49]. The typi-
cal finding of appendicitis in CT is an enlarged 
(>7  mm), tubular, fluid-filled appendix with an 
enhancing wall, which may or may not contain a 
fecalith and may be surrounded by inflammatory 
changes such as fat stranding, fluid collections, 
and extraluminal air (see Fig.  10.3) [21, 46]. 
Table 10.4 shows a comparison of the abdominal 
imaging methods used in pregnancy.

a b

Fig. 10.2 Transverse (a) and sagittal (b) sonograms 
show an inflamed appendix (between cursors). European 
Radiology, Added value of ultrasound re-evaluation for 
patients with equivocal CT findings of acute appendicitis: 

a preliminary study, 23(7), 2013, 1882–90, Sim JY, Kim 
HJ, Yeon JW, Suh BS, Kim KH, Ha YR, et al. With per-
mission of Springer [83]

a b c

Fig. 10.3 (a) Axial MRI view of the normal appendix 
(white arrow). The appendix contains no intraluminal 
fluid. (b) Axial MRI shows a dilated appendix with wall 
edema and fluid in the lumen (white arrow). (c) Axial 
contrast-enhanced CT image shows a prominent appendix 
with periappendiceal rim enhancement due to inflamma-
tion (arrowhead). Periappendiceal fat stranding is also 
visible and marked with asterisk. Adapted from European 

Radiology, T1 bright appendix sign to exclude acute 
appendicitis in pregnant women, 27(8), 2017, 3310–6, 
Shin I, An C, Lim JS, Kim MJ, Chung YE, and European 
Radiology, Evaluation of a low-dose CT protocol with 
oral contrast for assessment of acute appendicitis, 19(2), 
446–54, Platon A, Jlassi H, Rutschmann OT, Becker CD, 
Verdun FR, Gervaz P, et al. With permission of Springer 
[84, 85]
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 Pregnancy-Related Diagnostic 
Challenges

Delayed diagnosis of appendicitis is unfortu-
nately not unusual during pregnancy [21–23, 50]. 
The diagnosis of appendicitis during pregnancy 
can be difficult due to:

 1. The upward displacement of the appendix by 
the gravid uterus

 2. Absence or blunting of usual signs and symp-
toms of appendicitis such as abdominal guard-
ing and rebound

 3. Physiological leukocytosis during pregnancy

The progressive upward displacement of the 
appendix during pregnancy was first described by 

Baer et al. [51]. They claimed that the appendix 
reaches to the level of the iliac crest at the end of 
the fifth month and continues to rise above this 
level during the last trimester and returns to its nor-
mal position by postpartum day 10 [51]. This dis-
placement accounts for the abnormal localization 
of pain and tenderness in patients in their second 
and third trimester to the right upper quadrant and 
flank whenever inflammation spreads to the pari-
etal peritoneum [1, 10, 22]. However, this hypoth-
esis was challenged by a recent study that failed to 
detect upward displacement of appendicitis in 114 
pregnant patients [52]. Therefore, whether the 
appendix migrates during pregnancy and whether 
the surgeon should adjust abdominal incisions 
accordingly remains a controversial issue.

 Treatment of Appendicitis During 
Pregnancy

If appendicitis is suspected in a pregnant woman, 
careful diagnostic work-up and immediate antibi-
otic administration with surgical intervention are 
indicated within the first 24  h [10, 17, 22, 53] 
since the incidence of perforation and related 
complications increases dramatically if surgery is 
delayed more than 24 h [22, 53]. The only indica-
tion to delay appendectomy is active labor, and in 
these cases the surgery should be performed 
immediately after delivery [1].

If appendiceal perforation and peritonitis are 
suspected, the patient should be adequately fluid 
resuscitated and given IV antibiotics. Antibiotics 
should cover normal colonic flora, i.e., a second-
generation cephalosporin (e.g., cefuroxime) or 
extended-spectrum penicillin (e.g., ampicillin), 
combined with an anti-anaerobe antibiotic (e.g., 
metronidazole). In a series of 50 appendicitis 
patients, 94% of appendectomy pathologic speci-
mens grew Escherichia coli, and there were more 
anaerobic bacteria, especially members of the 
Bacteroides fragilis group, than aerobic bacteria, 
which underscores the need for anaerobic and 
gram-negative antibiotic coverage [54]. Antibiotics 
should be continued until the patient is afebrile, 
normal bowel function has returned, and the leu-
kocytosis has improved [1, 55]. Appropriate fluid 

Table 10.4 Symptoms and signs of appendicitis during 
pregnancy

Common
Right lower quadrant 
pain

Most reliable sign of 
appendicitis in pregnant 
patient

Direct abdominal 
tenderness

Observed in most of the 
patients

Uncommon/not specific
Rebound tenderness Not specific, present in 

55%–75% of patients
Abdominal guarding Not specific, present in 

50%–65% of patients
Flank or back pain Present in case of retrocecal 

appendix
Right upper quadrant 
pain

Questionably due to 
displaced appendix

Psoas sign Less frequent during 
pregnancy

Anorexia and 
vomiting

Not specific, common in the 
first trimester of pregnancy

Leukocytosis 
(10,000–20,000/mm3)

Not specific, very common 
in pregnancy

Granulocytosis Suggests an infectious 
etiology such as appendicitis

Elevated body 
temperature

May predict perforation

Pyuria Also present in urinary tract 
infections

Positive Bryan’s signa First described by Kurtz 
et al. [89]

Diarrhea
aAbdominal pain produced by shifting the gravid uterus to 
the right
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resuscitation should be administered in cases of 
hypovolemia and should have continuous fetal 
heart rate (FHR) monitoring if the gestational age 
is in the range of fetal viability, since FHR may be 
the best sign of fetal hypoxia [1, 56, 57]. In the 
case of perforation, fetal loss rate can be up to 
20–36%, so a C-section may be recommended 
depending on the gestational age of the fetus. 
Regardless of whether a C-section is performed, 
the definitive treatment of acute appendicitis is 
appendectomy. Intraoperatively, the peritoneal 
cavity should be irrigated copiously, and an intra-
peritoneal drain may be placed to prevent abscess 
formation. If an appendiceal abscess occurs, it 
may be managed using parenteral antibiotics and 
percutaneous drainage followed by an interval 
appendectomy after delivery. In the absence of 
appendiceal perforation or sepsis, a C-section is 
not recommended since the risk of fetal loss is sig-
nificantly lower. Thus, the treatment is only appen-
dectomy [22, 23, 57]. Treatment with tocolytics is 
recommended if there are perceived or docu-
mented contractions, but they have not been shown 
to be helpful in most cases and should be discon-
tinued after 48 h [58].

 Surgical Treatment

Medical management of appendicitis has been 
reported with favorable outcomes [59–61], but 
the widely accepted standard of care treatment 
for appendicitis during pregnancy is surgical 
appendectomy [17, 62]. The second trimester is 
generally the safest time to perform surgery 
because of the lower spontaneous abortion rate 
(5.6% compared with 12% in the first trimester), 
low rate of preterm labor, better surgical visibil-
ity due to the smaller uterus, and the very low risk 
of teratogenesis [63].

The surgery can be open (i.e., laparotomy) or 
minimally invasive (i.e., laparoscopy). The 
choice of surgical procedure is largely based on 
uterine size and operator experience, although 
laparoscopy is generally contraindicated in cases 
of generalized peritonitis because of a signifi-
cantly higher complication rate [1]. Laparotomy 
incisions can be a muscle-splitting incision over 

the point of maximal tenderness, a right parame-
dian, or a midline vertical incision [10, 22]. A 
vertical midline incision is advised by some 
authors in the late second trimester and beyond 
when the uterus grows larger [1], while some oth-
ers stated that the incision in all trimesters can be 
successfully made over McBurney’s point [52].

Laparoscopy in pregnancy was once consid-
ered contraindicated due to fear of damage to the 
gravid uterus, fetal acidemia, and decreased mater-
nal venous return secondary to pneumoperito-
neum. There is now sufficient evidence to 
demonstrate that diagnostic/operative laparoscopy 
is reasonable and as safe as laparotomy in adult 
patients [1, 64–66]. The trocar placement poses 
unique perils in the pregnant patient as there is risk 
of damage to the uterus during blind insertion. In 
this situation, open insertion of the first trocar 
(Hasson technique) is recommended [1, 20]. 
Alternatively, some surgeons inserted Veress nee-
dle in the midclavicular line approximately 2 cm 
below the inferior costal margin to minimize the 
risk of uterine injury [63, 64]. Intraoperative fetal 
monitoring is recommended during laparoscopy, 
and an intraperitoneal pressure of 10–15 mmHg is 
generally well tolerated by the fetus [63, 64, 67]. 
Additionally, maternal end tidal CO2 should be 
followed closely, and systolic blood pressure 
should be kept within 20% of baseline since inad-
equate perfusion to the fetus results in fetal 
hypoxia [46]. When creating the CO2-
pneumoperitoneum, maternal arterial CO2 partial 
pressure (paCO2) may mildly increase secondary 
to increased transperitoneal absorption of CO2. 
This increase can lead to hypercapnia and respira-
tory acidosis which in turn may cause stimulation 
of the sympathetic nervous system, cardiac 
arrhythmias, and fetal acidosis [58]. Surgical posi-
tioning is also important; rolling the patient 
approximately 30° to the left helps prevent occlu-
sion of the inferior vena cava by the enlarged 
uterus and facilitates visualization of the essential 
structures [22, 23, 67, 68]. A head-down lateral 
positioning also improves the view of the contra-
lateral adnexal structures [58]. The surgeon should 
avoid uterine manipulation as much as possible 
during appendectomy to decrease the risk of uter-
ine irritability and preterm labor [23]. The Society 
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of American Gastrointestinal and Endoscopic 
Surgeons recommend laparoscopic method for 
appendectomy during pregnancy, and they pub-
lished a series of recommendations that should be 
followed by all surgeons (Table 10.5) [67].

 Laparoscopy vs. Laparotomy

Laparoscopic appendectomy is the standard treat-
ment of acute appendicitis for the general popula-
tion; however, there is still some doubt regarding 
its risks and benefits for pregnant patients [62]. 
One of the first large studies that examined the 
impact of laparoscopic surgery on fetal or neona-
tal outcome was performed using the Swedish 
Health Registry from 1973 to 1993 [69]. In this 
study, outcomes of 2181 laparoscopies and 1522 
laparotomies performed between 4 and 20 weeks 
gestation were compared. Overall the women 
who underwent laparoscopic appendectomy had a 
statically significant increased risk of low birth 
weight (<2500 g), delivery before 37 weeks, and 
increased incidence of growth restriction com-
pared with the pregnant patients in the open sur-
gery group. However, there was no difference in 
the rate of fetal malformations or infant survival at 
1 year. Although the risks of preterm delivery and 
growth restriction increased after both open and 
laparoscopic appendectomy, there was no differ-
ence between the operative approaches in terms 
of birth weight, gestational duration, intrauterine 
growth restriction, congenital malformations, 
stillbirths, and neonatal deaths [69]. A more recent 
study that examined the US National Health 
Insurance Research Database from 2005 to 2010 
examined pregnant patients with appendicitis that 
were treated with nonoperative management, 
open appendectomy, and laparoscopic appendec-
tomy and concluded laparoscopic and open 
appendectomy were not statistically different in 
terms of preterm labor, abortion, and need for 
C-section but that open surgery was associated 
with a reduced length of hospital stay [62]. 
Contrary to these studies, a large retrospective 
database study including 3133 pregnant women in 
California documented a higher fetal loss rate 
after laparoscopic appendectomy compared to 
open appendectomy [70]. A large meta-analysis 
found no significant difference in preterm deliv-
ery, birth weight, Apgar score of the newborn, 
postoperative wound infection, and duration of 
operation between laparoscopy and laparotomy 
groups [71]. Increased fetal loss after laparo-
scopic appendectomy was consistently reported 

Table 10.5 The Society of American Gastrointestinal 
and Endoscopic Surgeons recommendations for laparos-
copy during pregnancya

Patient selection Laparoscopic treatment of acute 
abdominal processes has the same 
indications in pregnant and 
nonpregnant patients

Patient 
positioning

Gravid patients should be placed 
in the left lateral recumbent 
position to minimize compression 
of the vena cava and the aorta

Initial port 
placement

Initial access can be safely 
accomplished with an open or 
Hasson, Veress needle, or optical 
trocar if the location is adjusted 
according to fundal height, 
previous incisions, and experience 
of the surgeon

Insufflation 
pressure

CO2 insufflation of 10–15 mmHg 
can be safely used for laparoscopy 
in the pregnant patient
Intra-abdominal pressure should 
be sufficient to allow for adequate 
visualization

Intraoperative 
CO2 monitoring

Intraoperative CO2 monitoring by 
capnography should be used 
during laparoscopy in the 
pregnant patient

Venous 
thromboembolic 
prophylaxis

Intraoperative and postoperative 
pneumatic compression devices 
and early postoperative 
ambulation are recommended 
prophylaxis for deep venous 
thrombosis in the gravid patient

Fetal heart 
monitoring

Fetal heart monitoring should 
occur pre- and postoperatively in 
the setting of urgent abdominal 
surgery during pregnancy

Obstetrical 
consultation

Obstetric consultation can be 
obtained pre- and/or 
postoperatively based on the 
acuteness of the patient’s disease 
and availability

Tocolytics Tocolytics should not be used 
prophylactically but should be 
considered perioperatively when 
signs of preterm labor are present 
in coordination with obstetric 
consultation

aAdapted from [46, 67]
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by other large review papers [58, 72] leading 
some surgeons to favor and choose open appen-
dectomy over laparoscopic appendectomy. 
Despite these controversial results and since it is 
unlikely a randomized trial will be conducted in 
this pregnant population, the Society of American 
Gastrointestinal and Endoscopic Surgeons recom-
mend a laparoscopic approach to the pregnant 
patient with suspected appendicitis [67].

Laparoscopic surgery has numerous advan-
tages over open surgery, such as (1) less inva-
sive surgery, (2) a better postoperative course 
and shorter hospital stay, and (3) the ability to 
visualize the entire abdomen and diagnose other 
possible causes of acute abdominal pain in case 
of a normal appendix [3, 10, 62, 65, 66, 73–75]. 
A complete list of the advantages and disadvan-
tages of laparoscopic appendectomy can be 
found in Table  10.6. Once a feared complica-
tion, fetal congenital anomalies are unlikely to 
occur after laparoscopy with an incidence less 
than 0.5% and are likely due to the underlying 
pathologic condition rather than the surgical 
approach itself [50, 63]. Appendectomy during 
pregnancy is not associated with any other 
developmental delays in children, regardless of 
which trimester the procedure was performed 
[76]. The modification of gasless laparoscopy 
was introduced in 1993 that avoids the effects of 
carbon dioxide insufflation and high intra-
abdominal pressure [77]; however, it provides a 
much narrow operative field and causes retrac-
tion pain [50]. Although gasless and conven-
tional laparoscopic appendectomy have been 
retrospectively compared and found to be com-
parable, there have not been any studies specifi-
cally conducted in the pregnant population, and 
as a result, fetal outcomes have not been prop-
erly evaluated [78].

 Negative Appendectomy

The need for prompt surgical intervention in 
appendicitis during pregnancy must be bal-
anced with the need for additional diagnostic 
information, especially advanced imaging (i.e., 

CT or MRI) to enhance preoperative diagnostic 
accuracy to avoid unnecessary surgical inter-
vention (i.e., negative appendectomy) [79]. 
Reported negative appendectomy rates in preg-
nant women range between 4 and 50%, which 
is significantly higher compared with nonpreg-
nant women [53, 70, 72, 80, 81]. The diagnostic 
accuracy in the first trimester is greater than the 
second and third trimesters [53, 80]. This is 
important because surgical interventions are 
not riskless procedures as illustrated by the 
higher rate of fetal morbidity in negative appen-
dectomies compared to normal pregnancies 
[70–72, 81]. If there is no appendicitis upon 
surgical exploration despite the best diagnostic 
efforts, it is recommended to leave a macro-
scopically noninflamed appendix in situ, con-
trary to the recommendations in nonpregnant 
women [81].

Table 10.6 Pros and cons of laparoscopic 
appendectomya

Pros Cons
•  Early mobilization, 

rapid postoperative 
recovery, and early 
return to normal 
activitiesb

•  Decreased 
postoperative 
morbidity

•  Small scars and few 
incisional hernias

•  Short or no hospital 
stay

•  Low rate of fetal 
depression due to 
decreased pain and 
less narcotic use

•  Decreased 
incidence of wound 
infections

•  The ability to 
perform a 
differential 
diagnosis in case of 
negative 
appendicitis

•  Technical difficulty due to 
the gravid uterus

•  Possible injury to the 
pregnant uterus

•  Potential decrease in 
uteroplacental blood flow

•  Risk of CO2 
pneumoperitoneum

•  A potential risk of fetal 
exposure to smoke, 
especially carbon monoxide 
generated by electrocautery 
or lasers

•  A theoretical risk of uterine 
irritation by the use of 
electrocautery in the 
proximity of the uterus

• Longer operation times
• Higher operation costs
•  Increased risk of preterm 

delivery
• Increased risk of fetal loss

aAdapted from [63, 66, 71]
bThis is an important advantage due to the relatively 
higher incidence of thromboembolism in the pregnant 
patients
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 Conclusion
Acute appendicitis in pregnancies remains the 
most common non-obstetric surgical condi-
tion that requires immediate attention. Proper 
diagnostic work-up includes a thorough phys-
ical exam, bloodwork, and diagnostic imag-
ing, which should include abdominal US but 
may also include CT or MRI. After diagnosis 
and fluid resuscitation and IV antibiotics have 
been started, definitive treatment with appen-
dectomy, preferably via laparoscopy, should 
follow. Appendectomy should only be delayed 
in case of active labor. Although there may be 
significant complications to both the patient 
and the fetus, the diagnosis and treatment of 
appendicitis in pregnancy continues to 
improve with better technology, more accu-
rate diagnoses, and better supportive care.
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Cholelithiasis, Cholecystitis, 
and Cholecystodochotomy During 
Pregnancy

Raymond J. Lanzafame

 Introduction

The relationship between gallbladder disease and 
gender, parity, body weight, and other character-
istics such as age and ethnicity has long been 
known and oft repeated as the four (or five) “Fs” 
of gallstone disease mnemonic recited by medi-
cal students for decades [1]. The classic four Fs 
include “female,” “fat,” “fertile,” and “forty,” 
with “fair” representing a fifth F.  This classic 
demographic is changing as a result of the use of 
contraceptives, increasing incidence of obesity 
and type 2 diabetes, and the so-called Western 
diet, all of which have dramatically reduced the 
age of incidence to the second and third decades 
and to nulliparous or primigravida women [1–3].

It is also known that certain ethnic groups 
including North American Indians, and the Pima 
in particular, as well as Mexican populations 
have a higher incidence of gallstones, whereas 
black Africans consuming a high-fiber diet have a 
low incidence [1, 2]. It is estimated that 10–15% 
of the US population has gallstones,  including 
some 14 million women [1, 2]. Approximately 
10–20% of patients develop symptoms related to 
gallstone disease, and 25% of those will develop 

complications within 10–20 years of diagnosis if 
they remain untreated [2, 3].

Gallstones can be detected in 1–3.5% of preg-
nant women, and symptomatic biliary tract dis-
ease has been reported to occur in 0.05–8% of 
pregnancies [2, 4–6]. Acute cholecystitis is the 
second most frequent non-obstetric cause of an 
acute abdomen during pregnancy occurring at a 
frequency of 1–6 per 10,000 pregnancies [2, 4–6]. 
Acute appendicitis by comparison is the most fre-
quent non-obstetric surgical emergency of preg-
nancy with an incidence of 1 per 1600 to 1 per 
1000 pregnancies [5, 7]. Cholelithiasis accounts 
for >90% of cases of acute cholecystitis during 
pregnancy, and approximately 40% of acute cases 
will require surgery during pregnancy [4–9].

 Biliary and Gallbladder 
Pathophysiology

The gallbladder is a pear-shaped hollow organ 
that has both sympathetic and parasympathetic 
innervation. Motor stimulation for contraction of 
the gallbladder is controlled via the vagus nerve 
and the celiac ganglion. Pain sensation is relayed 
via visceral sympathetic fibers [2, 10–12]. The 
gallbladder primarily functions to concentrate, 
store, and release bile.

The normally functioning gallbladder 
reduces hepatic bile volume by 80–90% by the 
absorption of sodium and water. Sodium trans-
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port is the greatest contributor to the resorption 
of  gallbladder fluid [2, 3, 10]. Evidence suggests 
that bile normally flows in a continuous fashion 
and that the gallbladder is continuously empty-
ing to some degree, irrespective of the ingestion 
of food and cholecystokinin (CCK) release, 
which are the major stimuli for gallbladder 
emptying. Duodenal CCK release is stimulated 
by food, with fat being the most potent stimula-
tor [2, 3, 10, 13]. Motilin, secretin, prostaglan-
dins, histamine, and progesterone also affect 
gallbladder contraction. Progesterone inhibits 
gallbladder smooth muscle contraction and 
impairs the response to CCK stimulation, which 
reduces gallbladder emptying [2, 3, 8, 13, 14]. 
It has been proposed that progesterone recep-
tors within the gallbladder increase their bind-
ing potential which results in direct inhibition 
of gallbladder contraction during pregnancy [2, 
12, 13]. Rates of gallbladder emptying and con-
traction are not different between pregnant and 
nonpregnant women [13]. However, the gall-
bladder fasting volumes and residual volumes 
are increased during the second and third tri-
mesters of pregnancy [3, 13, 14]. The fasting 
gallbladder volume doubles in the second tri-
mester. This reduced gallbladder ejection frac-
tion promotes biliary stasis, which promotes 
the formation of biliary sludge and gallstones 
[2, 3, 6–8, 13, 14]. These contractility deficits 
resolve and normalize within the first week 
postpartum [2].

Bile is secreted by hepatocytes and is a solu-
tion containing organic lipids, electrolytes, and 
water. Cholesterol, phospholipids, and bile salts 
comprise 80% of the dry weight of bile, and 
these, along with bile acids, represent the major 
lipid components of bile [2, 3]. Biliary choles-
terol is synthesized de novo by the liver rather 
than being a result of absorption of ingested cho-
lesterol. HMG-CoA reductase is the rate-limiting 
enzyme in the cholesterol production pathway 
and is inhibited by statins and other drugs used to 
alter bile composition [2, 3]. Lecithin accounts 
for >90% of human biliary phospholipids.

The enterohepatic circulation is a highly effi-
cient negative feedback mechanism that regulates 
the hepatic synthesis of bile acids. Approximately 

95% of the bile acid pool synthesized by the liver 
is actively absorbed in the terminal ileum as con-
jugated bile acids or is passively reabsorbed in 
the colon due to colonic bacterial enzymatic 
dehydroxylation as deoxycholic or lithocholic 
acid [2, 3].

Cholesterol is insoluble in bile but forms 
micelles when it is in the presence of a sufficiently 
high concentration of bile acids. Lecithin incorpo-
rated in the micelles allows them to absorb water, 
swell, and transport greater amounts of choles-
terol [2, 3]. Unilamellar cholesterol- phospholipid 
vesicles account for a significant portion of cho-
lesterol transport and are found in both hepatic 
and gallbladder bile. Total bile acid and total lipid 
concentrations and the degree of cholesterol satu-
ration determine the amount of cholesterol that is 
solubilized in micelles or vesicles. Interference 
with the equilibrium between vesicles and 
micelles leads to crystal formation, which subse-
quently results in the formation of cholesterol 
gallstones [2, 3, 13, 14].

The mean rate of secretion of biliary lipids is 
unaltered during pregnancy. However, the rate of 
secretion of cholesterol increases relative to bile 
acids and phospholipids during the second and 
third trimesters, which increases the saturation 
index of fasting hepatic and gallbladder bile, 
making them more lithogenic [3, 13]. Weight 
gain during pregnancy may also increase hepatic 
cholesterol secretion and increase the cholesterol 
saturation index. The percentage of chenodeoxy-
cholic acid progressively decreases while cholic 
acid increases. The rate of chenodeoxycholic 
acid synthesis decreases linearly during the first 
20 weeks of pregnancy [3]. The size of the pool 
of the major bile acids expands in the first trimes-
ter. The fractional turnover rate of the primary 
bile acids is slower during pregnancy due to 
altered hepatic metabolism and reduced entero-
hepatic cycling due to alterations in the biliary- 
intestinal portion of the system [3].

Pregnancy-induced gallbladder stasis causes 
bile acid accumulation in the gallbladder lumen, 
which alters bile salt kinetics and enterohepatic 
circulation [3, 13]. Gallbladder stasis promotes the 
formation of biliary sludge and cholesterol gall-
stones [3, 13, 14]. Ultrasound studies performed 
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immediately postpartum demonstrated the pres-
ence of biliary sludge in 25% of cases, which is 
present in only 4% of cases at 1 year postpartum 
[14]. Another study noted the presence of biliary 
sludge in up to 31% of pregnant patients and gall-
stone formation in 2% of cases [15].

Gallstones in humans are most commonly 
composed of cholesterol, with pigment stones 
occurring less frequently [2, 3]. Pigment stones 
occur in patients with hemolytic disorders or cir-
rhosis. Gallstones tend to grow for the first 
2–3 years of their formation and stabilize in size 
thereafter, with more than 85% being <2  cm 
diameter [2, 3].

Cholesterol gallstone formation occurs in 
stages beginning with the hepatic secretion of 
cholesterol supersaturated bile, followed by the 
accelerated nucleation and precipitation of cho-
lesterol monohydrate crystals and agglomeration 
and growth of cholesterol crystals into gallstones 
[1–3]. Gallbladder stasis and gallbladder dis-
motility provide the time required for these pro-
cesses to occur and progress [3]. It can be readily 
appreciated that pregnancy induces physiologic 
changes that influence each of these conditions, 
thereby promoting the formation of gallstones 
and biliary sludge.

 Biliary Colic and Acute Cholecystitis

Symptomatic cholecystitis with severe episodes 
of abdominal pain is generally more common 
during the puerperium and early months postpar-
tum than during pregnancy per se [2, 4–9, 14]. 
Approximately 40% of patients presenting with 
symptomatic cholelithiasis during pregnancy will 
require surgery during pregnancy [2, 4, 5, 7–9, 
13–16]. Patients will have a history of biliary 
colic prior to pregnancy in approximately 50% of 
the cases [14].

The clinical symptoms and features of biliary 
colic and acute cholecystitis are similar in both 
nongravid and pregnant patients. Mid-epigastric 
and right upper quadrant (RUQ) pain is the most 
frequent symptom of biliary colic, is present in 
60–90% of cases, and is present in more than 
95% of cases of acute cholecystitis [2, 4–9, 12–

16]. Nausea, vomiting, fatty food intolerance, 
and bloating may occur but can be associated 
with other conditions and are less helpful in 
establishing a diagnosis, occurring in 30–50% of 
patients [14]. Biliary causes of jaundice account 
for 5% of patients presenting with jaundice dur-
ing pregnancy [2, 5, 8, 9, 13, 14].

The differential diagnosis for the gravid patient 
presenting with RUQ pain includes acute viral 
hepatitis, acute alcoholic hepatitis, duodenal ulcer, 
acute pancreatitis, pulmonary embolus, acute 
myocardial infarction, right lower lobe pneumo-
nia, acute appendicitis, acute fatty liver of preg-
nancy, preeclampsia, and the HELLP syndrome 
(i.e., hemolysis, elevated liver enzymes, and low 
platelets) [2, 4, 5, 7–9, 14–16] (Table 11.1).

RUQ tenderness is the most common physi-
cal finding on clinical examination of the gravid 
patient with severe biliary colic or acute chole-
cystitis. However, Murphy’s sign, which is 
defined as the inability of a patient to take a 
deep breath when the RUQ is palpated deeply at 
the hepatic (costal) margin, is less commonly 
present in the pregnant patient [2, 4, 5, 7–9, 14–
16]. Fever and tachycardia may also be present 
[2, 4, 5, 7–9, 14–16]. It should be noted that 
acute appendicitis is more common, occurring 
4–5 times more frequently than acute cholecys-
titis during pregnancy [2, 4, 5, 7, 9, 14–16]. The 
pain of acute appendicitis may also localize to 
the right upper quadrant due to upward shifting 
of the viscera by the gravid uterus, particularly 
in the latter stages of pregnancy [2, 4, 7, 9, 
14–16].

Table 11.1 Differential diagnosis of acute right upper 
quadrant abdominal pain in pregnancy

Acute appendicitis
Acute fatty liver of pregnancy
Acute viral hepatitis
Acute alcoholic hepatitis
Duodenal ulcer
Acute pancreatitis
Pulmonary embolus
Right lower lobe pneumonia
Myocardial infarction
Preeclampsia
HEELP syndrome (hemolysis, elevated liver enzymes, 
and low platelets)
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 Imaging Studies and Diagnostic 
Testing

Laboratory values are of limited help in estab-
lishing a diagnosis, since they tend to be nonspe-
cific. Leukocytosis and elevated alkaline 
phosphatase levels are seen but are often nor-
mally elevated during pregnancy [2, 5, 7–9, 14, 
15]. Elevations of bilirubin may indicate the pres-
ence of choledocholithiasis, with the caveat that 
nonbiliary causes of jaundice are much more 
likely [2, 5, 8, 9, 13, 14]. Elevations of serum 
amylase or lipase indicate the presence of acute 
pancreatitis and when coupled with elevations of 
the serum bilirubin are consistent with a diagno-
sis of biliary pancreatitis [4, 5, 8, 9, 13–15].

Ultrasonography is the procedure of choice 
for determining the presence of gallstones in the 
gravid patient, with a sensitivity >95%. It is also 
capable of visualizing the pancreas, the intrahe-
patic and extrahepatic bile ducts, and other struc-
tures [2, 4, 7–9, 13–20].

Concerns regarding the effects of ionizing 
radiation on the developing fetus are understand-
able, and the decision to undertake diagnostic 
testing must be weighed carefully. Expeditious 
and accurate diagnosis, particularly in the evalua-
tion of the acute abdomen, should take prece-
dence over concerns for ionizing radiation [17, 
19, 20]. Exposure to <50 milligray (mGy) has not 
been associated with an increase in fetal anoma-
lies or pregnancy loss [17]. The risk of malforma-
tions significantly increases over control only at 
doses >150 mGy [17]. The cumulative radiation 
dosage should be limited to 50–100 mGy [17, 19].

CT scan is of limited use in the diagnosis of 
cholelithiasis but may be useful in the workup of 
the patient with jaundice. Contemporary multi- 
detector CT protocols deliver a low radiation 
dose to the fetus and may be used judiciously 
[19]. Magnetic resonance imaging without the 
use of intravenous gadolinium is considered to be 
safe and may be performed at any stage of preg-
nancy [19].

Radionucleotide imaging may be helpful in 
the diagnosis of acute cholecystitis by delineat-
ing cystic duct obstruction or in ruling out com-
mon duct obstruction in the nongravid patient. 

These techniques are also useful in the workup of 
postoperative complications such as bile leaks or 
biliary injuries. The use of these agents is cur-
rently considered to generally be safe for mother 
and fetus [19]. However, the use of these modali-
ties should always be weighed carefully.

Pre- or postoperative ERCP and intraoperative 
cholangiography have well-defined roles in the 
diagnosis and treatment of patients with choleli-
thiasis and suspected choledocholithiasis or other 
pathologies of the common duct. The lower 
abdomen should be shielded to decrease fetal 
radiation exposure and fluoroscopy should be 
used judiciously [6, 13, 17, 19].

 Medical Management of Biliary 
Colic

The management of biliary colic has traditionally 
been conservative, with an attempt to delay sur-
gery to the postpartum period [2, 4, 5, 14, 20, 21]. 
Proponents argue that up to 84% of patients can 
be successfully managed without surgical inter-
vention for an initial episode of biliary colic [14]. 
The decision to perform cholecystodochotomy is 
based on persistent pain, the inability to maintain 
hydration and oral intake, or the presence of com-
plications such as choledocholithiasis or acute 
pancreatitis.

This strategy is supported by data demonstrat-
ing that 5% of women incur adverse obstetrical 
outcomes after appendectomy or cholecystodo-
chotomy during pregnancy including cervical 
incompetence, preterm labor, vaginitis, vulvovagi-
nitis, or sepsis [21]. There is also an elevated risk of 
low birth weight and intrauterine growth retarda-
tion (IUGR) associated with surgery during preg-
nancy [6, 16]. Others have argued that early surgical 
intervention and laparoscopic approaches have in 
fact reduced overall morbidity and maternal and 
fetal complications, as well as decreasing hospital-
ization and emergency room visits [6, 16, 19].

The classic features of medical management 
include the use of analgesics to control discom-
fort, bed rest, intravenous fluids, and limited or 
no oral intake [2, 4, 5, 14]. Medications known to 
cross the placenta are avoided. Nasogastric 
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 suction is reserved for cases of severe, uncon-
trolled emesis. Some advocate the use of antibi-
otics “to prevent sequelae of acute cholecystitis” 
[6, 14]. However, this is controversial at best. The 
patients are followed closely during the course of 
their pregnancy, and surgery is planned for the 
postpartum period. Patients failing these mea-
sures are referred for surgical intervention.

 Surgical Management of Biliary 
Colic and Acute Cholecystitis

Laparoscopic cholecystodochotomy has become 
the standard method for elective cholecystodo-
chotomy in the management of cholecystitis and 
cholelithiasis in the nongravid patient. This pro-
cedure can be performed with an acceptably low 
incidence of complications and morbidity but is 
certainly capable of resulting in devastating or 
life- threatening injuries when it is performed 
improperly. Laparoscopic cholecystodochotomy 
has similarly become the procedure of choice for 
cholecystodochotomy during pregnancy with 
more than 600 successful cases having been 
reported to date [4, 6–9, 13–16, 19–21].

Advocates for surgery propose early, aggressive 
surgical therapy in order to reduce high-risk com-
plications and fetal death in particular [6–9, 13–16, 
19–21]. The decision to proceed with surgery must 
be individualized, and close interdisciplinary com-
munication and cooperation between the surgeon, 
the anesthesiologist, and the obstetrician is essen-
tial in order to provide optimal perioperative care. 
The safety of non-obstetric surgery and anesthesia 
during pregnancy is well- documented for nearly 
every operative procedure [21].

The SAGES guidelines on surgery in the preg-
nant patient [19] have affirmed that this is the 
procedure of choice, regardless of the trimester 
of pregnancy. That said, procedures performed in 
the second trimester procedures are the most 
common [4, 6–9, 13–21]. Procedures performed 
during the third trimester are more challenging as 
a result of the uterine size and the limitations 
imposed on space within the abdominal cavity.

Surgery is typically performed under general 
anesthesia. DVT prophylaxis should be 

 implemented and should include the use of pneu-
matic sequential compression devices [19]. The 
additional use of heparin is suggested by some 
authors, although data regarding its additive ben-
efit is lacking [14, 19]. It is noted that heparin 
does not cross the placenta and pregnancy may 
predispose the patient to venous thromboembolic 
disease for a variety of reasons [14]. Early ambu-
lation should be encouraged [19].

Standard noninvasive monitoring is considered 
to be sufficient for healthy parturients undergoing 
laparoscopic surgery. Hypoxemia, hypotension, 
acidosis, hypoventilation, and hyperventila-
tion must be avoided. Pneumoperitoneum dur-
ing pregnancy results in more pronounced 
restrictive lung physiology. CO2 insufflation of 
10–15 mmHg can be used safely. Intraoperative 
CO2 monitoring by capnography should be used 
during laparoscopy [14–16, 18–20]. The fetal 
heart rate and uterine activity should be moni-
tored pre- and postoperatively. There is increased 
risk of aspiration due to hormonally induced 
decreased LES tone and mechanical effects of the 
gravid uterus. Steps should therefore be taken to 
decompress the stomach. The supine hypotensive 
syndrome can occur due to aortocaval compres-
sion. Patients should be placed in the left lateral 
decubitus position or rotated and positioned so 
as to minimize vena cava and pelvic venous 
compression. Tocolytics should not be used pro-
phylactically but should be considered periopera-
tively when signs of preterm labor are present [4, 
6–9, 13–16, 18–21]. The routine use of prophy-
lactic antibiotics is controversial [4, 6–9, 13–16, 
18–21]. There is an argument against the use of 
prophylactic antibiotics in low-risk biliary sur-
gery based on current guidelines [19]. However, 
most surgeons opt to give antibiotics since acute 
cholecystitis and pregnancy increase surgical 
risk. A plan for open conversion must be under-
stood in advance, and the necessary equipment 
must be readily available prior to beginning the 
operation.

Trocar placement should be planned in rela-
tion to body habitus, uterine size, fundal height, 
and the location of any prior incisions. Modified 
trocar placements relative to the typical locations 
used in the nongravid patient are usually required 
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in late third trimester in order to avoid injury to or 
restricted motion due to the presence of the 
gravid uterus. Initial abdominal access can be 
safely performed using Hasson (open) trocar, 
Veress needle, or optical trocar [4, 6, 14, 16, 19]. 
Many authors prefer the use of open access tech-
niques for initial entry and establishing pneumo-
peritoneum. However, the Veress needle can be 
used safely, and initial entry at alternative punc-
ture sites such as Palmer’s point (LUQ) or the 
right upper quadrant (RUQ)  can be considered 
[4, 6, 14, 16, 19]. It is advisable to avoid placing 
the trocars too low on the abdomen since the 
uterus will significantly reduce the ability to 
safely maneuver instruments. The presence of a 
thick abdominal wall in the obese patient should 
also be taken into consideration since this will 
further reduce instrument maneuverability. The 
right lateral trocar should be positioned below the 
liver edge at the lateral fat stripe.

The procedure then commences using stan-
dard techniques. The gallbladder is grasped and 
careful traction is applied to lift the gallbladder 
and expose the infundibulum. The tensely dis-
tended or acutely inflamed gallbladder should be 
decompressed to increase maneuverability. The 
infundibulum is reflected downward and laterally 
to expose and open the triangle of Calot. The 
investing peritoneum is carefully opened and dis-
sected to expose and identify the cystic duct, cys-
tic artery, and the neck of the gallbladder. Use of 
energy sources should be minimized or avoided 
in order to reduce potential iatrogenic injuries 
[22]. Structures should not be ligated or divided 
until their identity is certain.

The role of intraoperative cholangiography is 
controversial in cholecystodochotomy and is no 
less so in the management of cholecystitis and 
cholelithiasis in the gravid patient. Some authors 
routinely perform cholangiography on both preg-
nant and nonpregnant patients [4–6, 13–16, 18, 
19]. Cholangiography can be performed safely 
by shielding the pelvis and with judicious use of 
fluoroscopy [4, 13, 14, 19]. If the procedure is 
performed, it is advisable to make a lateral 
cholecystodochotomy to facilitate placement of 
the catheter. Any abnormalities should be 
assessed and managed appropriately. Any injuries 

or common duct stones are dealt with using 
sound surgical principles.

Choledocholithiasis may be managed with 
preoperative ERCP with sphincterotomy fol-
lowed by lap chole, laparoscopic common bile 
duct exploration (LCBDE), or postoperative 
ERCP [6, 13, 14, 19]. Translaparoscopic stone 
retrieval can be accomplished via the cystic duct 
or common duct. Conversion to an open proce-
dure is always an acceptable option. The laparos-
copist should be capable of using stents, drains, 
balloons, and other techniques if common duct 
exploration is contemplated. Lithotripsy with 
lasers and intraluminal devices is helpful when 
available. Extracorporeal shockwave lithotripsy 
(ESWL) is contraindicated during pregnancy. 
Fluoroscopy and vascular access techniques 
facilitate instrumentation of the common duct. 
As has already been noted, the pelvis must be 
adequately shielded.

The dissection of the gallbladder from the gall-
bladder bed can be safely accomplished with elec-
trosurgical devices, lasers, the harmonic scalpel, 
and other energy sources [2, 4, 6, 8–10, 13–16, 
19]. Structures should be carefully identified and 
controlled prior to their division. Injuries due to 
stray energy are avoided by with careful tech-
nique. It is important to remember that many of 
these devices remain hot for variable periods after 
they have been deactivated and contact with adja-
cent structures can result in thermal injuries [22].

Compression of tissues at bleeding sites, irri-
gation, and frequent aspiration of blood and fluid 
improves visualization and control during the 
procedure. Aspiration of the vaporized tissue 
plume (smoke) is advisable in order to enhance 
visualization and to reduce maternal and fetal 
absorption of noxious substances present in the 
plume [4, 22]. Placement of oxidized regenerated 
cellulose or other topical hemostatic agents can 
enhance hemostasis in the liver bed.

Removal of the gallbladder after it has been 
completely dissected from the liver bed is facili-
tated by placing the gallbladder on the right lobe 
surface. A grasper is then inserted under direct 
vision, and the gallbladder is grasped. The use of 
a bag or pouch is advisable if the gallbladder is 
necrotic or if its wall is tenuous. The degree of 
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insufflation is reduced, and the trocar site wound 
is carefully enlarged. The gallbladder is decom-
pressed as needed. Any loose stones and debris 
should be removed as can be safely accom-
plished. The operative area should be irrigated 
and remaining fluid should be aspirated. The 
operative site and abdomen should be carefully 
inspected to verify that hemostasis is good and 
that there is no evidence of bile staining, injury, 
or other untoward event.

Perioperative care should focus on managing 
the patient’s discomfort, reducing anxiety, and 
promoting early ambulation. Preemptive analge-
sia enhances patient comfort, reduces stays, and 
reduces complications. Postoperative nausea and 
vomiting (PONV) can be addressed by pretreat-
ment with metoclopramide and/or ondansetron 
or other agents approved for use in the gravid 
patient. Oral analgesics should be started early. 
The use of NSAIDS such as indomethacin or 
ketorolac in the gravid patient is controversial, 
especially in third-trimester patients. 
Bupivacaine wound infiltration is helpful in 
reducing trocar site and abdominal wall discom-
fort [2, 4, 5, 14].

 Biliary Pancreatitis

The incidence of acute pancreatitis in pregnancy 
ranges from 1  in 1066 live births to 1  in 3000 
pregnancies [8, 13]. It appears to be more preva-
lent with advancing gestational age and occurs 
more commonly in the third trimester and during 
the postpartum period [8]. Significant maternal 
morbidity can occur including metabolic distur-
bances, sepsis, pancreatic necrosis, hypovolemic 
shock, and the need for intensive care unit admis-
sion and care [8, 13]. Acute pancreatitis increases 
the observed rates of preterm delivery, fetal dis-
tress, and fetal demise [13].

The majority of pancreatitis cases occurring 
during pregnancy are secondary to biliary sludge 
or gallstones, with alcohol-induced pancreatitis 
representing the second most common etiology 
[8, 13]. Conservative management of biliary pan-
creatitis has a high relapse rate in gravid patients 
and occurs in as many as 70% of cases [8].

The signs and symptoms of pancreatitis, 
including severe epigastric pain, are the same in 
the gravid and nongravid patient. Serum amylase 
and lipase levels are not normally altered by preg-
nancy, making the presence of significant eleva-
tions of these enzymes diagnostic for pancreatitis 
[8, 13]. Diagnostic imaging can be accomplished 
with ultrasound, CT scan, or MRI [13]. CT scan is 
not recommended for this purpose in pregnancy 
due to the degree of radiation exposure required 
and its inability to identify early indicators of nec-
rotizing pancreatitis and since other modalities 
are available [13]. Endoscopic ultrasound (EUS) 
can be used under sedation to document the pres-
ence of CBD stones and sludge and can be com-
bined with ERCP as both a diagnostic and 
therapeutic procedure [13]. MRCP is also useful 
in defining common duct pathology [13]. 
However, it should be noted that gravid patients 
with abdominal pain and elevated amylase and 
lipase do not require imaging in order to confirm 
a diagnosis of pancreatitis [8, 13].

The initial management of pancreatitis during 
pregnancy includes fluid resuscitation, nutrition, 
and pain control, as is generally the case for 
patients with pancreatitis. Cholecystodochotomy 
is the treatment of choice in biliary pancreatitis 
and is generally accomplished once the amylase 
and lipase levels have normalized with laparo-
scopic cholecystodochotomy as is described in the 
preceding section. It is advisable to verify that the 
common duct is free from stones, sludge, or other 
abnormalities using cholangiography, choledo-
choscopy, or ERCP [6–9, 13–16, 19–21]. Patients 
with severe pancreatitis and those with suspected 
cholangitis may be managed with ERCP and 
sphincterotomy to decompress the common duct 
and remove the obstructing stone or stones [13]. 
As with the milder case of pancreatitis, a subse-
quent cholecystodochotomy is performed.

 Summary

Cholelithiasis and cholecystitis are common dur-
ing pregnancy. Biliary sludge is present in 
25–30% of pregnant women, and gallstone for-
mation is detectable in 2% of cases. Asymptomatic 
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cholelithiasis occurs in 3.5% of pregnancies. 
Acute cholecystitis is the second most common 
non-obstetric surgical emergency of pregnancy 
with 40% of acute cholecystitis cases requiring 
surgery. Current recommendations state that 
pregnant patients with biliary colic have better 
outcomes and fewer hospitalizations and emer-
gency department visits if they undergo chole-
cystodochotomy. Patients with biliary pancreatitis 
during pregnancy should undergo cholecystodo-
chotomy and management of common duct 
stones with their initial presentation. Laparoscopic 
cholecystodochotomy appears to be safe in the 
gravid patient with gallbladder symptoms and is 
considered to be the procedure of choice in the 
symptomatic pregnant patient regardless of tri-
mester. The decision to commence, continue, or 
abort a laparoscopic cholecystodochotomy must 
be based on sound surgical principles.
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Upper and Lower Endoscopy 
for Gastrointestinal (GI) Bleeding 
in Pregnancy

Atoosa Rabiee and Baharak Moshiree

 Introduction

Each year, more than 12,000 US pregnant women 
are in need of upper endoscopy, and around 6000 
have conditions that may require lower endos-
copy for evaluation. Despite this large number of 
endoscopic procedures performed in the USA in 
pregnant women, research in this area is limited, 
and the safety of their performance needs further 
review. Of note, the spectrum of gastrointestinal 
disease in the pregnant patient is very similar to 
that in nonpregnant women, but common causes 
of gastrointestinal bleeding (GIB) in the acute 
setting may be different.

In general, gastroenterologists and obstetri-
cians agree that endoscopic procedures during 
pregnancy should be performed with great caution 
and with weighing of risks and potential benefits 
given their risk of maternal hypoxemia and hypo-
tension resulting in harm to the mother as well as 
fetal hypoxia and even fetal death. This risk 
involves both the procedure itself and the risk of 
the actual sedatives required during the various 
endoscopic procedures as we outline below. Other 

risks include but are not limited to intrauterine 
exposure of the fetus to radiation with risk of pre-
mature birth, malformations, mutations, and even 
intrauterine fetal death. Despite the risk of endo-
scopic procedures, however, there are instances 
where various endoscopic therapies and proce-
dures are indicated, and these are discussed below 
and categorized by type of procedure performed 
by gastroenterologists.

 Indications by Procedure

 Upper Endoscopy

The most common indications for an endoscopic 
gastroduodenoscopy (EGD) of the upper GI tract 
in pregnant patients include GI hemorrhage, dys-
phagia, and refractory nausea and vomiting 
(hyperemesis gravidarum or gastroparesis). In 
fact, over 12,000 pregnant women in the USA 
present annually with complaints that have an 
indication for upper endoscopy [1]. An ASGE 
survey in 1986 studied 73 endoscopies in preg-
nant patients with the most common indication 
being nausea and vomiting in 56% of cases with 
finding of esophagitis in 34% of cases. Among 
patients who presented with the indication of 
upper GI bleeding, the most common findings 
were esophagitis, followed by Mallory-Weiss 
tear, a tear in the mucous membrane of the esoph-
agus, and ulcers of various locations [2].
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The causes of GI bleeding may be different in 
pregnant versus nonpregnant females. In one 
population-based study of non-variceal upper GI 
bleeding (NVUGIB), for example, 1210 pregnant 
women and 6050 nonpregnant patients were 
identified who had upper endoscopy performed. 
The most common cause of NVUGIB was found 
to be a Mallory-Weiss tear in pregnant patients; 
however, peptic ulcer disease (PUD) and gastritis 
were more commonly seen in nonpregnant 
patients [3]. The proportion of upper endoscopic 
procedures that led to therapeutic intervention 
was similar for pregnant and nonpregnant women 
(8.9% vs. 7.2%). In this study, the frequency of 
maternal mortality and fetal loss was <1%. The 
authors concluded that given the self-limiting 
nature of Mallory-Weiss tears with often sponta-
neous healing and such low rates of necessary 
therapeutic intervention, perhaps endoscopy can 
be deferred in most patients who were hemody-
namically stable and with self-limited NVUGIB.

The case may be different however for vari-
ceal GIB.  Although cirrhotic women are less 
likely to become pregnant, the exact incidence is 
not known, and in rare cases of GIB, an upper 
endoscopy should be performed given a high 
mortality associated with variceal bleeding. 
Women with non-cirrhotic portal hypertension 
have normal fertility and will have 45% inci-
dence of variceal bleed during pregnancy with 
18–50% associated mortality. Variceal bleeding 
in this setting typically occurs in the second or 
third trimester. This could be attributed to 
increased fluid retention and cardiac output in 
pregnancy. Given the risk associated with vari-
ceal bleeding in cirrhotic women during preg-
nancy, and mortality associated with such bleed, 
the benefits of screening and preemptive inter-
vention outweigh the risk. Timing of screening 
for esophageal varices appears to be best in the 
second trimester [4].

Complications related to performance of 
upper endoscopy in pregnant women have been 
explored in a study of 83 women with follow-up 
of fetal outcomes [5]. The mean gestational week 
when endoscopy was performed was 19.8 ± 8.9. 
Despite the early performance of upper endos-
copy, no significant immediate complications 

were seen in the patients. Ninety-five percent of 
patients went on to deliver healthy babies, with 
four poor outcomes recorded; however, none of 
these poor outcomes (three stillbirths and one 
abortion) were related to upper endoscopy per-
formance. Nine of the infants had low birth 
weight, but this was not significantly higher than 
the national control rates. Mean Apgar score was 
also similar to the national control groups. No 
congenital malformations were reported in any of 
the infants. Diagnostic yield of upper endoscopy 
in these patients approached 95% for acute GI 
bleeding and ranged from 50% to 82% for the 
other indications.

The safety of upper endoscopy in the first tri-
mester has been demonstrated when looking at 
other retrospective studies of 60 pregnant patients 
who underwent upper endoscopy showing no sig-
nificant difference in gestational age at delivery, 
fetal weight, and mean Apgar score. No fetal 
malformations were observed [6]. Although per-
formance of the upper endoscopy was useful for 
treatment of upper GIB, for those with indica-
tions of nausea, vomiting, or suspected hyper-
emesis gravidarum, the endoscopic findings did 
not change the treatment. Despite the low risk 
associated with performance of upper endoscopy 
in pregnant patients, we propose holding its per-
formance until after delivery in those patients 
with nausea, vomiting, and abdominal pain as 
predominant symptoms and reserving its perfor-
mance for those with upper GIB and hemody-
namic instability who would benefit most from 
endoscopic therapies as mentioned above.

 Procedure Description
Once the above considerations are first discussed 
with the patient and their obstetrician, an upper 
endoscopy can be performed with cautious use of 
the minimal amount of sedation necessary and 
with monitoring of the fetus throughout the pro-
cedure. An upper gastrointestinal endoscopy 
(esophagogastroduodenoscopy, EGD) involves 
the visualization and assessment of the orophar-
ynx, esophagus, stomach, and proximal duode-
num, with interpretation of the findings for 
purposes mainly of diagnosing the cause of gas-
trointestinal bleeding in a pregnant patient. An 
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appropriate patient selection as discussed above 
is paramount to performance of the upper endos-
copy with clear indications for this procedure 
outlined by the American Society for 
Gastrointestinal Endoscopy (ASGE) (2012) [7]. 
In general, an upper endoscopy is indicated if the 
results cannot be otherwise obtained by less inva-
sive methods such as radiographic evaluation or 
if a therapeutic strategy is needed to treat a 
patient’s condition, for example, in case of coag-
ulation in a patient with GI bleeding. If results do 
not alter management decisions, then an upper 
endoscopy is not warranted. Once the decision is 
made to perform an upper endoscopy, consider-
ations for patient preparation are made, and these 
include diet (no solid food until 4 h prior and no 
clear liquids up to 2 h prior to testing) [8]. Most 
other medications can be continued up to the time 
of the endoscopy with small sips of water. No 
other routine preprocedure testing is required 
unless the patient is taking anticoagulation. 
Hemoglobin or hematocrit should be checked if 
the patient is having bleeding with appropriate 
coagulation studies. Appropriate sedation man-
agement in the pregnant patient also will include 
evaluation of the airway to make sure the airway 
is not difficult to manage (i.e., the uvula is visi-
ble) or that airway obstruction is not a risk due to 
patients’ obesity. Prior to the procedure, a topical 
pharyngeal anesthesia may be applied with an 
agent such as benzocaine spray. Patients are typi-
cally placed on their left side with the neck flexed 
forward [9]. The endoscope is then passed from 
the mouth above the tongue with limited visual-
ization of the oropharynx and then above the 
hypopharynx. The endoscopist can often view 
the epiglottis, the vocal cords, both the piriform 
sinuses, and the arytenoid cartilages, but that is 
not a part of the usual upper endoscopy. Once 
these are visualized, the endoscopist makes sure 
not to intubate the trachea and enters posterior at 
the piriform sinuses into the upper esophageal 
sphincter with the use of air insufflation from the 
endoscope and with use of mild pressure. The 
rest of the upper GI tract, the esophagogastric 
junction, the stomach, and the duodenum are all 
visualized using air insufflation and visual 
inspection with the endoscope. Photographs of 

any abnormal findings such as a diverticulum, 
hernia, tumor, or polyp can be made during the 
procedure. To better inspect the proximal portion 
of the stomach called the cardia and fundus, the 
scope is retroflexed by the endoscopist during the 
procedure. Rotation of the endoscope and for-
ward and backward movements allow for visual-
ization of different segments of the upper GI tract 
including the pylorus, incisura, antrum, and duo-
denal bulb. These are all areas where ulcers or 
erosions may be seen. If a biopsy is needed, it is 
obtained through the accessory channel located 
on the endoscope and advance to the lesion; then 
a pinch biopsy is obtained using the forceps.

 Therapeutic Endoscopy

Endoscopic hemostatic techniques for non- variceal 
hemorrhage include injection (epinephrine, scle-
rosing agents), ablation (electrocoagulation, ther-
mocoagulation, photocoagulation, or argon 
plasma), and compression (hemoclips, snares, 
graspers, or sutures). In the few reports available 
regarding safety of these techniques in preg-
nancy, all patients had successful outcomes 
except one patient who had to undergo surgery 
due to ongoing GIB.  Fetal outcomes were all 
favorable without any malformation or fetal 
deaths reported [5, 6, 10, 11]. Of note, each thera-
peutic technique is chosen from expert opinion 
based on studies in nonpregnant patients. Data is 
not available for all therapeutic techniques in the 
pregnant population.

 Epinephrine
Epinephrine is considered safe although it is a 
category C medication and may theoretically 
cause a decrease in uterine blood flow through its 
vasoconstricting effects. However, no adverse 
events have been reported to date with the use of 
epinephrine in pregnancy [12, 13].

 Thermoablation
In terms of thermoablation techniques, the poten-
tial risk includes the electrical current conducting 
through amniotic fluid to the fetus [14]. Proposed 
techniques are to place a grounding pad in a way 
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that the uterus is not located between the electri-
cal catheter and the pad. Bipolar cautery should 
be used as much as possible. Although electro-
cautery is relatively safe when used for sphincter-
otomy and hemostasis, in cases of polyp removal, 
this should be postponed until after delivery.

 Band Ligation
Although the data for pregnant patients with vari-
ceal GIB is very limited, prophylactic band liga-
tion is generally thought of as safe during 
pregnancy. When bleeding cannot be stopped in 
cirrhotic patients post-band ligation, transjugular 
intrahepatic portosystemic shunt (TIPS) is indi-
cated [15–20].

This procedure allows for creation of a con-
nection between the hepatic vein and the intrahe-
patic portal vein which would allow blood to flow 
from portal vein to the inferior vena cava and 
back to systemic circulation with little resistance. 
These procedures are high risk and performed 
only in tertiary care settings, and given their rare 
occurrence in pregnancy, no conclusions can be 
made as far as their efficacy and safety.

 Sigmoidoscopy and Colonoscopy

Although upper endoscopies appear to be fairly 
safe during pregnancy, colonoscopies and sig-
moidoscopies may lead to potential harm to the 
fetus. More than 6000 pregnant women have con-
ditions requiring colonoscopy per year in the 
USA [1].

In a study of 46 patients, 48 sigmoidoscopies 
and 8 colonoscopies were done during preg-
nancy. Of these, 18 patients were in their second 
trimester (N  = 18), 13 patients in their first tri-
mester, and 15  in their third trimester. Ninety- 
three percent of these patients delivered healthy 
babies, but there were four voluntary abortions 
and one unknown outcome. Mean Apgar scores 
were not significantly different from controls. 
Although fetal demise occurred in the high-risk 
pregnancies, this was not related to the perfor-
mance of sigmoidoscopy or colonoscopy [10]. 
Sigmoidoscopy was diagnostic in 59% of 46 
patients, specifically when the reason for its per-

formance was lower gastrointestinal bleeding 
(hematochezia). Among 17 patients undergoing 
sigmoidoscopy for other indications, diagnoses 
included ulcerative colitis (2), non-specific coli-
tis/proctitis (2), and postsurgical anastomotic 
ulcer (1).

Similarly, another retrospective study of 20 
pregnant patients who underwent colonoscopy 
also showed no evidence of fetal distress during 
colonoscopy as assessed by fetal heart rate 
monitoring, and patients even had similar or 
lower rates of unfavorable outcomes than healthy 
controls [10].

In a more recent study, 42 pregnant patients 
with inflammatory bowel disease underwent 
lower GI endoscopies. Two spontaneous abor-
tions were found and were temporally related to 
endoscopy; however, the rates of spontaneous 
abortion were not more frequent than in controls. 
Median birth weight was significantly lower in 
patients with IBD than in controls, but no signifi-
cant difference in terms of gestational age at 
birth, congenital malformation, or Apgar score 
was observed [21].

Overall lower endoscopy, specifically sig-
moidoscopy, can be safely performed in pregnant 
patients. However, the procedure should be lim-
ited to patients with appropriate indications such 
as hematochezia or significant diarrhea or 
abdominal pain. The procedure should be 
deferred for elective indications such as change 
in bowel habits or colon cancer screening.

 Procedure Description
If a colonoscopy or sigmoidoscopy needs to be 
performed in a pregnant patient for evaluation of 
ongoing and significant diarrhea with weight 
loss, abdominal pain without other etiology 
found, or hematochezia, several considerations 
should be made first. The joint American Society 
for Gastrointestinal Endoscopy/American 
College of Gastroenterology Taskforce on 
Quality in Endoscopy has advocated several 
quality indicators before, after, and during a colo-
noscopy. In summary some of these include ade-
quate patient preparation with a laxative prior to 
the procedure for purposes of adequate visualiza-
tion of the mucosa examined; adequate 
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 assessment of sedation as with upper endoscopy 
above, bleeding risk assessment, and a detailed 
review of risks and benefits; and adequate skills 
including with withdrawal time, documentation, 
and assessments post-procedure [22–24]. Several 
validated scoring systems can be used to assess 
the adequacy of the preparation. Adequate prepa-
ration means no fiber or high residue diet (only 
clears) the day prior to endoscopy and several 
laxatives that are administered to obtain a clear 
stool. Patients cannot eat for 4–8 h prior to the 
procedure. The same recommendations are made 
with regard to medications, sedation issues, and 
laboratory data prior to performing the proce-
dure. One option for sedation for colonoscopy 
and sigmoidoscopy which is unique to lower 
endoscopy may be no sedation if this can be tol-
erated by the patient as it does provide for less 
risk to the fetus. In most cases, either moderate or 
deep sedation is necessary to complete the 
procedure.

The colonoscope and sigmoidoscopic proce-
dures involve a high-definition white-light colo-
noscope, usually with a diameter of 11  mm, 
which is flexible and has variable stiffness. The 
scope is then advanced with the patient in the left 
lateral decubitus position, unless the patient has 
an ostomy or a postsurgical anatomy, and is 
advanced into the anal canal after a digital rectal 
examination. A standard gel lubricant can be 
used for examination of the perianal region and 
digital examination. The tip of the colonoscope is 
then inserted into the rectum with air insufflation, 
suctioning of residual fluid, and pulling back of 
the colonoscope to enable visualization. An 
insertion and withdrawal method is used to 
advance through the rectum to the sigmoid, 
descending, transverse, ascending colon and then 
cecum and even the terminal ileum. Several tech-
niques are used to advance the scope including 
turning the knobs left and right while filling the 
colon with either air or water for insufflation and 
better visualization, aspirations of air and fluid, 
and further intubation with stiffening of the colo-
noscope. Typical maneuvers used in the nonpreg-
nant patient such as changing patient’s position 
to prone positioning and use of abdominal pres-
sure should not be performed in the pregnant 

patient given the obvious risks to the fetus with 
increased abdominal tension. Minimal air insuf-
flation should be done to adequately examine the 
mucosa for any abnormalities that may lead to 
patient’s bleeding. Excessive air insufflation 
could result in patient discomfort with need for 
more sedation which is not optimal in this patient 
setting.

One known risk of colonoscopy is the risk of 
perforation which occurs in varying rates of 
0.01–0.1% for screening, not diagnostic colonos-
copy as what would be done in this setting.

If perforation is suspected in a patient with 
severe abdominal pain or fevers after the proce-
dure or during the procedure, an immediate 
abdominal radiograph (plain and upright or lat-
eral decubitus) and an upright chest radiograph 
should be obtained [25]. If plain films are normal 
but there is a high suspicion of perforation, an 
abdominopelvic computed tomography scan 
with water-soluble contrast should be obtained. 
All patients with perforations should receive 
intravenous fluids and broad spectrum antibiot-
ics. Although some perforation can be repaired 
endoscopically, many patients with perforations 
will require surgery; therefore, colonoscopy and 
flexible sigmoidoscopy should only be done in 
the pregnant patient if absolute indications as 
noted above exist and not for screening 
purposes.

 Endoscopic Retrograde 
Cholangiopancreatography

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is a therapeutic and diagnostic pro-
cedure performed most commonly in pregnant 
patients for suspected cholangitis when a gall-
stone is suspected to be obstructing the bile duct. 
Indications of ERCP include biliary pancreatitis, 
choledocholithiasis, and cholangitis which can 
themselves lead to fetal demise if left untreated.

This procedure normally carries more risk 
even in the nonpregnant individual with risk of 
pancreatitis seen in 3–5%, bleeding risk of 2%, 
and perforation risk of less than 1%. ERCP is 
not uncommonly done in pregnant patients. In 
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one study of 23 pregnant patients who had 29 
ERCPs, most of which were done in the first 
trimester (N = 15), investigators found pancre-
atitis in one patient, spontaneous abortion in 
another patient (3 months post-ERCP), and one 
neonatal death with no apparent causal rela-
tionship to ERCP.  Authors concluded that 
diagnostic and therapeutic ERCP can be done 
in a reasonably safe and effective way in 
 pregnancy [26].

Radiation exposure to the fetus given the need 
to use fluoroscopy with ERCP performance is 
another risk of ERCP which is often used as the 
reason for delay of procedure unless it is abso-
lutely indicated. In 1 study of 17 ERCPs in preg-
nant patients, the mean fluoroscopy time 
was 14 s. Estimated fetal radiation exposure 
was 40 mrad. Complications included post- 
sphincterotomy bleed in one patient and post- 
ERCP pancreatitis in another patient. Two women 
developed third trimester preeclampsia, in both 
of which labor had to be subsequently induced 
[27]. Radiation remains a major concern during 
ERCPs, and exposure depends on patient body 
size, gestational age, and exposure technique 
[28]. Although external shielding is common 
practice, a majority of radiation exposure still 
affects the pregnant patient. The most effective 
way is to reduce fluoroscopy time and overall 
radiation exposure as well as collimating the 
beam to the area of interest.

A larger study of 65 pregnant patients under-
going 68 ERCPs with median fluoroscopy time 
of 1.45  min showed no procedure related to 
maternal or fetal death. Post-ERCP pancreatitis 
was diagnosed in 11 patients. Almost 90% of 
patients carried to term, with patients having 
ERCP in their first trimester with lowest percent-
age of term pregnancy (73.3%) and highest risk 
of preterm delivery and low birth weight. None of 
these patients had spontaneous fetal loss, perina-
tal death, stillbirth, or malformation [29].

ERCP can also be done without use of fluoros-
copy and by using wire-guided cannulation tech-
nique. Cannulation then can be confirmed by bile 
aspiration or visualization of bile around the 
guidewire [30–32]. If possible, ERCP should be 

performed after the first trimester when organo-
genesis is complete. It is also important that an 
experienced advanced endoscopist performs the 
procedure with consultation from an 
obstetrician.

 Procedure Description
ERCP is a technically advanced endoscopic pro-
cedure which requires advanced training by a 
gastroenterologist or surgeon. A specialized side- 
viewing upper endoscope is guided through the 
oropharynx and into the esophagus, stomach, and 
then the duodenum, allowing for examination of 
the bile and pancreatic ducts. A contrast medium 
is utilized in visualizing the anatomy of the bile 
ducts using radiologic visualization and for pur-
poses of therapies such as stone removal and dila-
tion of the small-sized bile ducts using balloons 
and other specialized instruments [33]. As noted 
above, the considerations for an ERCP are few in 
the pregnant patient. Similar considerations with 
regard to preparation, diet and patient assessment 
should be performed prior to the procedure much 
like with upper endoscopy; however, patients 
having an ERCP may require more sedation.

Most ERCP complications are apparent dur-
ing the first 6 h after the procedure; therefore, 
post-procedure recovery of patients is paramount 
in ensuring lack of adverse post-procedure events 
such as post-ERCP pancreatitis, bleeding, sepsis, 
or perforation and for continued monitoring of 
the fetus [34, 35]. Other causes of abdominal 
pain following ERCP include discomfort due to 
air insufflation and perforation.

Differentiating pain due to air insufflation ver-
sus post-ERCP pancreatitis can be difficult espe-
cially as even the pancreatic enzymes are often 
elevated in a majority of patients without post- 
ERCP pancreatitis. In general, if the serum lipase 
is less than three times the upper limit of normal, 
pancreatitis is unlikely (specificity of 85–98%). 
However, although immediately after the ERCP 
pancreatic enzyme levels may be elevated, if sus-
picion for pancreatitis is high, amylase and lipase 
should be repeated after at least 4  h post- 
procedure for adequate diagnosis of acute post- 
procedure pancreatitis [36].
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 Medications Used for Sedation 
During Endoscopic Procedures

 Narcotics for Sedation

Category B and C medications can be used dur-
ing endoscopic procedures to provide sedation. 
Meperidine is considered a category B medica-
tion and is a preferred medication over morphine 
which is category C during pregnancy. Meperidine 
however has been associated with loss of fetal 
beat-to-beat cardiac variability, but this finding is 
not associated with fetal distress [37, 38]. Another 
class of narcotics, fentanyl, is also considered 
category C and is embryocidal in rats [39] and 
therefore is seldom used in the pregnant popula-
tion. Overall, meperidine is preferred over fen-
tanyl and morphine in pregnant patients 
undergoing endoscopy.

 Benzodiazepines

The preferred benzodiazepine in pregnancy is 
midazolam, and its use has not been associated 
with congenital anomalies. If possible, mid-
azolam should be avoided in the first trimester 
due to concern for congenital malformations [1]. 
Diazepam is a long-acting benzodiazepine and 
should not be used for sedation in pregnant 
patients due to its association with cleft palate 
and neurobehavioral disorders [40–42].

 Barbiturate-Like Sedatives

Propofol is a short-acting barbiturate-like 
agent used for general anesthesia and proce-
dural sedation such as during ERCPs and can 
be administered by a trained anesthesia pro-
vider given its narrow therapeutic index and 
need for close monitoring. Safety in the first 
trimester is not well studied [43]. Propofol use 
is associated with nausea, cough, burning in IV 
site, skin rash, numbness or tingling, agitation/
anxiety, and muscle pain in the general 
population.

 Topical Anesthesia

Topical anesthetics such as lidocaine can be used 
to decrease gag reflex during an upper endos-
copy, and this is considered a category B medica-
tion. No fetal malformations have been associated 
with its use in the first trimester [39].

Overall, none of the above currently used 
anesthetic agents in standard concentrations at 
any gestational age have been associated with 
any teratogenic effect in humans [44].

 Colonic Preparation

A common colonic preparation given prior to 
colonoscopic evaluations is polyethylene glycol 
which is an osmotic laxative. Polyethylene glycol 
solutions are considered category C in pregnancy. 
Sodium phosphate preparations are also consid-
ered category C but should be used with great 
caution due to the potential fluid and electrolyte 
abnormality [45]. We advocate use of PEG for-
mulation in pregnant patients who need to 
undergo lower endoscopy.

 Proton Pump Inhibitors

Fetal safety of proton pump inhibitors has been 
studied in pregnancy. In a large meta-analysis 
[46], a total of 1530 exposed patients were com-
pared to 133,410 not exposed pregnancies. 
There was no increased risk for major congeni-
tal birth defect, spontaneous abortion, or pre-
term labor. In another nationwide cohort study 
of 840,968 live births with 5082 infants exposed 
to PPI during pregnancy, there was no signifi-
cant association between the use of PPI in the 
first trimester and major birth defects. There 
was also no significant association between the 
use of any specific PPI and the risk of birth 
defect. This study followed the children for 1 
year after birth [47]. These results provide reas-
surance that PPIs can be safely used during 
pregnancy for reflux symptoms or peptic ulcer 
disease.
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 Summary and Recommendations

Risks of upper and lower endoscopy and ERCP 
have to be weighed against their benefit; however, 
in general, based on the body of existing evidence 
in pregnant patients, upper endoscopies are rela-
tively safe during pregnancy. If these procedure 
can be delayed until after delivery, we often pro-
pose that they should be. In case of ERCPs, given 
risk of post-ERCP pancreatitis and radiation 
exposure to the fetus, these should only be done 
during pregnancy when therapeutic intervention 
is indicated and not for diagnostic purposes. 
Otherwise, this can be done after delivery.

Due to lack of evidence in the pregnant popu-
lation and based on ASGE guidelines, endoscopy 
should be deferred to the second trimester and in 
those with strong indications after a careful 
assessment of risk versus benefits. Only patients 
with the greatest therapeutic benefit should have 
endoscopy performed, and in those with hemody-
namic stability and GIB, perhaps watchful wait-
ing may be optimal given the most common 
causes of UGIB are Mallory-Weiss tear and PUD. 
Decision to monitor fetal heart rate and uterine 
contractions should be made with an obstetrician 
and would depend on gestational age [48].

In a recent study, 1,592,225 pregnancies in 
1,002,604 women, 0.19% (3052) were exposed 
to endoscopy during pregnancy (upper 2025, 
lower 1109, ERCP 58). Any endoscopic proce-
dure during pregnancy was associated with 
increased risk of preterm labor or small for gesta-
tional age. There was no increase in congenital 
malformation or stillbirth. These results were 
independent of trimester of pregnancy. Restricting 
the data to women without a diagnosis of IBD, 
celiac disease, or liver disease, endoscopy during 
pregnancy was not associated with preterm birth. 
This nationwide population-based cohort study 
showed that the risk of endoscopy during preg-
nancy was small and likely due to intra-familial 
or disease activity [49].

A few suggestions have been made regarding 
patient positioning during anesthesia and other 
pulmonary risks related to their positioning. 
Patients in the second or third trimester should 
not be positioned on their back before, during, or 

after the procedure to avoid maternal hypoten-
sion and decreased placental perfusion. There is 
also higher chance of aspiration in pregnant 
patients compared to nonpregnant controls; 
therefore, patients should be strictly NPO for at 
least 6 h prior to endoscopy.

Based on guidelines from gastrointestinal 
endoscopy (GIE) [50], endoscopists should 
always have a strong indication when proceeding 
to endoscopy. Endoscopy should be postponed to 
the second trimester if at all possible when the 
organogenesis is complete. When sedation is 
needed, the lowest effective dose of sedative 
medication should be used. Procedure time 
should be very short to minimize sedation expo-
sure and aspiration. To avoid vena caval or aortic 
compression, pregnant women should be posi-
tioned in left pelvic tilt or left lateral position. 
Fetal heartbeat should be detected before seda-
tion as well as after the endoscopic procedure. 
Obstetric support should be available whenever 
pregnancy-related complications occur. Placenta 
abruption, imminent delivery, ruptured mem-
branes, and eclampsia are defined as obstetric 
complications of endoscopy; however, these are 
not seen commonly and may be theoretical risks.

When adherence to above risk assessments is 
made, however, any of the endoscopic procedures 
are safe for the fetus and the mother with positive 
outcomes that outweigh risks of the procedures. 
Finally, endoscopy remains an important diag-
nostic and therapeutic procedure for evaluation 
of gastrointestinal symptoms in pregnant patients. 
Overall, endoscopy appears to be safe, especially 
if performed after the first trimester. The pres-
ence of an experienced endoscopist working 
closely with the patient’s obstetrician is of utmost 
importance.
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Small Bowel Obstruction 
and Volvulus During Pregnancy

James M. Bardes and Daniel Grabo

 Introduction

Bowel obstructions are one of the most common 
causes of surgical admissions in the pregnant 
patient. In pregnancy, only acute appendicitis and 
acute cholecystitis are more common [1]. Rates 
vary from 1 in 1,500 to 1 in 16,000 and increase 
as the pregnancy progresses [2]. Similar to the 
general surgery population, adhesive small bowel 
disease causes the majority of cases, up to 70% in 
some series. Volvulus, however, is much more 
common in the obstetric population than in the 
general surgical population. Cecal volvulus 
causes 25–40% of mechanical bowel obstruc-
tions in pregnant patients [1]. Bowel obstruction 
that progresses to bowel ischemia and necrosis 
puts the developing fetus at risk. Estimates of 
fetal loss range from 17–26% after the develop-
ment of bowel necrosis. Maternal mortality can 
also be high in this setting, and risk appears to 
worsen as the pregnancy progresses. Maternal 
mortality may be as low as 2% in the first trimes-
ter but increases to 10–20% in the third [1, 3]. 
Because of this serious risk, the physician must 

maintain a high index of suspicion to rapidly 
diagnose and treat this condition.

 Presentation and Initial Evaluation

Most patients with small bowel obstruction will 
present similarly with cramping, intermittent 
abdominal pain, accompanied by nausea and 
vomiting. Patients will frequently complain of 
diffuse pain with a feeling of bloating and 
abdominal distension. Obstipation will be an 
additional key complaint. Unfortunately, these 
are similar symptoms to normal pregnancy in 
many women, and a high index of suspicion is 
necessary to identify a bowel obstruction. A thor-
ough past medical history should be taken focus-
ing on a history of abdominal surgeries including 
cesarean section, history of pelvic inflammatory 
disease, and any history of hernia.

Physical exam will reveal a distended and 
tympanic abdomen. Classically, the description 
of high-pitched bowel sounds has been associ-
ated with small bowel obstruction; however, the 
absence of this finding should not be reassuring. 
The physician should carefully examine the 
abdomen for prior surgical scars, as well as check 
the umbilicus and groin for hernias. Sites of ten-
derness should be identified, and the patient eval-
uated for signs of peritonitis. A digital rectal 
exam should be performed to rule out distal 
obstruction or impaction. Fevers and tachycardia 
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are concerning signs for bowel ischemia and 
should prompt further evaluation.

Initial management includes laboratory analy-
sis of blood chemistry panels as electrolyte 
abnormalities are commonly due to the poor oral 
intake and vomiting often associated with bowel 
obstructions. Renal function and volume status 
should be checked and patients given intravenous 
(IV) fluids for hydration as needed. A hypochlo-
remic, hypokalemic, metabolic alkalosis is com-
mon after prolonged vomiting. This same pattern 
can be seen with prolonged nasogastric tube 
(NGT) drainage. Complete blood counts should 
be sent as well to evaluate for leukocytosis. 
Similarly lactate should be checked, as elevations 
in these labs can be a sign of bowel ischemia.

Imaging will be required to diagnose a bowel 
obstruction and may assist with identifying the 
etiology. Plain abdominal X-ray should be the 
first imaging modality ordered. Bowel dilation 
and air-fluid levels are diagnostic for the presence 
of an obstruction (Fig. 13.1). Often no gas will be 
seen in the rectum (Fig. 13.2). Plain X-ray is gen-
erally non-specific as to the etiology of an 
obstruction; however, volvulus will have a dis-
tinct X-ray finding. Cecal volvulus will be seen 
extending to the left upper quadrant and have a 
coffee bean shape (Fig. 13.3). Sigmoid volvulus 
will extend toward the right upper quadrant and 
have an omega shape (Fig. 13.4).

Computed tomography (CT) imaging with IV 
contrast is considered superior to plain X-ray 
imaging for bowel obstruction and has been 
shown to be up to 93% accurate at diagnosing an 
obstruction [4, 5]. A CT can often provide the 
location of the obstruction, evaluate for ischemia, 
and may be able to differentiate between com-
plete and partial small bowel obstructions. Signs 
of ischemia will include free fluid, decreased 
bowel wall enhancement, bowel wall thickening, 
swirling of the mesentery, and mesenteric venous 
congestions (Fig.  13.5). Portal venous gas is a 
late finding and should raise concern for bowel 
necrosis. A CT will provide additional informa-
tion on the severity of bowel distension and can 
show high-risk factors such as a transition point 
or fecalization of the small bowel (Figs. 13.6 and 
13.7). The addition of oral contrast can be benefi-
cial during CT imaging. The use of gastrografin 
will be discussed in the section on adhesive small 
bowel disease, but this agent can be both diag-
nostic and therapeutic in the treatment of a small 
bowel obstruction. Given the high risk for mater-
nal and fetal mortality from an untreated obstruc-
tion, imaging will likely outweigh the potential 
risk of radiation exposure. Guidelines published 
in 2008 indicate the standard abdominal and pel-
vic CT likely delivers a radiation dose below the 
threshold for teratogenesis. However, these same 
guidelines do note the risk for carcinogenesis 

a b

Fig. 13.1 (a) Plain X-ray of a 27-week pregnant female with multiple dilated loops of small bowel secondary to adhe-
sive small bowel disease. (b) Plain X-ray of a small bowel obstruction with multiple air fluid levels (white arrows)
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does increase from a baseline of 1 in 2000 to 2 in 
2000 [6]. The physician should counsel patients 
on the risks and benefits of imaging.

To avoid ionizing radiation, some physicians 
will use alternative imaging modalities such as 
magnetic resonance imaging (MRI) or ultrasound 
(U/S). MRI is infrequently used in the setting of 
a bowel obstruction. MRI takes significantly lon-
ger than plain X-ray and CT imaging. MRI also 

requires patients to lay flat for prolonged periods 
of time; this can be problematic in the severely 
nauseated patient and place them at risk for an 
aspiration event. Despite these limitations, for 
patients early in pregnancy, or those with 
 significant radiation concerns, MRI is a reliable 
alternative to diagnose bowel obstruction. 

Fig. 13.2 Plain X-ray of a 27-week pregnant female with 
adhesive small bowel obstruction. Note the lack of air in 
the rectum inferior to the visualized fetus. Dilated small 
bowel loops (white arrow) can be partially visualized in 
the upper abdomen

Fig. 13.3 X-ray of cecal volvulus (white arrow)

Fig. 13.4 X-ray of Sigmoid volvulus with classic omega 
shape

Fig. 13.5 CT imaging of a patient with a small bowel 
obstruction. Note the fluid-filled dilated loops of bowel. 
The mucosa can be seen enhancing symmetrically. 
However, there is free fluid, concerning for ischemia 
(white arrow)

13 Small Bowel Obstruction and Volvulus During Pregnancy
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The accuracy of MRI has been reported as high 
as 92% for diagnosis of bowel obstruction [7]. 
U/S is another imaging modality that is not com-
monly used for bowel obstruction. While it can 
identify bowel dilation and free fluid, there is 
limited experience with its use.

Overall, the treatment algorithm for pregnant 
patients is similar to nonpregnant patients. After 
the initial evaluation, if there is no concern for 
acute bowel ischemia, most patients are managed 
nonoperatively. Treatment begins with insertion 
of an NGT, correction of electrolyte abnormali-
ties, and IV hydration. Serial abdominal exams 
and laboratory tests are important to detect signs 

of worsening obstruction and potentially isch-
emia. Specific causes of bowel obstruction and 
their differing treatments are discussed below.

 Adhesive Small Bowel Disease

Adhesive disease causes the majority of small 
bowel obstructions in both the general surgical 
population and obstetric patients. Any previous 
abdominal or pelvic surgery puts a patient at risk 
for adhesive small bowel obstruction. Repeated 
episodes of pelvic inflammatory disease can also 
lead to pelvic adhesions forming and causing 
obstruction. The majority of patients, 80%, with 
adhesive disease are treated successfully nonop-
eratively. The use of gastrografin as a diagnostic 
and therapeutic contrast agent has been repeat-
edly trialed in the nonpregnant population with 
positive results [8–10]. Several different proto-
cols exist, but the general principles are the same 
(Fig.  13.8). The hyperosmolar contrast is given 
via the NGT after the stomach has been decom-
pressed. Serial abdominal X-rays are taken to 
evaluate for contrast progress through the small 
bowel and into the colon (Figs. 13.9 and 13.10). 
The contrast is felt to decrease bowel wall edema, 
which assists with resolution of small bowel 
obstructions related to adhesive disease. Failure 
for the contrast to pass into the colon, or to cause 
a bowel movement, within 8–24 h has been asso-
ciated with the need for operative intervention. 
These protocols are generally successful in 
relieving small bowel obstructions or identifying 
patients that require an operation sooner. Trials 
have shown a decreased rate of bowel necrosis, 
and bowel ischemia, when patients failing con-
servative management are identified earlier in 
their care.

For patients with repeated admissions for 
small bowel obstruction, or those that fail a gas-
trografin challenge, operative intervention is 
needed. If the bowel can be adequately decom-
pressed with an NGT, and the abdomen is not 
severely distended, a laparoscopic approach can 
be considered. Frequently, there is one adhesive 
band causing an obstruction, and simply  releasing 
this band will relieve the obstruction. However 

Fig. 13.6 CT imaging of a transition point in the right 
lower quadrant (white arrow)

Fig. 13.7 CT imaging of a small bowel obstruction. The 
fecalization of the small bowel (white arrow) represents a 
patient at higher risk for failing conservative 
management
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Gastrografin Protocol 

(Use only in patients with a history suggestive of adhesive small bowel
obstruction and no signs of ischemia)

Place NG tube and confirm location with abdominal XR
Decompress stomach with low intermittent suction for 30 minutes

Administer 50 cc of gastrografin mixed with 100 cc of water via NG
Clamp NG for 2 hours and then place to suction

(if patient develops nausea or vomiting may unclamp NG earlier)

Order abdominal XR every 8 hours for 24 hours

Contrast in the colon (or bowel movement) within
24 hours

Yes

Passed gastrografin challenge
Remove NG tube

Start clear liquid diet and advance as tolerated

No

Failed gastrografin challenge
Consider surgical intervention

Fig. 13.8 Gastrografin protocol for adhesive small bowel disease

Fig. 13.9 X-ray of gastrograffin protocol with contrast 
agent in the stomach and first portions of the duodenum Fig. 13.10 X-ray of gastrografin protocol. Same patient 

8 h later with contrast in the colon

13 Small Bowel Obstruction and Volvulus During Pregnancy
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the surgeon must have the technical skills to eval-
uate the bowel completely to ensure no additional 
bands exist. This can be challenging laparoscopi-
cally given the bowel dilation and is even more 
difficult in the presence of a gravid uterus. Most 
patients will be managed with a laparotomy, 
identification of the site of obstruction, and 
release of the adhesive band. The entire bowel 
can then easily be evaluated for additional sites of 
obstruction.

 Volvulus

Volvulus is much more common in the pregnant 
patient than the general surgical population. It 
most frequently presents during times of rapid 
uterine growth as the cecum is pushed out of the 
pelvis [11]. The presence of a colonic volvulus 
will generally require surgical intervention. 
However the type of volvulus should be identi-
fied preoperatively, as the timing of surgery can 
be different. In the absence of signs of ischemia 
or peritonitis, a sigmoid volvulus can be reduced 
with a colonoscope. By reducing the volvulus, 
the bowel can be properly prepped, and the 
patient planned for a single-stage sigmoid colec-
tomy with anastomosis. Sigmoid volvulus during 
pregnancy is however very rare.

Cecal volvulus is much more common and 
may represent 25–44% of all bowel obstructions 
in the pregnant patient [1]. Colonoscopic 
approaches are unlikely to detorse a cecal volvu-
lus. While colonoscopy can be used to evaluate 
for mucosal ischemia, it is an unnecessary and 
potentially dangerous procedure. The patient will 
ultimately require surgery, and the colon will be 
edematous and friable, making colonoscopic per-
foration more likely. These patients should be 
prepped for laparotomy as soon as possible. Once 
in the operating room, the surgeon should again 
evaluate the patient for an ischemic- or necrotic-
appearing bowel. If ischemia is found, the sur-
geon must proceed with bowel resection. 
Treatment options, if there is no ischemia, include 
cecopexy or resection with primary anastomosis. 
Cecopexy can be accomplished laparoscopically, 
or performed open, and is a rapid procedure with 

a low complication rate. However recurrence 
rates after cecopexy range up to 40% [12, 13]. In 
most cases resection is favored. The resulting 
ileocolonic anastomosis is low risk and the 
patient’s risk for recurrence has been eliminated.

 Hernia

When examining a patient with signs and symp-
toms of a bowel obstruction, the physician must 
evaluate for hernias. While rare in females, 
umbilical and inguinal hernias can cause bowel 
obstructions. Data on pregnant patients with her-
nias is limited to small case series. Inguinal her-
nias appear to be the most common type of 
hernia, up to 60% [14]. The majority of patients 
will not require operative intervention and can be 
observed with a “watchful waiting” strategy. 
These patients can then be scheduled electively 
in the postpartum period. Patients will frequently 
describe a symptomatic bulge, which may worsen 
with straining and lifting. Some patients will 
have a known hernia and may have been manag-
ing it conservatively prior to becoming pregnant.

There are several indications for surgical 
repair of a hernia. Strangulation is a surgical 
emergency and requires rapid evaluation and 
operative intervention. Incarceration of the bowel 
with resulting obstruction is another indication 
for surgical intervention. The repair of hernia 
defects is similar to the nonpregnant patient. The 
type of repair should be guided by the surgeon’s 
skill and the patient’s clinical condition.

 Rare Causes

Numerous other, rare, causes of obstruction have 
been reported in pregnant patients. One specific 
type of hernia that must be considered is the 
internal hernia. Several reports have been pub-
lished describing cases in pregnant patients [15, 
16]. Patients who have undergone laparoscopic 
Roux-en-Y gastric bypass surgery are at risk for 
internal hernia after significant weight loss. The 
risk is usually the highest within the first 2 years 
after surgery. The true rate in pregnancy is 
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unknown; however, the increased abdominal 
pressure and cephalad displacement of the bowel 
are believed to play a role. In a review of pub-
lished cases, the mean gestational age for hernia 
was 28  weeks. Any patient who has undergone 
bypass surgery, and presents with fever and leu-
kocytosis, should be evaluated for internal her-
nia. Consultation with a bariatric surgeon may 
assist with treatment, as these patients will 
require surgical intervention. Some may be 
repaired laparoscopically by reducing the hernia 
and closing the mesenteric defect. More severe 
cases may require small bowel resection and 
anastomosis. This may be performed openly or 
laparoscopically depending on the surgeon’s 
skillset.

Intussusception is an additional cause of 
bowel obstruction reported in the literature [1, 2]. 
When involving the small bowel, these require 
operation. Intussusception can be caused by 
adhesive disease or a lead point from viral infec-
tion. Simple reduction may be adequate; how-
ever, bowel resection is frequently required when 
the bowel has become edematous and cannot eas-
ily be reduced.

 Patients with Concern for Ischemia

Patients with concern for bowel ischemia, either 
initially or after failure of conservative manage-
ment, need to be urgently taken to the operating 
room. Signs associated with bowel ischemia 
include fever, tachycardia, progressive leukocy-
tosis, worsening lactic acidosis, and peritonitis 
on exam. Most will benefit from beginning with a 
midline laparotomy. The only exception is some 
inguinal hernias, which can be managed entirely 
through the groin. However for many surgeons, a 
bowel resection will be much easier through a 
midline incision. After entering the abdomen, the 
bowel should be run in its entirety to evaluate for 
a site of obstruction. Depending on the etiology, 
the obstruction should be released or resected as 
indicated.

Any necrotic sections of bowel will need to be 
resected. Often a section will demonstrate isch-
emic changes but not be frankly necrotic. Blood 

flow can be evaluated in these segments of bowel 
in several ways. The surgeon should look for 
peristalsis and evaluate the color of the wall. 
Placing the bowel within a warm, wet lap pad 
may improve the bowel viability. The surgeon 
can then feel the mesentery for pulsatile flow; the 
use of a Doppler is recommended as well as 
checking for pulsatile flow at the mesenteric edge 
and on the antimesenteric side of the bowel wall. 
Fluorescein dye can also be injected, and the 
bowel evaluated with a woods lamp to confirm 
flow within the bowel. Fluorescein dye is preg-
nancy category C and is noted to cross the pla-
centa. One large ophthalmology case series 
reviewed outcomes after fluorescein angiography 
[17]. This series identified a low rate of compli-
cations, but the physician should weigh the risks 
and benefits of its use. If areas of ischemia are 
present, and will not be resected at the initial 
operation, the surgeon should consider placing a 
temporary abdominal closure device and return-
ing to the operating room in 24 h for a second 
look. At that second operation, either the bowel 
can be resected and anastomosed, or if the bowel 
appears viable, the abdomen is closed.

 Conclusion
Bowel obstruction in the obstetric population 
can present very similarly to the normal symp-
toms of pregnancy. The physician must main-
tain a high index of suspicion to avoid missing 
the diagnosis. Most bowel obstructions are 
caused by adhesive disease, similarly to the 
nonpregnant population. However, cecal vol-
vulus is much more common in this special 
population, causing up to 40% of obstructions. 
A thorough history and physical exam, with 
laboratory analysis and imaging, are useful in 
diagnosing a bowel obstruction. X-ray and CT 
imaging are frequently used with minimal risk 
to the fetus. Management for each condition is 
no different in the pregnant patient, and most 
are managed nonoperatively. Decompression 
with a nasogastric tube, fluid resuscitation, 
and repletion of electrolytes are critical first 
steps. In the event of bowel ischemia, the phy-
sician must intervene immediately to avoid 
the risk of fetal loss.
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Surgical Management 
of Inflammatory Bowel Disease 
in Pregnancy

Wayne L. Ambroze Jr 
and Bradley Paul Champagne

 Introduction

Inflammatory bowel disease (IBD) is a collective 
term encompassing two distinct disorders 
wherein the immune system targets the bowel as 
a foreign entity and induces varying degrees of 
inflammation and tissue damage. Inflammatory 
bowel disease includes both Crohn’s disease 
(CD) and ulcerative colitis (UC). The inflamma-
tion associated with these pathologies can cause 
a variety of problems including diarrhea, pain, 
bleeding, fistula formation, abscess, bowel 
obstruction, as well as toxic megacolon and 
bowel perforation. The treatment algorithm of 
these diseases has changed substantially in recent 
years with the introduction of new and more spe-
cific immunosuppressants. The development of 
these immunosuppressants has led to a decreased 
use of chronic steroids, thereby reducing the risks 
associated with long-term use of corticosteroids. 
Changes in the treatment algorithm have been 
carried over to management of pregnant patients 
with inflammatory bowel disease.

Pregnancy has not been empirically associated 
with an increased risk for developing IBD. 

However, patients with a history of IBD at the 
time of conception have an increased risk of 
active flairs or exacerbations of active disease 
during pregnancy. Theories exist that this 
increased risk may be due to hormonal changes 
during the pregnancy or could represent a misun-
derstanding of the maintenance medications 
safety when used during pregnancy. This misun-
derstanding can cause a discontinuation of main-
tenance medications either by physician 
recommendation or voluntary discontinuation by 
the patient [1]. At this time, there is no literature 
consensus regarding any association with an 
acute flair of UC or CD or their medical manage-
ment during pregnancy leading to an increased 
risk to the fetus including preterm delivery, low 
birth weight, small size for gestational age, or an 
increase in miscarriage or abortion [2–5]. This 
ambiguity in the literature can present a problem 
for the patient and the practitioner in developing 
a treatment strategy for IBD during pregnancy. 
Current thinking favors aggressive medical man-
agement over the deleterious effects of disease 
progression during pregnancy.

Medical management and maintenance ther-
apy are the cornerstones of treatment for inflam-
matory bowel disease and have been shown to be 
safe for expectant mothers and fetuses with the 
exceptions of methotrexate and thalidomide, 
which are proven to be teratogenic [6–9]. In light 
of more recent medications becoming available, 
surgery for inflammatory bowel disease has 
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moved out of the algorithm for initial manage-
ment of noncomplicated disease and is used pri-
marily for controlling septic sources, severe 
bleeding, bowel obstruction, and progressive 
intractable disease. When surgery is indicated for 
IBD, it is important to distinguish between UC 
and CD as the procedure performed may have 
long-term ramifications.

Understanding the etiology of IBD, the dis-
tinction between UC and CD, the available medi-
cal options during pregnancy, as well as the 
indications and surgical options for each disease 
is critical for maximizing outcomes to both the 
mother and fetus.

 Incidence and Etiology

Inflammatory bowel disease is characterized by a 
chronic and relapsing inflammatory reaction of 
the GI tract as an effect of inappropriate immuno-
logic targeting of the bowel antigens. The two 
subcategories of IBD are ulcerative colitis and 
Crohn’s disease. These entities, while distinct, 
can present with similar symptoms and can be 
difficult to differentiate. The exact etiology of 
IBD remains unknown, although it is thought to 
be multifactorial in nature. The prevailing theory 
is that environmental factors act as triggers for 
patients with a genetically predisposed impaired 
immunity. The environmental factors that have 
been suggested as playing a role in the disease 
process include living in an industrialized coun-
try, infectious entities, smoking, NSAID usage, 
previous appendectomy, and the patient’s own 
microbiome of the colon. There are likely more 
environmental factors at work that may become 
apparent as our knowledge and testing of these 
diseases increase. Genetic compiling associated 
with the human genome project has revealed a 
number of alleles associated with IBD. Most of 
the identified genes are associated with both CD 
and UC; however, some have been associated 
with a singular entity. The vast variability in the 
genetic cascade associated with inflammatory 
bowel may suggest a reason for the wide variabil-
ity of the physiology phenotypes that can mani-
fest in patients with IBD.

The incidence of UC in North America is esti-
mated at 8–15 cases per 100,000 persons per 
year, while the incidence for CD ranges from 3 to 
15 patients per 100,000 per year [1]. The inci-
dence of both diseases has been on the rise for the 
past 50 years, and both incidence curves show a 
peak around the second and third decades of life. 
While UC has an equal female-to-male ratio, CD 
has a slight female predominance with a 1.3:1 
incidence. Given these statistics, it is easy to see 
that a significant portion of female patients may 
have or develop IBD during their fertility years. 
Approximately 25% of female patients with IBD 
will become pregnant subsequently to their diag-
nosis. This association with IBD and pregnancy 
can create clinical difficulties for the patient and 
complex treatment decisions for the providers 
caring for them.

 Crohn’s vs. Ulcerative Colitis

Inflammatory bowel disease can present with a 
broad spectrum of complaints and may offer 
significant challenges to the physician tasked 
with diagnosing and treating these diseases. 
Differentiation between CD and UC is important 
when making medical and surgical management 
decisions. Although both UC and CD are disease 
entities that may cause similar symptoms, there 
are several ways to help to differentiate the two 
disease entities.

UC tends to present as new onset cramping 
and bloody diarrhea. Because of this presenta-
tion, it can sometimes be mistaken for infectious 
colitis. The inflammatory effects of UC are usu-
ally limited to the mucosa but can extend into the 
superficial submucosa. UC is also limited to only 
the colon and rectum. It tends to spread distally to 
proximally with the rectum always being the first 
point of involvement. While the inflammation is 
limited to the colon, occasionally with severe 
cecal disease, you can have “backwash ileitis,” 
which can mimic CD. Also with anti-inflamma-
tory suppository or enema regimens, you can 
have apparent rectal sparing due to local thera-
peutic effect. The stereotypical gross appearance 
of UC is of a continuous diffusely inflamed 
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mucosa with ulcerations and sometimes pseudo-
polyps starting in the rectum and continuing 
proximally with sparing of the terminal ileum 
(Fig.  14.1). Histologically, UC biopsies will 
show crypt distortion, mucosal limitation of 
inflammation, crypt abscesses, mucin depletion, 
and basal plasmacytosis.

CD is more variable in its presentation, and 
while it can produce cramping and bloody diar-
rhea, it may also present as fistula disease, aph-
thous ulcers, strictures with obstruction, watery 
diarrhea, and abdominal abscesses and can some-
times mimic appendicitis in patients with termi-
nal ileal disease. CD can also present with 
debilitating perianal ulcers, abscesses, and fistu-
las (Fig. 14.2). This variability in clinical presen-

tation is secondary to the transmural inflammation 
associated with CD and its ability to affect the 
entire GI tract from mouth to anus. CD can fur-
ther be divided into three subgroups including 
inflammatory, stricturing, and penetrating dis-
ease based on the phenotype present in the 
patient. The most common site of disease is the 
terminal ileum. The classic colonoscopic appear-
ance of colonic CD consists of aphthous ulcers, 
skip lesions, inflammation, deep linear ulcers, 
“cobblestone” appearance of the mucosa, and 
occasional strictures. The terminal ileum is com-
monly associated with disease and the rectum 
may be spared (Fig.  14.3). Histologically, CD 
presents with local crypt destruction, granuloma-
tous lesions, lymphoid aggregates, plasma cells, 
and muscular hypertrophy. On gross examination 
of the external bowel wall, you may see stereo-
typical fat wrapping (Fig. 14.4).

Serology studies can assist in the differentia-
tion between CD and UC. Perinuclear anti-neu-
trophil cytoplasmic antibodies (pANCA) and 
anti-saccharomyces cerevisiae antibodies (ASCA) 
are the most studied of the serologic markers in 
IBD. However, given their presence in other 
inflammatory conditions including rheumatoid 
arthritis, vasculitis, and glomerulonephritis, they 
are not appropriate as screening tests. The pres-
ence of pANCA in CD ranges from 2 to 28%, 
while UC has a range of 20–85%. pANCA, there-
fore, has a sensitivity of 56% and specificity of 
89% for UC when evaluating an IBD patient. Fig. 14.1 Ulcerative colitis with continuous disease 

throughout the colon

Fig. 14.2 Severe perianal Crohn’s disease with multiple 
abscesses and fistulae

Fig. 14.3 The most common site of Crohn’s disease is 
the terminal ileum
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ASCA is essentially the reverse with a positive 
incidence in CD of 39–69%, while UC has a posi-
tivity of 5–15% [10]. These can be helpful in 
cases where biopsies and workups have returned 
as indeterminate colitis. Other serum markers to 
follow the disease activity include serum albumin, 
C-reactive protein (CRP), and erythrocyte sedi-
mentation rate (ESR). While these will not help 
differentiate CD from UC, they can assist in fol-
lowing disease activity as the inflammation of the 
GI tract caused by these diseases will often alter 
the acute phase markers. Pregnancy, however, 
may cause hemodilution and an artificial lowering 
of the serum albumin, as well as a baseline rise in 
ESR making these less helpful in trending disease 
activity during pregnancy. CRP remains within 
normal limits during pregnancy and is therefore 
the serum marker of choice for following disease 
activity and response to treatment.

 Effects on Fertility and Pregnancy

IBD can cause issues with fertility in a number of 
different ways including real reductions in fertil-
ity from disease-related pelvic scarring and prior 

surgery or perceived reductions in fertility or vol-
untary childlessness. Both UC and CD can cause 
patients to have a change in their perception of 
sexual desire which can cause a decrease in 
attempts at sexual intercourse, thereby decreas-
ing reproductive attempts and perceived fertility. 
UC and CD can cause pelvic inflammation, 
which can cause discomfort and dyspareunia also 
decreasing sexual attempts and perceived fertil-
ity. There can also be concern by the patient 
about IBD causing complications in pregnancy, 
fetal harm while in utero, and fear of passing on 
IBD to their offspring that can lead to voluntary 
childlessness. A study in 2016 by Ellul et  al. 
showed this had an effect on >60% of IBD 
patients [1]. Furthermore, the transmural inflam-
mation of CD can cause abscesses and fistulas in 
the pelvis leading to PID or pelvic scarring of the 
fallopian tubes decreasing fertility. Pelvic inflam-
mation is less common in UC due to its inflam-
mation being limited to the mucosal layer of the 
bowel. Surgery in the pelvis for both UC and CD 
can cause scarring that may cause tubal obstruc-
tion and decrease fertility. For UC actual 
decreases in fertility are limited to postsurgical 
changes following proctectomy with or without 
pouch formation. In UC there is little external 
inflammation of the bowel, so female reproduc-
tive ability is essentially unchanged from base-
line. CD represents a different problem as the 
transmural inflammation can directly impair 
fertility [2–4].

 Medical Management of Ulcerative 
Colitis and Crohn’s Disease

The general medical approach to therapy for UC 
and CD is often similar and can be categorized by 
two different treatment strategies referred to as a 
“top-down” approach or a “bottom-up” approach. 
The medications used during these two strategies 
are similar, but the approach is dictated by the 
patient’s symptoms and disease state. The “top-
down” approach is for severe disease states with 
the early use of aggressive therapy including 
antitumor necrosis factor immunomodulators 
and pulse high-dose steroids until control of 
symptoms has been reached with subsequent 

Fig. 14.4 Fat wrapping of the small bowel in Crohn’s 
disease
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maintenance therapy initiated. The “bottom-up” 
approach is the reverse and utilized for more qui-
escent and less symptomatic disease states. This 
strategy uses low-dose steroids and other first-
line therapies such as aminosalicylates, azathio-
prine, and methotrexate to begin with and 
medications are titrated up or added until control 
is achieved, and maintenance therapy is contin-
ued. Both arms of therapy can utilize multiple 
different medical therapies including steroids, 
aminosalicylates, cyclosporine, tacrolimus, 
methotrexate, and biologic medications includ-
ing TNF inhibitors. Each of the above medica-
tions has risks associated with its usage, including 
collectively increasing the risk of infectious com-
plications. The choice of approach is a complex 
issue and is normally tailored to the patient’s pre-
sentation and should be dictated and directed by 
a gastroenterologist who is knowledgeable about 
IBD management.

The pregnant patient has similar options as the 
nonpregnant IBD patient when it comes to medi-
cations with a few exceptions. Methotrexate and 
thalidomide have been labeled category X signi-
fying great risk to the fetus with increases in fetal 
abnormalities and should not be used in pregnant 
patients (Table 14.1). Azathioprine and 6-MP are 
category D medications showing a risk to the 
fetus and fetal abnormalities but can be used if 
the benefit outweighs the risks of usage. Of note, 
anti-TNF inhibitors are labeled a class B medica-
tion showing no risks in animal studies but with-
out well controlled studies in pregnant women. 
There are studies showing the efficacy of treat-
ment into the third trimester of pregnancy with 
recommendations to avoid vaccination of neo-
nates for 8 weeks after birth secondary to placen-
tal crossing of these medications in the second 
trimester [5–9, 11, 12]. There have not been any 

reports of fetal abnormalities with the biologic 
agents; however, there have been occurrences of 
premature labor or miscarriages, but these have 
not reached statistical significance in the litera-
ture [6, 7, 11]. Early removal of these agents has 
shown an increase in relapse of disease states, 
and discontinuation during pregnancy in patients 
with severe disease is not recommended [8, 9]. In 
patients with mild disease, the continuation of 
these medications during pregnancy remains a 
difficult decision as there are no well-designed 
studies delineating the risk benefit curve [3]. In 
patients with moderate or severe disease, the ben-
efit of remaining in remission and avoiding dis-
ease-related complications seems to outweigh the 
low risk of these medications [3].

 Surgical Management 
in the Pregnant Patient

Surgical management of CD and UC is as much 
about timing of the procedure as it is about the 
technique used. This becomes more important in 
surgical management of the pregnant patient. It 
has been shown that surgery with general anes-
thesia in the first trimester is associated with an 
increase in miscarriage, while surgery in the third 
trimester is associated with a high risk of preterm 
labor. Sedation with endoscopy does not appear 
to carry a high a risk to the fetus during these 
time periods and is generally considered safe [1, 
13]. The surgical timing and management of UC 
and CD is dictated by the different presenting 
complications associated with these diseases.

Indications for surgical intervention for UC 
are reserved for medically refractory disease, 
uncontrolled bleeding, and for toxic megacolon 
either with or without perforation. Since UC is 

Table 14.1 Safety of IBD medications during pregnancy [5]

Category B Category C Category D Category X
Loperamide
Mesalamine
Balsalazide
Corticosteroids
Sulfasalazine
Anti-TNG agents
Metronidazolea

Ciprofloxacin
Cyclosporine
Diphenoxylate
Olsalazine
Tacrolimus
Natalizumab

Azathioprine
6-Mercaptopurine

Methotrexate
Thalidomide

aSafe for use after first trimester
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limited to the colon and rectum, surgical excision 
of the entire colon and rectum is curative. While 
a permanent ileostomy is an option, most younger 
patients prefer a restorative ileal pouch-anal 
anastomosis (IPAA) procedure to preserve peri-
neal defecation and avoid a permanent ileostomy. 
The most common pouch performed is the 
J-shaped pouch (Fig.  14.5). In a nonpregnant 
patient for medically refractory disease, this can 
be accomplished in a two-stage procedure where 
the total proctocolectomy and IPAA are per-
formed at the initial surgery combined with a 
diverting loop ileostomy. At a later date, normally 
6–12 weeks after the initial surgery, the loop ile-
ostomy is reversed after the pouch has been 
inspected with a contrast imaging study. For 
unstable patients with toxic megacolon with or 
without perforation, or for patients with severe 
malnutrition from chronic disease, a three-stage 
procedure is performed removing the bulk of the 
disease with a total colectomy and end ileostomy 
followed at a later date after full recovery with a 
J-pouch and temporary loop ileostomy. 
Subsequent loop ileostomy takedown is the final 
stage. The pregnant patient requiring surgical 
management for UC should undergo a three-
stage approach to IPAA. This is due to the mul-
tiple issues associated with the pregnant patient. 
Manipulation of the large gravid uterus with a 
pelvic dissection can cause premature labor or 
put the fetus in extremus. Another consideration 
is that IPAA with pouch creation is associated 

with a significant leak rate, and that is why most 
surgeons performing IPAA surgeries create a 
loop ileostomy as a precautionary step. If the 
patient has a leak with a pelvic abscess or devel-
ops pelvic sepsis, the rate of premature labor and 
a nonviable baby is increased significantly. For 
these reasons, if a pregnant patient with UC 
requires a colectomy, a three-stage procedure is 
indicated with the second and third stages being 
performed after delivery [13].

Lower gastrointestinal bleeding in the preg-
nant patient with IBD is slightly more complex. 
For a nonpregnant patient, bleeding is initially 
assessed with either a CT angiography or a 
nuclear medicine bleeding scan to locate the area 
of bleeding. Once the bleeding is located, inter-
ventional radiology can attempt embolization of 
the offending blood vessel. If the bleeding cannot 
be localized or cannot be stopped with embolism, 
an attempt at endoscopic therapy and interven-
tion with cautery, epinephrine injection, or clip 
application is done. If these procedures fail and 
bleeding persists, then colectomy is indicated. In 
patients who are pregnant, these first two steps 
are reversed. The first-line treatment should be 
endoscopic intervention. This limits exposure of 
the fetus to radiation. If this step fails, then IR 
embolization can be attempted. Again, if these 
fail then surgical intervention is warranted. For 
acute refractory bleeding in the pregnant patient 
with UC, a total abdominal colectomy and end 
ileostomy leaving a short rectal stump is the pro-
cedure of choice. Performing the remaining two 
stages to restore GI continuity can take place 
after the pregnancy and the patient has fully 
recovered.

The indications for surgical intervention in 
CD can be variable and more complex. Surgical 
intervention may be indicated for perianal fistu-
las or abscesses, bowel strictures with  obstruction, 
intra-abdominal abscesses, perforations, and 
medically refractory disease with bleeding being 
a less common indication. Unlike UC, CD cannot 
be cured surgically which compounds the com-
plexity of the approach to surgical therapy. Since 
surgery is not curative in the CD patient, it is gen-
erally reserved for those with acute complica-
tions or those who have failed aggressive medical 

Fig. 14.5 A J-shaped pouch is created from the terminal 
30 cm of ileum
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therapy. An attempt to avoid surgical intervention 
is enhanced in the pregnant patient due to the 
added risk of harm to the fetus [1, 13]. Similar to 
the management of UC, initial management of 
CD in pregnancy focuses on maximizing medical 
therapy [1]. If surgery is indicated, the choice of 
procedure and quick recognition of any acute dis-
tress in the mother or the fetus is key. Surgery in 
the pregnant patient with CD can be indicated for 
either perianal or intra-abdominal manifestations 
of the disease.

Perianal abscess and fistula are a bothersome 
and complex problem in the CD patient. The pre-
sentation of this problem can range from a simple 
chronic draining sinus to signs of sepsis with 
large complex abscesses surrounding the sphinc-
ter apparatus. The initial management of these 
abscesses follows the long-standing surgical tra-
dition of “find pus, drain pus.” Adequate drainage 
of the purulence and addition of IV or oral antibi-
otics if the patient is significantly immune sup-
pressed or showing signs of sepsis will usually 
alleviate the acute problem. Unlike non-CD-
associated perianal abscesses which show a 
roughly 50% chance of spontaneous closure with 
drainage alone, CD-associated abscesses will sel-
dom close spontaneously. Given the predisposi-
tion of fistulization and recurrence, it is 
appropriate to allow for long-term drainage to 
avoid recurrent abscess formation. Seton place-
ment should be considered in the pregnant patient 
to avoid recurrent abscess formation and subse-
quent surgeries. Multiple setons are often neces-
sary in CD (Fig. 14.6). Seton material choice is 
variable, and the number of setons placed is dic-
tated by the extent of disease and the need to 
insure appropriate control of the perineal sepsis. 
This intervention of incision and drainage cou-
pled with non-cutting seton placement will allow 
for long-term drainage of the perineal fistula 
while medical treatment of the CD is initiated or 
enhanced. Many of the CD-associated fistulas 
will heal with anti-TNF therapy and seton place-
ment. If improvements with medical therapy are 
demonstrated, then the setons can be removed in 
the office after the pregnancy is complete. 
However, if failure to close with medical therapy 
or extensive perianal disease with loss of func-

tion of the sphincter complex occurs in the 
patient, then this may necessitate further surgical 
interventions ranging from local procedures such 
as LIFT, cutting setons, fistula plugs, or fibrin 
glue to total proctectomy with end colostomy. 
Given that pregnancy is temporally limited, the 
recommendation at this time is that surgical man-
agement of perianal abscess and fistula in the 
pregnant patient with CD be limited to drainage 
and seton placement followed with appropriate 
medical therapy. Any further indicated proce-
dures to attempt closure can be safely postponed 
until after the patient has given birth [13].

There are multiple different clinical presenta-
tions for patients with intra-abdominal CD, 
including strictures with obstruction. Management 
of stricturing bowel disease in patients who have 
failed medical therapy remains dependent on the 
length of the stricture and its location in the GI 
tract. There have been reports of successful man-
agement of small bowel and colonic strictures 
with endoscopic balloon dilation. The success 
rate remains higher for shorter segment strictures 
and is dependent on the  strictures being able to be 
reached with the endoscope. The relief experi-
enced from balloon dilation may be short lived 
with return of symptoms often within 2 years. 
There is no data available on the use of endo-
scopic dilation of bowel strictures in the pregnant 
patient with CD. While it is tempting to choose 
this less invasive approach over surgical interven-
tion, this must be tempered by the possibility of 

Fig. 14.6 Seton drainage of multiple abscesses and fistu-
lae in a patient with severe perianal Crohn’s disease
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iatrogenic bowel perforation which is not insig-
nificant. If this approach is used, it should be 
done in consultation with a surgeon who is avail-
able to do an emergency resection should a perfo-
ration occur. Surgical management for obstructing 
bowel stricture consists of either resection of the 
segment or stricturoplasty. Resection and pri-
mary anastomosis tends to be utilized for long-
segment strictures where a stricturoplasty is not 
feasible. Stricturoplasty is used primarily for 
short-segment strictures. Stricturoplasty consists 
of making a full-thickness transverse incision 
along the bowel wall through the stricture and 
then closing it vertically to open the stricture. 
These techniques can be applied singularly or in 
combination to appropriately address multiple 
strictures. Bypass of the stricture has been used 
in the past but is associated with a number of 
negative sequelae and as such used in limited 
situations.

Intra-abdominal abscesses and perforations in 
CD are severe complications and of greater con-
cern in the pregnant patient as it increases the 
stress on the fetus. The standard approach for an 
abscess is drainage, preferentially CT-guided, 
with a course of intravenous antibiotics. If the 
abscess is not amenable to percutaneous drainage 
due to its location, multi-loculation, or if it is 
associated with a free perforation, then surgical 
management will be needed. Whether or not to 
place a diverting ostomy at surgery is dictated by 
the stability of the patient, the overall condition 
of the patient, and the condition of the bowel to 
be included in the anastomosis. A pregnant 
patient with a stable fetus and a small abscess can 
undergo an attempt with conservative treatment 
via drain placement and antibiotics. There needs 
to be close monitoring of the mother and fetus 
and a low threshold to convert to surgical man-
agement. If the patient does require surgical 
intervention, then the patient should undergo 
washout and resection. In the pregnant patient, 
however, there has been shown to be a higher rate 
of leak and anastomotic failure, so in this situa-
tion, the creation of an end ostomy with plans to 
reverse the ostomy after the pregnancy may be 
the preferred approach [13]. Episodes of dehy-
dration with hypotension during pregnancy as 

well as possible tension on an anastomosis placed 
by a gravid uterus may predispose to an anasto-
motic leak. An anastomotic leak in an already 
stressed pregnancy could be catastrophic for the 
mother or fetus, and a bias toward avoiding an 
anastomosis is warranted [1, 13]. In the pregnant 
patient with a low perforation where a pelvic dis-
section would be needed to resect the involved 
segment of the rectum, a diverting ostomy with 
washout and drain placement may be preferable 
to avoid a pelvic dissection with a gravid uterus.

For medically refractory disease with progres-
sive deterioration or toxic megacolon, resection is 
the management option of choice. Toxic megaco-
lon is a rare complication of CD compared to UC, 
though it can occur. In this case total colectomy 
and end ileostomy is the initial management with 
potential reversal with an ileorectal anastomosis 
at a later date once the patient has fully recovered 
and the rectal disease is under control. Medically 
refractory severe progressive disease warrants 
resection with the intent to remove all visible 
macroscopic disease at the time of the operation. 
This can be paired with primary anastomosis or 
placement of ostomy depending on the clinical 
status of the patient and fetus. Again, a bias toward 
a temporary ostomy is appropriate for the reasons 
mentioned above [1, 13].

Finally, bowel obstruction is one of the more 
common indications for surgery in the pregnant 
patient with CD. The gravid uterus pushing on an 
inflamed segment of bowel may account for this. 
An attempt with NGT decompression, IV hydra-
tion, and a bolus dose of steroids to decrease the 
bowel inflammation and open the swollen lumen 
is appropriate. If this fails, then diverting ostomy 
is appropriate. If the focus of obstruction is asso-
ciated with an abscess, then resection would be 
necessary. The same considerations with regard 
to temporary diversion as discussed above apply 
here as well.

 Conclusion
Inflammatory bowel disease in pregnancy is a 
complicated issue that presents many difficult 
decisions for the patient and the treatment 
team. The pregnant patient will require educa-
tion specific to the treatment of their disease 
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and its effect on both the mother and fetus. 
Education is key regarding the continuation or 
appropriate changes to medications during 
pregnancy to minimize their risk for flair or 
complications of disease. The need for surgi-
cal intervention in the pregnant patient with 
IBD is relatively uncommon, but when indi-
cated the pregnancy presents unique chal-
lenges. To properly manage the issues 
presented and the possible complications of 
the disease and the pregnancy, there should be 
a management team of physicians including 
the obstetrician, as well as a gastroenterolo-
gist, and surgeon experienced in treating 
IBD. This group of physicians should be well 
versed in the care of these complex patients 
and communicate with the patient and each 
other to bring the best short-term and long-
term outcome for both the patient and fetus.
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Colorectal Cancer in Pregnancy

Cici Zhang and Marion Schertzer

 Introduction

Since the first reported case of rectal adenocarci-
noma in pregnancy in 1842 by Cruveilhier [1], 
colorectal cancer (CRC) incidence has been esti-
mated at approximately 0.002–0.008% of preg-
nancies [2–5]. It is the seventh most common 
type of cancer diagnosed in pregnancy [6], and 
only about 200 cases have been reported in litera-
ture. Despite paucity in published material, the 
rise in incidence of CRC among young women 
and delay in maternal age have brought renewed 
attention to CRC in pregnancy.

Just as obstetricians and general practitioners 
are well informed of the possibility that a breast 
lump or vaginal bleeding can signify malignancy 
in pregnancy, rectal bleeding should generate a 
high index of suspicion for colorectal cancer. A 
family history of colorectal malignancy should 
raise index of suspicion, especially if a patient 
experience changes in bowel habits or bleeding. 
The most common presenting symptom of colon 
and rectal cancer is rectal bleeding. Nearly half 
(47%) of all patients with CRC in pregnancy 
experience rectal bleeding as the initial present-
ing symptom. Other concerning findings are 
abdominal pain (38%) and constipation (14%). 
Table 15.1 demonstrates the most common pre-

senting symptoms of CRC in pregnancy after a 
review of 119 published cases [7].

 Evaluation

Similar to the evaluation of nonpregnant CRC 
patients, initial diagnosis should be followed by 
staging of disease. This requires an endoscopic 
examination of the colon and evaluation for 
potential metastatic disease. A complete colonos-
copy is necessary to screen for synchronous 
lesions, as with serum carcinoembryonic antigen 
(CEA) levels, and liver ultrasound and/or mag-
netic resonance imaging (MRI) for the detection 
of metastatic disease. In addition, an endorectal 
ultrasonography or MRI is necessary for adequate 
examination of rectal tumor size and depth of 
invasion. When advanced rectal cancer is diag-
nosed in the latter stages of pregnancy, careful 
assessment of the tumor location in relation to 
surrounding structures is necessary to evaluate for 
potential obstruction during vaginal delivery [8].

 Sigmoidoscopy and Colonoscopy

Pregnant patients who experience rectal bleeding 
should elicit a high index of suspicion for colorec-
tal pathology and be evaluated initially with flex-
ible sigmoidoscopy. Flexible sigmoidoscopy can 
frequently be performed in an office setting 
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 without sedation; it can often identify a source of 
bleeding; and it has demonstrated a high safety 
profile regardless of gestational age. In a case-
controlled study of 48 patients undergoing sig-
moidoscopy during pregnancy, 93% of women 
experienced normal, healthy births. All three 
poor outcomes occurred in high-risk pregnancies 
and markedly ill mothers, thus unlikely to be 
related to the sigmoidoscopy [9].

The theoretical risk of mechanical pressure on 
the gravid uterus is minimal during sigmoidos-
copy and its impacts are unsubstantiated. Of more 
significant concern is the safety of drugs used in 
endoscopic procedures on the developing fetus. 
The US Food and Drug Administration (FDA) has 
identified five categories of drugs during preg-
nancy. Although there are no category A drugs 
used in endoscopic procedures, most anesthetic 
and sedative agents used in colonoscopy fall into 
the B category, which are determined to be safe 
for pregnancy. The most common agent used for 
anesthesia during endoscopy, propofol, is a cate-
gory B drug and has demonstrated no risk in well-
controlled human studies [10]. The preferred 
analgesia agent is meperidine (category B), over 
benzodiazepines such as midazolam and diaze-
pam (category D), which has a better documented 
fetal safety profile [11]. Fentanyl (category C), 
another frequently used analgesic during endos-
copy, appears to be safe when used in low doses 
during pregnancy in clinical experiences [11].

There is limited data regarding the safety and 
adverse events of colonoscopy during pregnancy. 
The largest case-controlled study included 20 
patients who underwent complete colonoscopy for 
evaluation of various gastrointestinal complaints. 
Eighteen patients experienced healthy births, one 
elected for termination for an unrelated reason, 
and one gave birth to an infant with a cardiac 

defect thought to be developed earlier in gestation 
[12]. Despite the insufficiency of large-scale, well-
controlled human studies, colonoscopy is recom-
mended for preoperative evaluation of synchronous 
lesions and obtaining pathologic diagnosis [13].

Nonetheless, precautions and modifications 
should be employed to optimize safety when 
performing colonoscopy during pregnancy 
(Table 15.2). When performed late in pregnancy, 
patients should not be placed in the decubitus or 
prone position [10]. External abdominal pressure 
should be limited to a minimum and directed away 
from the uterus. The majority of the available laxa-
tives and bowel preparations are without docu-
mented side effects; however, castor oil carries an 
absolute contraindication for use in pregnancy 
(category X) due to its associated risk of uterine 
rupture. For flexible sigmoidoscopies, both Fleets 
enemas and tap water enemas appear to be safe 
options, although Fleets appear to be more effec-
tive in a review of surveyed endoscopists [14].

 Ultrasonography

The safe utilization of ultrasound has been long 
established in pregnancy. Its safety profile, wide 
availability, and low cost have made ultrasonogra-
phy the mainstay of diagnosing abdominal com-
plaints during pregnancy. In evaluating pregnant 
patients with CRC, ultrasonography is an impor-
tant modality for detection of metastatic disease. 
Early investigators have demonstrated focused 
ultrasonography has a sensitivity of 85–90% for 
detecting hepatic metastases [15–17].

With growing interest in endoluminal 
approaches and technological advances, ultraso-
nography has regained purpose in the evaluation 

Table 15.1 Common presenting complaints of patients 
with pregnancy-associated colorectal cancera

Rectal bleeding 47%
Abdominal pain 37.6%
Constipation/obstipation 14.1%
Bowel obstruction 6.7%
Diarrhea 5%

aData extrapolated from Pellino et al. (2017) pooled anal-
ysis of 119 published cases of CRC in pregnancy

Table 15.2 Colonoscopy general principles in 
pregnancy

Evaluation for imminent high-risk pregnancies (i.e., 
abruption, ruptured membranes, or eclampsia)
Use lowest effective dosage of sedative
Use category A or B drugs when possible
Minimize procedure time
Position patient in left laterally and avoid vena caval 
compression
Fetal heart monitoring before and after procedure
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of rectal cancer. The treatment and prognosis of 
rectal cancer are highly influenced by primary 
tumor (T) and regional lymph node (N) stage of 
disease at the time of diagnosis. Initial staging is 
crucial for the decision-making process of rectal 
cancer treatment, especially in pregnant patients. 
Endoluminal transrectal ultrasonography (TRUS) 
has demonstrated notable accuracy for the initial 
staging and evaluation of tumor infiltration [18, 
19]. In experienced hands, detection of tumor 
infiltration can be achieved with an accuracy of 
78–85.5% [18–21]. The accuracy for detection of 
malignant lymph nodes ranges between 64% and 
84% [21–23]. Large bodies of evidence are build-
ing for the reliability and accuracy of TRUS in 
high-volume centers. Particularly in pregnant 
patients who are wary of the risks associated with 
MRI, TRUS is emerging as a valuable modality 
for the evaluation of rectal malignancy.

Despite its wide availability, long accepted 
safety profile and utility, ultrasonography has 
several limitations. The lack of patient coopera-
tion, unfavorable body habits, especially in later 
stages of pregnancy, and intraluminal bowel gas 
can all hinder visualization and decrease sensitiv-
ity. Although useful and highly predictive of 
hepatic metastatic disease when visualized, nega-
tive results do not exclude metastatic disease in 
pregnant patients with CRC.

 Computed Tomography

The use of computed tomography (CT) as an 
imaging modality during pregnancy is fraught 
with trepidation and misconceptions. Teratogenesis 
occurs largely in early fetal development, and the 
risk decreases through the second and third tri-
mesters. The developing brain between the 8th 
and 15th weeks of gestation is especially vulner-
able to radiation damage. Fetal exposure up to 
100–200 mGy is unlikely to substantially increase 
fetal anomalies [24, 25]. The lower threshold of 
hazardous exposure, 100  mGy of radiation, is 
roughly reached by 20 conventional diagnostic 
radiographs or 3 pelvic CT scans. Significant 
radiation exposure, however, can be associated 
with neurological and developmental malforma-
tions. Fetal doses in the range of 1000 mGy can 

result in severe mental retardation and micro-
cephaly, particularly during 8–15 weeks and to a 
lesser extent at 16–25 weeks [25]. Nonetheless, 
ionizing radiation should be limited to the lowest 
amount of exposure and only be utilized for 
essential testing during staging investigations in 
CRC patients during pregnancy.

 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has become 
the imaging modality of choice in determining 
tumor stage and predicting resectability for rec-
tal cancer [26]. The accurate identification of 
circumferential margin is paramount for plan-
ning an effective therapeutic strategy, especially 
in the complex management of rectal cancer in 
pregnancy. MRI can accurately measure tumor 
invasion beyond the muscularis propria (T3), 
providing crucial information in determining 
whether neoadjuvant chemotherapy is advisable 
or complete surgical resection is feasible [27, 
28]. Several studies have demonstrated the valu-
able potential of MRI in predicting the distance 
between the tumor and the fascial plane. Meta-
analysis of nine studies demonstrated the overall 
sensitivity and specificity for detecting circum-
ferential margin involvement preoperatively to 
be 94% and 85%, respectively [29]. Despite its 
clear advantage in the preoperative evaluation of 
rectal cancer, several factors regarding safety 
specific to pregnancy have challenged its 
utilization.

One safety concern of MRI arises from its 
emission of radiofrequency pulses, which results 
in energy deposition and potential tissue heating 
[30]. The unit of energy deposited is referred to as 
the specific absorption rate (SAR), and no adverse 
fetal effects have been documented from MR 
imaging by using routine sequences, even at rela-
tively high SAR [30]. The effects of MR exposure 
in the prenatal period have not been fully deter-
mined, but the predicted fetal temperature rise 
associated with MR imaging is below the expected 
teratogenic levels. Despite this, the potential heat-
ing to the fetus and amniotic fluid should be con-
sidered especially during the first trimester, when 
the fetus is the most vulnerable [31].
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Intravenous gadolinium is another source of 
controversy during pregnancy. Gadolinium is 
considered a pregnancy category C drug by the 
US Food and Drug Administration (FDA). 
Gadolinium can cross the placenta and can accu-
mulate in the fetal gastrointestinal and genitouri-
nary systems. Several investigators reported 
mutagenic affects in animal models, but no 
adverse effects have been found on small human 
studies in first, second, and third trimester of 
pregnancy [32–34]. Current recommendations 
suggest cautionary usage of gadolinium, espe-
cially in the first trimester, since the risks of tera-
togenic fetal effects have not been clearly 
established [35].

 Disease Management

Patients diagnosed with CRC during pregnancy 
face particularly difficult decisions regarding the 
therapeutic options. Confronted with treatments 
that may require termination, iatrogenic prematu-
rity, or intentional delay in treatment, patients 
should be provided with all the relevant informa-
tion regarding the ramifications of operative man-
agement, chemotherapy, and radiation therapy. 
Gestational age and assessment of fetal viability 
is critical for both emergency and elective presen-
tation of CRC. A fetus between 24 and 28 weeks 
is considered extremely preterm and is associated 
with increased infant morbidity [7]. Delivery after 
30–34 weeks is generally advised [7, 36]. Because 
of the potential for obstruction during delivery, 
cesarean section is to be preferred to vaginal 
delivery in patients with rectal cancers. 
Figures 15.1 and 15.2 demonstrate a therapeutic 
algorithm for the treatment of colon and rectal 
cancer presented in the elective setting.

 Chemotherapy

Unfortunately, all chemotherapeutic agents cross 
the placental barrier [36]. The teratogenicity of 
any drug depends on the gestation age at expo-
sure, the dose, and the specific characteristics 
affecting placental transfer. This affect is most 

clinically significant in the first 12 weeks of ges-
tation, during which organogenesis is completed. 
In the first trimester, exposure to chemotherapeu-
tic drugs can result in congenital malformations 
and/or spontaneous abortions [37, 38]. 
Approximately 10–20% of infants exposed to 
cytotoxic agents during the first trimester have 
major malformations as compared with a rate of 
3% in the general population [39]. Exposure to 
chemotherapy during the second and third tri-
mester increases the risk of low birth weight, 
although this has been attributed to the influence 
of maternal cancer on fetal growth and the ten-
dency to elect for iatrogenic prematurity [37, 40].

The mainstay of CRC chemotherapy is 
FOLFOX therapy which consists of leucovorin, 
fluorouracil (5-FU), and oxaliplatin. Fortunately, 
FOLFOX has demonstrated significant tolerabil-
ity and safety profile when administered during 
the second and third trimesters [41]. Leucovorin 
is rated category A by the FDA, representing no 
known risk of fetal harm based on human data. 
Oxaliplatin and 5-FU during pregnancy are cate-
gory D drugs and are recommended to be avoided 
during the first trimester. Both have demonstrated 
teratogenicity in animal models and human case 
reports [42]. Irinotecan is FDA approved for first-
line treatment of metastatic CRC as part of the 
FOLFIRI (leucovorin, fluorouracil, and irinote-
can) regimen. It is also a category D drug because 
of its theoretical risk of teratogenicity during 
organogenesis based on rat and rabbit models. 
However, case reports of irinotecan use during 
later stages of gestation have demonstrated no 
untoward affects [43].

Newer chemotherapy drugs used as adjuvant 
treatments for metastatic or locally advanced 
CRC include bevacizumab (Avastin®, Genentech, 
San Francisco, CA) and capecitabine (Xeloda®, 
Hoffmann-La Roche, Nutley, NJ). Both have evi-
dence of fetotoxicity and teratogenicity in animal 
studies and are classified as category D drugs [44, 
45]. Bevacizumab is also associated with reduced 
placental perfusion and is not recommended 
throughout pregnancy [43].

Although few studies shine light onto the 
long-term sequelae of children exposed to che-
motherapy for colorectal cancer in utero, studies 
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investigating chemotherapy agents for breast and 
hematological malignancies have not reported 
significant learning impairment and hematologic 
or immunologic abnormalities [46]. While most 
chemotherapeutic agents cross the placental bar-
rier, they often do not have the ability to pass into 
breast milk. However, little information regard-
ing breastfeeding during chemotherapy is avail-
able, and breastfeeding is not recommended 
while undergoing chemotherapy [37, 47].

 Surgical Intervention

Surgical resection can be offered before 24 weeks 
of gestation when appropriate [48]. Fetal heart 
monitoring should be performed before and after 
any surgical intervention. Patients in the third tri-
mester of gestation should delay operative man-
agement until after delivery unless tumor 
complications such as bowel obstruction, perfo-

ration, or bleeding warrant immediate surgical 
intervention. Manipulation of the gravid uterus in 
last gestation can promote premature labor, and 
all published cases of colectomy in the third tri-
mester have resulted in premature delivery. This 
ubiquitous finding has led several investigators to 
recommend a synchronous cesarean section and 
colectomy in the emergent and elective setting 
[49–51]. In the later stages of the second trimes-
ter, the gravid uterus may obstruct exposure to 
the pelvis, especially during low rectal cancer 
resections. In such cases, gentle elevation and 
stabilization throughout the case is recom-
mended. If technical difficulty is encountered 
during the creation of colorectal continuity, a 
diverting stoma should be created rather than 
attempting to create an anastomosis. Fetal heart 
monitoring should be performed before and after 
surgery. Delivery is recommended at the earliest 
fetal maturity. If cesarean delivery is indicated, as 
in the case of rectal cancer, concomitant resection 
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Fig. 15.1 Algorithm for treatment pathway of colon can-
cer in pregnancy, not including emergent operative man-
agement.  Gestational viability is determined as 30–34 

weeks. Cesarean section is the preferable delivery method 
in rectal cancer. Dotted arrows demonstrate possible treat-
ment options after definitely staging
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of tumor is recommended. In cases of metastatic 
disease, surgical treatment should follow neoad-
juvant chemoradiation therapy when appropriate 
and possible.

Depending on the location of the tumor and 
size of the gravid uterus, considerations for surgi-
cal approach must be individualized to prevent 
unnecessary manipulation of the uterus. 
Figure  15.3 demonstrates uterine size based on 
weeks of gestation. Operative incision should be 
tailored as to avoid injuring the uterus upon 
entering the peritoneal cavity. Care also should 
be taken to minimize anesthesia time. For this 
reason, laparoscopy, which introduces increased 
intra-abdominal pressure and is associated with 
increase operative time, is not recommended. 
Much of what is known regarding the effects of 
laparoscopy on maternal and fetal morbidity is 
extracted from literature on laparoscopic chole-
cystectomy and appendectomy. Maternal compli-
cations following laparoscopic procedures occur 

at an estimated rate of 0.006% [48]. Few have 
investigated the impact of laparoscopic colec-
tomy or proctectomy on maternal and fetal mor-
bidity. A systemic review of all publications on 
the surgical management of inflammatory bowel 
disease during pregnancy reported four cases of 
attempted laparoscopy [52]. Only two were com-
pleted laparoscopically, and one experienced pre-
term labor at 28 weeks of gestation [53]. To date, 
insufficient evidence supports the use of laparos-
copy in the operative management CRC in 
pregnancy.

Debate exists on whether bilateral salpingo-
oophorectomy at the time of resection should be 
performed given the described risk of metastasis. 
Ovarian metastasis occurs in 24% of patients 
with CRC during pregnancy [54–57]. If they are 
frankly involved, they should be removed at the 
time of surgery; otherwise, wedge biopsies with 
frozen sections can be performed to establish 
diagnosis. Prophylactic removal of bilateral 
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 ovaries is not recommended because of the risk 
of spontaneous abortion, even if hormonal 
replacement is administered [55].

 Surgical Emergency

Tumor complications such as perforation, 
obstruction, or hemorrhage further complicate 
the management algorithm for CRC in preg-
nancy. Colonic perforation and resultant fecal 
peritonitis carry devastating maternal and fetal 
outcomes. Intestinal perforation due to CRC is 
rare and only constitutes 2.4% of initial presenta-
tions [7]. Published data on maternal and fetal 
morbidity and mortality are largely based on 
appendiceal perforation in pregnancy, which is 
associated with a 20–35% fetal loss rate and a 4% 
rate of maternal mortality [58, 59]. The incidence 
of intestinal obstruction is estimated to be 
between 1 in 1500 and 1 in 66,000 pregnancies 
and was the presenting symptom in 9.4% of preg-
nant patients with CRC [7, 60, 61]. A midline 
laparotomy provides the best operative exposure, 
and definitive operative treatment with colonic 

resection and/or diverting stoma should be per-
formed. In a literature review by Perdue, 23% of 
pregnant patients with intestinal obstruction 
required bowel resection, pregnancy was com-
pleted to term in only 38%, maternal mortality 
rate was 6%, and fetal mortality rate was 26% 
[61]. Rectal bleeding is the most common pre-
senting symptom and rarely leads to operative 
intervention alone. However, when gastrointesti-
nal hemorrhage is rapid or requiring prolonged 
resuscitation, definitive surgical resection should 
be considered.

 Prognosis

Patients with CRC during pregnancy have a poor 
prognosis. This apparent predisposition has been 
attributed to a variety of factors including age at 
diagnosis, aggressive histology, delayed diagno-
sis, and advanced pathologic stage [2, 62, 63]. 
The 5-year disease-free survival was found to be 
42% in a study of 26 pregnant patients with rectal 
cancer and 38% with colon cancer [2]. Pellino 
et al. conducted a review of all published cases of 
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16 Weeks

12 Weeks

Fig. 15.3 Uterine size 
based on weeks of 
gestation
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CRC in pregnancy and determined that the 
median survival for CRC in pregnancy was 
36  months (range 0–360). Patients with rectal 
cancer had significantly longer overall survival 
compared to those with colon cancer (73 vs. 
26 months, P < 0.01). Those presented in the sec-
ond trimester had poorer prognosis with a median 
survival of 30  months. Those presented in the 
first and third trimester had statistically better 
prognosis with median survival of 36 and 
73 months, respectively [7]. The median age of 
diagnosis was 32 years (17–46 years), and most 
cases were diagnosed during the second and third 
trimesters (41% and 47%, respectively). The 
majority of patients (65%) were not at an 
increased risk for CRC, while more than a third 
of the patients had family history or genetic 
redisposition to CRC. The presence of metastatic 
disease was identified in 48% of patients at the 
time of diagnosis, and the median survival in this 
cohort was 42 months [7].

 Age

The poor prognosis of pregnant women with 
CRC may, in part, be a reflection of the patient 
age [2]. With improved accessibility to screening 
and improved treatment armamentarium, mortal-
ity has decreased (by 2–3% annually between 
1992 and 2009) for CRC patients in all age 
groups except for younger patients, whose mor-
tality rate has been rising in the last few years. 
Colorectal cancer incidence rates have been 
increasing by 2.4% per year in adults age 20–29 
and by 1.0% per year in adults age 30–39 [62]. 
Currently, nearly one-third of rectal cancer 
patients are younger than 55 years of age.

Whether this increase in incidence of CRC in 
young patients affects disease-specific survival is 
yet to be elucidated. A recent epidemiological 
investigation of 258,024 patients of the 
Surveillance, Epidemiology, and End Result 
(SEER) database of the National Cancer Institute 
(NCI) demonstrated that young patients were 
more likely to present with regional (relative risk 
ratio, 1.3; P < 0.001) or distant (relative risk ratio, 
1.5; P < 0.001) disease. Prognosis is particularly 

poor when CRC is metastasized to the ovaries. 
The rate of ovarian metastases in women with 
CRC is about 3–8% [56, 57] but rises to 31% in 
women less than 40  years old [54, 64]. The 
median survival for this population has been 
reported to be between 3 months to 1 year [56]. 
Herrera-Ornelas reported the median survival of 
16.5  months in 54 pregnant patients with CRC 
and ovarian metastasis [65].

Patients younger than the recommended 
screening age have better overall disease-specific 
(hazards ratio, 0.77; P  <  0.001) and stage-for-
stage survival, despite a larger percentage of 
these individuals presenting with advanced dis-
ease [66]. This apparent improvement in disease-
specific survival is likely due to a tendency 
toward more aggressive treatment. As more and 
more published data began to elucidate the trend 
of early onset CRC, multiple groups have called 
for improved risk assessment and early screening 
for at-risk younger individuals [62, 66–69].

 Tumor Histology

Younger patients, specifically patients under the 
age of 40, with CRC often exhibit signet cell tumor 
morphology and are associated with a higher inci-
dence of lymphovascular invasion; are frequently 
diagnosed in an advanced stage of disease; and 
carry a worse prognosis [63, 70, 71]. Signet cell 
histology is defined by greater than 50% presence 
of tumor cells possessing prominent intracytoplas-
mic mucin and lack of cell-to-cell adhesion mole-
cules. Its aggressive potential is secondary to the 
deregulation of cell-to-cell adhesion molecule 
E-cadherin, which, in turn, enhances its tendency 
to spread. Carriers of CDH-1 germline mutation 
leading to E-cadherin deficiency are predisposed 
to early onset hereditary diffuse gastric cancer 
with a 70% lifetime risk and median age of diag-
nosis at 33 [72, 73]. Although largely studied in 
patients with hereditary diffuse gastric adenocarci-
noma, a subset of these patients also has increased 
risk of developing colorectal cancer in the third 
decade of life [74].

Recently, Tawadros et al. demonstrated a 3.6-
fold increase risk of signet cell histology in the 
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cohort under 40 years of age in a review of more 
than 38,000 patients diagnosed with rectal cancer 
from the SEER database [63]. This increased 
prevalence of signet cell adenocarcinoma histol-
ogy was significantly associated with advanced 
stage, poorly differentiated tumor grade, and 
worse prognosis than its mucinous and non-
mucinous counterparts. Adenocarcinoma of sig-
net cell histology was found to impact survival by 
nearly twofold. The median survival for signet 
cell type is 14  months compared to 27  months 
(P < 0.001) in mucinous-type [63].

 Hormonal Effects of Pregnancy

With respect to the hormonal influence on CRC 
during pregnancy, earlier investigators suggested 
that the increase circulation of estrogen and pro-
gesterone may stimulate rapid growth by activat-
ing estrogen and progesterone receptor-binding 
capacity of the tumor cells. This hypothesis was 
supported by several small reports demonstrating 
high levels of estrogen and progesterone recep-
tor positivity in CRC tumor cells [75, 76]. 
However, recent experience with larger cohorts 
(n  =  29–156) demonstrated low detection of 
estrogen or progesterone receptor expressivity on 
CRC tumor cells via immunohistochemical stain-
ing [77, 78]. Furthermore, a growing body of evi-
dence from preclinical studies indicate that 
expression of the estrogen receptor beta (ERβ) 
demonstrates an inverse relationship with the 
presence of colorectal polyps and stage of tumors 
and can mediate a protective response [79, 80].

In two large trials launched by the Women’s 
Health Initiative (WHI), combination estrogen 
plus progestin therapy was associated with 40% 
reduction in incidence of colorectal cancer [81, 
82]. This conclusion was later refuted in several 
large-scale follow-up studies that demonstrated 
combination estrogen and progestin therapy had 
no clinically significant influence on CRC mor-
tality [83–85]. In 2014, the WHI published its 
11.6-year follow-up data of the initial random-
ized controlled study and concluded that combi-
nation hormonal therapy was not compatible 
with clinically meaningful reduction in colorectal 

cancer [84]. Despite enormous scale and effort of 
these trials, it is difficult to extrapolate discern-
able insight in regard to CRC patients during 
pregnancy. To date, no dedicated studies have 
investigated the influence of estrogen and proges-
tin during pregnancy with respect to the develop-
ment and progression of colorectal cancer.

Another unique challenge to the treatment of 
CRC is the complex interactions between growth 
factors, immune system, and environmental fac-
tors underlying pregnancy. The state of preg-
nancy promotes a myriad of physiologic changes 
on the molecular level. Current research is begin-
ning to elucidate the overexpression of growth 
factors such as cyclooxygenase-2 (COX-2) 
enzymes, insulin-like growth factor 1 (IGF-1), 
and placental growth factor (PGF) and its impact 
on cancer biology [86–88]. However, sufficient 
evidence has not yet revealed a direct link 
between physiologic changes of pregnancy and 
the apparent rapid growth and spread of colorec-
tal cancer in this cohort.

 Advanced Stage of Presentation

Another factor likely to contribute to the aggres-
sive nature of CRC in pregnancy is the advanced 
stage of disease at presentation. Unfortunately, 
metastatic disease at the time of diagnosis is 
found in 48% of patients in a review of 119 pub-
lished cases of CRC during pregnancy. Only 12% 
of patients were diagnosed during the first tri-
mester of gestation, 41% and 47% during the sec-
ond and third trimester, respectively. Those 87 
who presented in the third trimester had signifi-
cantly advanced disease, and over 25% of patients 
presented in an emergent setting requiring hospi-
talization and intervention [7]. The cause for the 
apparent delay in diagnosis is multifaceted. 
Factors including low threshold for suspicion, 
confounding clinical features of early pregnancy, 
and reluctance for invasive examination all hin-
der early identification and treatment.

In addition to a low incidence of CRC in this 
age cohort, the majority of patients were not at an 
increased risk of CRC based on personal and 
family history [7]. This finding is confounded as 
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patients with a known genetic disposition for 
CRC are likely to be screened early in life and 
excluded from these studies. Regardless, this fur-
ther lowers the suspicion of CRC in pregnant 
patients on the list of differential diagnosis. Its 
rarity along with a seemingly insignificant group 
of presenting symptoms compounds the diffi-
culty of diagnosing of CRC in pregnancy.

The most commonly presenting complaints 
for pregnant patients with CRC are rectal bleed-
ing, abdominal pain, and constipation [8, 63, 89, 
90]. These symptoms are routinely attributed to 
the natural physiological changes during early 
gestation and often overlooked without addi-
tional investigation. Rectal bleeding, the most 
common initial symptom and found in almost 
half of the patients with CRC in pregnancy, is fre-
quently accredited to hemorrhoidal disease per-
vasive in the population in question [2, 7].

Diagnosis of CRC in pregnancy at its earliest 
symptomatic presentation is a challenging task 
faced by many obstetricians and primary care 
physicians. Although the incidence of CRC 
remains low during pregnancy, a high index of 
suspicion is important for the early diagnosis and 
treatment of this devastating disease. With rising 
occurrence of CRC in women of childbearing 
age, patients with rectal bleeding, constipation, 
persistent nausea, and vomiting should be offered 
the same consideration and investigation as their 
nonpregnant counterparts.

Another factor contributing to the overall poor 
prognosis of CRC in pregnancy is the compli-
cated decision-making process related to disease 
management. Often riddled with emotional, reli-
gious, and ethical convictions, patients are fre-
quently faced with choice between optimal 
cancer treatment and the welfare of the fetus. 
Under these difficult prevailing circumstances, 
therapeutic options should be individualized, and 
a multidisciplinary team consisting of the sur-
geon, obstetrician, oncologist, maternal-fetal 
medicine specialist, and social worker should 
collaborate in the care of the patient.

 Conclusion
Colorectal cancer during pregnancy presents a 
variety of challenges to a clinician. Frequently 

disguised as common ailments of pregnancy, 
CRC is difficult to diagnose and even more 
bewildering to treat. A high index of suspi-
cion, a proficient knowledge of the available 
diagnostic tools, and a full understanding of 
treatment options can provide valuable guid-
ance to the complex and delicate therapeutic 
decision-making process.
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Hernia Complications During 
Pregnancy

Ivy N. Haskins and Michael J. Rosen

 Introduction

Approximately four million live births occur annu-
ally in the United States, with the risk of acute 
abdomen requiring surgical intervention occurring 
in up to 1 in 500 pregnancies [1, 2]. While many of 
the causes of acute abdomen are related to the 
pregnancy itself, general surgery disease processes 
must be considered in the differential diagnosis. 
Within this chapter, we will detail the evaluation 
and management of pregnant patients who present 
with a symptomatic abdominal wall hernia.

 Incidence of Abdominal Wall 
Hernias in Pregnancy

To date, no randomized controlled trial or pro-
spective analysis has detailed the incidence or 
management of abdominal wall hernias during 
pregnancy [3]. Therefore, the true incidence of 
abdominal wall hernias in pregnant patients 
remains unknown. Nevertheless, in a large, regis-
try-based trial, Oma et  al. found that the inci-
dence of umbilical hernias in pregnant patients 
was 0.08% and that the incidence of inguinal and 
femoral hernias was 0.12% [4]. While the overall 

percentage of abdominal wall hernias in pregnant 
patients is less than 1%, when considered in the 
context of four million live births, upward of 
3200 pregnant women will have a concomitant 
umbilical hernia and nearly 4800 pregnant 
women will have a concomitant groin hernia 
annually. Therefore, both obstetricians and gen-
eral surgeons must be equipped to evaluate and 
manage pregnant patients with abdominal wall 
hernias.

 Etiology of Abdominal Wall Hernias 
in Pregnancy

The incidence of abdominal wall hernias rises 
dramatically in women, starting at 20  years of 
age and plateauing at approximately 40 years of 
age [5, 6]. Because of this pattern, it has been 
postulated that pregnancy is a risk factor for 
abdominal wall hernia formation [5]. Further-
more, additional studies have found that preg-
nancy is associated with an increased risk of 
abdominal wall hernia recurrence [4]. While the 
association between pregnancy and abdominal 
wall hernia formation and recurrence is not com-
pletely understood, it is believed that the 
increased intra-abdominal pressure and hormonal 
changes associated with pregnancy leads to 
increased abdominal wall compliance and 
 elasticity, facilitating abdominal wall hernia 
 formation [4, 5].
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 Evaluation of Abdominal Wall 
Hernias in Pregnancy

In their most severe form, abdominal wall hernias 
can progress to symptoms of incarceration or 
strangulation. While pain, nausea, and emesis 
often accompany symptomatic abdominal wall 
hernias, these are also common symptoms of 
pregnancy, which can make the diagnosis of an 
abdominal wall hernia challenging [3, 7]. 
Therefore, a thorough history and physical exam-
ination is an important first step in evaluating a 
pregnant patient with a suspected abdominal wall 
hernia. Specifically, these patients should be 
asked if they have ever been diagnosed with an 
abdominal wall hernia, if they have noticed a new 
bulge in their abdominal wall or in their groin 
independent from their pregnancy, and about 
their surgical history. Next, in addition to a rou-
tine obstetric examination, the abdominal wall 
and inguinal regions should be inspected and pal-
pated to rule out a hernia.

When there is a high suspicion for an abdomi-
nal wall hernia in a pregnant patient that cannot 
be identified on physical examination, imaging 
may be necessary. Due to the risk of radiation 
exposure to the fetus, ultrasound, rather than 
computed tomography or x-ray, is the preferred 
imaging modality [3, 8]. The use of ultrasound is 
advantageous as it can simultaneously rule out an 
obstetric cause of the patient’s symptoms in addi-
tion to other general surgery considerations, 
including appendicitis and cholecystitis [9]. 
Furthermore, in addition to the diagnosis of 
abdominal wall hernias, ultrasound can help to 
rule out varicose veins around the round liga-
ment, which is a potential alternative source of 
groin swelling [4, 10].

 Management of Abdominal Wall 
Hernias in Pregnancy

Pregnant women present unique challenges to the 
general surgeon regardless of operative or nonop-
erative treatment. Nonoperative management can 
increase the risk of progression to bowel incar-
ceration and strangulation, while operative 

 intervention exposes the mother and fetus to 
increased physiologic stress and potentially tera-
togenic medications [11]. As previously dis-
cussed, there is a paucity of literature directing 
the management of pregnant patients with 
abdominal wall hernias. Herein, we will detail 
the most recent case series and attempt to make 
recommendations for these patients.

In a small study by Buch et  al., 12 female 
patients with a known umbilical or groin hernia 
were followed through the course of their preg-
nancies [9]. No patient developed hernia incar-
ceration or strangulation, and no patient required 
emergency hernia repair during pregnancy [9]. 
All patients underwent hernia repair postpartum. 
Based on their observations, the authors con-
cluded that umbilical and groin hernias in preg-
nant patients should be managed with watchful 
waiting during pregnancy with planned surgical 
intervention postpartum [9].

A recent study by Oma et  al. followed 224 
female patients who went on to become pregnant 
following primary umbilical hernia repair. 
Although previous studies have shown a lower 
recurrence rate with mesh versus primary repair 
in nonpregnant patients, this study found no dif-
ference in hernia recurrence rate at an average 
follow-up time of 3.8  years in female patients 
who went on to become pregnant regardless of 
surgical approach or mesh utilization [5, 12, 13].

A systematic review of abdominal wall hernias 
and pregnancy was performed by Jensen et al. in 
2015. In this review, the terms “abdominal wall 
hernias” and “pregnancy” were searched with 
PubMED and Embase [3]. Thirty-one studies were 
reviewed; 4 detailed the outcomes of abdominal 
wall hernia repair prior to pregnancy, 12 detailed 
the results of abdominal wall hernia repair at the 
time of pregnancy, and 15 detailed the results of 
abdominal wall hernia at the time of cesarean sec-
tion [3]. A total of 40 patients were described in 
the case series detailing abdominal wall hernia 
repair prior to pregnancy. Interestingly, 12 patients 
had pain during pregnancy related to hernia repair 
with mesh, and 2 of these patients experienced a 
hernia recurrence [3, 14, 15]. Of the 12 articles 
that detailed abdominal wall hernia repair during 
pregnancy, all studies were case reports and all 
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patients underwent emergency surgical interven-
tion for hernia incarceration or strangulation, with 
one patient spontaneously aborting 4 weeks post-
operatively [3]. With respect to abdominal wall 
hernia repair at the time of cesarean section, 
patients had a higher analgesic requirement and a 
higher wound infection rate, and short-term recur-
rence was as high as 29% [3, 16].

Finally, in a large, retrospective database study 
examining 20,714 women in Denmark, Oma 
et  al. attempted to determine the incidence of 
umbilical and groin hernias in women of repro-
ductive age [3]. They found that the incidence of 
umbilical hernias during pregnancy was 0.08% 
and that no patient with an umbilical hernia 
required surgical intervention during pregnancy 
[3]. They also found that the incidence of groin 
hernias during pregnancy was 0.12% and that no 
patient with a groin hernia required surgical 
intervention during pregnancy [3]. Interestingly, 
40% of the women who were diagnosed with a 
groin hernia during pregnancy had spontaneous 
resolution postpartum, which may be related to 
round ligament varicosities [3].

Recently accepted for publication in Hernia is 
a study from our institution which uses the 
American College of Surgeons National Surgical 
Quality Improvement Program (ACS-NSQIP) 
database to detail the incidence and management 
of umbilical hernias during pregnancy. A total of 
126 pregnant patients underwent umbilical her-
nia repair from 2005 through 2014. A majority of 
these patients (58%) had incarceration or stran-
gulation at the time of surgical intervention, and 
almost all patients (95%) underwent open, pri-
mary tissue repair of their umbilical hernia. 
While umbilical hernia repair during pregnancy 
was associated with minimal maternal morbidity, 
the risk to the fetus cannot be elucidated from the 
ACS-NSQIP database.

Unfortunately, it is not known how often 
abdominal wall hernias become symptomatic 
during pregnancy [3]. Nevertheless, there are 
some general conclusions that can be made from 
the aforementioned studies. First and foremost, 
approximately 8000 pregnant women in the 
United States will have a concomitant abdominal 
wall hernia annually. Therefore, the likelihood of 

a general surgeon having to evaluate or operate 
on a pregnant patient during their career is almost 
inevitable. Second, pregnancy is associated with 
an increased risk of abdominal wall hernia for-
mation and recurrence. Therefore, ideally, these 
hernias should be managed nonoperatively until a 
patient has completed childbearing. Furthermore, 
because of the higher rate of wound events and 
hernia recurrence at the time of cesarean section 
compared to routine abdominal wall hernia 
repair, pregnant patients with abdominal wall 
hernias should not undergo routine simultaneous 
abdominal wall hernia repair at the time of cesar-
ean section. Finally, general surgeons should be 
reassured that patients who progress to hernia 
incarceration or strangulation during pregnancy 
can undergo primary tissue repair with minimal 
associated maternal morbidity. What remains to 
be determined is the ideal surgical approach and 
need for mesh utilization at the time of definitive 
abdominal wall hernia repair and the effect of 
general anesthesia and symptomatic abdominal 
wall hernias on the health of the fetus.

 Conclusion
Abdominal wall hernias can be a source of 
acute abdomen in the pregnant patient. Unless 
symptoms of incarceration or strangulation 
are present, abdominal wall hernias should be 
managed nonoperatively until the postpartum 
period. Additional research in this area is 
needed to determine the true incidence and 
ideal management of abdominal wall hernias 
in pregnant patients.

References

 1. Augustin G, Majerovic M.  Non-obstetrical acute 
abdomen during pregnancy. Eur J Obstet Gynecol 
Reprod Biol. 2007;131(1):4–12.

 2. 4 Pregnancy Statistics. http://www.statisticbrain.com/
pregnancy-statistics/. Accessed 30 May 2017.

 3. Jensen KK, Henriksen NA, Jorgensen LN. Abdominal 
wall hernia and pregnancy: a systematic review. 
Hernia. 2015;19:689–96.

 4. Oma E, Bay-Nielsen M, Jensen KK, Jorgensen LN, 
Pinborg A, Bisgaard T. Primary ventral or groin her-
nia in pregnancy: a cohort study of 20,714 women. 
Hernia. 2017;21:335–9.

16 Hernia Complications During Pregnancy

http://www.statisticbrain.com/pregnancy-statistics/
http://www.statisticbrain.com/pregnancy-statistics/


200

 5. Oma E, Jensen KK, Jorgensen LN.  Recurrent 
umbilical or epigastric hernia during and after 
pregnancy: a nationwide cohort study. Surgery. 
2016;159(6):1677–83.

 6. Burcharth J, Pedersen MS, Pommergaard HC, 
Bisgaard T, Pedersen CB, Rosenberg J. The prevalence 
of umbilical and epigastric hernia repair: a nationwide 
epidemiologic study. Hernia. 2015;19(5):815–9.

 7. Vikanes AV, Stoer NC, Magnus P, Grjibovski 
AM.  Hyperemesis gravidarum and pregnancy 
outcomes in the Norwegian mother and child 
cohort- a cohort study. BMC Pregnancy Childbirth. 
2013;13:169.

 8. Shetty MK.  Abdominal computed tomography dur-
ing pregnancy: a review of indications and fetal 
radiation exposure issues. Semin Ultrasound CT MR. 
2010;31(1):3–7.

 9. Cox TC, Huntington CR, Blair LJ, Prasad T, Lincourt 
AE, Augenstein VA, et al. Laparoscopic appendec-
tomy and cholecystectomy versus open: a study 
in 1999 pregnant patients. Surg Endosc. 2016;30: 
593–602.

 10. Lechner M, Fortlenly R, Ofner D, Mayer F. Suspected 
inguinal hernias in pregnancy—handle with care! 
Hernia. 2014;18(3):375–9.

 11. Buch KE, Tabrizian P, Divino CM.  Management 
of hernias in pregnancy. J Am Coll Surg. 
2008;207(4):539–42.

 12. Arroya A, Garcia P, Perez F, Andreu J, Andreu J, 
Candela F, Calpena R. Randomized clinical trial com-
paring suture and mesh repair of umbilical hernia in 
adults. Br J Surg. 2001;88(10):1321–3.

 13. Sanjay P, Reid TD, Davies EL, Arumugam PJ, 
Arumugam PJ, Woodward A. Retrospective compar-
ison of mesh and sutured repair for adult umbilical 
hernias. Hernia. 2005;9(3):248–51.

 14. Aean V, Cown L, Sakala PP, Small ML.  Prolonged 
parenteral meperidine analgesia during pregnancy 
for pain from an abdominal wall mesh graft. Obstet 
Gynecol. 1993;82:721–2.

 15. Schoenmaeckers E, Stirler V, Raymakers J, Rakic 
S. Pregnancy following laparoscopic mesh repair of 
ventral abdominal wall hernia. JSLS. 2012;16(1):85–8.

 16. Steinemann DC, Limani P, Ochsenbein N, 
Krähenmann F, Clavien PA, Zimmermann R, et  al. 
Suture repair of umbilical hernia during caeserean sec-
tion: a case-control study. Hernia. 2013;17(4):521–6.

I. N. Haskins and M. J. Rosen



201© Springer International Publishing AG, part of Springer Nature 2019 
C. H. Nezhat (ed.), Non-Obstetric Surgery During Pregnancy, 
https://doi.org/10.1007/978-3-319-90752-9_17

Breast Surgery in the Pregnant 
Patient

Meredith Redden, Natalie Kessler, 
and Amelia Donlan

 Introduction

The breast undergoes significant transformation 
during pregnancy making surveillance and identifi-
cation of changes challenging. The physiologic 
changes of pregnancy include breast growth and 
enlargement, tenderness and hypersensitivity, dark-
ened nipples and areolas, darkened veins along 
breasts, nipple enlargement and projection, and 
raised Montgomery tubercles. Estrogen and pro-
gesterone production stimulates ductal and lobule 
development and proliferation, adipose tissue invo-
lution, and increased vascularization. These hor-
monal changes of pregnancy can produce palpable 
nodularity, firmness, and increased parenchymal 
density secondary to an increase in breast volume 
and water content, making clinical and radiologic 
evaluation challenging. Most women presenting 
with breast changes during pregnancy will not 
require surgical intervention. We will review both 
malignant and benign breast diseases that can 

affect women during their pregnancy and the man-
agement for their disease during pregnancy.

 Evaluation and Diagnosis

Initial evaluation of breast changes noted dur-
ing pregnancy begins with a thorough history 
and clinical examination. A palpable breast 
mass that persists for greater than 2 weeks man-
dates further evaluation with a clinical breast 
examination and ultrasonography [1]. The com-
mon differential diagnosis of a palpable breast 
mass during pregnancy includes gestational 
breast cancer, fibroadenoma, lactating ade-
noma, fibrocystic changes, or cyst. Breast ultra-
sound has demonstrated an excellent degree of 
accuracy in the evaluation of both benign and 
malignant pregnancy-associated breast masses, 
and it can accurately and safely differentiate 
between cystic and solid lesions. Ultrasound is 
particularly accurate in the evaluation of breast 
cancers in pregnancy, with studies demonstrat-
ing 100% sensitivity and 100% negative predic-
tive value for pregnancy-associated breast 
cancers [2–5].

Ultrasound-guided incisional breast biopsy 
has been demonstrated to be safe during preg-
nancy and allows for pathologic evaluation of 
new or enlarging solid nodules [6]. If core needle 
biopsy yields malignant pathology, bilateral 
whole-breast ultrasound and ipsilateral axillary 
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ultrasound are necessary to evaluate for the extent 
of disease, including multifocal or multicentric 
disease and metastatic disease in the axillary lymph 
node basin (Fig.  17.1). An ultrasound-guided 
axillary core needle biopsy can pathologically 
evaluate suspicious lymph nodes for metastatic 
disease.

Further imaging evaluation with mammogra-
phy is necessary in the setting of a gestational 
breast cancer or a clinically suspicious presenta-
tion for a breast malignancy. Routine mammo-
graphic screening is not recommended during 
the gestational period because of concern for 
radiation exposure to the developing fetus and 
the potentially teratogenic consequences. 
However, mammography has been shown to be 
safe during pregnancy with fetal shielding, with 
minimal radiation exposure to the fetus. A bilat-
eral mammogram during pregnancy is limited to 
patients diagnosed with breast cancer and can be 
indispensable in evaluating for microcalcifica-
tions not detected by ultrasound and in determin-
ing the full extent of disease prior to treatment 
initiation [5].

Contrast-enhanced MRI has not been demon-
strated to be safe during pregnancy because of 
the concern regarding gadolinium-based con-
trast agents crossing the placenta. Therefore, 
breast MRI is not recommended in the imaging 
evaluation of a newly diagnosed gestational 
breast cancer.

 Malignant Breast Disease 
in Pregnancy

 Gestational Breast Cancer

Pregnancy-associated breast cancer accounts for 
3% of all newly diagnosed breast cancers and 
presents in 1 in 3000 to 1 in 10,000 pregnancies 
[7]. It is defined as a breast cancer presenting dur-
ing pregnancy, the first postpartum year, or any-
time during lactation. We will focus specifically 
on gestational breast cancers and their unique 
management considerations. The majority of all 
gestational breast cancers are diagnosed in young 
women, with a mean age of 32–34 years old [6]. 
Some studies indicate that the incidence of gesta-
tional pregnancy is increasing as women delay 
childbearing [8, 9]. It can present a challenging 
clinical dilemma because treatment plans must 
maximize treatment of the known malignancy 
while minimizing risk to the fetus. Pregnancy 
 termination has not been demonstrated to improve 
outcomes in gestational breast cancer [10]. A 
multidisciplinary team approach to treatment, 
incorporating medical oncology, breast surgical 
oncology, radiation oncology, and maternal-fetal 
medicine, is essential to achieving the best clini-
cal outcome oncologically and maternally.

One of the greatest challenges in evaluating a 
newly diagnosed gestational breast cancer is man-
aging the need for a thorough evaluation of the 
extent of disease, to ensure that all disease is clearly 
noted, against potential radiologic side effects to 
the fetus. Many breast cancers presenting in this 
patient population present in a delayed fashion 
because of the challenges of clinical examination, 
as natural breast changes of pregnancy may obscure 
new breast masses, and because pregnant women 
are not undergoing surveillance with screening 
mammography (Fig. 17.2a, b). Regardless, a com-
plete imaging evaluation is necessary, particularly 
if breast-conserving surgery is being considered or 
if neoadjuvant chemotherapy is planned. 
Documenting the full extent of disease is essential 
for oncologically safe and successful surgery.

For women with advanced-stage breast cancer 
or symptoms suspicious for metastatic disease, 

Fig. 17.1 Abnormal axillary lymph node in pregnant 
patient. Ipsilateral abnormal appearing axillary lymph node 
in patient with newly palpable breast cancer. Pathology 
from USIBB demonstrated metastatic carcinoma
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additional evaluation for metastatic disease prior 
to the initiation of treatment is required. This can 
be safely accomplished with a chest radiograph 
with fetal shielding, a liver US, and a spine MRI 
without contrast. This is of utmost importance 
because it impacts treatment recommendations 
and treatment goals.

 Surgical Treatment

The management of gestational breast cancer is 
influenced both by the trimester at diagnosis and 
the stage of disease. NCCN guidelines for the 
management of gestational breast cancer are 
organized based on trimester of presentation:

 First Trimester
NCCN guidelines recommend mastectomy with 
sentinel lymph node biopsy (SLNB) versus 
 axillary lymph node dissection (ALND) for 

breast cancers diagnosed during the first trimes-
ter of pregnancy. Following mastectomy and 
axillary surgery, adjuvant chemotherapy can be 
started in the second trimester, as it is ideally 
avoided during the organogenesis period of the 
first trimester. Adjuvant radiation treatment and 
endocrine therapy are delayed until after the baby 
is born, as both pose significant fetal risks.

 Second Trimester
Breast cancer diagnosed in the second trimester 
or early third trimester can be treated first with 
neoadjuvant chemotherapy with delay in surgical 
treatment until after delivery or with upfront sur-
gery with either mastectomy or partial mastec-
tomy with SLNB or ALND. If breast-conserving 
surgery is chosen, whole-breast radiation treat-
ment is delayed until after delivery, typically 
after the completion of adjuvant chemotherapy 
through the third trimester. Adjuvant endocrine 
therapy follows postpartum radiation therapy, 
when biologically indicated.

 Third Trimester
Breast cancer diagnosed late in the third trimester 
can be treated with mastectomy or partial mas-
tectomy and SLNB or ALND. Adjuvant chemo-
therapy, radiation treatment, and endocrine 
therapy, if indicated, can be safely delivered in 
the postpartum setting.

The treatment for gestational breast cancer 
follows the same NCCN guidelines established 
for nonpregnant breast cancer, with modifica-
tions to protect the developing fetus. Breast and 
axillary lymph node surgery has been shown to 
be associated with minimal fetal risk during any 
trimester [1, 11–15]. However, it is ideally posi-
tioned between the beginning of second trimes-
ter and 34–37  weeks’ gestation. Avoiding 
surgery during the first trimester allows the ini-
tial phase of organogenesis to be completed. 
Additionally, surgery can increase the risk of 
preterm labor at the end of the third trimester; 
obstetricians can deliver a full-term infant at 
37  weeks, to be followed by either continued 
medical treatment or surgical intervention. 
Ideally delivery is positioned 3–4 weeks following 

a

b

Fig. 17.2 (a, b) Palpable breast cancer in pregnant 
patient. 32yo female with newly palpable mass on self 
breast examination and clinical breast examination.  
Pathology from USIBB demonstrated poorly differenti-
ated invasive ductal carcinoma 
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the last chemotherapy cycle to allow for hemato-
poietic recovery for the mother and fetus prior to 
delivery.

Historically, the only surgical option for ges-
tational breast cancer was a modified radical 
mastectomy. Recently, studies have demonstrated 
the safety and feasibility of breast-conserving 
surgery in gestational breast cancer [16, 17]. The 
exception is for breast-conserving surgery 
patients who would not be able to receive radia-
tion treatment within the standard time period 
following surgical excision with or without adju-
vant chemotherapy. Whole-breast radiation has 
not been demonstrated to be safe to administer 
during pregnancy as it would expose the fetus to 
teratogenic doses of radiation.

Immediate breast reconstruction has been 
safely performed in small series [18]. However, 
delayed reconstruction has traditionally been pre-
ferred to minimize operative time and potential 
complications from placement of a foreign body.

In clinically lymph node-negative patients, 
sentinel lymph node biopsy with the use of tech-
netium-99m or methylene blue has been demon-
strated to be safe and effective in pregnant 
patients in small studies [17, 19–23]. Isosulfan 
blue dye should not be used for sentinel lymph 
node biopsy because of the small but catastrophic 
risk of anaphylaxis associated with administra-
tion of the dye. Many patients present with 
locally advanced disease, mandating an axillary 
dissection at the time of surgical intervention.

 Neoadjuvant and Adjuvant 
Chemotherapy Treatment

Recommendations for utilization of chemother-
apy treatment are the same for the gestational 
breast cancer patient as for the nonpregnant, 
stage-matched patient. Gestational timing of 
diagnosis in light of the clinical stage influences 
the decision for neoadjuvant versus adjuvant 
chemotherapy. Chemotherapy is avoided during 
the first trimester when possible to avoid poten-
tially teratogenic treatment during critical fetal 
organogenesis. The typical treatment regimen 

includes adriamycin with cyclophosphamide and 
fluorouracil. Endocrine therapy is withheld until 
after delivery because of the potential risk for 
birth defects [24].

 Prognosis

Outcomes data suggests that stage-matched 
women diagnosed with gestational breast cancer 
have the same survival outcomes as women who 
are not pregnant.

 Benign Breast Disease in Pregnancy

 Gestational Gigantomastia

Gestational gigantomastia is defined as the enor-
mously exaggerated increase in the size and 
weight of the breasts during pregnancy. Breast 
weights of 4000–7000 g per breast have been 
reported with this condition. While very rare, 
affecting about 1  in 100,000 pregnancies, the 
rapid physiologic changes in the breast are both 
grossly deforming and can result in significant 
complications, including skin ulceration, infec-
tion, and massive bleeding from vascular wall 
compromise of massively dilated subcutaneous 
veins [25]. At times, these secondary complica-
tions can become life threatening if not rapidly 
addressed.

The etiology of this disease process remains 
unknown. It is hypothesized to be secondary to 
an abnormal breast tissue response to the normal 
increases in progesterone level during pregnancy. 
The exaggerated breast tissue hypertrophy does 
not always present during a woman’s first preg-
nancy; however, once the condition has devel-
oped during a pregnancy, it is highly likely to 
recur with each subsequent pregnancy.

Ultrasound evaluation will demonstrate pri-
marily normal breast hypertrophy. Biopsies of 
breast tissue changes are imprudent because of 
the increased risk for bleeding and infection. 
However, if the diagnosis is unclear, ultrasound-
guided incisional breast biopsy can be used to 
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exclude a malignant process, most commonly a 
lymphoma.

Treatment is initially limited to medical. 
Bromocriptine has been demonstrated to halt the 
growth of breasts and has demonstrated the 
greatest medical success in management [26]. 
Surgical intervention, primarily bilateral mastec-
tomies with delayed breast reconstruction, 
becomes necessary when life-threatening com-
plications develop, primarily uncontrolled bleed-
ing. Some case reports describe preterm delivery 
followed by urgent breast reduction surgery.

Following delivery, most breasts do not revert 
to normal size, requiring breast reduction surgery 
to prevent complications of macromastia. 
Breastfeeding is not recommended because 
breasts may continue to hypertrophy, resulting in 
continued risk for serious complications. 
Recurrence can develop in subsequent pregnan-
cies following breast reduction. Therefore, all 
patients considering future pregnancies should be 
offered mastectomies.

 Lactating Adenomas

Lactating adenomas are benign breast lesions 
most commonly presenting during the third tri-
mester of pregnancy, rather than during lacta-
tion. Because they can be sizeable, patients 
typically present with a new palpable breast 
mass on self-breast examination most com-
monly in the upper outer quadrant. Evaluation 
by ultrasound will demonstrate an oval or round, 
hypoechoic, homogenous, well-circumscribed 
lobulated nodule, potentially with large cystic 
areas of infarction and necrosis [27]. As malig-
nancy must be excluded, an ultrasound-guided 
incisional breast biopsy can be safely performed 
for pathologic evaluation. The histologic presen-
tation of lactating adenomas is characteristic, 
demonstrating lobulated masses of acini or lob-
ules densely packed together with little interven-
ing stroma and an intact basement membrane. 
Surveillance with clinical examination and 
ultrasound through pregnancy and lactation can 
monitor for stability and then involution. 

Lactating adenomas can recur with subsequent 
pregnancies (Fig. 17.3a, b).

 Breast Infarcts

Vascular insufficiency secondary to increased 
metabolic demands may cause infarction in fibro-
adenomas, hamartomas, lactating adenomas, and 
hypertrophic breast tissue (Figs.  17.4a, b and 
17.5a, b). Clinically, focal tenderness, skin fixa-
tion, and a palpable, ill-defined, tethered mass 
may be associated with the presentation of an 
area of infarct. An ultrasound-guided incisional 
breast biopsy is required for definitive diagnosis. 
Histologically, extensive necrosis may distort 
the normal architecture of the underlying benign 
breast lesion. Treatment is conservative until the 
postpartum period when the necrotic  area can 
safely undergo wide local excision [28].

a

b

Fig. 17.3 (a, b) Lactating Adenoma in pregnant patient. 
38yo female with new oval hypoechoic nodule on US 
imaging. Pathology from USIBB demonstrated lactating 
adenoma
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 Bloody Nipple Discharge

In the third trimester of pregnancy, ductal prolif-
erative changes can result in bloody nipple dis-
charge from ductal epithelial trauma. Bleeding 
often ceases with the onset of nursing. Further 
evaluation with mammogram and ductogram or 
breast biopsy is only indicated if the bloody nip-
ple discharge persists more than 2 months fol-
lowing delivery, is from a single duct, or is 
associated with a palpable mass [29].

 Fibroadenoma, Breast Hamartoma, 
and Axillary Breast Tissue

Benign breast lesions present prior to pregnancy 
may proliferate during pregnancy secondary to 
hormonal stimulation. These benign breast lesions 
do not require surgical intervention  during preg-
nancy but should be followed during and after 
pregnancy with imaging and clinical surveillance 
to ensure return to prepregnancy size with the 

completion of breastfeeding. Failure of a fibroad-
enoma to return to its prepregnancy dimensions 
should prompt either close surveillance with 
ultrasound and clinical examination at 6-month 
intervals for 2 years to ensure stability or surgical 
excision.

 Conclusion
The majority of breast changes noted during 
pregnancy are benign and attributable to 
normal breast tissue responses to increased 
 estrogen and progesterone levels. Ultrasound 
is a safe and accurate method for evaluating 
these changes and can guide core needle 
biopsy if pathologic evaluation is warranted 
to exclude malignancy. When gestational 
breast cancer or gestational gigantomastia 
require surgical intervention, surgical tim-
ing is important to minimize risk to the 
developing fetus. These are challenging 
clinical scenarios in which the welfare of 
both mother and baby must be prioritized. 
For benign disease, clinical and imaging 

a

b

Fig. 17.4 (a, b) Fibroadenoma. Palpable oval hypoechoic 
nodule with pathology from USIBB demonstrated benign 
fibroadenoma

a

b

Fig. 17.5 (a, b) Fibroadenoma increased in size during 
pregnancy to 6.18 cm x2.95 cm x6.92 cm. Fibroadenoma 
regressed to pre-pregnancy size following breastfeeding
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surveillance is sufficient through pregnancy 
and in the postpartum period. Most gesta-
tional changes will involute or return to pre-
pregnancy size, not requiring additional 
intervention.
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 Introduction

The indications for neurosurgical intervention in 
the pregnant patient often include mitigation of 
serious injury or pathology for the purposes of 
preventing a neurological deficit, preserving life, 
or treating pain. In general, elective procedures 
are often delayed until after delivery to prevent 
complicating factors for the fetus. However, there 
are times when neurosurgical intervention is 
required to save the life of the mother and fetus or 
to prevent debilitating neurological deficit. The 
goal of this chapter is to provide the non- 
neurosurgeon with information on common 
intracranial and spinal pathology, as well as 
aspects of neurocritical care that can be applied 
to the gravid patient.

 General Considerations

Initial management of neurosurgical patients 
depends on the clinical presentation, underlying 
etiology, comorbidities, disease severity, and 
other ongoing clinical considerations including 
pregnancy or parturition. Specific management 
decisions should be made in a multidisciplinary 
manner balancing the unique considerations of 
each patient. The presenting history and neuro-
logic examination are of the utmost importance 
in determining the nature and acuity of a patient’s 
pathology or injuries. Important factors for con-
sideration include the patient’s vital signs, level 
of alertness, cranial nerve exam, and strength in 
all four limbs. In the setting of trauma, a pupil-
lary exam and enough information to calculate a 
Glasgow Coma Score (GCS) should be ascer-
tained whenever possible. However, if a provider 
is sufficiently concerned about a patient to con-
sider neurosurgical consultation, doing so should 
not be delayed—especially in acutely ill or unsta-
ble patients.

 Imaging

The correct interpretation of appropriate imaging 
is a crucial aspect of neurosurgical decision- 
making for both cranial and spinal pathologies. 
For most neurosurgical emergencies, the initial 
imaging modality of choice is computed 
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 tomography (CT) because of the speed with 
which it can be completed as well as its ability to 
discriminate a wide variety of pathologies. 
Moreover, CT is often requisite to identify 
whether a given clinical presentation even repre-
sents a neurologic problem for which surgery is 
indicated or one that can be safely managed with-
out operative intervention. The use of ionizing 
radiation and IV contrast, however, is not benign 
for mothers or fetuses and should therefore be 
used judiciously and only when the results of a 
study have the potential to change management. 
Magnetic resonance imaging (MRI) may be pref-
erable in some circumstances (e.g., concern for 
acute radiculopathy or stroke) due to the lack of 
ionizing radiation but can be unsafe for patients 
who are unable to safely remain supine for the 
duration of the study.

 Radiation Exposure

The effects of radiation on developing fetuses are 
dose-dependent. Lower doses (10–100 mGy) can 
increase the risk for developing certain childhood 
cancers. Larger doses are associated with an 
increased risk of intellectual consequences 
(>100 mGy at an estimated rate of 30 IQ points/
Gy), microcephaly, and loss of pregnancy (500–
1000 mGy) [1, 2]. The threshold for development 
of fetal malformations attributable to exposure to 
ionizing radiation is approximately 100  mGy, 
with the period of highest risk during gestational 
weeks 8–25 [1, 2].

For the majority of pregnant patients, the 
important threshold of 10 mGy exposure to the 
fetus will never be reached. Conventional X-ray 
studies of the lumbar spine expose the fetus to 
1.7 mGy on average, and CT of the lumbar spine 
typically delivers 2.4 mGy [3].

 IV Contrast

The use of IV contrast is critical to the ability to 
diagnose multiple pathologies and safely prepare 
for a neurosurgical intervention. The existing lit-
erature acknowledges that available data is scarce 
but suggests that gadolinium transmission across 
the placenta is limited resulting in decreased 

 gadolinium concentrations for the fetus (up to 
170 times less than in maternal serum in some 
animal models). Additionally, in  vitro studies, 
animal model testing, and several case reports of 
gadolinium administration to pregnant women 
have demonstrated no mutagenic or teratogenic 
potential [4]. Similarly, placental transmission of 
iodinated contrast is limited with animal studies 
demonstrating a 0.003% transmission rate, and 
in vitro studies and animal models have demon-
strated no mutagenic or teratogenic properties. 
There is, however, the potential for iodine expo-
sure to depress neonatal thyroid function. Infants 
exposed to iodinated contrast during develop-
ment should be screened for hypothyroidism 
within 1 week of delivery [4].

 Antiepileptics

Antiepileptic drugs (AEDs) represent an impor-
tant adjunct to the neurosurgical care of supraten-
torial pathology (e.g., hemorrhage, tumor, trauma) 
or the control of a known seizure disorder. Older-
generation AEDs have been associated with higher 
rates of teratogenicity and congenital malforma-
tions including heart defects, cleft lip/palate, neu-
ral tube defects, and dysmorphic syndromes. 
Valproic acid and phenobarbital have been associ-
ated with rates of major structural malformation as 
high as 9.3% and 5.5%, respectively [5]. By com-
parison, newer AEDs have improved safety pro-
files in pregnant patients. Lamotrigine, for 
example, has been associated with structural mal-
formation at rates of 2.0%, and levetiracetam, per-
haps the most commonly used AED in neurosurgery 
patients, demonstrates rates of malformation rang-
ing from 0.7% to 2.4% [5, 6]. Whenever possible, 
AEDs should be used for the shortest length of 
time in the pregnant patient and at the minimum 
effective dose to achieve proper seizure control.

 Cranial Pathology

Intracranial pathologies are potentially among 
the most emergent and devastating of neurosurgi-
cal disorders. When suspected, any of the pathol-
ogies discussed below—cerebrovascular disease 
and subarachnoid hemorrhage, cerebral venous 
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sinus thrombosis, tumor, ventriculoperitoneal 
shunt malfunction, and traumatic brain injury—
warrant urgent or emergent neurosurgical consul-
tation. Initial workup often includes noncontrast 
head CT; cerebrovascular pathologies may war-
rant urgent or emergent CT angiography.

 Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) is one form of 
intracranial hemorrhage and can be seen in isola-
tion or in conjunction with intraparenchymal or 
intraventricular hemorrhage (Fig. 18.1). SAH in 
pregnancy is rare, affecting up to 5.8 to 15 per 
100,000 pregnancies [7, 8], but represents a true 
neurosurgical emergency and is responsible for 
4.1–12% of total mortality during pregnancy [7–
9]. In the general population, ruptured cerebral 
aneurysms comprise the most common etiology 
other than trauma underlying SAH. A lower mor-
tality is observed in pregnancy-associated SAH 
(10.3%) as compared to non-pregnancy- 
associated SAH (18.3%) and may be due in part 
to the relative predominance of nonaneurysmal 
SAH observed among pregnant women.

Risk factors for peripartum subarachnoid 
hemorrhage include African-American or 

Hispanic racial background, hypertension, coag-
ulopathy, drug, alcohol or tobacco abuse, sickle 
cell disease, hypercoagulability, and cerebral 
venous sinus thrombosis [7]. Other etiologies 
underlying SAH or frank intraparenchymal hem-
orrhage during pregnancy include ruptured arte-
riovenous malformations (AVM), cerebral 
venous thrombosis with venous hypertension and 
hemorrhage, moyamoya disease, and angiopathy 
in the postpartum period. The hypertensive rup-
ture of pial vessels can be seen in the setting of 
eclampsia and stresses the need for appropriate 
blood pressure control and management.

The most common presenting symptom of 
pregnancy-associated intracranial hemorrhage or 
SAH is sudden-onset headache, which is often 
associated with nausea and vomiting. Other 
 features include focal neurologic deficits, syncope 
at onset of symptoms, or seizure. The severity of 
symptoms and rapidity of onset help differentiate 
SAH from more benign causes of headache (e.g., 
tension headache, migraine) or the gradual-onset 
positional headaches associated with persistent 
spinal fluid leaks caused by administration of epi-
dural analgesia. Initial management includes 
immediate noncontrast head CT as well as possi-
ble CT angiogram if SAH is detected or clinical 
suspicion for cerebrovascular pathology is high. 

a b

Fig. 18.1 (a) Noncontrast CT scan of the head showing a subarachnoid hemorrhage and right temporal hematoma. (b) 
An angiogram shows an aneurysm (black arrow) of the posterior communicating artery
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Further recommendations will depend upon the 
results of the initial CT and may include a consul-
tation to neurosurgery or neurology, especially in 
the setting of new focal neurologic deficits or 
decreased level of consciousness.

Given the distribution of etiologies underlying 
SAH in pregnancy relative to the nonpregnant 
state, there is conflicting evidence about the con-
tribution of pregnancy and labor to the risk of 
SAH.  However, the majority of hemorrhages 
appear to occur around delivery and the initial 
postpartum period. Following a hemorrhage, the 
highest risk of rebleeding from unsecured aneu-
rysms is within the first 2–12  h and occurs in 
4–14% within the first day. Ultimately, 10–50% 
of cases will demonstrate rehemorrhage within 
the first month. Mortality rates for recurrent 
bleeds can be as high as 50–68% in both pregnant 
and nonpregnant patients [8, 9].

 Arteriovenous Malformations

Arteriovenous malformations (AVMs) are abnor-
mal, congenital connections between cerebral 
arteries and veins (Fig.  18.2). The associated 
brain parenchyma is nonfunctional, gliotic tis-
sue. Whether pregnancy increases the risk of 

 hemorrhage from AVMs is controversial. 
Recently published series by Gross and Du and 
Porras et  al. specifically designed to mitigate 
biases in incidence rate calculations indicate that 
pregnant women may in fact have elevated risks 
of hemorrhage [10, 11]. Gross and Du observed 
an 8.1% risk of hemorrhage per pregnancy 
(10.8% annual risk) as compared to a cumulative 
annual incidence of 1.1% among these same 
patients while not pregnant [10]. Similarly, 
Porras et  al. observed an annual incidence of 
AVM hemorrhage of 1.3% in nonpregnant 
women versus a risk of 5.7% during pregnancy 
and the puerperium. In the cohort studied by 
Porras, all AVM ruptures occurred in the second 
(62.7%) or third trimester (37.5%). Two of these 
patients had a recurrent hemorrhage during the 
same pregnancy or during the puerperium, and 
all of these patients delivered via cesarean sec-
tion. There were no maternal or fetal deaths [11].

 Cerebral Venous Sinus Thrombosis

Cerebral venous sinus thrombosis (CVST) is a 
rare disease with an incidence of approximately 
10–12 per million women per year that affects 
0.004–0.01% of all pregnancies [12]. However, 

a b

Fig. 18.2 (a) Noncontrast CT scan showing an acute left 
temporal lobe hematoma. (b) Underlying the hematoma is 
an arteriovenous malformation. Notice the abnormal tan-

gle of blood vessels (white arrow) that comprise the nidus 
of the AVM and the early venous drainage (black arrow)
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approximately 59% of all CVST occur during 
pregnancy or the puerperium [13]. Pregnancy 
itself comprises an independent risk factor for 
CVST. In hospital mortality rates from CVST are 
approximately 6%, and 30-day mortality rates are 
approximately 4% [12].

The majority of patients present with headache 
(74%), followed by seizure (50%), motor weak-
ness (38%), severe alteration in mental status 
including coma or obtundation (45%), or visual 
disturbance (24%). Initial management includes 
control of intracranial hypertension to prevent 
additional brain injury. Special attention is paid to 
optimizing blood rheology by keeping patients on 
generous IV fluids (e.g., 1.5 times maintenance 
rates with 0.9% normal saline) and keeping the 
head of bed elevated to maximize venous outflow. 
It is important to differentiate CVST from idio-
pathic intracranial hypertension (IIH or pseudotu-
mor cerebri), as treatment strategies vary. 
Diagnostic imaging studies include magnetic res-
onance imaging (MRI) and magnetic resonance 
venogram (MRV), although occasionally com-
puted tomography venogram (CTV) is utilized.

Neurosurgeons are frequently consulted early 
in the assessment of suspected CVST, especially 
in the setting of venous hypertension, infarction, 
and intracranial hemorrhage. However, this is 
generally not a diagnosis that requires surgical 
intervention and is the rare case when anticoagu-
lation is used even with existing intracranial 
hemorrhage. A pooled meta-analysis revealed 
91% of patients were started on anticoagulation, 
26% received intra-arterial thrombolysis alone, 
and 5% necessitated endovascular thrombec-
tomy. While cerebral venous hypertension and 
infarction is potentially catastrophic, this out-
come is a rarity, and the majority of patients have 
good to excellent clinical outcomes.

 Intracranial Tumors

The incidence of brain tumors in pregnant women 
is an exceedingly rare phenomenon, but one that 
presents potential management dilemmas as well 
as possible obstetric and neurosurgical emergen-
cies. Gliomas are the most frequently diagnosed 
histopathologic type (34%), although pituitary 
tumors (27%) and meningiomas (14%) are also 

common [14]. Some tumor types, most notably 
meningiomas (Fig.  18.3) and astrocytomas 
(Fig. 18.4), have been noted to become more clin-
ically apparent during pregnancy. Meningiomas 
may be affected by the trophic effects of increased 
levels of circulating steroid hormones, while 
astrocytomas have been posited to become more 
symptomatic due to the relatively immunologi-
cally permissive environment. This can lead to 
vascular engorgement and subsequent peritu-
moral edema, particularly during the late second 
and third trimesters. Indications for surgical man-
agement (resection or debulking) of intracranial 
tumors during pregnancy depend on the anatomic 
location, biology, patient symptoms, and aggres-
siveness of the tumor. If possible, surgical inter-
vention is delayed until after delivery of the fetus 
since many treatment strategies for the tumor may 
be contraindicated during pregnancy.

In a large population-based epidemiologic study 
of brain tumors in pregnancy, Isla et al. [15] ana-
lyzed a population of over 1.4 million individuals 
in which 126,413 births occurred between 1983 
and 1995. There was a cumulative incidence of 
seven intracranial tumors among pregnant women 
(two meningiomas, two ependymomas, two other 
gliomas, and one tumor of uncertain histopathol-
ogy). Three of the seven patients presented with 
new onset seizures. One other patient experienced 
tumor hemorrhage during labor and expired despite 
an emergency craniotomy. Another patient pre-
sented with diplopia and multiple cranial nerve 
deficits but was able to deliver at 33 weeks’ gesta-
tion. She subsequently underwent radiotherapy and 
passed away 3  months later (histopathology 
unknown). Three of the patients had craniotomies 
while pregnant, and one experienced fetal loss due 
to a spontaneous abortion 10 weeks after her crani-
otomy at an estimated gestational age of 20 weeks.

A recent retrospective review by Laviv et al. 
[16] identified 104 published cases of menin-
giomas managed surgically, with 86 of these 
reports having sufficient data to form the basis 
for potential recommendations. In their series, 
40% of patients had craniotomies for resection 
during pregnancy, and 60% underwent resec-
tion postpartum. A greater proportion of those 
who had craniotomies during pregnancy were 
emergent craniotomies (40% vs. 19.6%). This 
same group also had a higher proportion of 
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emergent C-sections (47% vs. 17.8%). The risk 
of maternal or fetal mortality was higher with 
the earlier craniotomy group, but this was not 
statistically significant. For these reasons, the 
authors recommended term deliveries when-
ever possible.

 Brain Tumor Outcomes

Terry et  al. [14] utilized the Nationwide 
Inpatient Sample, an epidemiologically repre-
sentative sample of all non-federal US hospital-
izations, to perform a retrospective cohort study 

a b

Fig. 18.3 (a) Sagittal and (b) coronal post-contrast T1-weighted MR images showing a convexity meningioma involv-
ing the falx and the superior sagittal sinus

a b

Fig. 18.4 (a) T2 flair and (b) post-contrast T1 axial MR images showing an example of a right insular, low-grade 
astrocytoma, also known as a glioma
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of pregnancy - related hospitalizations among 
women with malignant and benign brain tumors 
as well as spine tumors from 1988 to 2009. From 
among the more than 19.75 million pregnancy- 
associated admissions in this time period, 397 
were associated with malignant brain tumors, 
including 165 (44%) for deliveries. Four hundred 
and-thirty-seven admissions were associated with 
benign brain tumors, 265 (61%) of which were 
deliveries. Among the pregnant population with-
out brain tumors, approximately 90% of admis-
sions were for delivery.

Hospitalizations for reasons other than deliv-
ery were significantly more likely in pregnant 
patients with malignant or benign brain tumors. 
Pregnancy complications including preterm 
labor, intrauterine growth restriction, and still-
birth were more common among patients with 
malignant tumors. Benign tumors were associ-
ated with preterm labor as well as gestational dia-
betes and gestational and chronic hypertension. 
Notably while 48% of patients with malignant 
tumors and 19% of those with benign tumors 
underwent some type of neurosurgical procedure, 
these adverse outcomes were not associated with 
neurosurgical intervention itself. The authors 
posited that these complications were secondary 
to the underlying tumor as opposed to neurosur-
gical intervention since the clinical sequelae of 
intracranial neoplasia such as hydrocephalus, sei-
zures, hyperemesis, etc. can have detrimental 
effects on a pregnancy. The most commonly per-
formed neurosurgical procedures were cranioto-
mies in both the malignant (31.4%) and benign 
(16%) cases, followed by biopsy (9%) among 
those patients with malignant tumors. Rates of 
biopsy, ventriculostomy, and shunt implantation 
were too low among women with benign tumors 
to be reported.

Cesarean section was much more common 
among women with malignant (odds ratio 3.3, 
95% confidence interval 1.2–9.2) and benign 
(OR 2.8, 95% CI 2.1–3.6) tumors than the gen-
eral population. Spine tumors were also associ-
ated with increased rates of cesarean section (OR 
3.9, 95% CI 1.8–8.2), which may indicate that, 
overall, pregnancies with comorbid CNS tumors 
are viewed as higher risk, thus lowering the 
threshold for elective cesarean section.

 Shunts and Hydrocephalus

Ventriculoperitoneal shunts (VPS) are devices 
designed to treat hydrocephalus by diverting cere-
brospinal fluid (CSF) into the peritoneal space. 
CSF diversion into other locations including the 
pleural space (ventriculopleural) or right atrium 
(ventriculoatrial) is much less common but repre-
sents viable alternatives when the abdominal 
compartment cannot be utilized. Despite techno-
logical advancements, the function of shunts 
depends fundamentally on a pressure gradient or 
differential between the intracranial/intraventricu-
lar compartment and that of the body cavity into 
which CSF is being diverted. Thus, intuitively, the 
elevated  intraabdominal pressure associated with 
pregnancy may predispose a VPS to failure, with 
resultant worsening of hydrocephalus and intra-
cranial hypertension.

In a retrospective series of 77 pregnancies 
among 37 women (with 38 shunts) [17], shunts 
were revised ten total times either during preg-
nancy or the subsequent 6  months. Eighty-four 
percent of all pregnancies were unassociated 
with shunt malfunctions or failures. Of the three 
revisions that were done during pregnancy, two 
were in the same patient who also required a third 
revision 2 days postpartum. More than 60% of 
deliveries were vaginal. Three C-sections were 
done because of the presence of a shunt, two in 
mothers known to be in shunt failure and the third 
because the attending physicians deemed the 
presence of a shunt to be sufficient to require a 
cesarean. Of note, the distal shunt catheters of 
two other patients with a VPS were found to have 
disconnected and become entangled with repro-
ductive organs. Neither of these instances 
occurred while the patient was pregnant.

More recently, Rajagopalan et al. conducted a 
literature review and noted a cumulative shunt 
malfunction rate of 29% with 71% of these 
women requiring shunt revision antenatally 
(4/28), during delivery (2/28), or within 6 months 
of delivery (14/28). In this series, 14 women 
(24%) had a C-section performed because of 
concerns for elevated ICP [18].

Cusimano and others have suggested that 
given the high shunt failure rates associated with 
VPS in pregnancy, revision to ventriculoatrial 
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(VA) systems may be indicated for pregnant 
women [19]. However, VA shunts carry other sig-
nificant attendant risks, including development of 
arrhythmias, infection, and valvular dysfunction. 
Thus, the risk-benefit ratio does not seem to jus-
tify revision to VA systems for pregnant women 
in all cases. Rather, the preponderance of avail-
able evidence supports allowing pregnancies to 
progress naturally with close attention paid to 
signs and symptoms of shunt failure. Managing 
physicians should maintain a high suspicion for 
shunt malfunction antenatally and during parturi-
tion as well as for infection [20] in the postpar-
tum period.

 Traumatic Brain Injury (TBI)

Mild and moderate traumatic brain injury, 
 usually resulting from a fall or motor vehicle 
accident, is usually managed with standard 
conservative and nonsurgical measures. 
Previous studies hinted at the possibility that 
the increased levels of estrogen and progester-
one in pregnancy might have neuroprotective 
effects in pregnant women. Unfortunately, 
clinical trial [21] and population-based studies 
[22] failed to corroborate this data and even 
showed trends toward worsened outcomes in 
pregnant women.

Management of severe traumatic brain injury 
(sTBI) in pregnant women is fraught with ethical 
dilemmas. While case reports establish that main-
tenance of viable pregnancies among neurologi-
cally devastated patients is possible, many of the 
interventions required in such circumstances may 
present significant risk to developing fetuses. 
Careful consideration should be given to the risk- 
benefit analysis of extraordinary interventions in 
a neurocritical care setting. Concomitant injuries 
and fetal gestational age may allow for more 
accurate recommendations about the aggression 
of intervention. The ethical justifiability of such 
invasive surgical measures as decompressive 
hemicraniectomy must be determined on a case- 
by- case basis in close consultation with patients’ 
families after they have been well informed about 
the prognosis of both an expectant mother and 
the fetus.

 Fundamental Tenets 
of Neurocritical Care

When a pregnant patient presents with depressed 
mental status from a neurological condition, 
immediate interventions should focus on main-
taining a patient’s airway and appropriate oxygen-
ation. Rapid sequence intubation should be 
considered in patients with an initial post- 
resuscitation GCS of eight or less. Short-acting 
agents are preferred to enable an examining neuro-
surgeon to obtain an accurate exam. Even if con-
cern exists about increased intracranial pressure, 
there is rarely an indication for prolonged hyper-
ventilation as excessive vasoconstriction can pre-
cipitate further neurologic injury [23]. A possible 
exception would be a unilaterally dilated pupil in a 
patient with a known mass lesion or increased 
intracranial pressure as a short-term emergent 
treatment. Intubated patients should be maintained 
at the lowest positive end-expiratory pressure 
deemed safe by the primary treatment team.

Blood pressure should be controlled with short-
acting agents with the goal of modest reduction 
while avoiding hypotension. Initial blood pressure 
goals should be systolic blood pressure 
<160 mmHg and mean arterial pressure (MAP < 
90). The classic “Cushing’s triad” of hypertension, 
bradycardia, and disordered breathing is often a 
late finding and portends a poor prognosis.

When intracranial hypertension is suspected, 
initial interventions include head of bed eleva-
tion, correction of hypercarbia, and administra-
tion of hypertonic saline or mannitol. In most 
scenarios, hypertonic saline (e.g., 3%, 7%, or 
23.4%) is the preferred first-line agent. Mannitol 
is another commonly used osmotic agent but has 
been tested in pregnant rabbits and found to cross 
the placenta, increasing fetal osmotic pressure 
and precipitating both intravascular and extravas-
cular fluid losses [24]. In the setting of hypovole-
mia, this may exacerbate hemodynamic 
instability and/or worsen renal function. Uterine 
hypoperfusion and accumulation of osmotic 
agents in the fetus should be considered prior to 
their administration to pregnant patients [25]. 
Neurosurgical consultation is warranted prior to 
administration of hypertonic agents as intracra-
nial pressure monitoring may be recommended 
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to help guide therapy. Similarly, in the third tri-
mester, the use of corticosteroids to manage cere-
bral edema may cause fetal adrenal suppression, 
and their use should be weighed carefully against 
the risks of urgent/emergent delivery [25].

 Spinal Pathology

 Surgical Timing Considerations

Spinal pathology often presents with symptoms 
that can be used clinically to estimate both the 
anatomic location and the nature of the pathology 
(e.g., radiculopathy vs. myelopathy). A careful 
history and physical examination can be tremen-
dously useful in elucidating whether a patient’s 
symptoms are pregnancy-associated or due to 
neural injury. This in turn helps guide decision- 
making about timing of potential neurosurgical 
interventions. With few exceptions, surgical inter-
ventions are not undertaken unless the patient is 
experiencing a neurological deficit and the proce-
dure can be performed without harm to the fetus. 
Many spinal conditions, including radiculopathy, 
may appear or worsen during pregnancy but then 
spontaneously improve following delivery elimi-
nating the need for surgical intervention.

 Back Pain

Back pain in pregnancy is a common complaint 
affecting over 50% of patients, with some studies 
suggesting up to 90% incidence [26]. The major-
ity of these patients present with pelvic girdle 
pain or pregnancy-related lower back pain that 
can be treated by a nonelastic pelvic belt and/or 
exercise regimens [26]. Typically, axial and par-
axial back pain without radiation into the extrem-
ities or focal muscle weakness does not require 
neurosurgical consultation in the absence of 
known trauma or a history of cancer. Conservative 
measures including rest, physical therapy, and 
judicious use of appropriate pain medications 
constitute the mainstay of treatment. A low 
threshold for neurosurgical consultation should 
prevail in the setting of progressing deficit, uri-
nary retention, or intractable symptoms.

 Disc Herniation

Herniated discs represent the most common spi-
nal pathology causing pain in the pregnant popu-
lation but overall remain rare [26]. Symptoms 
related to herniated vertebral discs (and any 
other compressive lesion) can be grossly divided 
into two categories by what structure is being 
compressed: radiculopathy and myelopathy. 
Radiculopathy is caused by compression of 
nerve roots emanating from the spinal cord 
(Fig. 18.5). This is a lower motor neuron lesion 
and stereotypically manifests as shooting pain, 
numbness, or paresthesias in a dermatomal dis-
tribution. There may also be weakness in the cor-
responding myotome. It is important to note that 
more than one dermatome or myotome may be 
involved depending on the exact nature and loca-
tion of the compressive lesion. In myelopathy, 
the spinal cord itself is being compressed lead-
ing to an upper motor neuron lesion. This can 
result in numbness, dyscoordination, weakness, 
and spasticity or hyperreflexia, which often man-
ifest as difficulty with coordination or gait 
instability.

Diagnosis of a disc herniation is made with a 
MRI (without contrast) of the suspected spinal 
segment. In the absence of frank muscle weak-
ness, the vast majority of vertebral disc hernia-
tions do not require emergent surgical intervention. 
Moreover, most patients with disc herniations will 
experience symptomatic improvement with the 
existing data suggesting that 50% will experience 
major improvement within 3 months [27]. First-
line management in patients with isolated radicu-
lopathy without acute weakness therefore is 
founded on multimodal pain control, physical 
therapy, and close observation.

 Cauda Equina Syndrome

Cauda equina syndrome represents a rare but 
important entity with an estimated incidence of 
approximately 2 per million. Due to its severity 
and potential for permanent morbidity [28], con-
cern for cauda equina syndrome is an indication 
for urgent neurosurgical consultation. This syn-
drome, which can present acutely or chronically, 
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is usually due to the herniation of a large amount 
of disc material into the spinal canal, causing 
compression of multiple nerve roots comprising 
the cauda equine [29].

Lower extremity symptoms include radicu-
lopathy (i.e., sensory deficits, paresthesias, and 
weakness). Sacral root compression produces 
the hallmark symptoms of saddle anesthesia, 
urinary retention, and decreased or absent rec-
tal tone that may result in bowel incontinence. 
When cauda equina syndrome is suspected, a 
detailed lower- extremity neurological exam 
and rectal exam must be performed to docu-
ment the presence or absence of these findings. 
Bladder scans and urinary post-void residuals 
are also of great diagnostic value. If the physi-
cal exam corroborates concerns for cauda 
equina syndrome, MRI of the lumbar spine 
should be performed emergently to evaluate for 
a causative lesion, and neurosurgical consulta-
tion should be made.

Treatment of cauda equina syndrome is emer-
gent surgical decompression. Delay can lead to 
the associated deficits, including bowel and blad-
der dysfunction, becoming permanent [28, 30]. 
Despite the possibility for poor outcomes, surgi-
cal decompression is very effective in correcting 
the symptoms associated with cauda equina syn-
drome [28, 30, 31].

 Compression Fracture

Calcium homeostasis during pregnancy is altered 
to provide the developing fetus with enough cal-
cium to mineralize the skeleton. Parathyroid 
hormone- related protein (PTHrP) leads to 
increased calcium through multiple mechanisms 
including increased resorption from the maternal 
skeleton [32]. Most patients tolerate this increased 
resorption without issue, but in some patients this 
can lead to pregnancy-associated osteoporosis 
and vertebral compression fracture. Patients with 
a family history of early osteoporotic fractures 
may be at increased risk [33].

These fractures most commonly occur during 
the third trimester when mineralization of the 
fetal skeleton is at its peak and the gravid uterus 
adds an extra 12 kg on average to the axial load 
placed on the spine [34]. Patients predominantly 
present with complaints of acute-onset axial and 
paraxial back pain at the affected levels, and 
physical examination may demonstrate point ten-
derness over the spinous processes [35]. Fractures 
are typically diagnosed with plain films or CT, 
but some providers opt for MRI to decrease 
maternal and fetal radiation exposure. 
Additionally, MRI can provide information on 
the chronicity of the fracture with marrow edema 
being a marker of an acute fracture.

a b

Fig. 18.5 (a) T2 sagittal and (b) T2 axial MR images of the lumbar spine showing a herniated L5–S1 disc (white 
arrow) to the left causing significant nerve compression
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The majority of compression fractures are not 
associated with neurological deficit, and treatment 
of these fractures centers on pain control. 
Adjunctive measures include thoracolumbar 
orthotics with the specific brace used dependent on 
the levels injured. Other treatments include a bone 
density-increasing regimen with vitamin D and 
calcium supplementation, weight-bearing exer-
cises, and possibly the use of anti-resorptive medi-
cations [34, 36, 37]. Endocrinological consultation 
may be indicated for patients thought to require 
pharmacologic management of their osteoporosis.

For patients whose pain is not controlled with 
conservative management, percutaneous verte-
broplasty or kyphoplasty can be considered. 
Recent randomized controlled trials have called 
into question the benefit of vertebroplasty for 
compression fractures after failing to demon-
strate an improvement in pain or functional status 
over sham surgery [38, 39]. However, the patient 
populations in these studies were significantly 
older than the patient population addressed in 
this review, and there have been multiple case 
reports reflecting successful treatment of acute 
pain with vertebroplasty [35, 36, 40]. For the rare 
patient who presents with pain and neural ele-
ment compression, vertebroplasty is not suffi-

cient as no decompression can be obtained. These 
patients may require an open procedure to relieve 
the compression on the spinal cord and/or nerve 
roots.

 Vertebral Hemangiomas

Vertebral hemangiomas are common, asymp-
tomatic tumors found in approximately 10% of 
the population, with symptoms arising in only 
1% (Fig.  18.6). Published data about vertebral 
hemangiomas in pregnancy consists primarily of 
case reports, but the majority of patients who 
present with this pathology do so in the third tri-
mester. This is likely the consequence of the 
increased blood volume and inferior vena cava 
compression causing expansion of the hemangi-
oma [41, 42]. Generally, patients with vertebral 
hemangiomas present with pain from mass effect 
causing subperiosteal expansion or from com-
pression fractures as the vertebral body is 
replaced by tumor causing structural weakness. 
Less commonly, patients may present with a 
neurological deficit due to compression caused 
directly by hemangioma expansion or tissue 
ischemia due to vascular steal [43]. Diagnosis of 

a b

Fig. 18.6 (a) T2 sagittal and (b) T2 axial MR image of 
the lumbar spine showing a typical (black arrow) and 
atypical (white arrow) hemangioma. Notice how the atyp-

ical hemangioma violates the posterior cortex of the verte-
bral body, causing stenosis
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a vertebral hemangioma is made primarily by 
MRI with gadolinium. The lesion will appear 
hyperdense on T1 and T2 sequences and enhance 
with contrast [41, 43].

Treatment of vertebral hemangiomas depends 
on the presence or absence of neurologic deficit. 
For patients who present solely with pain but 
who desire intervention during pregnancy, endo-
vascular embolization or vertebroplasty can be 
offered [44]. For patients with neurological com-
promise, more invasive surgical measures rang-
ing from laminectomy to corpectomy may be 
required to provide the necessary decompression 
[41, 44]. As surgical intervention increases in 
scope and complexity, the associated blood loss, 
potential for complications, and risk to both the 
mother and fetus concomitantly increase. Thus, 
many providers will prefer minimal safe and 
effective intervention until the postpartum period 
at which point a larger, more definitive surgery 
can be performed with less risk to the fetus [41, 
44]. Of note, spontaneous improvement follow-
ing delivery has been seen in some patients and 
may obviate the need for more aggressive inter-
vention [44].

 General Perioperative 
Considerations

The gravid patient presents some unique chal-
lenges in the perioperative and intraoperative 
setting. While most of these will not preclude 
neurosurgical intervention, providers are again 
strongly encouraged to take a multidisciplinary 
approach to the pregnant neurosurgery patient, 
by discussing considerations with the operating 
neurosurgeon, obstetrician, and anesthesiolo-
gist, as well as perioperative and surgical nurses. 
The following are select aspects of operative 
management of pregnant neurosurgery patients.

 Positioning

Careful positioning of neurosurgical patients is 
of the utmost importance. For cranial neurosur-
gery, the orientation of the skull—and therefore 
intracranial contents—enables not only access 

to a surgical target in a complicated three- 
dimensional space but is also used to manipu-
late blood and CSF flow and drainage, to use 
gravity to assist with retraction of neural struc-
tures so that operative corridors can be estab-
lished and maintained with minimal direct 
retraction on the brain or its vasculature, and to 
prevent intraoperative and postoperative com-
plications such as venous air emboli. Similarly, 
successful spine surgery requires appropriate 
positioning to maintain cord perfusion, mini-
mize venous congestion in Batson’s plexus, and 
foster proper vertebral alignment for cases of 
decompression and fusion.

Unfortunately, having patients in ideal neuro-
surgical positions may sometimes present risks 
by placing unacceptable pressure on the gravid 
pelvis or by causing aortocaval compression. As 
a corollary, sacrificing sound neurosurgical posi-
tioning because of a patient’s pregnancy may 
make a surgery technically more challenging and 
thereby place both the mother and fetus at 
increased risk indirectly, by prolonging the oper-
ation, or by increasing the risk of hemorrhage, or 
neurologic compromise [45].

Neurosurgical interventions on pregnant 
patients have been carried out successfully in 
multiple positions (e.g., lateral, prone, and sit-
ting) [46], and there are documented cases of 
non-neurosurgical procedures being performed 
in similar positions that did not cause adverse 
events for fetuses [47]. Surgeons are encour-
aged to take great care to ensure all pressure 
points are padded adequately. Furthermore, all 
position changes should be made slowly to 
ensure there are no deleterious changes in perfu-
sion pressures to either mother or fetus [46], and 
surgeons should consider positioning patients 
while awake whenever possible [48]. For spinal 
decompression and/or fusion surgeries, sur-
geons should consider using a table or frame 
that allows the gravid abdomen and pelvis to 
hang free without compression, such as an open 
Jackson frame, a four-post frame such as a 
Relton-Hall frame, or laminectomy rolls placed 
to accomplish the same effect [48]. If fluoros-
copy is required for the surgery, every attempt 
should be made to provide extra shielding for 
the fetus.
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 Intraoperative Fetal Monitoring

Intraoperative fetal heart rate monitoring should 
be considered. In general most authors believe that 
fetal heart rate monitoring is not indicated before 
20 weeks’ gestation, may have value between 20 
and 23 weeks, and is indicated after 23 weeks [49]. 
In situations where the operating neurosurgeon 
expects substantial fluid shifts, blood pressure 
swings, or possible compromise of the fetal circu-
lation secondary to maternal positioning, fetal 
heart rate monitoring may be of particular utility. 
Decisions about this monitoring and interpretation 
of data obtained should be done in close consulta-
tion with a qualified obstetrician.

 Conclusion
Neurosurgical emergencies in the pregnant 
patient will continue to present a diagnostic and 
treatment challenge to physicians. Although the 
deferral of treatment until after delivery is pre-
ferred when appropriate, many neurosurgical 
disorders may present an urgent threat to the 
mother and fetus and necessitate intervention. 
New and different neurologic complaints or 
mental status change may be a harbinger of 
serious pathology that can result in loss of func-
tion, paralysis, and death if not treated appro-
priately. In many instances, available data and 
treatment guidelines for neurosurgical emer-
gencies during pregnancy are scarce, and deci-
sions will have to be made on a case-by-case 
basis in the best interest of the mother and fetus. 
Early consultation and close coordination 
between obstetricians and neurosurgeons will 
help to minimize the impact of neurosurgical 
pathology and maximize outcomes for the 
pregnant patient, baby, and family.
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Ophthalmology Surgery During 
Pregnancy

Michael S. Jacobson

 Who Is Pregnant?

One issue ophthalmologists often forget to 
address is the absolute requirement for preg-
nancy tests on all women of childbearing age 
whose ocular condition may worsen during 
pregnancy, require medications, or require eye 
surgery. Without that knowledge, ophthalmolo-
gists may accidentally operate on a pregnant 
patient, and all the information/precautions pre-
sented in this chapter may go unutilized, thereby 
unknowingly exposing the fetus to teratogens or 
other dangers and endangering the pregnancy. 
Interestingly, this lack of pregnancy testing on 
pregnant patients unintentionally provides the 
data found in case reports. Verbal confirmation 
of pregnancy status is not sufficient, and patients 
should all be tested prior to all planned ophthal-
mology surgery. This needs to be well notated 
in the medical record, and it needs to state 
explicitly that the patient was counseled about 

not getting pregnant while under treatment, and 
if there is any ambiguity, the patient should be 
retested.

 The Exam of the Pregnant Patient

Is it safe for the ophthalmologist to do a conven-
tional dilated exam on a pregnant patient? It is not 
thought that standard dilating drops pose any 
risks for the mother or fetus [1, 2]. However, 
intravenous injection of phenylephrine would pose 
a potential risk, and intravenous atropine, homat-
ropine, and epinephrine early in pregnancy have 
been associated with minor fetal malformations, 
so obviously excessive dilating drops should be 
avoided. It is thought that the stimulation of bright 
lights can dispose susceptible woman to seizures, 
but there is no question that the additional infor-
mation gained in the ophthalmic exam outweighs 
the risk when such an examination is necessary. 
Unfortunately, some patients may feel uncomfort-
able undergoing dilation and having ophthalmo-
logic examinations or may not trust the safety of 
some of the noninvasive testing. For those patients 
with reduced vision or ocular symptoms who are 
too anxious or cannot be educated and persuaded 
that there is no risk to exam, there will be an inad-
equate assessment of their ocular pathology. This 
could be particularly dangerous for them and 
increases the risk of permanent vision loss.
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 What Ophthalmological Testing or 
Imaging Is Safe to Do?

There have been significant improvements in 
noninvasive methods to evaluate ocular pathol-
ogy [3]. Up until just 20 years ago, the only way 
to properly evaluate retinal and choroidal circula-
tion was fluorescein angiography (FA) [4]. 
Fluorescein dye, a vegetable-based dye injected 
intravenously, is considered FDA risk category 
B, but most retinologists choose to avoid it in the 
pregnant patient as its true teratogenicity is 
unknown. The fluorescein dye toxicity is also 
unknown for newborns, so its use should proba-
bly be avoided in a lactating mother, or the 
mother should breast pump and dispose of any 
milk that has an orange dye color to it, which 
would suggest residual fluorescein dye that has 
not yet been fully excreted by the kidneys.

Optical coherence tomography (OCT) was 
developed in the late 1990s. Using this scanning 
laser device, the ophthalmologist can see cross 
sections revealing each of the retina’s distinctive 
layers, often without dilation. This retinal map-
ping and thickness measurements are fundamen-
tal to guide treatment for glaucoma and diseases 
of the retina. While not as useful as FA, it is still 
quite excellent and there are no safety concerns 
(Fig. 19.1) [4].

In the past 5 years, optical coherence tomog-
raphy angiography (OCTA) has been developed. 
It is the next evolution of OCT. It is a new, nonin-
vasive imaging technique (dye-free) that quickly 
generates volumetric angiography images, and it 
has some clinical capability of evaluating pathol-
ogy of the retinal and choroidal vasculature. Its 
value and limitations are still being defined. It is 
safe but still less useful than FA (Fig. 19.2a, b).

Historically, ocular photography necessitated 
a dilated exam, but now there are cameras that 
can take fundus photos without dilation (non- 
mydriatic) and ones that can even provide a pan-
oramic view (Optos and Zeiss Clarus). So instead 
of having a conventional 45° view, one can obtain 
a much more extensive view up to 200° which 
increases the chance of capturing peripheral reti-
nal pathology. These tests provide very quick 
screening (Fig. 19.3a, b).

As described, we now have many other excel-
lent noninvasive methods to evaluate retinal and 
choroidal pathology. Employing these newer 
noninvasive techniques, it is less frequent that a 
diagnosis remains elusive. So, while some tests 
cannot be undertaken in the pregnant patient, 
these alternate tests are often good enough to 
allow us to reach a diagnosis or in other cases at 
least postpone riskier, more informative diagnos-
tic testing until the postpartum period.

  1. Internal Limiting Membrane

  2. Posterior Cortical Vitreous

  3. Preretinal Space

  4. Nerve Fiber Layer

  5. Ganglion Cell Layer

  6. Inner Plexiform Layer

  7. Inner Nuclear Layer

  8. Outer Plexiform Layer

9.1. Henle Fiber Layer

9.2. Outer Nuclear Layer

 10. External Limiting Membrane

 11. Myoid Zone

 12. Inner Segment / Outer Segment
      Junction or Ellipsoid Zone

 13. Outer Segments of Photoreceptors

 14. Interdigitation Zone

 15. RPE / Bruch’s Complex

 16. Choriocapillaris

 17. Sattler’s Layer (Small choroidal vessels)

 18. Haller’s Layer (Large choroidal vessels)

 19. Choroid Sclera Junction

Fig. 19.1 OCT revealing the various layers of the retina. Photo: Courtesy of ZEISS
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 The Impact of Pregnancy 
on Preexisting Disease

The impact of pregnancy on preexisting disease 
is well known, and this manifests itself in both 
good and pathological ways [2–11]. Pregnant 
women are known to have increasing episodes 
of central serous retinopathy (CSR). CSR is an 
episodic condition in which fluid blisters form 
under the retina, diminishing central vision and 
resulting in significant distortion (Fig.  19.4). 
Higher steroid levels present in pregnant women 
are the cause. These CSR episodes are more 

 frequent among pregnant patients. Laser surgery 
treatment of this condition works well and is 
safe but may be worth postponing since the con-
dition will often go away spontaneously after 
delivery. There are documented increased epi-
sodes of retinal vein and artery occlusions [8]. 
These occlusive vascular disorders are known to 
be more  common in pregnancy because of the 
hypercoagulable state. Thrombotic thrombocy-
topenic purpura (TTP) is rare, but is more likely 
to occur during pregnancy. If these conditions 
occur, laser surgery or medications would be 
utilized and can deal with most of the conse-
quences. Nonetheless, these occlusions do lead 
to varying degrees of irreversible vision loss. 

a

b

Fig. 19.2 (a) OCTA revealing normal vascular pattern of 
the fovea. (b) OCTA revealing abnormal choroidal neo-
vascularization in the fovea. Photos: Courtesy of ZEISS

a

b

Fig. 19.3 (a) A 200-degree ultra-field view of a normal 
fundus. Photo: Courtesy of ZEISS. (b) Optos wide-field 
angle view of the retina revealing an extensive traction 
diabetic retinal detachment. Courtesy of Optos
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Conventional treatments using anti-VEGF drugs 
would be avoided as detailed earlier in this 
chapter. Acceleration of diabetic retinopathy 
(DR) often occurs (Fig. 19.5a, b) [11, 12]. The 
acute onset of hypertensive retinopathy related 
to preeclampsia or eclampsia is well 
documented.

As noted, some conditions benefit from the 
gravid state. Specifically, decreased frequency of 
uveitis episodes has been observed [3]. 
Diminished intraocular pressure in patients with 
glaucoma is well known as well [9].

Decreased frequency of optic neuritis has 
been observed and likely is related to immuno-
suppressive effects seen in pregnancy. 
Unfortunately, most of these beneficial effects 
disappear in the early postpartum period [2].

 New Eye Surgery Breakthroughs

The surgical management of pregnant eye 
patients is radically different today than 20 years 
ago, not so much because of enhancement of 
obstetrical management or maternal-fetal sub-
specialist care, but mostly due to significant 
strides in ocular surgery. Improvements in equip-
ment, techniques, pharmacology, and other tech-
nologies are what have contributed to these 
substantial improvements. Of course, these 
breakthroughs make it safer for the mother and 
the fetus since the newer surgery can usually be 
accomplished with monitored anesthesia care 

(twilight anesthesia) and seldom requires general 
anesthesia. Twenty-five years ago, general anes-
thesia was much more common, especially for 
retinal surgery. Regarding cataract and retinal 
surgery, the duration of the cases is much shorter 
as well and in many cases 50–75% shorter 
 operative time. The advent of small-incision sur-
gery and sutureless surgery has been accom-
plished today because of improvements in newer 
techniques, surgical instruments, phacoemulsifi-
cation (ultrasonic handpieces that dissolve/vac-
uum cataracts), and cutting handpieces with 

Fig. 19.4 OCT showing the blister from CSR

a

b

Fig. 19.5 (a) Fundus photograph of pregnant diabetic 
patient whose right eye suddenly developed severe vision 
loss from rapidly evolving proliferative DR with its associ-
ated traction retinal detachment and vitreous hemorrhage. 
(b) Fundus photograph of the left eye of a pregnant diabetic 
patient complaining of loss of their superonasal visual field 
after they developed a sudden subhyaloid hemorrhage 
(bleeding between the retina and posterior hyaloid face of 
the vitreous) after the eye transitioned to proliferative 
disease
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higher- speed cutters and smaller-gauge instru-
ments (less invasive) (Fig. 19.6a, b). In fact, the 
magnitude of improvements in ocular surgery 
technique routinely using 25-gauge instrument 
where surgery is all performed through these tiny 
25-gauge  perforations is not so different from 
how video- assisted laparoscopic surgery (VALS) 
small incisions started with gynecology and 
eventually revolutionized MIS in all surgical 
disciplines.

 What Do They Mean by Eye 
Surgery?

Eye surgery is likely different than the general 
conception that most doctors may have regarding 
eye surgery. To the ophthalmologist, it ranges 
from pharmaceutical injections into the eye to in- 
office laser photocoagulation to more conven-
tional incisional surgery employed for glaucoma, 
cataracts, plastics, and retina.

a

b

Fig. 19.6 (a) Various gauges of vitrectomy handpieces ranging from 20 gauge to 27 gauge and the diameter of the 
cutting aperture. (b) Vitreous cutter in the eye. Photos: courtesy of Alcon
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This section is broken down into the various 
types of eye surgery. Interestingly, the step-by- 
step instructions on what to do intraoperatively 
are not influenced by pregnancy unlike the other 
surgical subspecialties where intraoperative 
modifications are common. For eye surgery, the 
game plan is set prior to surgery on whether to 
operate or postpone. If surgery is pursued, then 
the plan of attack is decided. The standard steps 
are followed without deviation, and these steps 
are well known to the eye surgeon.

Intraocular injections, which were not even 
a common treatment less than 10 years ago, have 
radically altered the management of many dis-
ease states, specifically diabetic macular edema, 
abnormal blood vessel growth in macular degen-
eration, retinal vascular occlusions (arteries and/
or veins), and uveitis. Typically, patients receive 
intravitreal injections monthly which stabilize 
their condition, and vision improvement is often 
achieved (Fig. 19.7).

The anti-VEGF (anti-vascular endothelial 
growth factor) drugs are Avastin (bevacizumab), 
Lucentis (ranibizumab), and Eylea (aflibercept) 
[13, 14]. These three drugs have revolutionized 
retina care and are used routinely with excellent 
success. They are bioengineered drugs that 
work by scavenging VEGF, and this inhibits 
both normal and pathologic blood vessel growth. 
This reduction of abnormal growth and leakage 
helps to stabilize vision loss and, in some cases, 
improves sight. Injection directly into the eye 

(vitreous) minimizes systemic side effects, but 
it is well known that small amounts are detect-
able in the systemic circulation [10]. The drug 
label of Lucentis provides the following infor-
mation, and this probably generalizes for all 
these anti-VEGF drugs [15]. There are no ade-
quate or well-controlled clinical studies of 
Lucentis in pregnant or nursing women, but 
skeletal abnormalities were seen at a low inci-
dence in monkey fetuses, when administered to 
pregnant monkeys at a dose 13 times higher 
than normal for humans. No skeletal abnormali-
ties were seen in monkey fetuses when the drug 
was administered at a normal dose. No effect on 
the weight or structure of the placenta, maternal 
toxicity, or embryotoxicity was observed, but 
damage to the placental development is con-
ceivable. Whether it can cross the maternal pla-
cental barrier is not clear. There is no question 
that fetal blood vessel development might be 
affected if it gained access due to its mechanism 
of action. It may pose a risk to embryo-fetal 
development and reproductive capacity risking 
birth defects or stillborn, even if animal studies 
do not reveal this. Because many drugs are 
excreted in human milk and because the poten-
tial for absorption and harm to infant growth 
and development exists, caution should be exer-
cised when administered to a nursing woman 
there are no data available to assess the presence 
or absence in human milk nor to assess the 
effects on the breastfed child and no data to 
assess the effects on milk production/excretion 
[15]. As an aside, if a woman is pregnant and 
does not know it and receives these drugs, it is 
nice to know that case reports have been pub-
lished in women who received Lucentis during 
pregnancy or during lactation and that no fetal 
deformations or impacts on the newborn were 
reported, but these reports are very few. Based 
on all this data, most ophthalmologists suspend 
these treatments when the patient is in the preg-
nant state or puerperium or if the mother is 
breastfeeding. The consequence of stopping 
these treatments in patients with preexisting dis-
ease poses a therapeutic dilemma. If the need 
arises in pregnancy to address one of these dis-
eases, then alternate less effective treatments 

Fig. 19.7 Intravitreal injection illustrating injection of a 
drug with a 30-gauge needle through the pars plana. 
Copyright Regeneron Pharmaceuticals, Inc., 2017. All 
rights reserved. Used with permission
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such as steroids (intravitreal or systemic) and/or 
laser photocoagulation may need to be substi-
tuted. Utilization of these drugs is worthy of 
consideration if there is a risk of permanent loss 
of vision or eye, but a very comprehensive 
informed consent is  mandatory [4].

Regarding laser photocoagulation (laser sur-
gery), there is no contraindication for these treat-
ments when they are medically necessary [4]. 
Fitting the pregnant woman with her distended 
abdomen into the conventional slit-lamp appara-
tus to do the laser can be challenging, but now 
alternatively, some laser treatments can be per-
formed where the surgeon employs a headlamp- 
mounted laser and the patient can be reclined into 
a more comfortable supine position. Laser treat-
ments are extremely valuable in treating retinal 
tears, small retinal detachments, retinal vascular 
occlusions, glaucoma (open or closed), as well as 
diabetic retinopathy. Keep in mind that a laser 
treatment can also sometimes stabilize the condi-
tion enough so that the completion of a more 
extensive incisional procedure can be postponed 
until after the baby is delivered and then inci-
sional surgery can be accomplished without limi-
tations. Generally, the success of these lasers is 
not influenced by the patient’s pregnancy. 
However, diabetic retinopathy laser treatments 
certainly may not be as effective due to some-
times rapid acceleration of diabetic eye disease 
(Fig. 19.8a, b) [11].

Regarding incisional surgery, only necessary 
eye surgery should be performed during preg-
nancy. Elective surgery, such as cosmetic, refrac-
tive, or cataract surgery, is best postponed. There 
is no reason to expose the mother or fetus to any 
additional stress or medications. In fact, there are 
specific reasons to avoid these types of surgeries 
[2]. Regarding oculoplastic surgery, ptosis is 
known to increase in the pregnant patient (either 
due to retained fluid or weight gain), so a cos-
metic blepharoplasty (“lid job”) would obtain 
less predictable results and potentially even over-
correct the lid position. Refractive surgery during 
pregnancy should be avoided, since myopia 
(nearsightedness) increases in pregnancy result-
ing from both increased corneal thickness and 
curvature of the crystalline lens [1, 2, 9, 11]. 

Other issues can arise from decreased corneal 
sensitivity and decreased tear production (80% of 
women) and/or transient loss of accommodation 
(difficulty focusing up close).

LASIK (laser-assisted in situ keratomileusis) 
and photorefractive keratectomy (PRK), which 
are based on biometric calculations, would likely 
not achieve the desired refractive outcome. The 
same biometric measurements would be influ-
enced in cataract surgery. Likewise, changing 
glasses during pregnancy should be avoided 
because there is temporary increased myopia 
and there is transient loss of accommodation 
(focusing up close). As mentioned, all surgery 
that is not obligatory should be postponed. 
However, if a pregnant woman is involved in an 
accident or sustains trauma and ends up with a 
lid laceration, globe perforation, or a traumatic 

a

b

Fig. 19.8 (a) Fundus photograph of a retinal tear. (b) 
Fundus photograph of a cluster of treated retinal tears of 
the inferotemporal retina
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cataract, then  – of course  – surgery must be 
undertaken for this compelling surgical need.

Regarding glaucoma surgery, glaucoma sur-
geons try to postpone surgery until the comple-
tion of the pregnancy because the intraocular 
pressure is known to become lower during 
 pregnancy [16]. Consequently, pregnancy may 
make a patient who needs surgery seem like she 
does not need surgery, and in a patient who under-
goes surgery to achieve a specific intraocular 
pressure target, the effect may be excessive. 
Furthermore, the immunosuppressive drugs, 
mitomycin C and 5-FU (Fluorouracil), are often 
topically applied during trabeculoplasties (a type 
of glaucoma surgery where a filtering bleb is cre-
ated on the eye to reduce the pressure) to enhance 
their success, but these teratogenic drugs (cate-
gory X) should be avoided, even though the 
amount of systemic absorption is minimal. 
Mitomycin has not been formally assigned to a 
pregnancy category by the FDA, but animal stud-
ies have revealed evidence of teratogenicity. 5-FU 
is classified as US FDA pregnancy category 
D. Acute-angle-closure glaucoma (narrow angles) 
occurring during delivery has been described, and 
laser peripheral iridotomy may be required to 
open alternate pathways for the fluid egress [17].

Regarding retinal surgery, if the retinal special-
ist cannot temporize with steroid injections and/or 
laser and there is a true risk of blindness, then 
incisional surgery will be obligatory. For retinal 
detachment, the common procedures of vitrec-
tomy surgery and/or scleral buckling are quite 
effective (Fig. 19.9). In choosing one procedure 
over the other in the pregnant patient, they both 
have their advantages and disadvantages, mostly 
in terms of the postoperative positioning which 
may or may not be required. Some unique retinal 
detachments can be fixed in the office with a pro-
cedure called pneumatic retinopexy, and this 
avoids a trip to the operating room. Many of these 
retinal reattachment procedures involve gas tam-
ponade. The gas is injected directly into the eye, 
and it not only inflates the globe but most impor-
tantly serves to “splint” the retina in the correct 
position as the welding that was accomplished by 
cryopexy and/or laser photocoagulation has the 
necessary time to strengthen. After a procedure 

with gas, the patient must stay in a very specific 
position which depends on the location of the 
tears. It varies from right or left side down, face 
down, or head of bed elevated with head forward. 
This requirement is usually for an entire week, 
both day and night, with only 10- to 15-min 
breaks per hour. The decision of which is the best 
retinal reattachment procedure needs to take into 
account the size of the pregnant patient and 
whether such postoperative positioning is even 
feasible. For example, the gravid patient with pro-
found abdominal enlargement may find it impos-
sible to face-down position, so a scleral buckle is 
probably the best choice as it usually requires no 
positioning. For those that cannot comply with the 
position, tamponade with silicone oil liquid may 
be the best management strategy, as that gives the 
patient the greatest flexibility of position. 
However, using ingenuity, the retinal surgeon can 
often devise a successful plan. These position 
requirements cannot be simply treated in a casual 
manner, or the surgery will fail or lead to the pre-
dictable complications of accelerated cataract 

Fig. 19.9 Fundus photograph of a young woman with a 
macula involved retinal detachment of the left eye; a small 
tear is seen in the inferotemporal periphery
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and/or glaucoma so the patient should practice 
positioning prior to the procedure and to deter-
mine what is feasible. This will assure appropriate 
decisions are made at surgery (Fig.  19.10). 
Remember, if a patient with eclampsia develops 
an exudative retinal detachment, these retinal 
detachments spontaneously reattach in the post-
partum period, so no surgical intervention is nec-
essary. But even with reattachment, modest 
permanent vision reduction may occur, and retinal 
pigmentary alterations are common [11].

 Anesthesia

Since the majority of eye cases are short and done 
without general anesthesia, we may assume that it 
is safer for the mother and fetus, but given that 
narcotics can be considered unsafe for the fetus, 
no anesthesia exposure is without risk [18]. 
Fortunately, the American College of Obste-
tricians and Gynecologists’ (ACOG) Committee 
on Obstetric Practice jointly with the American 
Society of Anesthesiologists issued a committee 

opinion on April 2017 giving some guidelines 
regarding nonobstetric surgery during pregnancy 
[19]. They acknowledged that the issue of nonob-
stetric surgery during pregnancy is an important 
concern for physicians who care for women, and 
they advised that a physician obtain an obstetric 
consultation before performing nonobstetric sur-
gery as well as some other invasive procedures 
because obstetricians are uniquely qualified to 
discuss aspects of maternal physiology and anat-
omy that may affect intraoperative maternal-fetal 
well-being. Ultimately, each case warrants a team 
approach (anesthesia and obstetric care providers 
and eye surgeons) for optimal safety of the woman 
and the fetus. Because of the difficulty of con-
ducting large-scale randomized clinical trials in 
this population as in ophthalmology, there are no 
data to allow for specific recommendations. The 
following generalizations may be helpful to guide 
decision-making:

• No currently used anesthetic agents have been 
shown to have any teratogenic effects in 
humans when using standard concentrations 
at any gestational age. However, the FDA, in 
2016, released some conflicting guidance in a 
practice advisory without feedback from 
ACOG which was not based on pregnant 
women and has not gained much traction even 
though it has muddied the water.

• A pregnant woman should never be denied 
indicated surgery, regardless of trimester, but 
as we noted, elective surgery should be post-
poned until after delivery. If possible, nonur-
gent surgery should be performed in the 
second trimester when preterm contractions 
and spontaneous abortion are least likely.

• The decision to use fetal monitoring should be 
individualized and, if used, should be based 
on gestational age, type of surgery, and facili-
ties available. This will be more completely 
addressed in the chapter on anesthesia as there 
are a lot of concurrent recommendations that 
fetal monitoring necessitates.

Today’s improvements in anesthesia and intra-
operative monitoring will diminish the risk to the 
mother and fetus and still allow the mother to 

Fig. 19.10 Photograph of a 36-week pregnant woman 
trying to comply with her face-down positioning 
requirement
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have surgery when it is necessary and not choose 
an inferior solution. Today’s guidelines provide a 
more affirmative pathway for anesthesiologists 
and ophthalmologists. So together with the obste-
trician feedback, they as a team can collectively 
navigate the route to successful surgery and 
 minimize the risk to the pregnant patient and her 
fetus. All of this is much more extensively 
detailed in its own dedicated chapter (e.g., see 
Chap. 7 “Anesthetic Considerations for the 
Gravid Patient for Non-obstetric Surgery”).

 Planning Ahead

An underestimated strategy in a planned preg-
nancy is for the team of physicians to plan ahead. 
If a patient has known eye issues, then an eye 
consult prior to pregnancy is essential. That type 
of coordinated care allows the ophthalmologist to 
address issues that may worsen during pregnancy. 
In that way, those problems can be addressed 
beforehand. In some cases, pretreatment prior to 
pregnancy can be accomplished to put the patient 
in a better position [2]. This is probably most 
important in diabetic patients, particularly one- 
eyed patients. This allows the doctor team to 
decide whether to elect or postpone a pregnancy 
and address in detail the effect of pregnancy on 
patients with diabetic retinopathy and how blind-
ness is a risk. As we are all too familiar, many 
people are unaware that they have diabetes, and 
even if they have it, they may be unaware that 
they have diabetic retinopathy. Fifty percent of 
pregnant patients with nonproliferative diabetic 
retinopathy (DR) show worsening, but it might 
improve by the third trimester. Five to ten percent 
of women convert to proliferative DR, the form 
that carries the highest risk of blindness [1, 8]. 
Discussion on whether the baby would need to be 
delivered preterm if the mother is headed towards 
permanent blindness is necessary even prior to 
conception. Obstetricians know better than oph-
thalmologists that in a poor controlled diabetic 
patient, the fetus has a high risk of prematurity 
and/or morbidity. To make matters even more 
severe, superimposed vascular-related condi-
tions, such as sickle cell trait and/or sickle cell 

anemia, will even more rapidly accelerate all 
underlying retinal vascular diseases.

On the opposite end of the spectrum is the 
completely unplanned pregnancy. It is not 
unusual for a retina specialist to be referred a 
poorly controlled diabetic patient in her first tri-
mester excited about her pregnancy, and who had 
never had recommended annual eye exams, only 
to be informed during their consult that they now 
have very advanced, vision-threatening DR. The 
discussions with these patients must be very 
frank, and the patient must understand, particu-
larly if they are in the early first trimester, that 
permanent blindness may result from the accel-
eration of preexisting DR that can occur during 
their pregnancy. Permanent blindness is rare, but 
real. In that way, patients with very advanced dis-
ease can make the appropriate informed decision 
as to whether they want to terminate their preg-
nancy, particularly if they have already lost one 
eye from advanced DR and the other eye is at 
high risk [20]. In fact, this patient may be best 
served by never becoming pregnant or becoming 
pregnant in the future after there is an opportu-
nity to intercede and stabilize their retinal condi-
tion so that it does not catapult out of control. In 
that way, the prospect of a blind mother trying to 
raise her newborn and/or other children is often 
avoidable.

 How to Manage Medications 
and Postoperative Medications

First of all, use of punctal occlusion in patients 
taking therapeutic eye drops will lessen their 
systemic absorption and will minimize any 
unknown toxicity. Punctal occlusion involves 
blocking the tear duct with finger pressure for 
2–3 min after eyedrop instillation. Do not blink 
prior to this step as this will pump the medicine 
into the puncta (Fig.  19.11). Regarding glau-
coma medications, be careful with use of the 
commonly used beta blockers (i.e., timolol) or 
prostaglandin (PG) analogs [1, 10]. Topical beta 
blockers are considered category C in the first 
trimester and category D in the second and third 
trimesters as they might cause intrauterine 
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growth retardation and persistent neonatal 
blockade if used near delivery. Avoid prostaglan-
din analogs because they are considered cate-
gory C and they have not been well studied and 
safety reports are conflicting. The potent oral 
glaucoma drug Diamox, a carbonic anhydrase 
inhibitor, is contraindicated because of potential 
teratogenic effects [11].

Regarding other topical agents, steroid drops 
are considered safe when used with care, but 
systemic prednisone would need to be approved 
by the OB/GYN doctor. Antihistamine eye 
drops should be avoided, but those are seldom 
used. Most of the topical antibiotics are consid-
ered category C, including commonly used 
ones such as aminoglycosides and/or fluoroqui-
nolones. New data implicating fluoroquinolone 
with arthropathy has made it an even less attrac-
tive choice. Tetracycline eye ointment is con-
sidered category D.  The use of systemic 
antibiotics would be chosen in consult with the 
OB/GYN colleague, but clearly intravenous 
aminoglycosides and fluoroquinolones should 
be avoided. Antiviral eye medications, such as 
acyclovir, are considered category B and are 
generally considered safe. The safety of sys-
temic acyclovir is less well known. Be aware 
that this FDA letter classification system is 
soon to be replaced with a more comprehen-
sive, individualized system that even addresses 
safety through the various trimesters, so the 
categories provided here should be seen as a 
rough guideline.

 Odds and Ends

While outside the scope of this ophthalmic sur-
gery discussion, pituitary adenomas are known to 
grow rapidly, as well as meningiomas, but the 
management of those conditions, which are often 
discovered by ophthalmologists because they 
manifest with visual symptoms, is more appro-
priately addressed by neurology and a neurosur-
geon (e.g., see Chap. 18 “Neurosurgery During 
Pregnancy”) [2].
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Oral and Maxillofacial Surgery 
for the Pregnant Patient

Pooyan Sadr-Eshkevari, Roger A. Meyer, 
Behnam Bohluli, and Shahrokh C. Bagheri

 Introduction

The primary concerns of the obstetrician during 
pregnancy are for the health and well-being of 
the mother and the protection of the developing 
fetus from factors which might impair or obstruct 
normal development before birth. However, the 
pregnant female is at risk of developing dental 
caries (decayed teeth), gum disease (periodonti-
tis), abscessed teeth, or other diseases, injuries, 
or conditions of the oral cavity and jaws, just as 
in other patients [1]. Such adverse events require 
timely treatment in order to prevent the develop-
ment of more serious conditions which might 
compromise the mother’s health and/or adversely 
affect the developing fetus. Indeed, the hormonal, 
vascular, and other anatomic changes (e.g., 
enlargement of the uterus and its effect on adja-
cent arteries and veins), as well as the preoccupa-
tion of the mother with her pregnancy which may 

cause her to ignore good oral hygiene practices or 
avoid dental care, make the pregnant female more 
likely to develop an abscessed tooth or gum infec-
tion [2]. Such situations require the prompt atten-
tion of an oral and maxillofacial surgeon (OMFS) 
to prevent the development of regional or sys-
temic complications that put the pregnancy at 
serious risk [3]. The pregnant female often con-
siders her obstetrician (OB-GYN) to be her “pri-
mary health care provider.” In this situation, the 
OB-GYN should consider the OMFS to be a 
“friend in need” or consultant for pregnant 
women in matters of oral health. In this chapter, 
the authors give an overview of oral and maxil-
lofacial surgery (OMS) for the female patient 
who might require this specialty care during 
pregnancy. Close cooperation between the OMFS 
and the OB-GYN and an understanding of each 
other’s role in the care of the pregnant female are 
essential to the best outcome for the patient and 
the fetus.

 Definition and Scope of Practice

Oral and maxillofacial surgery (OMS) is defined 
as “that specialty of dentistry which includes the 
diagnosis, surgical and adjunctive treatment of 
diseases, injuries and defects involving both the 
functional and esthetic aspects of the hard and 
soft tissues of the oral and maxillofacial and con-
tiguous head and neck regions” [4]. OMFSs are 
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graduates of dental school (Doctor of Dental 
Medicine, DMD, or Doctor of Dental Surgery, 
DDS). In the 1970s, it became recognized that 
OMFSs could benefit from basic medical educa-
tion and general surgery training as the founda-
tion of postgraduate training in OMS [5]. OMS 
trainees complete a residency of 4–7 years’ dura-
tion in an accredited JCAHO hospital program 
[2]. The longer training period includes qualifica-
tion for a medical degree (MD) and one or more 
years of general surgery, in addition to training 
specific to OMS. Such programs have been devel-
oped in the succeeding years to the point where 
currently nearly 50% of OMS residency programs 
offer the “double-degree” training track. OMFSs 
have been recognized by the American College of 
Surgeons (with or without MD degrees) and can 
qualify for Fellowship (FACS), if all other require-
ments are met [6]. OMFSs can become “board-
certified,” similar to that of other surgical 
specialists, upon successful completion of the oral 
and written examinations of the American Board 
of Oral and Maxillofacial Surgery. Post-residency 
fellowships are now available for additional sub-
specialty training in pediatric craniomaxillofacial 
surgery, head and neck oncologic surgery and 
microsurgery, and facial esthetic surgery [7].

The modern practice of OMS includes much 
more than just “pulling teeth” which was the 
original impetus for dental specialization during 
after World War I [8]. That practice, which has 
continuously broadened as training opportunities 
expanded in the past 50  years [9, 10] includes, 
but is not limited to, the following:

 1. Removal of nonrestorable, malposed, or 
impacted teeth and other dentoalveolar 
operations.

 2. Placement of dental implants.
 3. Treatment of acute and chronic oral or facial 

infections.
 4. Removal of cysts and tumors (benign and 

malignant), ablative and reconstructive.
 5. Treatment of salivary gland diseases.
 6. Maxillofacial trauma (bone and soft tissue).
 7. Congenital, developmental, and acquired 

deformities of the jaws and other facial 
bones.

 8. Microsurgical repair of peripheral nerve 
injuries (esp. trigeminal and facial nerves).

 9. Paranasal sinus disease secondary to oral or 
dental conditions or injuries.

 10. Temporomandibular joint and associated 
musculoskeletal disorders.

 11. Facial esthetic surgery.
 12. By virtue of additional training and experi-

ence, additional expertise may exist in any 
given OMS practice.

The pregnant patient requiring the services of 
the OMFS often presents with complex and pre-
carious medical and surgical considerations. The 
surgeon should be cognizant of the hormonal, 
anatomic, physiologic, and vascular changes that 
occur during pregnancy and how these changes 
might require modification of treatment to mini-
mize risk to both the mother and the fetus. As in 
many aspects of surgery, the risk and extent of the 
intervention have to be weighed against the ben-
efits to both patients (mother and fetus). 
Consultation between the OMFS and the 
OB-GYN opens the door to communication, 
shared risks, and a mutually satisfactory treat-
ment plan [2].

 Prevention

Being proactive in the care of the obstetric patient 
can prevent development of dental or oral disease 
and the attendant risks to mother and fetus. At the 
initial visit with the OB-GYN, the pregnant 
female should be questioned about her dental sta-
tus: When was your last dental check-up? Do you 
have any decayed teeth, painful teeth, or defec-
tive fillings that need attention? Do you brush 
your teeth twice daily? Do you have an ulcer or 
sore spot in your mouth that has failed to heal in 
a reasonable period of time (e.g., 2 weeks)? Do 
you have any food cravings?

Although the OB-GYN is not expected to be 
an expert in dentistry, at least a cursory examina-
tion of the oral cavity should be done to  determine 
if there are obvious grossly decayed teeth, red or 
swollen gingiva, heavy deposits of food or calcu-
lus about the teeth, bad breath, or suspicious 
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changes in appearance or ulceration of the 
tongue, palate, buccal mucosa, or floor of the 
mouth. Any such findings should prompt a refer-
ral to a dentist without delay. In the absence of 
such findings, the patient is encouraged to see her 
family dentist for a regular check-up and clean-
ing before the end of the first trimester. Then, if 
any elective dental care is necessary during the 
pregnancy, it can be scheduled for the middle tri-
mester when it will be well-tolerated and pose 
less risk to the development of the fetus than dur-
ing the first trimester or to maternal and fetal cir-
culation during the third trimester. Pregnant 
females often have food cravings, many of which 
contain large amounts of sugar which can lead to 
dental decay. Dietary counseling from her dentist 
would be helpful. Due to hormonal and vascular 
changes resulting from pregnancy, the gingiva 
becomes engorged, tender, and likely to bleed 
easily with toothbrushing. A dental hygienist can 
give the patient good suggestions for maintaining 
appropriate oral hygiene despite the increased 
susceptibility of the gingiva to the development 
of gingivitis during pregnancy. A tooth with 
decay or a broken or otherwise defective filling 
should be restored by the dentist; otherwise it 
might become infected. The resulting pain and 
infection of an abscessed tooth are better avoided 
by proactive dental treatment, rather than wait 
until a dental infection requires control with pain 
medications and antibiotics and perhaps removal 
of a tooth or teeth, which might have adverse 
effects on the developing fetus. It is always best 
to avoid these situations, if possible, by regular 
dental care.

 Preoperative Assessment

There are a number of considerations regarding 
management of the pregnant patient in the OMS 
setting. The first and foremost is the OMFS’s 
assessment of the patient’s situation to determine 
if the nature of her condition is routine/elective, 
urgent, or life-threatening (Table 20.1). Elective 
or routine oral and maxillofacial surgical proce-
dures are considered as “relative contraindica-
tions” in the pregnant female, and they should be 

delayed until after delivery [11]. Common elec-
tive procedures include extraction of asymptom-
atic third molars and other impacted (or erupted) 
teeth, surgeries to modify the oral anatomy in 
preparation for future dentures or for the place-
ment of dental implants, removal of benign 
lesions of the jaws (a biopsy may be needed to 
confirm that a suspicious lesion is, indeed, 
benign), cleft repairs, microneurosurgery for 
repair of peripheral trigeminal nerve injury in 
absence of pain, temporomandibular joint surger-
ies (except for fractures, dislocations, and closed 
locks), orthognathic surgery to correct jaw defor-
mities or obstructive sleep apnea, and facial 
esthetic surgeries.

Urgent conditions are those which, if left 
untreated, could pose a risk for development of 
more serious local, regional, or systemic compli-
cations. Examples include decayed, painful teeth, 
localized dental infections or abscesses, minor 
lacerations or loosened or avulsed teeth due to 
trauma, and suspicious soft tissue lesions. Prompt 
surgical treatment can usually be done under 
local anesthesia with minimal risk [12].

The standard approach to a gravid female who 
presents to an OMS office with an urgent condi-
tion includes the taking the patient’s history 
(chief complaint, history of present illness, 
review of the medical history with emphasis on 
the duration and progress of the pregnancy), vital 
signs, and body mass index; oral, head, and neck 
clinical examination; imaging studies (with pro-
tective lead shield: periapical, panoramic, or 
cone-beam computed tomography, none of which 
expose the fetus to harmful radiation) to deter-
mine the status of the offending tooth and any 
associated pathology; and consultation with the 
patient’s OB-GYN to discuss the best possible 
treatment options for the patient’s present condi-
tion. If local anesthesia, antibiotics, or pain medi-
cations are indicated, the decision about the best 
choices will be a mutually agreed-upon regimen. 
For instance, local anesthetics are safe for most 
pregnant women with the exception of bupiva-
caine. Penicillin and clindamycin are antibiotics 
which are effective against most oral pathogens, 
and hydrocodone and acetaminophen or tramadol 
are effective and safe analgesics for most  pregnant 
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women and their fetuses. Aspirin and other non-
steroidal anti-inflammatory medications are 
eschewed in order to avoid enhancing the risk of 
intrauterine bleeding or bleeding in the fetus.

The patient will have decreased urinary blad-
der capacity due to pressure from the gravid 
uterus during the last trimester of pregnancy. She 
should be asked to visit the restroom and empty 
her bladder before being seated in the surgical 
chair. As the gravid uterus expands, it progres-
sively increases the pressure on the underlying 
vena cava and the abdominal aorta. When seated 
in a reclined or supine position, the patient may 
experience the “supine hypotension syndrome.” 
Therefore, the patient should be positioned in a 
15° left lateral tilted position for treatment in a 
dental chair [2].

More serious or life-threatening conditions 
require prompt diagnosis and treatment. These 
include fascial space infections which have 
spread from the alveolar processes of the jaws to 
involve the paranasal sinuses, neck, or pharynx 
[12]. Airway involvement can rapidly cause 
hypoxia and an acute need for airway manage-
ment (endotracheal intubation or tracheostomy). 
Infection may spread via the angular facial veins 
to the cavernous sinus with life-threatening 

 consequences (cavernous sinus thrombosis). 
Such situations must be managed without delay, 
and both the OMFS and the obstetrician should 
manage the patient simultaneously in the hospital 
setting. Consultation with other specialists may 
be indicated as well (infectious disease, otolaryn-
gology, pulmonology, etc.).

 Anesthesia

 Local Anesthesia

Sensation to the teeth, jaws, and facial regions is 
supplied by the peripheral branches of the fifth 
cranial (trigeminal) nerve (V), which has three 
major divisions (Table  20.2). The ophthalmic 
division of V (V-1) carries sensory input from the 
corneas of the eyes, the upper eyelids, portions of 
the nose, and forehead. The midfacial area 
including the nose, infraorbital area, upper lip, 
paranasal sinuses, portions of the nose, maxilla, 
upper teeth, gingiva and proximate buccal 
mucosa, and palate receive their sensation from 
branches of the maxillary division (V-2). The 
mandibular division (V-3) supplies sensation to 
the lower lip, chin, lower teeth, gingiva and 

Table 20.1 Classification of oral and maxillofacial surgery operations in relation to the pregnant patient

Classification Operation Must be done during pregnancy
Elective Removal of asymptomatic tooth/teeth No; defer until after delivery

Dental implant placement
Correction of jaw deformity
Facial cosmetic operations
Removal of painful, infected tooth/teeth

Urgent Incision/drainage of localized oral abscess Yes; ASAPa

Biopsy of suspicious lesion
Localized trauma to soft tissue and teeth
Repair of painful nerve injuryb

Closed lock of TMJc

Treatment for malignancy
Maxillofacial trauma
Fascial space infection of head/neck

Emergency Yes; immediate hospitalization
aProvide immediate treatment in either the office or hospital, depending on severity of condition and patient’s overall 
status
bInjury to peripheral branch of trigeminal nerve secondary to trauma or dental treatment may be necessary to relieve 
unremitting neuropathic pain that cannot be controlled with acceptable medications for the remaining duration of the 
pregnancy
cTMJ closed lock causes severe pain, inability to open the mouth, and limitation of oral intake
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 proximate buccal mucosa, anterior two-thirds of 
the tongue, and the floor of the mouth. The vari-
ous peripheral branches are easily accessible to 
local anesthetic blocks or infiltration which can 
provide excellent surgical anesthesia in a coop-
erative patient for most minor or localized surgi-
cal operations within the oral cavity and facial 
area [13]. Examples of such procedures include 
extraction of teeth, incision and drainage of local-
ized abscesses, soft tissue biopsy, repair of soft 
tissue lacerations, and closed or open reductions 
of some fractures of the maxilla, nose, and man-
dible. Lidocaine or mepivacaine in suitable con-
centrations with small amounts of epinephrine to 
enhance and prolong the anesthetic effect is safe 
and effective for most pregnant patients [14].

Injection of the local anesthetic solution is 
always preceded by aspiration to ensure that an 
intravascular injection does not occur. Accidental 
intravascular injection of an epinephrine- 
containing solution can cause decreased placen-
tal blood flow with risk to the fetus. Small-bore 

needles are used for local anesthetic injection 
(gauge 27–30) so that with the application of 
topical lidocaine or benzocaine gel before injec-
tion, little or no pain is felt during insertion of the 
needle. If anxiety is an issue for the patient in an 
office procedure, inhalation of nitrous oxide/oxy-
gen in 20/80 to 40/60 concentrations, respec-
tively, provides acceptable relaxation or relief of 
anxiety for most patients before proceeding with 
the injections. At these levels, good oxygenation 
is provided, and the patient maintains conscious-
ness so that airway integrity is not at risk.

 Deep Sedation or General Anesthesia

In an office-based setting, urgent procedures on 
pregnant patients should preferably be done 
under local anesthesia, and a stress reduction pro-
tocol should be followed (see nitrous oxide/oxy-
gen inhalation, above). If more complicated 
procedures require a deeper level of sedation or 
general anesthesia, the expertise of a nurse anes-
thetist or an anesthesiologist is highly desirable. 
The decision, jointly made between the OB-GYN 
and the OMFS, is then whether the patient is best 
treated in an office setting or in the hospital [11]. 
For more severe cases, such as maxillofacial 
trauma or dentoalveolar infections which have 
caused facial or neck cellulitis and compromise 
of the patient’s airway, general endotracheal 
anesthesia in a hospital setting is the standard of 
care [15, 16]. The threshold for hospital admis-
sion of pregnant patients with a maxillofacial 
infection is lower than other patients as the need 
for supportive measures is higher in these 
patients. This is because fever, dehydration, 
inability to tolerate oral intake, and the side 
effects of various medications required for treat-
ment (e.g., anesthetics, antibiotics, analgesics) 
are bigger risk factors for the pregnant patient 
and the fetus. Also, the risk of airway compro-
mise is higher during pregnancy, especially when 
parapharyngeal tissues are involved. A preopera-
tive MRI of the head and neck greatly assists the 
clinician in assessing the integrity of the upper 
airway, especially in patients with cellulitis from 
odontogenic infections or maxillofacial trauma. 

Table 20.2 The divisions of the trigeminal (fifth cranial) 
nerve (N5) and the areas supplied by its sensory branches 
in the mouth and face

Division Anatomic areas supplied
Ophthalmic 
(V-1)

Forehead

Upper eyelids
Cornea of eye
Portions of the nose, external and 
internal

Maxillary (V-2) Midface
Lower eyelids
Paranasal sinuses
Upper lip
Portions of the nose, external and 
internal
Maxillary teeth and gingiva
Hard and soft palate
Upper labial and buccal mucosa

Mandibular 
(V-3)

Lower lip and chin

Mandibular teeth and gingiva
Anterior 2/3 of the tongue
Floor of mouth
Portions of the ear and auditory 
canal

All peripheral branches of N5 are accessible to local infil-
tration or block anesthesia

20 Oral and Maxillofacial Surgery for the Pregnant Patient



242

These concerns are heightened in the presence of 
risk factors for premature contractions and pre-
term labor, such as twins or early sepsis [11].

 Surgical Intervention

 Dentoalveolar Surgeries

The most common surgical need of a pregnant 
patient referred to an OMFS is extraction of a non-
restorable, symptomatic tooth. The patient pres-
ents with localized jaw pain of varying duration 
and severity (as assessed on a “visual analog scale, 
0 [no pain] to 10 [worst pain ever]”), tenderness to 
percussion of the involved tooth and to palpation 
of the adjacent soft tissue, and obvious tooth decay 
or a lost filling in the involved tooth. A brief his-
tory of the oral complaint, a review of the progress 
of the patient’s pregnancy (and the name and con-
tact information of her OB-GYN), a review of her 
medical history, an oral/head/neck examination 
(including vital signs, height, and weight), and 
appropriate imaging studies (patient protected 
with lead shield) provide the information to pro-
ceed expeditiously [16]. A telephone call from the 
OMFS to the OB-GYN ascertains whether or not 
the patient can tolerate removal of the offending 
tooth under local anesthesia, with or without mild 
nitrous oxide/oxygen sedation (see above under 
Local Anesthesia) as an office procedure.

The patient’s tooth is then quickly removed in 
a brief procedure (usually 5–10  min or less), 
postoperative instructions are given, prescrip-
tions are provided for antibiotics and/or analge-
sics as indicated, and the patient is reappointed 
for a postoperative visit within 1 week. This stan-
dard procedure has thus removed a nidus of local-
ized infection (the tooth and any associated local 
pathology at the root ends, e.g., granuloma, den-
tal cyst, etc.) and spared the patient progressive 
spread of infection to regional fascial spaces and 
lymph nodes, pain, difficulty chewing food and 
swallowing, airway obstruction, fever, and sys-
temic illness from bloodstream invasion by the 
responsible bacteria. Such complications put the 
mother and fetus at considerable risk and require 
prompt hospitalization.

 Oral Infections

 Acute Odontogenic Infections
Decayed teeth or those with defective fillings 
may undergo infection and death of the pulpal 
tissue. The immediate symptom is a “toothache” 
with the pain intensified by chewing on the 
offending tooth. At this point, as noted above, the 
patient should seek immediate dental care and 
removal of the offending tooth. If this is done, the 
incipient infectious process in the dental pulp and 
immediate periapical (around the tooth root) tis-
sues is usually halted, and no further definitive 
treatment is necessary. The extracted tooth can be 
replaced electively by the dentist (dental implant, 
fixed bridge, removable prosthesis) after success-
ful delivery of the infant and postpartum recovery 
of the patient.

Unfortunately, either because of “dental 
neglect” due to fear of dental work by the patient 
or decreased immunity because of a comorbid 
condition (e.g., diabetes mellitus, connective tis-
sue disease, steroid therapy) or changes in immu-
novigilance in some pregnant females, the infection 
spreads outside of local confines to fascial spaces 
adjacent to the maxilla (infratemporal space), the 
mandible (the masticator, submandibular, sublin-
gual, submental spaces), or the pharynx (parapha-
ryngeal and retropharyngeal spaces). Inflammation 
of these areas causes edema and erythema (celluli-
tis involving the face, tongue, and floor of mouth), 
spasticity of masticatory muscles (trismus, or 
restriction of jaw opening), and narrowing of the 
pharyngeal airway (dysphagia, dysphonia, dys-
pnea) (Figs. 20.1 and 20.2). For instance, Ludwig’s 
angina is simultaneous infection of the subman-
dibular, sublingual, and submental spaces bilater-
ally, with elevation and fixation of the tongue and 
floor of mouth and imminent airway obstruction 
[17]. The patient presents with pain, swelling of the 
upper neck, fever, malaise, dysphagia, and dys-
pnea. This is a surgical emergency, as are all other 
fascial space infections in which restricted jaw 
opening, airway compromise, and systemic effects 
of infection (elevated temperature, heart rate and 
respiratory rate, increased white blood cell count 
with predominance of polymorphonuclear leuko-
cytes) predominate. In the  pregnant female, these 
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complications are all the more dangerous, due to 
the many anatomic and physiologic changes that 
are induced by the pregnancy and the developing 
fetus. Immediate hospitalization and securing of 
the airway are necessary, and the patient’s obste-
trician is consulted forthwith. Additional consul-

tations with high-risk pregnancy specialists and 
others involved in infectious disease, anesthesi-
ology, and critical care may be required acutely 
as well.

The goals of immediate care are to stabilize 
the patient, by securing the airway, placing 

Fig. 20.1 A pregnant patient with a left perimandibular 
space odontogenic abscess. Clinical diagnosis is based on 
a recent history of a “bad tooth” with evidence of decay/
periodontal disease, possible recent ER or dentist visits, 
and relatively rapid-onset edema, erythema, tenderness to 

palpation, and a firm to doughy consistency. Difficulty 
opening (<35 mm) due to direct involvement of the masti-
catory muscles (trismus) or pain is seen. An incision and 
drainage of the left buccal space is performed in an outpa-
tient setting
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 intravenous lines, and administering adequate 
fluids. Imaging studies (panoramic, CT scan, 
and/or MRI) are obtained to delineate the caus-
ative pathology and evaluate the airway. If there 
is an obvious “pointing” abscess readily accessi-
ble to aspiration, a sample of pus is taken and 
sent to the laboratory for immediate Gram stain 
and culture/sensitivity. Initial decisions on choice 
of appropriate antibiotics are made based on 
appearance of the Gram stain. If such is not fea-
sible at the onset of treatment, empirical antibiot-
ics are administered (usually penicillin or 
clindamycin are the initial agents, as they are 
effective against the causative organisms in most 

odontogenic infections and pose little or no risk 
to the mother or fetus). Once these initial steps 
are completed, the decision is made to take the 
patient to the operating room for definitive treat-
ment which usually includes removal of the 
involved tooth (or teeth), incision and drainage of 
any and all abscesses identified either by clinical 
 examination or imaging studies, and definitive 
securing of the airway (endotracheal intubation 
or tracheostomy). Most such patients must be 
given general anesthesia because of the extent of 
their infection and the ineffectiveness of local 
anesthetics in the presence of widespread inflam-
mation and infection. Intubation of the patient 

Fig. 20.2 The decision to take the patient to the operat-
ing room and perform a more aggressive treatment is 
based on presence of more ominous signs and symptoms 
such as difficulty breathing and/or swallowing due to pos-
sible involvement of the parapharyngeal spaces, severe 
trismus compromising the patient’s ability to hydrate and 

nourish, and drooling due to tongue protrusion (emer-
gency situation). The patient is followed up in 24 and 72 h 
and drain removed. Patient is seen again in a week to 
assure remission of the abscess. The edema and firm 
swelling might resist up to 6  weeks before completely 
resolving
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may involve an awake, fiber-optic technique 
requiring the services of a skilled endoscopist/
anesthesiologist. If indicated, the patient is placed 
in a semi-supine position with a 15° tilt to the left 
to relieve compression of the vena cava and aorta 
and maintain adequate uterine and placental per-
fusion. If a nasal endotracheal intubation was 
accomplished, the tube can usually be left in 
place, and it is well- tolerated postoperatively in a 
sedated patient for several days, if needed. 
Patients who require a secured airway longer 
than 7–10  days usually have the endotracheal 
tube replaced with an elective tracheostomy. 
However, with removal of decayed teeth, drain-
age of abscesses, antibiotics, and supportive care, 
most acute oral/head/neck infections respond 
rapidly with resolution of cellulitis, restoration of 
jaw opening, return of adequate swallowing, and 
reversal of airway compromise, making long-
term airway maintenance unnecessary in most 
patients. During recovery from an acute infec-
tion, the pregnant patient is at increased risk of 
deep vein thrombosis and pulmonary embolism, 
pulmonary edema and adult respiratory distress 
syndrome, and spontaneous abortion/fetal death. 
Appropriate preventive measures and monitoring 
by all involved specialists help to minimize the 
risks of these complications [15].

 Osteomyelitis
Osteomyelitis (OMLTS) is an infection of the 
bone marrow [18]. Its occurrence is unusual in 
the highly vascularized maxilla, except in an 
immunocompromised patient. On the other hand, 
infection from abscessed teeth or an untreated 
fracture is more likely to progress to OMLTS in 
the mandible which is less well-perfused, albeit 
much more richly endowed with good circulation 
than the long bones, the most common site of 
OMLTS.  OMLTS is classified as acute and 
chronic. Acute OMLTS may present similarly to 
an acute odontogenic infection (see above), and 
the evaluation and treatment are essentially the 
same, except that extensive debridement of the 
bone, in addition to tooth extraction and incision 
and drainage of abscesses, may be required. 
Long-term administration of antibiotics, based 
on culture and sensitivity results, is usually nec-

essary. Chronic OMLTS is most often an urgent, 
but not life-threatening, condition. However, the 
additional risks of pregnancy require careful 
evaluation, surgical debridement, and monitoring 
of the mother and fetus during surgical treatment 
and prolonged antibiotic therapy.

 OMS Trauma

As with all other patients sustaining traumatic 
injuries to the oral, head, and neck regions, preg-
nant patients sustaining maxillofacial trauma 
require initial evaluation and support of the air-
way, breathing, and circulation, which are the 
primary concern of first-responders in the hospi-
tal emergency department. Because of changes in 
blood flow due to hormonal effects and pressure 
on major blood vessels (vena cava, aorta), the 
pregnant female may experience syncope sec-
ondary to transient reduction of cerebral perfu-
sion. “Falling out” (fainting spell) may cause the 
patient to strike her head, face, or jaw and sustain 
significant lacerations, dislocated teeth, or frac-
ture of the maxilla, zygoma, nose, or mandible. 
Whenever possible, trauma victims are rapidly 
transported to the nearest Level I or II trauma 
center. Even seemingly minor injuries (abrasions, 
bruises, small lacerations, chipped or loosened 
teeth) require a thorough evaluation to determine 
the nature and extent of injuries, achieve stabili-
zation of the patient, and make decisions about 
immediate surgical intervention. If there is suspi-
cion of domestic violence, this should be reported 
immediately to social services and police author-
ities [19]; regardless of whether the cause of the 
injuries is a motor vehicle accident (MVA), inter-
personal altercation, missile (gunshot wound), 
sharp penetration (knife), or other trauma, assess-
ment (physical examination and imaging studies) 
of the entire patient (not just the head and neck 
area) is often necessary to rule out involvement 
of other locations or organs. In a patient with a 
penetrating wound of the neck, the status of the 
major blood vessels (carotid and jugular) must be 
ascertained. The cervical spine is evaluated for 
injury and instability. If there are avulsed or miss-
ing teeth, imaging studies are indicated to rule 
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out swallowing or aspiration of these foreign 
objects. Or, a patient with obvious and extensive 
facial injuries may also have sustained blunt 
trauma to the abdomen during a MVA resulting 
in laceration of the liver or rupture of the spleen. 
OMFS will be consulted to evaluate and manage 
the oral and facial aspects of the patient’s inju-
ries. In some situations, airway embarrassment 
requires immediate endotracheal intubation or 
tracheostomy. Other consultants may be called, 
depending on the areas of the patient’s injuries. 
The pregnant patient will, in addition, require 
timely evaluation by her OB-GYN or other 

 readily available alternate and continuous moni-
toring of the mother and the fetus during hospi-
talization (Figs. 20.3 and 20.4).

 Bone Injuries
Fractures of the facial bones (nose, zygoma, 
maxilla, mandible) can be open (compound, 
either through the skin or into the oral cavity) or 
closed, simple or comminuted, and displaced or 
non-displaced. Fractures that are open and com-
minuted are the most difficult to treat and the 
most likely to become infected, especially if not 
reduced and fixated promptly. The excellent 

Fig. 20.3 A pregnant woman with a self-inflicted gun-
shot wound (GSW) is brought to the emergency room. 
The anterior part of the mandible and some of the anterior 
maxillary bony, dentition, and soft tissue are lost due to 

the trauma. The patient is taken to the operating room 
where copious irrigation and debridement are performed 
to further assess the extent of the trauma and plan the 
reconstruction
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 vascular supply of the head and neck regions 
likely limits the occurrence of infection in facial 
fractures versus that in fractures of the long 
bones.

Nasal packs and Epistats, among other similar 
hemostasis measures, are placed to control bleed-
ing which mostly comes from the nasal septum 
injury. If hemostasis cannot be achieved using 
these primary measures, angiography with embo-
lization of the injured arteries is indicated [20]. 
Nasal fractures can often be treated with closed 
reduction and splinting under local anesthesia. 
Localized, non-displaced, alveolar fractures of 
the maxilla or mandible with loosened teeth also 
can be reduced and fixated with dental arch bars 
under local anesthesia. Most other facial fractures 
require open reduction and internal fixation. Some 
maxillary and most mandibular fractures can be 
reduced and fixated via transoral incisions. 

Zygomatic and other periorbital fractures usually 
require cutaneous incisions for reduction/fixation. 
Nasal fractures that require open reduction often 
can be done with the same type of transfixion inci-
sion used for rhinoplasty. The rigid internal fixa-
tion plates used in maxillary and mandibular 
fracture stabilization frequently preclude the need 
for intermaxillary fixation (wiring of the upper 
and lower teeth together). The ability to open 
one’s mouth makes it easier for the pregnant 
trauma patient to take adequate nourishment, 
breath without difficulty, and maintain oral 
hygiene (which also reduces the risk of infection 
of a healing, reduced, orally compounded frac-
ture). Nutrition is usually provided in the form of 
liquid or pureed foods with attention to adequate 
caloric, protein, and vitamin intake.

Antibiotics are generally indicated preopera-
tively for compound fractures, and analgesics are 

Fig. 20.4 The patient 
from Fig. 20.3 is shown 
after bony reconstruction 
with a bone graft and 
reconstruction plate and 
soft tissue primary 
closure
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usually necessary for the first few days following 
injury. The goals of facial fracture treatment are 
to reduce the fractured bone(s) into good ana-
tomic alignment, to restore facial contour and 
appearance, and, in the case of fractures involv-
ing the tooth-bearing bones (maxilla, mandible), 
to restore the dental occlusion to its normal state 
to facilitate good chewing function [21]. Close 
follow-up during the postoperative period 
(4–8  weeks in most patients, depending on the 
location and severity of the injuries) is necessary 
to assure that adequate reduction and fixation are 
maintained, that the patient is taking adequate 
nutrition, and that good oral hygiene is practiced. 
The OB-GYN likewise maintains close monitor-
ing of the status of the pregnant patient and fetus 
during this period.

 Soft Tissue Injuries
Lacerations, abrasions, contusions, and other 
facial soft tissue injuries are assessed to deter-
mine possible involvement of important adjacent 
structures. Injuries to the cheek or face might 
have caused transection of a branch or branches 
of the facial nerve (VII), resulting in paresis or 
paralysis of the forehead, eyelids, and lips. The 
parotid gland Stenson’s duct may have been torn 
or severed, which, if not repaired can lead to a 
sialocyst and/or infection. Penetrating neck 
wounds demand evaluation of the integrity of the 
carotid and jugular vessels, lest severe blood loss 
or interruption of cerebral circulation.

Most soft tissue injuries of the face, head, or 
neck are repaired under local or regional block 
anesthesia. Epinephrine in the local anesthetic 
solution aids in achieving hemostasis in the 
highly vascularized facial tissues. Wounds that 
are contaminated with foreign material are vigor-
ously debrided and irrigated before repair. 
Conservative excision of ragged laceration mar-
gins is done, and the muscular layer is closed. 
Careful alignment of important anatomic land-
marks (vermilion border of the lips, nasolabial 
fold, eyebrows, eyelid margins) before skin clo-
sure is critical essential in restoring normal facial 
appearance. Use of surgical loupes for accurate 
positioning of tissue margins and placement of 
sutures, eversion of skin margins, placement of 

fine sutures, and application of supportive adhe-
sive strips gives the best cosmetic result with 
minimal risk of unsightly facial scarring. The 
African-American female (AAf) is at increased 
risk of developing a hypertrophic scar or keloid 
following cutaneous trauma. However, pregnant 
women of other races also occasionally develop a 
hypertrophic scar in a repaired laceration. Several 
factors contribute to hypertrophic scar or keloid 
formation, including race, tension on the repair 
margins, hormonal influences, infection, and 
patient age. Good surgical technique and postop-
erative local incision care maximize the chance 
of an acceptable scar. This situation can also be 
ameliorated by injection of a corticosteroid (e.g., 
triamcinolone) into the laceration margins in 
patients considered to be at high risk for keloid 
formation at the time of repair and periodically in 
the postoperative period as needed [22, 23].

 Temporomandibular Disorders

The articulation of the condyle of the mandible 
with the temporal bone of the skull base forms 
the temporomandibular joint (the so-called TMJ). 
This is the only movable joint in the human body 
that has two movements (rotation and translation/
sliding). Disorders of the TMJ are classified as 
articular and nonarticular. Nonarticular disor-
ders are mainly those of the masticatory muscles 
(masseter, temporalis, internal and external pter-
ygoid) origin. The myofascial pain dysfunction 
syndrome (MPDS) is caused by excessive, stress- 
related parafunctional jaw habits (jaw muscle 
clenching, tooth grinding, rigid jaw lower jaw 
posturing) that produce muscle fatigue, reduced 
muscle blood flow, and pain (around the TMJ) 
[24]. Patients are often not aware of their para-
functional jaw activity unless it is noticed by a 
bed partner or roommate. Temporal or frontal 
headaches are common in afflicted patients. The 
stress of pregnancy, other young children at 
home, and insufficient spousal support often pre-
cede the onset of MPDS.  In some patients, an 
articular condition develops in which the position 
of the articular disc in the TMJ is altered, result-
ing in abnormal joint sounds (clicking or crepi-
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tus), decreased jaw opening or range of motion, 
and painful chewing. Treatment is usually non-
surgical and includes relaxation techniques to 
help the patient recognize and avoid tooth contact 
(except when chewing or swallowing), nonnar-
cotic analgesics, nighttime muscle relaxants, diet 
consistency modifications, physical therapy, 
wearing of an oral appliance to dampen the forces 
of parafunctional jaw activity, and, in selected 
instances, marital or psychological counseling.

The occasional patient develops a painful 
“closed lock” in which the displaced TMJ carti-
lage disc becomes nonreducing, jaw range of 
motion is severely limited, and effective chewing 
and swallowing and nutritional intake are com-
promised. This situation, fortunately rarely seen 
in pregnant females, requires surgical interven-
tion, either arthrocentesis or arthroscopy or open- 
joint arthroplasty [25].

The TMJ can become involved with arthritis 
(degenerative, rheumatoid, gouty, infectious, 
etc.). Treatment may involve co-management 
with a rheumatologist. Fractures and dislocations 
of the TMJ are managed similarly to other trau-
matic injuries of the facial bones (see above).

 Tumor Surgery

Oral pyogenic granuloma, commonly known as 
oral pregnancy tumor, mostly occurs in the sec-
ond decade of life in response to various stimuli 
such as low-grade local irritation, traumatic 
injury, or hormonal factors (Fig. 20.5). Clinically, 
a small red-colored smooth or lobulated exo-
phytic lesion usually non-tender and not painful 
is present. Excisional surgery is the treatment of 
choice [26].

Squamous cell carcinoma (SCC) of the oral 
cavity, once thought to be a disease predomi-
nantly affecting older patients of either gender, 
especially those who have abused alcohol or 
tobacco products for many years, is now being 
seen with increasing frequency in young women 
under the age of 30 who do not use tobacco or 
imbibe alcohol to excess [27–29] (Fig.  20.6). 
These cancers in younger patients are often 
highly anaplastic and, especially when they occur 

in the tongue, tend to metastasize early to regional 
lymph nodes in the neck. Malignancies other 
than SCC also occur in women of any age, includ-
ing leukemias, lymphoma, and sarcomas, among 
others. Leukemia, for example, may present ini-
tially as enlargement and bleeding of the gingiva. 
Therefore, any suspicious ulceration or other 
lesion in the oral cavity that fails to heal in a rea-
sonable period of time (e.g., 2 weeks) should be 
biopsied. This procedure, done under local anes-
thesia, should pose no significant risk to the preg-
nant patient or her fetus.

Women are increasingly delaying childbear-
ing until their middle or late 30s and even early 
40s. At that age, cancers of the breast, cervix, 
uterus, and ovaries are more likely to occur. 
Therefore, management of malignancies in preg-
nant females is becoming more frequent.

The pregnant patient with a diagnosed oral 
malignancy presents difficult challenges to the 
patient and the physicians caring for her and her 
fetus. The first decision to be made by the patient 
is whether to terminate her pregnancy or allow it 
to continue during treatment. Treatment should 
not be delayed until after delivery; the chance of 
long-term survival or cure would be adversely 
affected [27]. An exception to this might be a 
patient in which a malignancy is diagnosed in her 
third trimester. If a viable infant can be delivered 
prematurely, then postpartum cancer treatment 
can proceed forthwith. Ablative surgery (excision 

Fig. 20.5 This image shows a 27-year-old pregnant woman 
in the third trimester with a growth in the right lower mouth. 
The lesion is pedunculated to the marginal gingiva and has a 
smooth surface with small ulcerations caused by occlusal 
trauma. The lesion is excised under local anesthesia
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of the primary lesion and, in some patients with 
oral cancers, resection of an adjacent portion of 
the jaw and a neck dissection, all performed under 
general anesthesia), chemotherapy, and radiation 
pose significant risks to any patient, let alone one 
who is pregnant. Careful evaluation and tumor 
staging preoperatively and then continuous moni-
toring during surgery and the recovery period are 
essential to the best of care [30–32]. Provision of 
adequate nutrition is essential. Chewing and swal-
lowing may be compromised by resection of a 
portion of the tongue and/or jaw; feeding tubes or 
parenteral administration may be required. Close 
communication and cooperation among all the 
clinicians (surgeon, OB-GYN, oncologist, radia-
tion therapist, and others) caring for the pregnant 
patient are integral elements of cancer treatment. 
In fact, successful outcomes of oral cancer treat-
ment (long-term survival or cure for the mother, 
delivery of a healthy infant) are being achieved 
with current treatment regimens [33, 34].

 Reconstructive Surgery

Resection of oral malignancy involving portions 
of the tongue, jaw, palate, or neck creates signifi-
cant defects in some patients. These defects leave 
the patient with alteration of facial appearance 

and, most importantly, difficulties with chewing 
food, drinking fluids, swallowing, speech, and 
airway maintenance.

Reconstructive procedures, including locally 
rotated flaps or osteomyocutaneous-free flaps 
from distant donor sites (e.g., forearm, hip, chest), 
are often necessary to replace ablated tongue, lip, 
jaw, or other tissues and restore important oral 
and respiratory functions [35, 36]. If essential to 
immediate recovery, they can be done at the time 
of ablative tumor surgery. In some patients, espe-
cially if done primarily for restoration of external 
appearance, reconstruction of ablative defects can 
be delayed until after the patient has delivered the 
infant and completed postpartum recovery.

 Summary

Infections, tumors, injuries, or other conditions or 
diseases may develop in the oral cavity or jaws of 
a pregnant female. Some of these processes may 
pose urgent or life-threatening situations requir-
ing prompt evaluation and treatment. Close coop-
eration and good communication between the 
patient’s OB-GYN and the consultant OMFS will 
minimize risks and give the patient and fetus the 
best possible likelihood of continuing the preg-
nancy to term with the delivery of a healthy infant.

Fig. 20.6 A right posterior maxillary osteosarcoma in a 
25-year-old primigravid woman in her 17th week of preg-
nancy is shown. A team including oncologist, OMFS, and 
OB-GYN was involved in treatment of this case. 

Management included resection, early termination of 
pregnancy, and the use of adjuvant systemic chemother-
apy to prevent metastases
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Urologic Surgery During 
Pregnancy

Nancy N. Wang and Harcharan Gill

 Stones

 Etiology and Physiology

Pregnancy is associated with many physiologic 
changes that affect urinary composition, pH, and 
stasis; however, rates of kidney stone formation 
and renal colic are similar compared to nonpreg-
nant females. Acute renal colic is reported in 
approximately 1 out of 1500 pregnancies [1, 2], 
and despite rising incidence of kidney stones in 
the overall population, the incidence among 
pregnant females have remained stable in the last 
two decades [3].

During pregnancy, several lithogenic factors 
are increased in the urine. Placental production of 
1,25-dihydroxycholecalciferol increases intesti-
nal calcium absorption, which leads to absorptive 
hypercalciuria [4]. Urinary levels of uric acid and 
oxalate also rise during this time, contributing to 
the risk of stone formation [5]. However, these 
are balanced out by concurrent increases of uri-
nary citrate, magnesium, and glycosaminogly-
can, which all help inhibit stone formation [4, 5].

Urine pH also tends to be more alkaline dur-
ing pregnancy due to the increased urinary citrate 
[5]. While elevated urinary pH decreases risk of 
uric acid stone formation, it increases the risk of 

calcium phosphate stones. Indeed, calcium phos-
phate stones comprise up to 75% of stones 
reported in the pregnant population, whereas cal-
cium oxalate stones are the most common culprit 
in the general population [5].

Another physiologic change that occurs dur-
ing pregnancy is urinary stasis and hydronephro-
sis. This has been reported in up to 90% of 
pregnant women [6] and tends to be more pro-
nounced as the uterus grows. Urinary stasis can 
encourage precipitation of stones and may con-
tribute to the fact that 80–90% of acute kidney 
stone colic occurs during the second and third 
trimester [1, 5].

 Diagnosis

Though the incidence of renal colic is no differ-
ent in pregnant women, special consideration 
needs to be taken in the diagnoses and manage-
ment in this population. Given the teratogenicity 
of radiation, ultrasound imaging is considered the 
gold standard for first-line diagnoses of kidney 
stones in pregnant females [5]. Sensitivity of 
ultrasound detection of kidney stones is operator- 
dependent and can be variable, with reported 
rates of 57% for the right kidney and 39% for the 
left kidney with an overall accuracy of up to 77% 
[7, 8] for experienced technicians and radiolo-
gist. Additionally, studies have shown that ultra-
sound sensitivity significantly drops when 
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evaluating stones <5 mm in size [9]. As such, MR 
urography is increasingly being used as a second- 
line evaluation, with good diagnostic success and 
tolerance reported [10].

 Treatment

 Medical Expulsive Therapy
As with management of kidney stones in the 
general population, imaging confirmation of a 
stone is not always required to start treatment. 
In pregnant patients without any signs of infec-
tion (clean urinary analysis and negative urine 
culture, no fevers, normal WBC) and who have 
appropriate renal function, medical expulsive 
therapy (MET) can be started empirically. 
MET includes hydration, IV if unable to toler-
ate oral intake, pain management, and either a 
calcium channel blocker such as nifedipine or 
an alpha-blocker such as tamsulosin. Both 
alpha-blockers and calcium channel blockers 
are category B drugs which are safe to give in 
pregnancy and can help with stone passage as 
well as renal colic symptoms. Tamsulosin is 
the more commonly prescribed expulsive ther-
apy in the general population, and a recent ret-
rospective study showed efficacy and safety 
when used in pregnant women with symptom-
atic renal colic [11].

One benefit of the associated hydrouretero-
nephrosis seen in pregnancy is a higher rate of 
spontaneous stone passage with some studies 
reporting passage of 70–80% for stones <1 cm 
[5]. Furthermore, some studies show that up 
to  half of the stones that do not pass dur-
ing   pregnancy will pass within the first 
month  after  delivery [12] without further 
intervention.

Interventions, however, are needed in cases 
where patients have refractory pain, urinary 
infection, solitary kidney, renal dysfunction from 
bilateral stones or a large obstructing stone, or 
preeclampsia. The decision to undergo a tempo-
rizing intervention, with the aim of decompres-
sion and drainage, versus a definitive intervention 
should be made by an interdisciplinary team with 
the aid of urologists.

 Temporizing Interventions
Temporizing interventions include ureteros-
copy with placement of an indwelling ureteral 
stent, which drains the urine around the stone, or 
percutaneous nephrostomy for direct drainage. 
Ureteroscopy is done in the operating room by 
urologists and usually requires general anesthesia, 
though they can sometimes be done with a spinal 
anesthetic. The stent is placed either using ultra-
sound guidance or, more commonly, limited pelvic 
fluoroscopy where a lead apron is used to minimize 
radiation to the fetus [5]. The stents can become 
a nidus for stone precipitation themselves, which 
is why they will need routine exchanges every 
1–2 months. Additionally, the stents can cause their 
own set of ureteral colic and discomfort as well as 
bladder spasms and irritation. These symptoms can 
be treated with alpha-blockers such as tamsulosin, 
anticholinergic agents such as oxybutynin, or local 
analgesic medications such as phenazopyridine 
(Pyridium), all of which are category B drugs and 
safe to use during pregnancy [13].

Unlike stents, percutaneous nephrostomies 
can be placed under local and light sedation, 
oftentimes by interventional radiologists. They 
similarly need routine exchanges every 
1–2 months as they can become encrusted in the 
renal pelvis. Though they do not cause ureteral 
colic, they can cause some pain and discomfort at 
the insertion site especially in patients who spend 
a lot of time lying on their backs.

The distinction between the need for an oper-
ating room procedure with anesthesia versus a 
procedure with light sedation may play an impor-
tant role in decision-making as procedures requir-
ing anesthesia are still discouraged during the 
first trimester due to anesthetic risks. Percutaneous 
nephrostomy drainage is also advantageous in 
cases where the stone may be too obstructed and 
not amenable to placement of a ureteral stent or 
in cases where the stone will need percutaneous 
nephrolithotomy for definitive treatment later on, 
which would require a percutaneous nephros-
tomy anyways [5].

 Definitive Treatment
In recent decades, there has been much advance-
ment in ureteroscopic equipment and treatments 
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including the development of laser therapy for 
stone lithotripsy. Unlike previous lithotripsy 
treatments such as extracorporeal shock wave 
lithotripsy which is contraindicated as it can 
cause miscarriage, congenital malformation, and 
placental displacement [14], laser lithotripsy is 
safe for use during pregnancy as the light pulsa-
tions have only local penetrance that is precisely 
and directly applied to the stone with limited dif-
fusion risk to the fetus. The use of both rigid and 
flexible ureteroscopy with laser lithotripsy has 
been shown to be safe in pregnancy and has been 
shown to be effective for stones found anywhere 
along the urinary tract including the upper ureter 
[15–18]. Reports of intraoperative complications 
are very rare. The procedure can be done under 
spinal anesthesia in some cases, which limits the 
general anesthetic risks. Additionally, the ure-
teroscopy portion of the procedure, which 
requires image guidance to establish the location 
of the wires and scope in the ureter, can be done 
using ultrasound guidance or very limited pelvic 
fluoroscopy [19].

Definitive treatment with laser lithotripsy has 
been increasingly used for patients who have 
failed symptomatic management, but given their 
safety profile, they are also being offered as an 
acceptable alternative to percutaneous nephros-
tomy or routine stent exchange in cases where the 
stones are amenable to a single lithotripsy proce-
dure or in cases where patients have compro-
mised renal status, such as a solitary kidney, and 
would benefit from early definitive treatment.

However, treatment with ureteroscopy and 
laser lithotripsy is not recommended in cases 
where the stone is >2–3  cm as success with 
ureteroscopy is limited and these patients will 
likely require percutaneous nephrolithotomy. 
Temporary percutaneous nephrostomy drainage 
is the recommended management as percutane-
ous nephrolithotomy is contraindicated during 
pregnancy due to the long operative time needed, 
prone position, complication rates, and high fluo-
roscopy radiation [5].

Patients who had good symptomatic control 
during pregnancy without any signs of infections 
or renal complications should be referred to a 
urologist for definitive care and stone workup 

after delivery. Though studies have shown rates 
of spontaneous passage as high as 47%, many 
women develop recurrent stones and would ben-
efit from standard workup and prevention prac-
tices [20].

 Obstructive Uropathy

Besides stone disease, there are several causes 
of obstructive uropathy that can occur during 
pregnancy. First, it is important to differentiate 
hydroureteronephrosis from obstructive uropa-
thy. Hydroureteronephrosis is the radiographic 
finding of dilation of the ureters and/or kidney. 
This may or may not be associated with a 
pathologic issue. Obstructive uropathy, how-
ever, is the structural or functional blockage of 
urinary excretion from the kidney and ureters 
and implies a deviation from normal 
physiology.

 Idiopathic Hydroureteronephrosis

Indeed, idiopathic hydronephrosis or hydroure-
teronephrosis has been incidentally seen and 
reported in up to 80–90% of pregnant patients in 
several studies [6]. The dilation develops during 
the second trimester and is believed to be due to 
anatomic compression of the ureters between 
the growing uterus and the linea terminalis [21, 
22]. This is consistent with several large-scale 
analyses which have shown that the dilation is 
more pronounced above the pelvic brim, can be 
reduced by placing the woman in a lateral decu-
bitus position or in the knee-elbow position, and 
self-resolves within a few weeks after delivery 
[6, 23].

Many studies have also shown that dilation of 
the right collecting system is more common and 
pronounced than the left, with one study report-
ing a 4–7 mm average increase in right renal pel-
vis dilation compared to the left [6]. Some studies 
also suggest that increased progesterone levels 
during pregnancy may contribute to increased 
smooth muscle relaxation of the ureters, allowing 
for notable dilation [22].

21 Urologic Surgery During Pregnancy



256

Though idiopathic hydroureteronephrosis is 
generally asymptomatic, there are reports of 
women with severe bilateral anatomic obstruc-
tion from the uterus with associated abdominal 
pain, increased incidence of UTI, and very rarely, 
an increased risk for preeclampsia [24]. In cases 
where women with radiographic hydroureterone-
phrosis report pain, infection, or other symptoms, 
it is important to complete a full workup to rule 
out other causes of obstructive uropathy that may 
require intervention.

 Diagnosis
Women presenting with abdominal or flank pain 
should get a urinalysis with culture to evaluate 
for infection, chemistry to evaluate for renal dys-
function, and a renal bladder ultrasound to evalu-
ate for anatomic obstruction, stone disease, or 
mass obstruction [25].

Some patients with abnormal urinary systems, 
such as a duplicated system, can have worsened 
dilation in the setting of increased circulatory 
volume associated with pregnancy [26]. Similar 
to idiopathic hydronephrosis, this should also 
resolve after delivery.

If there are signs of external mass compres-
sion on the ureters besides the gravid uterus, an 
MRI is recommended for further characterization 
given the risk of radiation associated with CT 
scans. External compression of the ureters can be 
caused by significant constipation, pelvic masses/
tumors, primary ureteral tumors, or rarely ure-
teral endometriosis.

 Management and Treatment
Urologic management in cases of pathologic 
obstructive uropathy during pregnancy is directed 
toward drainage and protection of renal function. 
Cystoscopy with placement of ureteral stents for 
drainage and interventional radiology with place-
ment of nephrostomy drainage are both viable 
options during pregnancy if renal function is at 
risk. As discussed previously in the obstructive 
stone section, there are risks and benefits to each 
approach. However, the success of cystoscopy 
and stent drainage drops in the setting of external 
compression from pelvic cancers as these masses 
can preclude successful placement of the stents 

and can also compress the stents themselves even 
after they are placed. Nephrostomy drainage is 
recommended for management if external masses 
are expected to grow.

 Ureteral Tumor

Though primary ureteral tumors are rare, account-
ing for up to 5% of urothelial cancer [27], patients 
can present with symptomatic obstructive uropa-
thy. Workup once a ureteral mass is suspected 
involves evaluation of bilateral ureters for filling 
defects. During pregnancy, MR uropathy is rec-
ommended over CT IVP due to the radiation 
risks to the fetus.

Further treatment or management requires a 
multidisciplinary approach with careful assess-
ment of risks depending on the size of the ureteral 
mass, grade of disease, degree of obstructive 
uropathy, and timing during pregnancy. As dis-
cussed previously in the stone section, ureteros-
copy is safe during pregnancy and can be used for 
diagnostic biopsy as well as laser ablation for 
low-grade cancers. Management of high-grade 
ureteral tumors will require further discussion as 
standard treatment is radical nephroureterectomy.

 Ureteral Endometriosis

Though endometriosis affects up to 15% of 
women, genitourinary involvement is rare with a 
reported incidence of 1.2% with the large major-
ity involving the bladder [28, 29]. Ureteral endo-
metriosis in particular requires a high index of 
suspicion as the majority of cases have been dis-
covered incidentally during laparotomy for 
extensive disease [29] or during workup for a 
nonfunctioning kidney where the ureteral endo-
metriosis was discovered as the cause of damag-
ing silent obstruction [30]. Symptomatic patients 
who are not pregnant tend to present with 
 dyspareunia, cyclical pain, menorrhagia, and 
cyclical hematuria due to intraluminal involve-
ment [30].

Long-term treatment of ureteral endometriosis 
depends on the symptoms and reproductive 
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desires of the patient as hysterectomy with bilat-
eral salpingo-oophorectomy and ureteral resec-
tion has been offered in cases of severe pain and 
bleeding. During pregnancy, however, manage-
ment would be focused on symptomatic control 
and renal protection.

 Placenta Percreta

Placenta percreta, the most severe form of pla-
cental invasion, occurs in 1 out of 25,000 preg-
nancies and is defined as invasion through the 
myometrium of the uterus [31]. Once through the 
myometrium, the placental villi can invade the 
bladder or rectum, posing additional risks during 
delivery. In the last few years, the rate of placenta 
percreta has increased by 50 times, a rise that par-
allels the increased rate of cesarean sections [32]. 
Uterine scarring, either from cesarean sections, a 
history of placenta previa, uterine curettage, or 
Asherman syndrome, is the main risk factor for 
placenta percreta as the uterine myometrium is 
disrupted leaving it vulnerable to invasion by pla-
cental villi [31]. A history of endometriosis and 
grand multiparity are additional risk factors for 
all levels of placenta accreta [31].

Diagnosis can occur during antenatal ultra-
sound evaluation and should be followed by MRI 
for better evaluation. Patients with concern for 
bladder involvement should be sent to urology 
for clinic cystoscopy to directly evaluate the 
bladder without need for anesthesia [31]. Early 
and clear evaluation of the degree of placental 
invasion is important for appropriate delivery 
planning as placenta percreta is associated with 
significant obstetric hemorrhage that can be hard 
to temporize and can be life-threatening. Indeed, 
placenta percreta with involvement of the bladder 
has a reported mortality of up to 9.5% for the 
mother and 24% for the child [33].

When discovered prior to delivery, preparations 
include involvement of interventional radiology 
with placement of balloons for quick ligation/
embolization of uterine vasculature, anticipated 
blood transfusion needs, and planned urologic 
interventions including cystoscopy and possible 
cystotomy with reconstruction. In addition to 

improved control and response to bladder bleed-
ing, preoperative involvement of urology has been 
shown to decrease rates of ureteral or bladder 
injury compared to cases where urology was con-
sulted intraoperatively or postoperatively [34].

However, many cases of placenta percreta are 
asymptomatic during pregnancy and aren’t dis-
covered until time of delivery despite antenatal 
imaging studies. One study reported that only 
25% of patients with placenta percreta presented 
prior to delivery with painful gross hematuria 
[35]. The associated pain is important as it distin-
guishes from placenta previa, which is associated 
with painless gross hematuria. Given the high 
risks associated with this condition, we recom-
mend a low threshold for urologic evaluation and 
involvement in patients with significant risk 
factors.

 Iatrogenic Urologic Injury

Injury to the bladder and ureters can occur during 
both gynecologic and obstetric procedures. 
Gynecologic surgeries account for up to 52% of 
iatrogenic ureteral injuries [36] and have increased 
rates of bladder injury especially in gyn-onc cases 
where normal anatomy is distorted. For obstetrics, 
rates of bladder injuries vary with averages of 1 
out of 10,000 vaginal deliveries and 14 out of 
10,000 cesarean sections though some studies 
have shown incidence of up to 0.94% in cesarean 
sections [37]. Ureteral injuries are lower with 
rates of 0.3 per 10,000 vaginal deliveries and 2.7 
per 10,000 cesarean sections [38].

 Bladder Injuries

Bladder injuries include any full-thickness cys-
totomy or damage to the bladder. This can occur 
during entry into the peritoneal cavity, creation of 
a bladder flap, uterine incision and delivery, or 
closure [39]. Studies have shown that risk factors 
for bladder injury include an older age, adhe-
sions, women with greater parity, and women 
with a history of prior cesarean section, which 
can cause scarring to the bladder [39]. When 
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identified early and intraoperatively, urology can 
be consulted for primary repair with a two-layer 
vesicorrhaphy [39, 40]. Along with primary eval-
uation, the bladder can also be assessed by filling 
it with 300  cm3 of methylene blue via urethral 
catheter to evaluate for extravasation; however, 
this is not always sensitive to small cystotomies. 
Urology consultation is recommended if there is 
concern for bladder injury. Following primary 
repair, the patient should then have an indwelling 
catheter for 10–14 days to allow for healing and 
evaluation with retrograde cystogram prior to 
removal of the Foley catheter.

While more bladder injuries are identified 
intraoperatively, some have a delayed presenta-
tion. Vesicouterine fistulas, also known as Youssef 
syndrome, can occur months after a cesarean sec-
tion if the bladder wall is incorporated into the 
uterine suture line, as a complication of dilation 
and curettage procedures [41] or as a complica-
tion of pelvic irradiation, trauma, or bladder 
endometriosis [42]. Approximately 20% of 
women present with some combination of the 
classic Youssef triad of amenorrhea, urinary 
incontinence and hematuria associated with men-
ses, also known as menouria. However, many 
others may only present with vague abdominal 
and pelvic discomfort, so a high level of suspi-
cion is necessary. CT cystogram or hysterosal-
pingograms have the highest sensitivity for 
diagnosis, but given the intermittence of symp-
toms and varying fistula sizes, workup should 
include urologic cystoscopy for direct visual 
assessment if imaging is inconclusive [41]. Once 
the fistula is diagnosed, patients should also have 
a thorough upper tract evaluation with CT IVP to 
rule out any concurrent ureteral injuries.

Treatment of vesicouterine fistulas depends 
on timing of diagnosis as well as the patient’s 
future fertility desires. If the fistula is found within 
6 months of surgery and the patient desires more 
children in the future, conservative treatment with 
an indwelling catheter along with short-term endo-
crine suppression of menstruation can be attempted. 
This, however, is only successful approximately 
50% of the time [41, 42]. If this fails or if the tract 
is found past 6 months and has been matured, the 
patient will require a transvaginal or transabdomi-

nal repair with omentum or a Martius flap. If the 
patient, however, does not desire further fertility, 
treatment with transabdominal hysterectomy and 
primary repair of the bladder is recommended [41].

 Ureteral Injuries

Though less common, ureteral injuries can occur 
from direct ligation or from secondary thermal 
damage. Ligation often occurs in conjunction with 
ligation of the uterine artery, uterosacral/trans-
verse uterine ligaments, or suspensory ligaments 
of the ovary [38]. The incidence of ureteral injury 
is higher in cases complicated by massive hemor-
rhage, which can impede visualization of struc-
tures and add an element of urgency, and in cases 
where adhesions can distort normal anatomy [43]. 
Early proactive identification of the ureters with 
careful dissection has been shown to decrease ure-
teral injury rates [44]. As such, urology consults 
for placement of ureteral stents prior to obstetric or 
gynecologic surgery have been increasing. 
Ureteral stents not only help with identification but 
can also straighten out otherwise tortuous ureters. 
Some newer stents are capable of lighting up 
which further aid with intraoperative identification 
[45]. Though many studies have shown that ure-
teral stents help reduce operative time spent iden-
tifying the ureters, there is still no clear data that 
shows a significant decrease in overall ureteral 
injury rates when stents are used [46].

 Diagnosis and Evaluation
Unlike bladder injuries, iatrogenic ureteral inju-
ries can have a delayed presentation. Though 
intraoperative ureteroscopy has been shown to 
have high sensitivity for identification of acute 
ligation injuries, they are not sensitive in recog-
nizing thermal damage [47]. Secondary thermal 
damage can cause stricture and stenosis forma-
tion that can present with flank pain, fever, sepsis, 
ileus, and acute renal failure days to weeks fol-
lowing surgery [40]. A high suspicion for ureteral 
injury is necessary when patients present with 
delayed symptoms. Patients should be evaluated 
with labs including serum creatinine as well as a 
renal bladder ultrasound to evaluate for 
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 hydroureteronephrosis of the affected side. 
Further evaluations such as CT IVP or cystos-
copy with retrograde pyelogram can help identify 
the area and extent of stenosis or injury.

 Treatment
Treatment of ureteral injury depends on the type 
of injury, extent of damage, and if it is found 
intraoperatively or in a delayed fashion.

Suture ligations that are identified and 
removed intraoperatively without clear ureteral 
damage may be conservatively monitored and 
followed. If patients remain asymptomatic with 
stable renal function, a renal bladder ultrasound 
should be obtained a few weeks after surgery to 
evaluate for signs of silent stricture formation 
and, if negative, to document the post-op baseline 
so that any future changes can be better assessed.

If the ureter is transected sharply, with cautery 
or ligation, and identified intraoperatively, pri-
mary anastomosis may be attempted with place-
ment of an indwelling ureteral stent. However, if 
the injury is found postoperatively, cystoscopy 
with placement of an indwelling ureteral stent 
will be attempted for realignment. If this is 
unsuccessful, the patient may need a nephros-
tomy tube for drainage and preservation of renal 
function on the affected side with plans for a 
delayed ureteral repair.

 Pregnancy and Delivery in Patients 
with Urinary Diversions or 
Augmentations

Management of congenital urologic conditions 
has significantly improved in the last few decades, 
leading to a growing population of pregnant 
women with a history of bladder augmentation or 
urinary diversion. The majority of these patients 
are treated for non-cancerous pathologies such as 
bladder exstrophy, neurogenic bladder, or intersti-
tial cystitis. However, the resulting changes in 
anatomy, especially in patients who have under-
gone cystectomy, raise concerns for increased risk 
of urinary tract infections, development of urinary 
incontinence, risk to the fetus, and increased risk 
of iatrogenic injuries during cesarean sections.

 UTI
Patients with bladder augmentations or urinary 
diversions are at an increased risk for urinary 
tract infections at baseline. This is complicated 
by the fact that urine analysis and urine cultures 
can be misleading, with one study reporting up to 
50–100% rates of asymptomatic bacteriuria, of 
which only 4–43% had a significant urinary tract 
infection [48]. Furthermore, diverted patients 
also have a higher risk for progression to pyelo-
nephritis as most common diversions lead to ure-
teral reflux [49, 50].

Given the increased risk of premature labor in 
the setting of pyelonephritis, some practitioners 
recommend long-term prophylaxis during preg-
nancy especially in patients with known ureteral 
reflux [49]. Others, however, recommend close 
monitoring and early treatment of urinary tract 
infections with a low threshold for interventions 
such as nephrostomy tube drainage if there is no 
immediate improvement on antibiotics [50, 51].

 Continence
Pregnancy alone increases the risk for develop-
ment of urinary incontinence due to the effect of 
the gravid uterus weakening the pelvic floor. 
However, in patients with urinary diversions, the 
gravid uterus can also compress and strain the 
vascular supply of conduits and neobladders, 
increasing the risk of necrosis or stenosis, as well 
as directly impact the reservoirs themselves.

Some patients with catheterizable diversions 
experience increased retention and difficulty cath-
eterizing as the gravid uterus stretches and dis-
torts the conduit. This can generally be managed 
with an indwelling catheter, but on rare occasions 
the diversion may require repair after delivery or 
at the time of cesarean section [49]. On the other 
hand, some patients may experience increased 
urinary incontinence due to compression of the 
reservoir itself. Patients with stomas also have a 
slight increase risk for stomal prolapse. These 
cases, however, are rare as the progression of fetal 
growth is slow enough that the body generally can 
adapt and compensate without complications.

In addition to these gestational risks, there are 
concerns that patients with an artificial urinary 
sphincter or a history of vesical neck reconstruction 
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could damage their continence mechanism during 
vaginal delivery [50, 51]. Though the traditional 
recommendation has been for these patients to 
undergo elective cesarean section to reduce these 
risks, recent studies have not shown a significant 
difference in outcomes [52, 53].

 Anatomy Considerations for Cesarean 
Section
Indeed, recent studies have shown that there is no 
significant increased risk associated with vaginal 
delivery in women with a history of bladder aug-
mentation or cystectomy with diversions [53]. 
However, for patients with a history of bladder 
exstrophy, there is a 25% chance of abnormal 
fetal presentation requiring cesarean section [54]. 
In these cases, there is an increase incidence of 
fetal demise seen when the cesarean sections are 
done emergently [54]. While this is due to a mul-
titude of factors, the anatomic changes in these 
patients can pose significant vascular risks if they 
are unrecognized.

A high cesarean section approach or midline 
incision is recommended instead of the traditional 
low Pfannenstiel in order to avoid damaging the 
urinary reservoir and to allow for maximal visual-
ization [49, 55]. In addition to distorted normal 
anatomy, these patients also have an increased 
risk for adhesions. It is especially important to 
identify both ureters as well as taking care to pre-
serve the mesenteric vascular supply to augmen-
tations and diversions. As locations of the ureters 
and reservoirs vary depending on the type of aug-
mentation, diversion, or neobladder constructed, 
urology involvement in delivery planning is cru-
cial and has been shown to decrease risk of uri-
nary injury and complications [55].

 Incidental Masses

With the rise of prenatal ultrasound and imaging, 
more women are being diagnosed with incidental 
adrenal and renal masses during pregnancy [56]. 
While the overall incidence still remains low, 
special considerations are needed for safe moni-
toring and management in the pregnant 
population.

 Bladder Masses

Incidental masses in the bladder are uncommon 
and rarely malignancies due to the age group of 
pregnant patients. However, diagnostic workup 
with cystoscopy and possible biopsy is manda-
tory. Figure  21.1 shows a routine 8-week diag-
nostic ultrasound in a 35-year-old gravida 1 
patient. An MRI was done at the end of the first 
trimester (Fig. 21.2), and due to concerns for a 
malignancy (transitional cell carcinoma or sar-
coma), a diagnostic transurethral resection was 
done at 13 weeks of pregnancy. This returned as 

Fig. 21.1 Antenatal ultrasound at 8 weeks with a bladder 
mass

Fig. 21.2 MRI of pelvis at 12 weeks confirms the blad-
der mass and a gravid uterus
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endometriosis and she had an uneventful preg-
nancy. Postpartum CT scan (Fig. 21.3) shows the 
extent of her endometriosis and this was man-
aged medically.

 Adrenal Masses

Though pheochromocytomas are rare, it is asso-
ciated with fetal and maternal mortality rates as 
high as 50% when unrecognized [57, 58]. The 
incidence of pheochromocytoma in the general 
population is approximately 0.5–0.8% [59] and 
even lower in the pregnant population with 
reported rates of 0.002–0.007% [58, 60]. 
Diagnosis is often difficult given the variability 
of symptoms such as hypertension, headaches, 
dizziness, and palpitations. In the pregnancy pop-
ulation, this is made even more difficult as many 
symptoms can be confused with gestational 
hypertension or preeclampsia. A high level of 
suspicions is important especially in patients 
whose hypertension appears paroxysmal or 
patients who present with stories of associated 
paroxysmal symptoms.

Diagnosis is made based on elevated plasma 
metanephrines and urinary catecholamines. 
Renal ultrasounds and MRI can then be done to 
localize the mass without exposing the fetus to 
radiation with CT imaging. Functional MIBG 
scanning is contraindicated in pregnancy as the 
MBG molecules can cross the placenta and 

expose the fetus to radiation. MRI also has diag-
nostic sensitivities of 90–100% [58]. Once diag-
nosed, management and treatment of 
pheochromocytomas depend on the timing and 
patient preference.

Surgical resection after appropriate medical 
preparation with phenoxybenzamine, an alpha- 
blocker, and then beta-blockade is the gold 
standard treatment for pheochromocytomas. As 
with all surgeries during gestation, resection is 
ideally done during the second trimester while 
the gravid uterus is intermediate and the fetus 
has completed organogenesis. Thus, if the diag-
nosis is made during the first trimester, the 
option of termination should be discussed with 
the patient. If the patient chooses to proceed 
with the pregnancy, the recommendation is for 
medical management of the hypertension with 
an alpha-blocker until the second trimester 
when laparoscopic or open resection can be 
done safely [58, 61]. If discovered during the 
third trimester, the recommendation is for med-
ical management and then elective cesarean 
section. Cesarean section not only allows for 
concurrent delivery and resection of the mass, 
but it is also associated with decreased maternal 
mortality rates. Vaginal deliveries have reported 
maternal mortality rates of up to 31% and are 
believed to be associated with a sudden andro-
gen release that can occur in patients with 
pheochromocytomas [58].

 Renal RCC

Renal solid masses are the most common uro-
logic neoplasm discovered during pregnancy at a 
reported rate of 0.1% [62]. The large majority of 
masses are discovered incidentally as part of pre-
natal imaging, but some patients can present with 
flank pain, hematuria, hypertension, or a palpable 
mass [56].

If discovered on history and physical, a renal 
ultrasound should be done though sensitivity of 
detection is very poor for lesions <3  cm [63]. 
Additional imaging with MRI can be done as 
well as CT above the gravid uterus if needed [56]. 
Management of the mass depends on size, 

Fig. 21.3 Postpartum CT shows transmural endometrio-
sis of the bladder wall
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 symptoms, and timing of diagnosis. Biopsies are 
not necessary for diagnosis of solid masses, but 
physicians should discuss the risks and benefits 
when masses are <4  cm and other treatment 
options such as cryoablation or surveillance are 
reasonable [56].

As overall incidence of renal cell carcinoma 
in pregnancy is low, management should always 
include a multidisciplinary team discussion of 
risks and benefits. Though previous recommen-
dations have been for termination of pregnancy 
when diagnosed during the first trimester, 
recent studies have shown that patients without 
metastatic disease are able to have a smooth 
gestation and delivery when closely monitored 
and managed [56]. Given the slow growth rate 
of most renal cell carcinomas, close surveil-
lance is a reasonable approach for smaller 
masses, usually <4  cm. Surgical resection, 
however, is still the gold standard of treatment 
for larger renal masses. A review of the litera-
ture shows reports of successful radical 
nephrectomies followed by vaginal deliveries 
and cesarean sections as well as simultaneous 
planned radical nephrectomies with cesarean 
sections, although a midline and large incision 
is required in these cases [64].

There is no clear guideline for the timing of 
surgery, though it is strongly recommended that 
surgery be delayed until after the 28th week of 
gestation if possible to allow for fetal lung matu-
rity [56]. Of note, while the average renal cell 
carcinoma grows very slowly, there are reported 
cases of aggressive masses that have quickly dou-
bled in size during gestation. Some studies sug-
gest that this accelerated growth may be due to 
activation of estrogen and progesterone receptors 
in RCC during pregnancy [65] which is why 
some physicians recommend immediate resec-
tion even in the first trimester when discovered 
[56, 66].

Even more rarely, some women have been 
diagnosed with metastatic renal cell carcinoma 
during pregnancy. Again, a multidisciplinary 
approach is crucial, especially as many medical 
treatment have unknown pregnancy effects but 
include medications that are category D and 
should be avoided in pregnancy.

 Renal Angiomyolipoma

Incidence of renal angiomyolipoma (AML) is 
approximately 0.3% in the general population 
and even more rare in pregnancy [67]. However, 
AMLs have been seen to have an accelerated rate 
of growth during pregnancy [68] and increased 
rate of spontaneous rupture especially when 
>4 cm [69].

Presentation can be similar to RCC; however, 
up to 10% of reported cases can present with rare 
hemorrhagic shock also known as Wunderlich 
syndrome [67]. Otherwise, renal AMLs are dis-
covered during workup for a renal mass seen 
incidentally on ultrasound.

When asymptomatic, management is gener-
ally conservative with bed rest, repeat imaging, 
and close monitoring for symptoms. However, 
selective embolization can be done if there is 
growing concern for possible bleeding or in the 
case of bilateral AMLs. In rare cases of uncon-
trolled bleeding refractory to embolization, par-
tial or radical nephrectomy can also be 
considered [67].
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 Pregnant Patients and Orthopedics

Pregnant patients present unique challenges to 
orthopedic physicians. While there are many 
orthopedic procedures that are not considered 
urgent, many injuries occur during pregnancy 
that need to be addressed in a timely manner. A 
recent American Congress of Obstetricians and 
Gynecologists (ACOG) committee on obstetric 
practice conceits that secondary to the difficulty 
of performing a large-scale randomized clinical 
trial, there are no data to allow for specific rec-
ommendations for non-obstetric surgery [1].

Recommendations made by the consensus of 
the committee include:

• A pregnant woman should never be denied 
indicated surgery, regardless of trimester.

• Elective surgery should be postponed until 
after delivery.

• If possible, nonurgent surgery should be per-
formed in the second trimester when preterm 
contractions and spontaneous abortion are 
least likely.

Trauma affects 7% of pregnancies and requires 
admission in 4 of 1000 pregnancies. The inci-

dence increases with advanced gestational age. 
Motor vehicle collisions are the most common 
cause of trauma, followed by falls and assault [2, 
3]. Trauma is the leading non-obstetric cause of 
maternal death [4, 5]. Pregnant patients have both 
anatomic and physiologic changes that make 
treatment of musculoskeletal injuries more com-
plex (Table 22.1). Pregnancy can also alter patient 
presentation. Physicians must also be aware of 
additional complications to the fetus including 
miscarriage, preterm labor, placental abruption, 
premature rupture of the membranes, fetal 
demise, and developmental delays [6–8].

The Eastern Association for the Surgery of 
Trauma (EAST) did a review of citations pub-
lished between 1966 and 2003 and found 76 arti-
cles classified with both class II and class III 
research and came up with recommendations for 
diagnosis and management of injury in the preg-
nant patient, which are listed in Table 22.2 [4].

The initial primary management of a trauma 
patient should not be affected by pregnancy. 
Patients should be managed using advanced 
trauma life support algorithms, including assess-
ing airway, breathing, and circulation [9]. 
Priority should be given to resuscitate the mother 
and stabilizing maternal vital signs because the 
mother’s life has the greatest effect on the life of 
the fetus. If saving the fetus compromises the 
life of the mother, focus should be placed on the 
mother [4, 6, 10].
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Table 22.1 Physiologic changes and related risk factors affecting diagnosis and treatment of pregnant patients with 
orthopedic injury [7, 8, 103]

Trimester Physiologic change Related risk factors
First Major organogenesis

Central nervous system development
Increased WBC count
Increased ESR

Radiosensitive development period
Increased risk of teratogenesis
Hypercoagulable state
Increased risk of abortion with general anesthesia

Second Relatively radioresistant fetal central 
nervous system
Increased WBC count
Increased ESR

Increased risk of supine aortocaval compression
Hypercoagulable state
Increased risk of abortion with general anesthesia
Increased risk of seatbelt-related injury to the fetus

Third Maternal blood volume increased by 
40–50%
Increased WBC count
Increased ESR

Increased risk of supine aortocaval compression
Increased risk of pregnancy-related osteoporosis
Increased risk of seatbelt-related injury to the fetus

Table 22.2 The Eastern Association for the Surgery of Trauma (EAST)  recommendations for diagnosis and manage-
ment of injury in the pregnant patient [4]

Level Recommendations
I There are no level I standards
II 1. All pregnant women >20-week gestation who suffer trauma should have cardiotocographic monitoring 

for a minimum of 6 h. Monitoring should be continued, and further evaluation should be carried out if 
uterine contractions, non-reassuring fetal heart rate pattern, vaginal bleeding, significant uterine 
tenderness or irritability, serious maternal injury, or rupture of the amniotic membranes are present
2. Kleihauer-Betke analysis should be performed in all pregnant patients >12-week gestation

III 1. The best initial treatment for the fetus is the provision of optimum resuscitation of the mother and the 
early assessment of the fetus
2. All female patients of childbearing age with significant trauma should have a human chorionic 
gonadotropin (β-HCG) performed and be shielded for X-rays whenever possible
3. Concern about possible effects of high-dose ionizing radiation exposure should not prevent medically 
indicated maternal diagnostic X-ray procedures from being performed. During pregnancy, other imaging 
procedures not associated with ionizing radiation should be considered instead of X-rays when possible
4. Exposure to <5 rad has not been associated with an increase in fetal anomalies or pregnancy loss and is 
herein deemed to be safe at any point during the entirety of gestation
5. Ultrasonography and magnetic resonance imaging are not associated with known adverse fetal effects. 
However, until more information is available, magnetic resonance imaging is not recommended for use in 
the first trimester
6. Consultation with a radiologist should be considered for purposes of calculating estimated fetal dose 
when multiple diagnostic X-rays are performed
7. Perimortem cesarean section should be considered in any moribund pregnant woman of ≥24-week 
gestation
8. Delivery in perimortem cesarean sections must occur within 20 min of maternal death but should 
ideally start within 4 min of the maternal arrest. Fetal neurologic outcome is related to delivery time after 
maternal death
9. Consider keeping the pregnant patient tilted left side down 15° to keep the pregnant uterus off the vena 
cava and prevent supine hypotension syndrome
10. Obstetric consult should be considered in all cases of injury in pregnant patients

 Imaging and Radiation

Multiple radiographic modalities are used for the 
diagnosis of musculoskeletal injuries. Many of the 
modalities including plain radiographs, CT scan, 
and fluoroscopy expose patients to ionizing radia-

tion. Pregnant patients pose a dilemma to orthope-
dic surgeons as these modalities place both the 
mother and fetus at risk of ionizing radiation expo-
sure, which can have both teratogenic and carcino-
genic risks to a developing fetus [11]. It is well 
known that high levels of in utero radiation 
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exposure can result in deleterious developmental 
effects in the embryo and fetus [12, 13]. The likeli-
hood of a harmful effect is proportional to the 
radiation dose and the gestational age of the 
embryo or fetus at the time of exposure [13, 14]. 
When diagnosing orthopedic conditions in preg-
nant patients, it is important to try and  minimize 
radiation exposure to the fetus. Major organogen-
esis occurs during gestational weeks 3 through 8. 
The central nervous system is the most sensitive 
system to ionizing radiation. Because the risk to 
the fetus is based on both radiation dose and gesta-
tional age, the American College of Radiology 
(ACR) established guidelines for the management 
of pregnant patients. The American College of 
Radiology (ACR) and the Society for Pediatric 
Radiology (SPR) have practice parameters most 
recently updated in 2013, which describe the sus-
pected radiation effects on the in utero fetus at pre-
determined ages depending on the radiation dose 
exposure (Table 22.3).

There are multiple factors that affect the expo-
sure of a fetus to ionizing radiation during diag-
nostic imaging. Factors that affect the level of 
radiation include imaging protocol, imaging 
equipment, dose given, the mother’s body habitus, 
and the distance between the fetus and the area 
that is being imaged [15]. As seen in Table 22.4, 

which lists the relative radiation exposure to the 
fetus during different radiographic modalities and 
for specified locations, the radiation exposure to 
the fetus during a plan radiograph of the upper 
extremity is ~300–600 times less than that of a 
plane radiograph of the lumbar spine [12, 16]. 
Careful shielding of the patient’s abdomen and 
pelvis is recommended to reduce fetal radiation 
exposure for nonpelvic procedures [17].

According to the overall recommendations of 
the ACR and ACOG, when possible, ultrasound 
and MRI are the preferred imaging options for 
pregnant patients as they deliver nonionizing 
radiation to the patient and fetus and are not asso-
ciated with known fetal effects [13].

Ultrasonography is commonly used for the 
diagnosis of multiple orthopedic conditions, 
including tendinosis and nerve compression, and 
evaluation of masses or foreign bodies [18–20]. 
Diagnostic ultrasound uses the production of sound 
waves to produce images of internal organs [21].

Magnetic resonance imaging (MRI) is fre-
quently used as another noninvasive imaging 
method to diagnose a variety of musculoskeletal 
injuries. MRIs use a strong magnet to visualize 
soft tissue injuries such as meniscal, ligament, 
and tendon tears, as well as occult bone injuries 
[22]. MRI uses nonionizing radiation, and the 

Table 22.3 Summary of suspected in utero induced deterministic radiation effectsa [104, 105]

Menstrual or 
gestational age Conception age

mGy 
(<5 rad) 50–100 mGy (5–10 rad) >100 mGy (>10 rad)

2 weeks
(0–14 days)

Prior to 
conception

None None None

3rd and 4th 
weeks
(15–28 days)

1st–2nd weeks
(1–14 days)

None Probably none Possible spontaneous abortion

5th–10th weeks
(29–70 days)

3rd–8th weeks
(15–56 days)

None Potential effects are 
scientifically uncertain and 
probably too subtle to be 
clinically detectable

Possible malformations increasing 
in likelihood as dose increases

11th–17th 
weeks 
(71–119 days)

9th–15th weeks 
(57–105 days)

None Potential effects are 
scientifically uncertain and 
probably too subtle to be 
clinically detectable

Risk of diminished IQ or of 
mental retardation, increasing in 
frequency and severity with 
increasing dose

18th–27th 
weeks
(120–189 days)

16th–25th 
weeks
(106–175 days)

None None IQ deficits not detectable at 
diagnostic doses

>27 weeks
(>189 days)

>25 weeks 
(>175 days)

None None None applicable to diagnostic 
medicine

aStochastic risks are suspected, but data are not consistent [14]

22 Nonelective Orthopedic Procedures and Circumstances in Pregnant Patients



268

American College of Radiology has no present 
data that has conclusively documented any dele-
terious effects of MR imaging exposure on the 
developing fetus. MR contrast agents should not 
be routinely used in pregnant patients as the risk 
to the fetus of gadolinium-based MR contrast 
agent administration remains unknown and may 
be harmful. Studies have demonstrated that gad-
olinium-based MR contrast agents readily pass 
through the placental barrier and enter the fetal 
circulation [23].

 Non-traumatic Pelvic Injuries

Pubic symphysis separation can occur in preg-
nancy. The pubic symphysis is a synovial joint 
separated by a fibrocartilaginous disk and four 
pubic ligaments. Normal physiologic changes 
that occur during pregnancy to prepare for birth 
place a significant strain on the musculoskeletal 
system [24]. Widening of the pubic symphysis is 
considered normal during pregnancy, and 1- to 
3-mm symphysis separation is usually asymp-
tomatic. Pubic symphysis rupture is rare and can 
range in the literature from 1/300 to 1/30,000 
pregnancies. Separation is considered pathologic 
at 10 mm. From an orthopedic standpoint, there 
are three categories of traumatic disruption of the 
pelvic ring: Type A pelvic lesion remains stable 

despite fracture. Type B lesion results from exter-
nal and internal forces leading to “open-book” 
and “bucket-handle” fractures and is partially 
stable. Type C fractures from high-energy trauma 
lead to unstable fracture and complete disruption 
of pelvic ring. Pubic symphysis rupture is classi-
fied as a type B “open-book” lesion and treated 
according to staging, type, and associated muscu-
loskeletal injuries of surrounding soft tissues.

Suggested risk factors associated with pubic 
symphysis separation include multiparity, macro-
somia, cephalopelvic disproportion, joint laxity 
due to increased hormones in pregnancy, mater-
nal connective tissue disorders, precipitous labor, 
malpresentation, prior pelvic trauma, McRoberts 
maneuver, and increased force on the pelvic ring, 
which can occur with a rapid second stage of 
labor or an intense uterine contraction [25–41]. 
However, there is some disagreement in the lit-
erature regarding the statistical significance of 
these factors [6, 9].

A clinical diagnosis of pubic symphysis rup-
ture is often made with the following characteris-
tics, which may include suprapubic pain, 
tenderness, and edema with pain radiating to the 
legs, hips, or back, a waddling gait, and some-
times having a palpable groove at the symphysis. 
Bone separation can be seen on a plain X-ray and 
can confirm diagnosis, but MRI can be a helpful 
adjunct.

Treatment for pubic symphysis rupture is usu-
ally conservative and has excellent outcomes in 
most cases. Treatment plans are typically based 
on the timing of diagnoses of the pubic symphy-
sis rupture. If it is diagnosed during pregnancy, 
bed rest in lateral decubitus position with pelvic 
brace or girdle for support until delivery is rec-
ommended [6]. If diagnosed in the peripartum or 
postpartum period, it is recommended to try:

• Pelvic sling, belt, or binder.
• NSAIDs, narcotics, injection of steroid, chy-

motrypsin for pain control.
• Bed rest followed by PT.
• Open reduction and internal fixation with 

anterior plate for an intrapubic gap >25–
40 mm. This has been shown to have less dis-
advantages than external fixator.

Table 22.4 Estimated radiation doses for common imag-
ing modalities [12, 16]

Modality Fetal dose (mGy)
Radiography
Upper extremity 0.01
Lower extremity 0.01
Hips and femur 0.51–3.7
Pelvis 0.40–2.4
Abdomen 2.0–2.45
Chest 1
Lumbar spine 3.4–6.2
CT
Pelvis 7.3–45
Chest 1–4.5
Lumbar spine 35
Head 0.5
The risk of major malformations is negligible in 
fetuses exposed to <50 mGy
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It is debated whether previous pubic symphy-
sis separation changes the management of subse-
quent pregnancies [24]. Vaginal delivery is not 
contraindicated unless there has been fusion of 
the pubic symphysis, in which case cesarean 
delivery is the current recommendation.

 Pelvic Fractures

A pelvic fracture during pregnancy is life-threat-
ening to both the mother and the fetus [8]. There 
is limited literature addressing pelvic and acetab-
ular fractures in pregnant women and equally 
limited publications regarding operative manage-
ment of these injuries [8, 24, 42–45]. Pelvic frac-
tures are usually caused by high-energy 
mechanisms, like motor vehicle accidents [8, 9, 
42, 46]. Pelvic fracture can be an indicator of 
severe polytrauma, and there can be a high inci-
dence of associated injuries, including head, tho-
racic, abdominal, and spinal injuries [8, 47]. 
Leggon et  al. performed a literature review of 
pelvic fractures in pregnancy, including 101 
cases analyzing factors influencing maternal and 
fetal mortality. The research concluded that pel-
vic and acetabular fractures in pregnant women 
are associated with a high maternal (9%) and 
fetal (35%) mortality rate. And fracture classifi-
cation (simple vs. complex), fracture type (ace-
tabular vs. pelvic), the trimester of pregnancy, 
and the era of literature reviewed did not influ-
ence mortality rates [42].

In the acute setting of a suspected pelvic frac-
ture in a pregnant patient, standard ATLS proto-
cols should be followed, and priority is given to 
resuscitation of the mother, which leads to better 
outcomes for the fetus [7–9]. Pelvic inlet and out-
let radiographs can assess for and help differenti-
ate fracture patterns in pelvic fractures. A Judet 
view of the pelvis is helpful if there is a question-
able acetabular fracture [8]. Low-dose CT scan 
protocol may be helpful in diagnosis of fracture 
type and treatment plan, but the slot-scanning 
device (EOS system) is less irradiating than the 
CT exam [48, 49]. Emergent closed reduction of 
a type B (open book) pelvic fracture is performed 
by internally rotating the legs and compressing 

on the iliac wings to apply a pelvic sheet or 
binder. Taping the knees while the legs are inter-
nally rotated can also assist in holding the reduc-
tion [8]. Surgical indications for pelvic and 
acetabular fractures are the same for pregnant 
and nonpregnant patients [6–8]. If the fetus is 
determined to be viable and reduction and stabil-
ity of the fracture are acceptable, the use of an 
external fixator may be a definitive treatment [8, 
50]. Although no randomized control trial has 
been completed looking at preferred external 
fixation technique, the most common application 
appears to be in the supra-acetabular position 
[43]. As for all other procedures, operative posi-
tioning in a left lateral tilt position is preferred 
[51]. Application of the device should be done on 
a radiolucent table, and the use of image intensi-
fier while taking intraoperative radiographs for 
pin positioning should be limited. In one case 
study examining a 29-year-old female 32 + 5wk 
pregnant with a closed anteroposterior type 2 pel-
vic fracture, the bars on the external fixation 
device were placed with the apex distal and devi-
ated to the left side to allow the patient to sit up 
and avoid the gravid uterus [43, 51]. Temporary 
skeletal traction with elective delivery of the 
fetus at a more advanced gestational age is also 
an option if the fetus is close to 28 weeks, which 
would be followed by definitive operative treat-
ment of the fracture [42]. It is more challenging 
to obtain adequate reduction during pelvic and 
acetabular fracture surgery when the injury is 
more than 3 weeks old [8, 52]. However, if the 
fetus is near term or full term, surgical fixation of 
a pubic symphysis injury can be performed at the 
same time as cesarean section by using the same 
Pfannenstiel incision [8, 53].

 Musculoskeletal Tumors

Cancer is reported to occur in approximately 1 
per 1000 pregnant women [54–56]. Because it is 
a rare occurrence, there is limited literature on 
how to treat musculoskeletal malignancy during 
pregnancy. One review of literature published by 
the Journal of Advanced Research in February 
2016 reported only 137 well-documented bone or 
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soft tissue sarcoma diagnoses in the English lan-
guage between 1963 and 2014. Of those, 95 were 
variable soft tissue sarcomas, while 38 were 
osteosarcoma, chondrosarcoma, or Ewing’s sar-
coma [57]. Another retrospective study per-
formed at one musculoskeletal tumor center 
treated 8 pregnant patients from a total of 240 
soft tissue or bone sarcomas diagnosed between 
2002 and 2010. Guidelines regarding the clinical 
diagnostics and acceptable as well as justifiable 
treatment of musculoskeletal tumors during preg-
nancy do not exist [58].

The clinical presentation of a musculoskeletal 
tumors most frequently presents with one or 
more of the five signs or symptoms, including 
soft tissue mass, painless bony mass, painful 
bone lesion, pathologic fracture, or as an inci-
dental finding [59]. If a musculoskeletal tumor is 
suspected during pregnancy, imaging studies 
should be performed to aid in potential diagno-
sis. A potential delay in diagnosis may occur in 
pregnant patients secondary to concern about 
having diagnostic tests while pregnant [58]. The 
use of ultrasound for fetus screening in preg-
nancy is well established [60]. Therefore, its use 
in diagnostic imaging of soft tissue masses dur-
ing pregnancy is preferred. In the American 
College of Radiology Guidance Document for 
Safe MR Practices: 2007, Kanal et al. state that 
if an MRI scan is necessary during pregnancy 
and the risk-benefit ratio is acceptable, it can be 
performed at any stage of pregnancy [61]. 
However, gadolinium is contraindicated during 
pregnancy since gadolinium-based MRI contrast 
agents diffuse across the placental barrier into 
the fetal circulation [16]. X-ray and CT scan 
radiation exposure should be avoided during 
pregnancy whenever possible, should be delayed 
until second trimester, and should be limited to 
<5 rad. A Consultation with a radiologist should 
be considered for purposes of calculating esti-
mated fetal dose when multiple diagnostic 
X-rays are performed [4]. Nuclear medicine 
imaging should only be used in cases in which 
the results would change treatment management 
during pregnancy [62]. A biopsy can help con-
firm a diagnosis of cancer. Patients should 
always be referred to a specialist center prior to 

biopsy and that the biopsy should be carried out 
in the center where treatment is eventually going 
to be performed [63].

Once a diagnosis of musculoskeletal cancer is 
confirmed, a treatment plan should be discussed 
that is acceptable to both the mother and fetus 
[58]. Radiation is a treatment option, and many 
cancers can be treated with radiotherapy even 
during pregnancy [64]. Surgery can be consid-
ered but should be a multidisciplinary approach 
including obstetrics and anesthesia [65]. 
Chemotherapy, if recommended, is not advised 
to be withheld during pregnancy. Most chemo-
therapeutic drugs, however, are classified as cat-
egory C and D. If diagnosed in the third trimester, 
chemotherapy may be held for several weeks 
until after delivery but is not recommended to be 
delayed for more than a few weeks [66]. Early 
delivery, if possible, is also a consideration to 
limit the exposure of the fetus to chemotherapeu-
tic agents. The use of chemotherapeutic agents in 
the first trimester can have more severe fetal 
effect than the use in the second or third trimes-
ter. In these cases, termination of the pregnancy 
is a consideration. The use of chemotherapeutic 
agents in pregnancy may be modified from those 
used in a nonpregnant patient to reduce the 
adverse effects on the fetus [66].

 Spinal Cord Compression 
and Thoracolumbar Spine Injury

As the female body changes in pregnancy and the 
body’s center of gravity shifts anteriorly as the 
uterus enlarges, there is a change in the stresses 
applied to axial skeleton that predisposes women 
to increasing lordosis and sacroiliac joint laxity 
resulting in a high prevalence of back pain, espe-
cially in the lumbar spine [6]. One study showed 
that 61.8% of women reported at least moder-
ately severe pregnancy-related back pain with 
9% reporting complete disability secondary to 
their pain [6, 67]. Patient with prior back pain 
and multiparous women are at increased risk for 
pain during pregnancy. Although most women 
report a resolution of their back pain postpartum 
without any long-term effects, one study suggests 
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that many women with chronic back pain report 
their initial symptoms during pregnancy [6, 68].

Although most back pain in pregnancy is 
benign and can be well controlled with noninva-
sive conservative measures, all back pains need 
to be fully evaluated with a thorough history and 
physical exam. Common symptomatic com-
plaints associated with normal pregnancy can 
mask more ominous diagnoses, such as cauda 
equina syndrome, and lead to a delay in treat-
ment. Cauda equina syndrome, the only absolute 
indication for spine surgery in pregnancy, is char-
acterized by the compression of the lumbosacral 
nerve roots resulting in an acute or insidious 
onset of saddle anesthesia, urinary retention, uri-
nary and bowel incontinence, radiating pain, 
numbness or paralysis in the lower extremities, 
and/or sexual dysfunction. Any suspicion of 
cauda equina syndrome warrants an immediate 
rectal exam and full motor sensory exam. With a 
concerning exam and history, an MRI should be 
performed as soon as possible to confirm diagno-
sis. MRI studies are level I supported in preg-
nancy, are not contraindicated in any stage of 
pregnancy, and should be the first-line imaging 
studies completed in pregnant women with con-
cerning exams [69]. Although there are no gen-
eral treatment guidelines specifically for spinal 
surgery in pregnant women, surgical intervention 
for the treatment of cauda equina syndrome 
should not be delayed, and indications for sur-
gery on nonpregnant patients can typically be 
safely followed [69].

Less ominous than cauda equina syndrome 
but equally as important to evaluate for is lumbar 
back pain secondary to a herniated lumbar disk. 
Approximately 1:10,000 women during preg-
nancy experiences intractable pain in the sciatic 
nerve distribution secondary to herniated lumbar 
disk [69]. Patients report unilateral leg pain 
involving a dermatomal distribution with occa-
sional associated paresthesia, reflex changes, 
muscle weakness, and/or positive straight leg 
raise depending on the nerve root being com-
pressed [69]. This condition needs to be distin-
guished from pelvic girdle pain, which, unlike 
lumbar back pain, is not associated with a derma-
tomal distribution of pain and associated with the 

increased motion of the sacroiliac joints and 
pubic symphysis resulting in pain over these 
joints and occasional pain radiating down into the 
gluteal folds and thighs causing varying degrees 
of discomfort with standing, walking, or moving 
in bed, for example. Once, distinguished from 
pelvic girdle pain, an MRI can best help to define 
the degree of herniation. Conservative manage-
ment is the first-line intervention and includes 
bed rest or decreased physical activity, footwear 
modification, analgesics such as acetaminophen 
(avoidance of NSAIDs—category C/D), muscles 
relaxants (cyclobenzaprine—only category B 
medication available), physical therapy, and/or 
lumbosacral brace. For continued uncontrolled 
pain after the implementation of noninvasive 
measures, the use of epidural steroid injections 
and nerve or regional blocks in the second and 
third trimesters can be considered. A short course 
of steroids may also have a role in the treatment 
of lumbar back pain, but long-term steroid use 
should be avoided in pregnancy due to its nega-
tive fetal effects [69]. Failure of conservative 
management resulting in severe debilitating pain 
and/or the association with progressive neuro-
logical deficits may be indicative of the need for 
surgical intervention and can be commonly safely 
performed.

Surgical intervention for cauda equina syn-
drome (CES) and for progressive motor weak-
ness secondary to herniated lumbar disk is urgent 
and should not be delayed minimizing the risk of 
permanent neurological deficits [69, 70]. 
Complete CES is defined by painless urinary 
retention and overflow incontinence with loss of 
executive bladder control, usually associated 
with extensive saddle or genital sensory deficit as 
well [71]. This is compared to incomplete CES in 
which the patient has altered urinary sensation, 
loss of desire to void, poor urinary stream, and 
need to strain during voids. Incomplete CES has 
a better prognosis than complete CES, but urgent 
treatment in both cases is warranted [71]. Studies 
have shown even with complete CES cases can 
have around 70% socially acceptable long-term 
outcome [71].

Surgical intervention on the spine in women 
after their 34th–36th week of gestation can safely 
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follow an induction of labor or cesarean section 
[69]. However, women of a younger gestational 
age should not wait until 34 weeks of gestation to 
undergo surgical intervention for urgent spine 
conditions. Surgical planning should encompass 
decreasing radiation exposure, optimizing surgi-
cal positioning, and administering the safest form 
of analgesic [69, 72]. The most common surgical 
intervention undergone in pregnancy for the 
above conditions is a laminectomy and microdis-
cectomy, with some case reports for endoscopic 
discectomy [69, 72–74]. Positioning of the preg-
nant patient needs to also be considered. During 
the first trimester and beginning of the second, a 
prone position continues to be safe. However, 
after the beginning of the second trimester, the 
lateral decubitus position or prone position on a 
specialized frame, such as the Relton-Hall lami-
nectomy frame, is preferred to avoid pressure on 
the IVC and uterus [69, 72, 75]. Epidural anes-
thesia is the safest at any stage of gestation [69, 
72, 73]. Monitoring of the fetal heart rate is rec-
ommended after 23 weeks but is controversial in 
younger than the 23rd week and contraindicated 
in younger than the 20th week.

As with many orthopedic conditions in preg-
nancy, there are no current guidelines to direct 
definitive care for spine trauma resulting in thora-
columbar spine fractures, and most surgical guid-
ance are case report based, which have 
commented on various treatment plans that weigh 
the risk and benefits of surgical vs. nonsurgical 
intervention on a case-by-case basis. Surgical 
intervention exposes the mother and fetus to risks 
associated with positioning, blood loss, anesthe-
sia, and radiation [76]. However, nonoperative 
management for unstable spine fractures until the 
patient is postpartum can preclude early immobi-
lization and increase the risk for deep vein throm-
bosis, which is already elevated in pregnancy, 
pulmonary complications, and risk of neurologic 
decline [76]. Most agree that an unstable spinal 
column injury and incomplete neurological defi-
cits are injuries warranting deeper consideration 
of acute surgical intervention. A study by Goller 
et al. showed that patients with spinal trauma and 
resulting paraplegia had a higher rate of fetal 
malformations and disabilities after birth second-

ary to (1) the trauma itself (i.e., direct trauma to 
the abdomen or indirect trauma from a flexion 
injury), (2) the immediate posttraumatic stress 
state of the patient, and (3) the resulting chronic 
infections and anemia in paraplegic pregnant 
patient (urinary tract infections, sacral decubitus 
infections) [77].

When planning surgery on the thoracolumbar 
spine, positioning for an anterior vs. posterior 
approach to the spine needs to be carefully evalu-
ated. An anterior approach will allow the surgeon 
to avoid positioning that increases intraoperative 
pressure on the gravid uterus and IVC, but in 
women of later gestational age, the uterus can 
reach the xiphisternum making exposure of the 
thoracolumbar spine difficult [76]. A posterior 
approach can also be safely completed with the 
use of specialized frames, such as the Toronto 
frame and Relton-Hall laminectomy frame, to 
relieve extrinsic pressure off the IVC [78].

 Extremity Injuries

Trauma resulting in extremity fractures is not 
unique to pregnant women, but there are several 
biologic and social considerations to keep in 
mind. In the general population, 1  in 6 women 
who present to fracture clinics has experienced 
intimate partner violence in the past year, and 
1  in 50 women presents to fracture clinics with 
intimate partner violence-related injuries [79]. 
Pregnant women are at high risk for being or 
becoming a victim of domestic violence. Studies 
have shown that an upward of 40–60% of women 
are abused during pregnancy and many note that 
the abuse started when the patient discovered she 
was pregnant [79]. Physicians should be aware of 
the significance of inmate partner violence and 
screen at risk patients. Red flags include but are 
not limited to [79]:

• Concerning injury characteristics
 – Injury patterns inconsistent with history
 – Multiple injuries
 – Injuries at various stages of healing
 – Substantial delay between injury and 

presentation
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• Concerning patient characteristics
 – Flat affect
 – Need for partner approval before answer-

ing questions
 – Partner answering for the patient
 – Uneasiness about leaving care facility

• Concerning partner characteristics
 – Partners that are overly attentive
 – Reluctance to allow for private discussion 

or exam of patient
 – Aggressive behavior
 – Speaking for the patient

Active intervention and care should be taken 
with all patients where intimate partner violence 
is a concern. It is important to be aware of the 
local resources available and refer patients as 
needed [79, 80].

The biological changes in the female body 
during pregnancy affect the level of circulating 
steroid hormones, which alter bone healing 
potential. In the first trimester, there is an increase 
in progesterone, followed by an increase in estro-
gens and prolactin in the second and third trimes-
ters. It has been shown that progesterone alone 
and in combination with estradiol increases bone 
mineralization and formation [81], which has 
been shown to lead to early or accelerated union 
rates during pregnancy [82].

The changes in hormones and the potential for 
increased healing rates must be kept in mind for 
fracture management. When evaluating and treat-
ing tibial fractures in pregnant patients, the risks 
and benefits for nonoperative vs. operative man-
agement need to be weighed in each patient. 
Operative management with intramedullary nails 
(IMN), external fixation, or plating associated 
with surgical, anesthetic, positioning, and radia-
tion risks needs to be discussed with the patient. 
Pregnant patients should be placed in the left lat-
eral decubitus position for surgery or with a 
15-degree bump under the right hip to allow the 
uterus to be displaced and offset the pressure 
from the IVC [9]. IMN have increased the risk of 
embolic events during surgery and radiation 
exposure that can reach ~50% of the total expo-
sure for the case during the placement of the dis-
tal interlocks [83, 84] but have the highest union 

rates and allow the patient to immediately weight 
bear. External fixation, primarily used for dam-
age control orthopedics, increases the difficulty 
of having a natural delivery and limits weight-
bearing status [85]. Plating requires a period of 
partial weight bearing until union, increasing 
risks associated with immobilization. Similarly, 
nonoperative management with casting can have 
increased risks associated with the patient’s non-
weight-bearing status resulting in a higher risk of 
DVT, the innate nature of the cast making it diffi-
cult for the mother in positioning for a natural 
delivery, and can result in a cumbersome pre- and 
postdelivery immobilization scenario. Additionally, 
as discussed above, closed fractures managed ini-
tially nonoperatively with the intent of delayed sur-
gical management until postpartum can become 
more difficult to treat due to the accelerated time to 
union and quicker callous formation [86].

Like most other non-axial fractures and 
sprains, the research is limited, and no definitive 
guidelines have been published. There have been 
several case reports on locked knees during preg-
nancy and on the treatment of ankle fractures 
and/or dislocations. An acutely locked knee, most 
commonly secondary to a bucket handle menis-
cus tear or loose body, is frequently considered to 
be of surgical urgency requiring a timely diag-
nostic and therapeutic arthroscopy [87–89]. Flik 
et  al. reported two cases of women in their 7th 
month of a high-risk pregnancy with previous 
cerclage of the cervix and 16th week of an 
uncomplicated pregnancy, respectively, with an 
acutely locked knee. Both patients underwent 
evaluation by their obstetrician and anesthesiolo-
gist before proceeding with a knee arthroscopy 
under spinal anesthesia to treat the underlying 
lesions (loose body and bucket handle meniscal 
tear). Both women underwent an uncomplicated 
procedure, regained mobility of their knee, and 
proceeded with an uncomplicated pregnancy. As 
in all procedures, additional considerations need 
to be broached before proceeding with surgery on 
a pregnant female. In these cases, spinal anes-
thetic was used, which requires a smaller dose of 
anesthetic, provides a more generalized area of 
coverage, and allows for muscle relaxation, 
which can prove to be superior to a local injection 
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or nerve block alone [89, 90]. Additionally, it 
should be noted that radiographic evaluation was 
not undergone prior to surgery and is not deemed 
necessary in these case as the physiologic mecha-
nism of locking is associated with an intra-articu-
lar pathology in greater than 90% of all cases [87, 
89].

Surgical management as seen in the case 
examples above can be safe for both the fetus and 
mother, but discussions and plans need to be in 
place with the team and patient for alternative 
interventions. For example, when looking at a 
case report of treatment of ankle fractures in a 
pregnant female reported by Schwarzkopf et al., 
they depict a case that required emergent obstet-
ric intervention. As in ankle fractures in nonpreg-
nant females, ankle fractures in pregnant females 
are addressed first with closed reduction and 
splinting at the initial encounter. The mortis and 
reduction are then analyzed for alignment and 
stability. A well-aligned, stable fracture can then 
be treated conservatively in a splint or cast [91, 
92]. However, if the fracture is highly unstable on 
exam and there is incomplete mortis restoration 
or talar subluxation, surgery is recommended, 
and discussion with the patient and obstetrician 
should be had. In the Schwarzkopf et  al. case 
report, they discussed a 36-week pregnant 
39-year-old female that sustained a trimalleolar 
left ankle fracture dislocation (supination exter-
nal rotation type IV) after ground-level fall. Her 
neurovascular exam was intact, initially closed 
reduced and splinted at the initial encounter. The 
reduction was highly unstable with incomplete 
mortis reduction and talar subluxation. She was 
taken to the operative room for open reduction 
internal fixation of her left ankle. She was placed 
in the left lateral decubitus position for spinal 
anesthesia and then repositioned supine with a 
bump under her right side to off-load the uterus 
from the IVC. The fetus was monitored with fetal 
heart rate monitoring, which began to show 
decelerations to 50–60 bpm even with positional 
changes. The decision was made to do an emer-
gent cesarean section, which was safely per-
formed, with the delivery of a healthy baby and 
then followed by ORIF of the left ankle and final 
splint placement. The splint was changed to a 

cast on postoperative day 4, and the patient was 
doing well through her 12 weeks follow-up [91]. 
This example shows that although surgery can be 
done in the pregnant patient, plans are required to 
be in place and obstetricians need to be readily 
available for emergent interventions.

 Neuropathies

Carpal tunnel syndrome is the most common 
mononeuropathy in pregnancy thought to be sec-
ondary to increased fluid retention in the carpal 
tunnel, hypersensitivity of the median nerve, or 
progesterone hyperemia. The incidence has been 
reported anywhere from 2 to 60% in pregnant 
women, with approximately 85–95% of cases 
resolved 2–4 weeks after delivery or cessation of 
breastfeeding [6] and 4–6 months after presenta-
tion [9]. Therefore, carpal tunnel syndrome can 
be managed primarily in nonoperative, conserva-
tive manner. Conservative options mimic those in 
the nonpregnant population with night splints, 
simple analgesia, and cortisone injections. Only 
for severe, refractory cases is operative release of 
the carpal tunnel considered and is then per-
formed under local anesthesia with or without a 
tourniquet [6, 9].

Cubital tunnel syndrome, much like carpal 
tunnel syndrome, is thought to be associated with 
fluid retention within the cubital tunnel causing 
extrinsic compression on the nerve. The 
McLennan et  al. study of 1216 pregnancies 
reported a cubital tunnel syndrome incidence of 
12% during pregnancy, with most symptoms 
appearing in the third trimester and resolving 
shortly after delivery [9, 93].

Meralgia paresthetica is also a well-recog-
nized compressive neuropathy in pregnancy, 
where the lateral femoral cutaneous nerve is 
compressed by the increased abdominal girth of 
the pregnant female resulting in burning and/or 
tinging of the lateral thigh. Conservative treat-
ment is the mainstay of treatment (analgesics, 
compression relief with position changes, or 
loose-fitting clothes), with ~85% of cases resolv-
ing within 4–6 months of presentation and most 
cases resolving after delivery with decreased 
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abdominal girth and uterine size. Occasionally, 
severe symptoms may require local anesthetic 
injections or transdermal lidocaine patches [9].

 Acute Septic Arthritis

Acute septic arthritis (SA) or infectious arthritis 
is uncommon in pregnancy but is an orthopedic 
emergency and is one of the most devastating and 
costly complications during pregnancy [94]. The 
most common cause is Staphylococcus aureus 
[94, 95], and large joints (hip, knee, and shoul-
der) are the most involved [94–96]. Significant 
risk factors for SA include diabetes mellitus, 
rheumatoid arthritis, drug abuse, a prior intra-
articular steroid injection, and trauma [97]. 
Several case reports have also shown urinary 
tract infections to be another potential source of 
infection, resulting in SA after potential micro-
trauma to the joint and subsequent seeding of the 
joint [98].

There is no “gold standard” for diagnosis of 
SA. Red flags include a history of acute onset of 
pain in the involved joint and a physical examina-
tion of the joint concerning for decreased range 
of motion, pain with range of motion, swelling, 
and redness [99, 100]. Diagnostic tests that 
increase the suspicion for septic arthritis in a 
native joint include increased erythrocyte sedi-
mentation rate (ESR) and C-reactive protein 
(CRP) in the serum plus an elevated white blood 
cell (WBC) count >50,000/mm3 and polymor-
phonuclear (PMN) leukocyte percentage of 
>70% in the aspirated synovial fluid [101]. Gram 
stain and cultures of the aspirated synovial fluid 
are often requested, but the treatment should not 
be delayed if the clinical suspicion for infection 
is high. Additionally, if the gram stain is negative, 
but the suspicion for bacterial arthritis is high, 
antibiotics should still be given [101]. 
Radiographs of the joint are neither sensitive nor 
specific in the acute phase but can reveal an acute 
effusion. As the disease progresses, radiographs 
of late or inadequately treated septic arthritis can 
show generalized joint destruction. Treatment 
includes arthroscopic or open irrigation and 
debridement plus intravenous antibiotic. Early 

diagnosis with safe and urgent irrigation and 
debridement of the involved joint [101] plus the 
multidisciplinary approach can help to decrease 
the mortality and morbidity of this devastating 
complication.

Diagnosis and management of septic arthritis in 
a native joint are challenging, and misdiagnosis 
can quickly lead to irreversible cartilage damage 
and arthropathy as well significant complications 
during pregnancies [95, 98]. Diagnosis can be dif-
ficult as joint pain during pregnancy can be sec-
ondary to a wide variety of pathologies, such as 
trauma, bacterial or viral arthropathy, collagen 
vascular diseases, or enteropathic arthritis, but due 
to the destructive nature of septic arthritis and the 
associated risks to the mother and fetus, SA must 
be ruled out [98]. Raiser et al. reported a case of 
left shoulder septic arthritis in a 30-year-old female 
at 28 weeks pregnant. This patient had asymptom-
atic bacteriuria at her initial prenatal visit and pre-
sented to the hospital at 28 weeks with persistent 
back pain, fever, positive urine analysis, and left 
shoulder pain. The patient was diagnosed with 
pyelonephritis, and the left shoulder joint aspira-
tion cultures were significant for Staphylococcus 
aureus. The patient was treated with IV antibiot-
ics, but ultimately her pregnancy was complicated 
by a preterm premature rupture of membranes and 
preterm labor. On postpartum day 5, the patient 
required an incision and drainage of the glenohu-
meral joint and distal clavicle resection for septic 
arthritis and osteomyelitis [98].

O’Leary et al. reported a case on a 23-year-old 
female who was 30 weeks pregnant with a 1-week 
history of pain and swelling over her left clavicle. 
On evaluation, her serum WBC was within nor-
mal limits and her ESR was elevated to 52 mm 
1 h, and repeat labs revealed an increase in ESR 
to 87 mm 1 h and a CRP of 132.7 mg/L. MRI was 
obtained of her sternoclavicular joint, which 
revealed fluid within the joint. Concern for septic 
arthritis was high, an aspiration was obtained, 
and cultures were positive for Neisseria gonor-
rhoeae, which was sensitive to cefotaxime. 
Patient was treated with 1  week of intravenous 
antibiotics and then transitioned to oral antibiot-
ics without difficulty and with full resolution of 
her symptoms without further complications 
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[102]. As seen in these two case studies, the out-
comes of septic arthritis in pregnant patients can 
be very different depending on the source of the 
infection, the joint involved, and the timing of 
treatment.

 Summary

Pregnancy presents a unique physiologic status 
for the female patient that guides but does not 
dictate patient care. Most orthopedic conditions 
in the pregnant female can be postponed until 
postpartum for definitive treatment and care, 
such as most peripheral neuropathies. For urgent 
or emergent conditions, however, treatment of 
the pregnant patient is guided by unique patient 
positioning on the operating table, radiation 
considerations, drug alternatives, anesthesia 
considerations, and biologic changes in the 
pregnant female.
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Myomas and Pregnancy

Tracy Nicole Hadnott and William Parker

 Epidemiology

Uterine fibroids are the most common benign 
tumor in women of reproductive age and have 
been identified in up to 50% of women in this 
population [1–3]. Myomas are observed in 
5–10% of women with infertility [1, 4, 5], and 
2–13% of pregnancies are affected by fibroids 
[6]. As such, in-depth understanding of the patho-
physiology and clinical manifestations of fibroids 
is integral to the care of women before, during, 
and after pregnancy.

 Myomas and Fertility

The International Federation of Gynecology and 
Obstetrics (FIGO) has standardized fibroid clas-
sification based upon anatomic location 
(Table 23.1). Submucosal fibroids can be Type 0, 
1, or 2, with Type 0 fibroids localized completely 
within the endometrial cavity. Type 1 fibroids 
have less than 50% extension into the myome-

trium, while Type 2 fibroids extend more than 
50% into the myometrium. FIGO Type 5, 6, and 
7 fibroids have similar classification relative to 
the subserosal, while Types 3 and 4 are intramu-
ral. Extrauterine fibroids are classified as Type 8.

 Fibroid Location

The presence of submucosal fibroids decreases 
fertility rates, and removal of submucosal fibroids 
improves fertility. Subserosal fibroids do not 
affect fertility rates, and removal does not 
increase fertility. Intramural fibroids may slightly 
decrease fertility rates, but removal has not been 
shown to increase fertility. A systemic review of 
23 studies of the relationship between fibroids 
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Table 23.1 FIGO fibroid location classification system

FIGO type Location
0 Intracavitary
1 Submucosal with less than 50% 

myometrial extension
2 Submucosal with more than 50% 

myometrial extension
3 Intramural with endometrial contact, no 

extension into cavity
4 Intramural without endometrial/serosal 

contact
5 Subserosal with more than 50% 

myometrial extension
6 Subserosal with less than 50% 

myometrial extension
7 Subserosal, pedunculated
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and infertility assessed the effect of submucosal 
and non-submucosal fibroids on implantation 
rate, clinical pregnancy rate, ongoing pregnancy/
live birth rate, and spontaneous abortion rates [7]. 
This study found that clinical pregnancy rates 
were decreased 65–70% among women with 
submucosal myomas as compared to those with 
non-submucosal myomas. There was no evidence 
for significant effect of intramural and subserosal 
fibroids on fertility, as there was no difference in 
clinical pregnancy rate of women with non-sub-
mucosal fibroids as compared to controls without 
fibroids. It is important to note, however, that this 
review is limited by the imaging modalities used 
to document the location of fibroids. Only four of 
the included studies used careful inspection with 
saline infusion sonography or hysteroscopy to 
diagnose presence of fibroids with a submucosal 
component. All other studies utilized less accu-
rate methods of assessment, such as transvaginal 
sonography or hysterosalpingogram alone.

A retrospective study of 369 women, includ-
ing 94 with non-submucosal fibroids, found no 
difference in implantation rate, clinical preg-
nancy rate, spontaneous abortion, or ectopic 
pregnancy following in  vitro fertilization in 
women with non-submucosal fibroids versus 
those without fibroids [8]. Therefore, until intra-
mural fibroids are shown to decrease fertility 
rate, or myomectomy to improve fertility, surgi-
cal management of asymptomatic intramural 
myomas should be approached with caution.

 Myomas and Endometrial 
Receptivity

Endometrial expression of transcription factors 
required for normal embryo implantation is altered 
in the presence of submucosal fibroids. Several 
studies have described the role of homeobox 
domain-containing transcription factors HOXA10 
and HOXA11 on uterine factor infertility associ-
ated with endometrial receptivity [9–14]. HOXA10 
and HOXA11 in humans, and analogously Hoxa10 
and Hoxa11 in mice, are expressed in mid-secre-
tory-phase endometrium in response to estrogen 
and progesterone expression. This expression has 

been shown to be altered in several conditions 
associated with diminished fertility, including 
polycystic ovary syndrome, endometriosis, hydro-
salpinges, and submucosal fibroids.

In normal endometrium, BMP-2 upregulates 
HOXA10 expression. This process is absent in 
endometrial cells of women with submucosal 
fibroids. In vitro studies have demonstrated that 
TGF-β 3 (transforming growth factor beta 3) is 
overexpressed in myoma cells as compared to 
myometrium and TGF-β 3 downregulates expres-
sion of receptors for BMP-2 with a resultant 
decrease in HOXA10 expression. Endometrial 
expression of HOXA10 and HOXA11 in particu-
lar has been shown to be reduced throughout the 
endometrial cavities of humans with submucosal 
myomas, while intramural myomas were not 
associated with altered expression [15]. The 
result is altered decidualization and inhibition of 
embryo implantation and decreased uterine fac-
tor fertility [16–18].

 Myomas and Pregnancy

 Prevalence
Myomas are observed in 2–13% of pregnancies 
[6]. In one prospective cohort of 4271 women 
with first-trimester or post-miscarriage sono-
grams, the prevalence of fibroids among pregnant 
women was 18% in African-American women, 
8% in white women, and 10% in Hispanic women 
[19]. The mean size of the fibroids was 2.5 cm. 
Clinical exam detects 42% of fibroids greater 
than 5 cm during pregnancy but only 12.5% when 
they are less than 5 cm [20].

 Natural History of Myomas During 
Pregnancy

Pathophysiology
Uterine fibroids are benign, monoclonal tumors 
arising from the smooth muscle of the uterine 
myometrium. Growth of myomas is stimulated by 
sex steroid hormones estrogen and progesterone, 
in addition to local growth factors and angiogene-
sis that may all be upregulated during pregnancy.
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Fibroid Growth During Pregnancy
Most fibroids do not increase in size during preg-
nancy. Pregnancy has a variable and unpredict-
able effect on fibroid growth, likely dependent 
upon individual differences in gene expression, 
circulating growth factors, and fibroid-localized 
receptors. A prospective study of 36 pregnant 
women with a single fibroid discovered during 
routine first trimester sonographic screening 
found that 69% of the women had no increase in 
fibroid volume when followed sonographically 
throughout pregnancy at 2–4-week intervals [21]. 
In the 31% of women noted to have an increase in 
volume, the greatest increase occurred before the 
tenth week of gestation. There was no relation-
ship between initial fibroid volume and fibroid 
growth during gestational periods. A reduction in 
fibroid size was observed 4 weeks after delivery.

Degeneration During Pregnancy
Degeneration is the most common myoma-
related complication in pregnancy but only 
occurs in about 5% of pregnant women based on 
clinical symptoms and sonographic evidence of 
fibroid degeneration [22]. Among 113 women 
followed during pregnancy with serial sonogra-
phy, 10 (9%) developed anechoic spaces or 
coarse heterogeneous patterns consistent with 
fibroid degeneration. Seven of ten women also 
had severe abdominal pain requiring hospital-
ization, consistent with clinical symptoms of 
degeneration. No sonographic changes were 
noted in the other 103 women. A small study of 
women with fibroid-associated pain during 
pregnancy identified a shortened hospital stay 
and decreased rate of readmission in those who 
utilized ibuprofen [23].

 Pregnancy Outcomes in Women 
with Fibroids

Obstetric Outcomes
The majority of women with myomas have no 
adverse pregnancy outcomes related to having 
fibroids [24]. Two studies report large popula-
tions of pregnant women examined with routine 
second trimester sonography with follow-up care 
and delivery within the same institution. In one 

study of 12,600 pregnant women, including 167 
with fibroids, only cesarean delivery was more 
common among women with fibroids compared 
to those with no fibroids (23% vs. 12%). 
Incidence of preterm delivery, premature rupture 
of membranes, fetal growth restriction, placenta 
previa, placental abruption, postpartum hemor-
rhage, or retained placenta was not significantly 
different in the two groups [25].

The second study of 15,104 pregnancies, 
including 401 women with fibroids, found no 
increased risk of premature rupture of mem-
branes, operative vaginal delivery, chorioamnio-
nitis, or endomyometritis [26]. However, there 
were slight increases in the absolute risks of pre-
term delivery (19.2% vs. 12.7%), placenta previa 
(3.5% vs. 1.8%), and postpartum hemorrhage 
(8.3% vs. 2.9%). Cesarean section was again 
found to be more common (49.1% vs. 21.4%).

Numerous studies have reported that antepar-
tum bleeding is more common in pregnancies 
with fibroids [20, 27–29]; however, several stud-
ies have subsequently been unable to confirm this 
association [6, 22, 30]. Pooled cumulative data 
suggest the risk of abruption is increased three-
fold (3.0% vs. 0.9%) in women with fibroids. 
Fibroid proximity to the placenta may be a sig-
nificant factor in risk of bleeding and/or abrup-
tion during pregnancy.

While the relative risk of adverse outcomes 
including preterm delivery, placenta previa, and 
postpartum hemorrhage may be slightly increased 
in the setting of fibroids, the absolute risk of these 
outcomes remains low. In addition, the risks 
should be weighed with regard to the risks of 
myomectomy, including risks of surgery and 
anesthesia, infection, discomfort, time away from 
work or family during recovery, and expense.

Fetal Outcomes
Fetal injury attributed to mechanical compres-
sion by fibroids has been reported to occur very 
infrequently. A search of the PubMed database 
from 1980 to 2010 revealed one case of fetal head 
anomalies with fetal growth restriction [31], one 
case of a postural deformity [32], one case of a 
limb reduction [33], and one case of fetal head 
deformation with torticollis [34].
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 Surgical Management of Women 
with Myomas

Any decision to perform a myomectomy in order 
to prevent adverse pregnancy outcomes should 
take into account the risks of surgery, anesthesia, 
postoperative adhesions, increased likelihood of 
subsequent cesarean delivery, and concerns about 
discomfort, expense, and time away from work 
or family.

 Preconception Myomectomy

Evaluation
While history and physical examination remain 
the gold standard for evaluation of any medical 
condition, imaging modalities including mag-
netic resonance imaging (MRI) and saline infu-
sion sonography (SIS) are of particular utility in 
the diagnosis of uterine fibroids.

Transvaginal pelvic ultrasound is the first-line 
imaging modality for clinical diagnosis of uterine 
fibroids with sensitivity of 95–100% in uteri less 
than 10 weeks gestational size [35]. However, MRI 
and SIS offer theoretical improvements in the eval-
uation of Type 0 and Type 1 myomas. In prepara-
tion for minimally invasive myomectomy including 
robotic, laparoscopic, or hysteroscopic myomec-
tomy with limited intraoperative tactile sensation, 
MRI helps determine the appropriateness of mini-
mally invasive approach and may help the surgeon 
avoid missing any myomas during surgery.

When compared with hysterectomy speci-
mens, a study of transvaginal ultrasonography, 
saline infusion ultrasonography, hysteroscopy, 
and MRI found that MRI had superior sensitivity 
in detecting myomas [36]. MRI more accurately 
identified submucosal myomas with 100% sensi-
tivity and 91% specificity, compared with trans-
vaginal ultrasonography (sensitivity 83%, 
specificity 90%), SIS (sensitivity 90%, specific-
ity 89%), and hysteroscopy (sensitivity 82%, 
specificity 87%). The improved sensitivity and 
specificity of MRI and SIS as compared to trans-
vaginal ultrasonography are integral to the accu-
rate evaluation of myoma size and location 
relative to the endometrium, thus guiding preop-
erative planning and choice of surgical approach.

 Surgical Approach

 Abdominal Myomectomy: Surgical 
Technique
Abdominal myomectomy can usually be per-
formed via a vertical midline or low transverse 
incision. For a large uterus, a transverse fascial 
incision may be extended cephalad at the lateral 
borders of the rectus increasing pelvic access 
while also avoiding transection of the ilioinguinal 
nerve. Midline separation of the fascia away from 
rectus muscles to the level of the umbilicus also 
allows for more space to exteriorize the uterus.

Several perioperative techniques have been 
described to minimize intraoperative blood loss 
at the time of abdominal myomectomy. First, a 
tourniquet may be placed around the lower uter-
ine segment and infundibulopelvic ligaments 
after exteriorizing the uterus. Such a tourniquet 
may be released and replaced intermittently to 
allow reperfusion of the uterus and ovaries and to 
allow for assessment of hemostasis intraopera-
tively. Secondly, injection of dilute vasopressin 
(20  U diluted in 100  mL of saline) into the 
pseudo-capsule of each fibroid just prior to each 
serosal incision may be utilized, with monitoring 
of cardiovascular status. Additional pharmaco-
logic techniques to minimize intraoperative 
blood loss involve administration of a preopera-
tive vaginal misoprostol dose of 400  μg and 
tranexamic acid 10  mg/kg intravenously at the 
time of incision. A Cochrane review of random-
ized, controlled trials found significant  reductions 
in blood loss with each of these techniques [37].

On rare occasions, for women with low preop-
erative hemoglobin levels and the possibility of 
greater than 500 mL operative blood loss due to 
numerous fibroids, an autologous blood recovery 
system may be considered. Such devices suction 
blood from the operative field, combine the 
recovered whole blood with heparinized saline, 
and store the solution for potential reinfusion. If 
necessary, the system filters and centrifuges the 
solution of heparinized saline and whole blood to 
a hematocrit of approximately 50% for delivery 
back to the patient intravenously. Use of blood 
collected as opposed to non-autologous blood 
transfusion may thus avoid risks of infection and 
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transfusion reaction. Importantly, the oxygen 
transport capacity of salvaged red blood cells is 
equal to, or better than, stored allogeneic red 
cells, and the survival of red blood cells appears 
to be at least as good as transfused allogeneic red 
cells [38].

Uterine incisions can be made in coronal, 
transverse, or sagittal plane. Because fibroids dis-
tort the normal vascular architecture of the uterus, 
attempts to avoid arcuate vessels of the uterus are 
futile [39]. However, careful planning and place-
ment of uterine incisions can avoid inadvertent 
extension of the incision to the uterine cornua, 
ascending uterine vessels, or visible large arteries 
and veins. Extension of uterine incisions through 
the myometrium and the entire pseudo-capsule 
until the fibroid is clearly seen assists in identifi-
cation of a less vascular surgical plane. Further, 
placement of uterine incisions to facilitate 
removal of multiple fibroids through each inci-
sion while avoiding tunneling through the myo-
metrium to distant fibroids may both maximize 
hemostasis and minimize postoperative adhesion 
formation.

Another method for adhesion prevention dur-
ing abdominal myomectomy involves use of 
solid barriers, such as the sodium hyaluronate-
based Seprafilm (carboxymethylcellulose). One 
prospective study randomized 127 women 
undergoing abdominal myomectomy to treat-
ment or no treatment with Seprafilm [40]. During 
second-look laparoscopy, women treated with 
Seprafilm had significantly fewer adhesions and 
lower adhesion severity scores than untreated 
women.

 Laparoscopic Myomectomy: Outcomes 
in Comparison to Abdominal 
Myomectomy
Currently available instruments make laparo-
scopic myomectomy feasible, although the wide 
application of this approach is limited by the size 
and number of fibroids and by the technical dif-
ficulty of the procedure and of laparoscopic 
suturing. While robotic myomectomy may obvi-
ate some of these technical problems, the added 
cost and longer operating times associated with 
this approach must be considered.

A systematic review of randomized controlled 
trials of laparoscopic versus open myomectomy 
included six studies with a total of 576 patients 
[41]. Laparoscopic myomectomy was associated 
with longer operating times but reduced opera-
tive blood loss, less postoperative decline in 
hemoglobin levels, reduced postoperative pain, 
more patients fully recuperated at day 15, and 
fewer overall complications. Major complica-
tions, pregnancy rates, and new appearance of 
fibroids were comparable in the two groups.

Case series without controls show the feasibil-
ity of laparoscopic surgery in women with large 
fibroids. In a series of 144 women with mean 
fibroid diameter of 7.8 cm (range, 5–18 cm), only 
2 women required conversion to laparotomy [42]. 
In another series of 332 consecutive women 
undergoing laparoscopic myomectomy for symp-
tomatic fibroids as large as 15 cm, only 3 women 
required conversion to laparotomy [43].

 Laparoscopic Myomectomy: Surgical 
Technique
Port placement should be based on the position 
and size of the fibroids to be removed. Laparoscopic 
suturing may be more ergonomic if there are two 
ports on either the patient’s right side for right-
handed surgeons or on the left side of the patient 
for left-handed surgeons. A 12-mm port is placed 
approximately 2 cm medial to the iliac crest for 
suture access, and another 5-mm lateral port near 
the level of the umbilicus [44]. A left upper quad-
rant approach may be used for initial access when 
uterine size is near or above the umbilicus [45].

As with abdominal myomectomy, vasopressin 
may be injected into the fibroid. Transverse uterine 
incisions may permit more ergonomic suturing. 
After incision over the fibroid is carried through 
the pseudo-capsule down to the myoma, the fibroid 
can be grasped with a tenaculum for traction and 
the plane between the myometrium and fibroid 
dissected until the fibroid is free. Bleeding vessels 
in the myometrial defect may be desiccated spar-
ingly with bipolar electrosurgical devices taking 
care to avoid devascularization of the myometrium 
and thereby compromising wound healing. 
Delayed absorbable sutures should be placed in 
one, two, or three layers, as needed, adhering to 
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accepted surgical technique for abdominal myo-
mectomy. Morcellation of the fibroid with an elec-
tromechanical device may be accomplished under 
direct visualization. Interceed, an oxidized regen-
erated cellulose barrier for adhesion prevention 
that can be used laparoscopically, has been associ-
ated with significantly reduced risk of adhesions in 
a Lancet meta-analysis [46].

 Hysteroscopic Myomectomy: Surgical 
Technique
Resection of Type 0 and Type 1 fibroids can be 
accomplished under direct visualization using a 
hysteroscope and continuous flow of distension 
fluid through the uterine cavity. The electrosurgi-
cal working element of a hysteroscopy may uti-
lize an oscillating blade or electrodes for 
monopolar or bipolar electrosurgery. Monopolar 
electrodes require nonconducting distending 
solution (sorbitol 5%, sorbitol 3% with mannitol 
0.5%, or glycine 1.5%), while bipolar electrodes 
can be used with saline.

Cervical dilation is usually required prior to 
insertion of the hysteroscope. Preoperative miso-
prostol may facilitate easier dilation [44]. With 
electrosurgery, a cutting loop is passed beyond 
the fibroid and cutting activated only when the 
loop is moving toward the surgeon and in direct 
view. When using an oscillating hysteroscopic 
morcellator, the device may be applied directly to 
the endometrium overlying the pathology for 
resection. Fibroids should be resected down to 
the level of the surrounding myometrium, and, if 
fertility is desired, care should be taken to avoid 
excessive electrosurgical damage to normal myo-
metrium. Often, the remaining portion of the 
fibroid will be expressed into the uterine cavity 
by uterine contractions, allowing further resec-
tion. Flow of distension fluid may also be reduced 
to decrease intrauterine pressure and facilitate 
delivery of any remaining intramural component 
of a myoma into the endometrial cavity. 
Fragments of fibroid may be removed from the 
cavity automatically with use of a hysteroscopic 
morcellator, and in the case of fibroids removed 
using electrosurgery, fragments may be removed 
with grasping forceps or by capturing the frag-
ments with the loop and extracting them through 
the cervix.

Cervical dilatation or insertion of the hystero-
scope can cause uterine perforation, as can deep 
myometrial resection. The risk of perforation 
increases with deeper myometrial involvement of 
the fibroid [47]. Often the first sign of perforation 
is a rapid increase in the fluid deficit. Careful 
inspection of the uterine cavity should be under-
taken to look for brisk bleeding or bowel injury. 
If no injury is apparent, the procedure should be 
terminated, and the patient should be observed 
and may be discharged if stable [48]. In some 
cases, repeat resection may be required after a 
few weeks, as the remaining portion of the fibroid 
is expressed into the uterine cavity by uterine 
contractions. If a perforation occurs during acti-
vation of the electrode, then laparoscopy should 
be performed to carefully inspect for bowel or 
bladder injury.

Intravascular absorption of distending media is 
a potentially dangerous complication which can 
result in pulmonary edema, hyponatremia, heart 
failure, cerebral edema, and even death [49]. 
Careful monitoring of the fluid deficit is impor-
tant, and a fluid deficit of 750 mL during surgery 
should serve as a warning sign, with planned ter-
mination of the procedure. The American 
Association of Gynecologic Laparoscopists 
guidelines recommend a maximum fluid deficit of 
2500  mL for isotonic media in healthy adults, 
1000 mL for hypotonic solution in healthy adults, 
and a universal maximum of 750 mL in elderly 
patients or those with  cardiovascular disease [49]. 
Electrolytes should be assessed and corrected if 
necessary and diuretics considered. Risk factors 
for fluid overload include resection of fibroids 
with deep intramural extension or prolonged 
operating time. The use of normal saline com-
bined with bipolar energy reduces the risk of 
hyponatremia, but a fluid deficit over 1500  mL 
can lead to cardiac overload [50].

 Uterine Rupture After Preconception 
Myomectomy

Two studies comprising 236,454 deliveries 
reported 209 instances of uterine rupture, with 
only 4 cases attributable to prior myomectomy 
[51, 52]. Since the number of women who had a 
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previous myomectomy was not known, the inci-
dence of rupture in these studies could not be 
determined. One retrospective study of 412 
women who had abdominal myomectomies 
reported only 1 woman with uterine rupture 
(0.2%) [53]; however, this study is limited by 
absence of information on the size and position 
of fibroids removed at the time of myomectomy.

Operative technique, instrument selection, 
and energy source used during laparoscopic 
myomectomy may differ from those employed 
during laparotomy and thus may have differing 
effects on pregnancy outcome. A study of 19 
cases of uterine rupture during pregnancy follow-
ing laparoscopic myomectomy found that almost 
all cases involved deviations from standard surgi-
cal technique as described for abdominal myo-
mectomy [54]. In seven cases, the uterine defect 
was not repaired, in three cases it was repaired 
with a single suture, in four cases it was repaired 
with only one layer of suture, and in one case, 
only the serosa was closed. In only three cases 
was a multilayered closure employed. In 16 of 
the cases, monopolar or bipolar energy was used 
for hemostasis.

While definite conclusions and recommenda-
tions regarding appropriate technique for laparo-
scopic myomectomy must await proper study of 
myometrial wound healing, it appears prudent for 
surgeons to adhere to time-tested techniques 
developed for abdominal myomectomy, includ-
ing multilayered closure of myometrium (for 
other than superficial uterine defects) and limited 
use of electrosurgery for hemostasis. However, 
even with ideal surgical technique, individual 
wound healing characteristics may predispose to 
uterine rupture.

 Fertility Outcomes Following 
Preconception Myomectomy

A systematic review found no difference in clini-
cal pregnancy rate, spontaneous abortion, or the 
combined outcome of ongoing pregnancy/live 
birth rate among women with intramural fibroids 
that did and did not undergo myomectomy [7]. 
The same study did find a twofold increase in 
relative risk of clinical pregnancy in those who 

underwent myomectomy for submucosal myo-
mas vs. those who did not undergo myomectomy. 
Although the numbers are small, the ongoing 
pregnancy/live birth rate and spontaneous abor-
tion rate did not differ between those who under-
went surgical management for submucosal 
fibroids and those with submucosal myomas left 
in situ.

 Myomectomy During Pregnancy

Myomectomy Prior to Delivery
Given risk of rare but clinically significant com-
plications, uterine surgery during pregnancy 
should be avoided if possible. However, the avail-
able literature suggests that myomectomy during 
pregnancy may be considered in limited situa-
tions of refractory pain and/or undesired 
pregnancy.

A limited number of case studies and case 
series exist in the literature to describe technique, 
risks, and benefits of myomectomy during preg-
nancy, but prior to delivery. The largest case 
series available includes 18 patients who under-
went abdominal myomectomy between 6 and 
24 weeks gestation. One woman was lost to fol-
low-up, and one suffered a miscarriage. The 
remaining 16 patients delivered healthy babies 
between the 36th and 41st week, 14 delivered by 
cesarean section and 2 vaginally [55]. Another 
case series of women undergoing abdominal 
myomectomy during pregnancy reported six 
antepartum abdominal myomectomies for evalu-
ation and management of abdominal masses with 
refractory pain [56]. The report also described 
three gravid hysterectomies for women with 
undesired pregnancy and known symptomatic 
fibroids during their preconception state. Surgical 
morbidity in this series was reported as being 
minimal, with five of six patients delivering at 
term following antepartum myomectomy.

One series of laparoscopic myomectomy dur-
ing pregnancy describes three cases occurring at 
19–20 weeks’ gestation for symptomatic, torsed, 
pedunculated myomas which were refractory to 
conservative management. All procedures were 
uncomplicated and followed by subsequent full-
term deliveries (two vaginal and the remaining 
via cesarean) [57]. The limited remaining data 
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consists of single case reports of laparoscopic 
myomectomies performed between 10 and 
25  weeks’ gestation [58–66]. While most pub-
lished cases were uncomplicated, one case at 
17  weeks’ gestation was complicated by septic 
necrosis of the myometrium, with a 7 × 2 cm area 
of exposed amniotic membranes noted during a 
second look exploratory laparotomy on postop-
erative day 6. The patient eventually underwent 
elective cesarean delivery at 37 weeks, with inci-
dental placenta accreta noted adjacent to the 
myomectomy site [63].

 Myomectomy During Cesarean 
Delivery

Myomectomy at the time of cesarean delivery is 
traditionally avoided due to associated risk of 
intraoperative hemorrhage; however, some lim-
ited data suggest that the procedure may be 
safely considered under specific circumstances. 
One retrospective cohort study compared 111 
who underwent cesarean myomectomy to 257 
women with documented fibroids during an 
index pregnancy who underwent cesarean deliv-
ery alone and found similar rates of obstetric 
hemorrhage in the two groups (12.8% vs. 
12.6%). There were no identified differences in 
risk of operative time, postoperative length of 
stay, or postpartum fever [67].

A longitudinal panel study followed 63 
women who underwent trans-endometrial myo-
mectomy during an index cesarean delivery 
with an elective cesarean delivery with the sub-
sequent pregnancy [68]. This study found simi-
lar composite outcomes of surgical blood loss, 
blood transfusion, postoperative fever, length of 
hospital stays, and mean adhesion scores across 
the two cesarean deliveries. Rates of uterine 
rupture, placental abruption, placenta previa, 
and placenta accrete were similar across deliv-
eries. The mean gestational age at birth and 
newborn weight were increased in the second 
pregnancy following cesarean myomectomy at 
the first.

These studies suggest that, contrary to current 
dogma, myomectomy at the time of cesarean 

delivery may be considered in the appropriately 
selected patient without clinically significant 
impact on surgical outcome.
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Adnexal Mass in Pregnancy

Farr Nezhat, Pengfei Wang, and Andrea Tinelli

 Introduction

The increasing use of antenatal ultrasound and 
screening during the first trimester of pregnancy 
has led to an increased incidence of adnexal 
pathology diagnosis. Even though adnexal 
pathology is most commonly associated with 
masses of ovarian origin (Fig. 24.1), it can also 
include causes of tubal and paratubal pathology 
(Fig.  24.2) as well as pedunculated fibroids 
(Fig.  24.3) that in imaging may appear to be 
extrauterine. Occasionally non-gynecological 
pathology such as dilated loops of bowel or 
bowel tumors sitting in the pelvic can be mis-
taken as an adnexal mass. The incidence of an 
adnexal mass in pregnancy ranges in the litera-
ture from 1 to 10% depending on the patient pop-

ulation, the frequency of ultrasound use, and the 
gestational age at the time of the ultrasound exam 
[1–3]. The incidence of adnexal masses is higher 
in the first trimester (Fig. 24.4) because most of 
them are of benign functional ovarian cysts and 
approximately two-thirds will resolve spontane-
ously later in pregnancy [3]. The risk of malig-
nancy of an adnexal mass is very low. A 
population-based study of more than 4 million 
obstetrical patients reported that the incidence of 
ovarian cancer is as low as 0.93% [4]. Another 
report of 130 cases of adnexal masses, which 
were managed surgically, estimated a higher risk 
of invasive or borderline malignancy at 6.1% [5]. 
Other risks associated with adnexal masses dur-
ing pregnancy that contribute to maternal mor-
bidity include torsion, rupture, bleeding, 
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Fig. 24.1 Ultrasonographic image showing a right ovar-
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infection, and labor obstruction (Fig. 24.5) [3]. It 
should be noted that the overwhelming majority 
of patients are asymptomatic at the time that an 
adnexal mass is discovered by ultrasound 
(Fig. 24.6). However, in some cases, it presents 
with abdominal pain secondary to rupture, tor-
sion infection, or bleeding [6–9].

Most first trimester cystic adnexal masses 
will resolve spontaneously during the second tri-
mester. However, controversy exists regarding 
the diagnosis and management of a persistent 
adnexal mass since the risks and benefits of cer-
tain  diagnostic and surgical options should be 
carefully balanced.

Fig. 24.3 Ultrasonographic image showing a peduncu-
lated anterior fibroid of 4  cm of diameter (in the with 
ring), in a pregnant at 30 weeks of pregnancy

Fig. 24.4 Ultrasonographic image showing a left ovarian 
cyst in a pregnant woman at 9 weeks

Fig. 24.5 A left ovarian mucinous cystadenoma removed 
during cesarean section, causing labor obstruction

Fig. 24.6 A right serous adnexal cyst discovered occa-
sionally during a first trimester scanning

Fig. 24.2 Ultrasonographic image showing a left sacto-
salpinx in early pregnancy

F. Nezhat et al.
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 Causes of Adnexal Pathology 
in Pregnancy

The most common causes of adnexal pathology 
in pregnancy are functional or hemorrhagic cysts 
(Fig. 24.7), which usually resolve later in preg-
nancy (Fig.  24.8). However, the differential 
diagnosis should also include nonfunctional 
benign ovarian masses such as dermoids 
(Fig. 24.9), serous and mucinous cystadenoma, 
endometrioma, fibroids, and adenofibroma 
(Fig. 24.10) [5, 10]. Adnexal masses specific to 
pregnancy include luteomas, hyperreactio lutei-
nalis, and theca lutein cysts, especially in the 
presence of a molar pregnancy or hyperstimula-

Fig. 24.7 A left hemorrhagic cyst detected in the first tri-
mester of pregnancy

Fig. 24.8 Right functional cyst reducing in diameter at 
30 weeks of pregnancy (disappeared at term of pregnancy)

Fig. 24.9 A right ovarian cyst in pregnancy, with a der-
moid mass inside

Fig. 24.10 A laparoscopic image of a right twisted ovar-
ian adenofibroma in a pregnant woman at 9  weeks of 
pregnancy

Fig. 24.11 An ovarian hyperstimulation at 9  weeks of 
pregnancy

24 Adnexal Mass in Pregnancy
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tion (Fig.  24.11) secondary to infertility treat-
ment [11]. Tubal pathology includes heterotopic 
pregnancy (Fig. 24.12a, b), tubo-ovarian abscess, 
hydrosalpinx, and paratubal cysts. Uterine 
fibroids can also appear as adnexal masses in 
imaging. Even though the incidence of malig-
nancy is low, epithelial tumors, germ cell tumors, 
and sex stromal tumors should be included in the 
differential diagnosis. A study of Leiserowitz 
et  al., which examined pathologically cases of 
ovarian cancer in pregnancy in a large cohort of 
obstetrical population, showed that the majority 
of cases were epithelial, both malignant and bor-
derline (51%) [4]. Germ cell tumors were the 
second most common malignancy, with predom-
inance of dysgerminomas and malignant 
teratomas.

 Ovarian Pathology

 Simple and Hemorrhagic Cysts
Most common ovarian cyst in premenopausal 
women is functional cysts: follicular cysts and 
corpus luteum cyst. Simple and corpus luteum 
hemorrhagic cysts account for the majority of 

adnexal masses in pregnancy, and usually they 
regress spontaneously in the second trimester 
[12]. A simple ovarian cyst usually presents as a 
simple anechoic adnexal mass, whereas a 
hemorhagic corpus luteum cyst presents as a 
complex mass with diffusely thick wall and 
peripheral vascularity. Up to 70% of cysts identi-
fied in the first trimester resolved spontaneously 
by 18–20  weeks gestation. The best predictors 
for persistence of these masses are complex 
appearance on sonography and the size of the 
mass [13]. Masses with diameter larger than 5 cm 
have higher likelihood to persist during preg-
nancy. Matured cystic teratoma and serocystade-
noma followed by borderline ovarian tumor are 
the most common histological diagnosis among 
persistent mass [14].

 Endometrioma
An endometrioma is a rare entity in pregnancy 
(Fig. 24.13) [15, 16]. It usually presents as a uni-
locular cyst with diffuse homogeneous ground-
glass echoes. Complications during pregnancy, 
such as rupture, have been reported in the liter-
ature [17]. However, it is not clear whether 
endometrioma in general is associated with 

a b

Fig. 24.12 (a) An ultrasonographic image showing a left heterotopic tubaric pregnancy. (b) A laparoscopic image of a 
right tubal pregnancy
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adverse obstetrical outcomes. Some studies have 
suggested that the presence of endometriomas 
during pregnancy is associated with complica-
tions such as preterm birth, antepartum hemor-
rhage, and preeclampsia [18, 19], whereas other 
investigations have failed to show increased risk 
for obstetrical complications [20].

 Ovarian Hyperstimulation
Ovarian hyperstimulation during in  vitro fertil-
ization-embryo transfer is a risk factor for devel-
oping adnexal torsion in pregnancy. The 
syndrome presents with enlarged ovaries with 
multiple peripherally located cysts (Fig.  24.14) 
and in the majority of the cases is self-limited. 
However, there have been reports in the literature 
of adnexal complications during pregnancy such 
as hemorrhage and torsion [11, 21, 22].

 Leiomyomas
Uterine fibroids are very common findings in 
women of reproductive age. In pregnancy, solid 
adnexal masses very commonly present as subse-
rous (Fig. 24.15), intramural (Fig. 24.16), pedun-
culated fibroids, or fibroids located in broad 
ligament. Approximately one-third will increase 
in size, whereas a small percentage will undergo 
red/carneous degeneration secondary to hemor-
rhagic infarction with subsequent acute abdomi-
nal pain [23].

 Luteoma
Luteomas constitute a rare adnexal mass spe-
cific to pregnancy which usually regress in the 
postpartum period and can be hormonally 
active. The condition is not a true neoplasm but 
rather a specific, benign, hyperplastic reaction 
of ovarian theca lutein cells. These nodules do 
not arise from the corpus luteum of pregnancy. 

Fig. 24.13 A small right ovarian endometrioma in a 
pregnant woman at 7 weeks

Fig. 24.14 A right enlarged ovary hyperstimulated, with 
multiple peripherally located cysts

Fig. 24.15 An anterior subserous uterine body fibroid in 
a pregnant at 20 weeks of pregnancy

Fig. 24.16 A left transmural uterine fibroid of 7 cm of 
diameter in a pregnant woman at 6 weeks of pregnancy

24 Adnexal Mass in Pregnancy
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Most cases have been reported in multiparous 
African-American women. Luteomas most 
commonly present in the second half of preg-
nancy as bilateral solid or mixed ovarian masses 
associated with elevated testosterone levels [24, 
25], which can also be found in normal preg-
nancy. They are usually asymptomatic, but they 
may present with signs and symptoms of viril-
ization of the mother or infant or with compli-
cations such as torsion. Due to the commonly 
seen solid nature of this entity, the differentia-
tion from an ovarian neoplasm can be 
challenging.

 Hyperreactio Luteinalis
The condition of ovarian enlargement secondary 
to the development of multiple luteinized fol-
licular cysts is termed hyperreactio luteienalis. 
It is a rare entity usually associated with tropho-
blastic disease, high-order multiple pregnancy, 
and fertility treatment. It is caused by increased 
levels of β-hCG and is usually asymptomatic or 
presents with abdominal pain or signs and 
symptoms of torsion. In one-fourth of the cases, 
it can be associated with hyperandrogenism. 
Large adnexal masses consisting of many thin-
walled small cysts can be seen in ultrasound 
similar to ovarian hyperstimulation syndrome. 
The majority of these lesion resolve spontane-
ously after delivery [26].

 Theca Lutein Cysts
Theca lutein cysts are almost always bilateral 
and produce moderate to massive enlargement of 
the ovaries. The individual cyst varies in size 
from 1 cm to 10 cm or more in diameter. These 
cysts arise from either prolonged or excessive 
stimulation of the ovaries by endogenous or 
exogenous gonadotropins or increased ovarian 
sensitivity to gonadotropin. The bilateral 
enlargement is secondary to hundreds of thin-
walled locules or cysts, producing a honey-
combed appearance. Grossly the external surface 
of the ovary appears lobulated. The small cysts 
contain a clear to straw-colored or hemorrhagic 
fluid. Histologically the lining of the cyst is com-
posed of theca lutein cells [27].

The presence of theca lutein cysts is estab-
lished by palpation and often confirmed by ultra-
sound examination. Treatment is conservative 
because these cysts gradually regress. If these 
cysts are discovered incidentally at cesarean sec-
tion, they should be handled delicately. No attempt 
should be made to drain or puncture the multiple 
cysts because of the possibility of hemorrhage. 
Bleeding is difficult to control in these cases 
because of the thin walls that constitute the cyst.

 Dermoid Cysts
Dermoid cysts constitute the most common diag-
nosis of surgically removed adnexal masses in 
pregnancy (see Fig. 24.9) [28]. Sonographic find-
ings of dermoid cysts may include a cystic or a 
combined cystic and solid component. Some 
mature teratomas (10–20%) are cystic in nature, 
and they may be indistinguishable from other 
cystic masses. However, the most common ultra-
sound appearance is combined both solid and 
cystic (Fig. 24.17) with the following characteris-
tics: (1) a solid spherical component, represent-
ing hair and sebum, may occupy part of the cyst; 
(2) echogenic lines and dots, representing float-
ing hair, dispersed throughout the cyst; and (3) 
shadowing from the echogenic portion of the 
tumor due to calcifications from bone or adipose 
tissue. Many studies in the literature have 
reported complications secondary to rupture, 

Fig. 24.17 A laparoscopic image of twisted left solid and 
cystic ovarian dermoid pregnancy in a pregnant woman at 
9 weeks
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torsion, or labor dystocia of dermoid cysts in 
pregnancy [29, 30]. However a study by Caspi 
et  al. has demonstrated that ovarian dermoid 
cysts <6 cm are not expected to grow or to cause 
complications during pregnancy or labor [31].

 Cystadenomas
Cystadenomas are benign tumors and constitute 
the most common ovarian neoplasm. There have 
been many reports in the literature of both serous 
(Fig. 24.18) and mucinous (Fig. 24.19) cystade-
nomas in pregnancy [32, 33]. In the cohort of 
Goh et al. which included patients with persistent 
ovarian masses during pregnancy that underwent 
surgical treatment, almost one-third of the cases 
were serous and mucinous cystadenomas [28]. In 
the retrospective study by Gordon et al., benign 
cystedenomas comprised one-fifth of all surgi-

cally resected ovarian neoplasms [34]. During 
ultrasonography they present as simple cysts, or 
they may contain septations. Mucinous cystade-
nomas tend to be larger at presentation compared 
to serous. The presence of irregular septations 
and nodules increases the risk of malignancy.

 Ovarian Malignancy
The incidence of ovarian malignancy during 
pregnancy is very low. Sonographic features sug-
gestive of malignancy include a complex cyst 
with thickened walls, septations, papillary solid 
components, and increased blood flow detected 
by color Doppler. Rarely pelvic ascites present 
that can be confused with amniotic fluid. Most of 
the ovarian cancers diagnosed during pregnancy 
are epithelial and low-malignant-potential 
tumors. Most malignancies are diagnosed at ear-
lier stages [35]. This can be explained by the 
younger age of pregnant women. For the same 
reason, it appears that there is an increased inci-
dence of germ cell tumors during pregnancy.

 Tubal Pathology
Tubal pathology can present during pregnancy as 
hydrosalpinx, tubo-ovarian abscess (TOA), or 
heterotopic pregnancy. Hydrosalpinx commonly 
associated with pelvic inflammatory disease 
(PID) appears at sonographic imaging as an 
anechoic tubular or elongated fluid-filled struc-
ture, and its morphology remains unchanged dur-
ing pregnancy. Tubo-ovarian abscess (Fig. 24.20) 
is a very uncommon entity in pregnancy and most 
often arises as a consequence of PID. However, 

Fig. 24.18 An ovarian left serous cystadenomas at 
8 weeks of pregnancy

Fig. 24.19 A right ovarian mucinous cystadenomas at 
7 weeks of pregnancy

Fig. 24.20 A laparoscopic image of a tubo-ovarian 
abscess in pregnancy
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TOA can be also associated with recent pelvic 
surgery of intra-abdominal infectious process 
such as appendicitis. Also, there have been case 
reports of TOA in pregnancy after oocyte retriev-
als in women with preexisting endometriomas 
[36, 37]. TOAs usually present with signs and 
symptoms of pelvic infection and in ultrasound 
imaging as one or more multilocular complex 
cysts. Heterotopic pregnancy, even though 
extremely rare, should be included in the differ-
ential diagnosis especially in patients with his-
tory of IVF or ovulation induction [38]. The 
ultrasound may reveal features of concomitant 
ectopic and intrauterine pregnancy.

 Diagnosis

 Ultrasound

Most of the adnexal masses in pregnancy are 
incidental findings during antenatal ultrasound 
evaluation. If a mass is clinically palpated during 
pregnancy, ultrasonography is the initial imaging 
modality of choice because of its low cost, safety, 
high resolution, and noninvasive nature.

Features suggestive of malignancy include a 
solid component within a cystic mass papillary 
projections, excrescences, vegetation, and nod-
ules, peritoneal metastasis, and pelvic lymphade-
nopathy that can be seen sometimes by ultrasound. 
Septations in a cystic ovarian mass may indicate 
the presence of a malignant neoplasm especially 
if greater than 2–3 mm in thickness; other ultra-
sound signs suggestive of malignancy include 
ascites, increased thickness of the cyst wall, and 
a very large size of the mass [13, 39]. Conventional 
ultrasonography has been shown in many studies 
to be helpful in characterizing the nature of 
adnexal lesions and identifying the cases with 
possible malignancy [5, 10, 40, 41]. Although the 
accuracy of conventional ultrasound in differenti-
ating malignant from benign neoplasms has been 
questioned and color Doppler has been suggested 
as a mean to improve the accuracy of diagnosis, 
the high incidence of false-positive results up to 
49% provided by color Doppler makes unclear 
at this time if it adds any further information to 

the conventional sonogram [39, 42]. The IOTA 
(International Ovarian Tumor Analysis) studies 
are established to develop rules and models to 
characterize ovarian pathology and to demon-
strate their utility in the hands of examiners with 
different levels of ultrasound expertise. The 
“simple rules” can be used to classify 75% of all 
ovarian masses [43] (Table 24.1).

 MRI

Many studies have evaluated the role of MRI in 
the diagnosis of adnexal masses in pregnant pop-
ulations as it is generally considered a safe 
modality during pregnancy. MRI is a useful 
adjunct when sonography is inconclusive and can 
be used to guide management of adnexal masses 
especially due to its ability to evaluate tissue con-
trast [44]. MRI imaging may help the physician 
differentiate whether the adnexal mass originates 
from the uterus, the ovary, or the tube and also 
identify specific characteristics of the morphol-
ogy of the mass such as degenerating leiomyoma 

Table 24.1 IOTA simple rules

Ultrasonic features
For predicting a malignant tumor (M features)
M1—irregular solid tumor
M2—presence of ascites
M3—at least four papillary structures
M4— irregular multilocular solid tumor with largest 

diameter ≥ 100 mm
M5—very strong blood flow (color score 4)
For predicting a benign tumor (B features)
B1—unilocular
B2— presence of solid components, of which largest 

solid component has largest diameter < 7 mm
B3—presence of acoustic shadows
B4— smooth multilocular tumor with largest 

diameter < 100 mm
B5—no blood flow (color score 1)
Rule 1: If one or more M features are present in 
absence of B feature, mass is classified as malignant
Rule 2: If one or more B features are present in 
absence of M feature, mass is classified as benign
Rule 3: If both M features and B features are 
present or if no M features or B features are present, 
result is inconclusive, and second stage test is 
recommended
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d (Fig. 24.21), decidualization of endometrioma, 
and presence of massive ovarian edema [45]. 
Additionally, in cases of malignancy, the MRI 
can define the extent of the disease and possible 
metastases [46].

 CT Scan

CT scan of the abdomen and pelvis is another 
imaging modality that can be used in the evalua-
tion of maternal adnexal masses. Even though 
CT scan is considered relatively safe during preg-
nancy since the typical fetal radiation dose for a 
routine CT of the abdomen and pelvis is only 
25 mGy [47], it should be kept in mind that the 
contrast material, if needed, can cross the pla-
centa. CT scan is also very useful in identifying 
other intra-abdominal pathology in a pregnant 
woman such as appendicitis or diverticulitis.

 Tumor Markers

The interpretation of tumor markers during preg-
nancy can be very challenging.

CA 125 is a glycoprotein that holds an impor-
tant role in monitoring patients with certain ovar-

ian cancer. However, its levels can be elevated in 
early pregnancy and during the early postpartum 
period, thus making its interpretation very diffi-
cult in the presence of suspicious adnexal masses 
[48]. AFP (a fetoprotein) which is typically used 
as part of antenatal screening can be elevated in 
endodermal sinus tumors, and elevated lactate 
dehydrogenase levels may be associated with 
dysgerminomas. However, the levels of these 
tumor markers can vary in pregnancy, thus limit-
ing their use; additionally, normal levels of tumor 
markers cannot exclude malignancy. As a result, 
the decision to pursue surgical versus conserva-
tive management should be in general based on 
the symptomatology, physical examination, and 
imaging findings rather than the level of the 
tumor markers.

 Management of Adnexal Mass 
in Pregnancy: Observation Versus 
Surgery

Controversy exists regarding the management of 
adnexal mass in pregnancy. Some studies recom-
mend conservative management and observa-
tion, whereas other investigations favor surgical 
intervention [10, 49]. The majority of simple 

Fig. 24.21 A MRI coronal scan showing a huge subserous leiomyoma in degeneration in a pregnant woman at 
25 weeks
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cysts that are less than 5  cm in diameter will 
resolve spontaneously during the course of preg-
nancy [13]. Thus, many observational studies 
support close monitoring during pregnancy in 
selected cases as an alternative to antepartum sur-
gery [10, 50]. Surgical management is warranted 
when the patient is symptomatic and when com-
plications such as adnexal torsion, rupture, or 
enlargement enough to cause possible labor 
obstruction occur. If an adnexal mass is suspi-
cious of malignancy with sonographic evidence 
of solid component(s), nodules, thick septations, 
and size greater than 5 cm, surgical management 
should be strongly considered, ideally during the 
second trimester of pregnancy [35, 51]. 
Figure  24.22 presents the flowchart to aid the 
decision-making for optimal management of an 
adnexal mass during the pregnancy.

Studies in the literature have shown the advan-
tages of surgical management during the second 
trimester of pregnancy. The intervention at this 
time of pregnancy is associated with reduction of 
obstetrical complications such as miscarriage and 

preterm labor or birth with the absolute risk being 
very small. The theory behind this recommenda-
tion is that the developing pregnancy is depen-
dent on the corpus luteum during the first 
trimester and much less in the second trimester 
[52]. Generally, surgeons operating on pregnant 
patients must be familiar with the following spe-
cific pathophysiologic aspects of pregnancy: (1) 
elevated hemostatic capacity, (2) reduced antico-
agulation activity and major alterations in the 
fibrinolytic systems, (3) cardiovascular changes 
specific to each trimester during pregnancy, and 
(4) change in surgical incision site to conform to 
the size of gravid uterus to maximize exposure 
and displacement of other pelvic and extra-pelvic 
organs. If surgery is indispensable during the first 
trimester, progestin support should be provided 
postoperatively. Corticosteroids for fetal lung 
maturation should be given at least 48 h before 
surgery between 24 and 34 weeks whenever pos-
sible. Prophylactic perioperative tocolytic ther-
apy is controversial. Intrauterine asphyxia is one 
of the most serious fetal risks during maternal 

Adnexal masses in Pregnancy

Symptomatic (torsion/rupture)

- Surgery
- Medical
- Drainage

- hypo-echogenic
- cystic unilocular
- low colour doppler flow
- small size (<5cm)

R/ Benign features:

Asymptomatic

Indeterminate mass

First trimester Second trimester Third trimester

Follow-up till GA 16 weeks

Persistent?

US: benign features

Wait-and-See
Surgery:

- Adnexectomy (if delivery is forthcoming, may be postponed after pregnancy)
- Staging with biopsies in case of advanced disease

MRI: suspect for malignancy MRI: confirmation/staging

High suspicion of malignancy

Fig. 24.22 Optimal management of an adnexal mass during the pregnancy
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surgery, which may be minimized by maintaining 
hemodynamic stability. Surgery should be per-
formed at an institution with neonatal and pediat-
ric services. Before the age of fetal viability, it 
may be sufficient to ascertain the fetal heart rate 
before and after the procedure. If the fetus is con-
sidered to be viable, simultaneous electronic fetal 
heart rate and contraction monitoring should be 
performed before and after the procedure. Before 
induction of anesthesia, the patient should be 
placed in a left lateral oblique position to prevent 
inferior vena cava compression and supine hypo-
tension syndrome as well as to improve the uter-
ine blood flow. Proper precautions against 
maternal aspiration must be ensured. Kleihauer–
Betke (KB) test, measuring fetal hemoglobin in 
the maternal blood, should be performed in the 
postoperative period, and all Rhesus-negative 
patients should receive Rh immune globulin 
(RhIG) at the recommended doses within 72  h 
after surgery. For women with positive KB test, 
more RhIG can be administered according to the 
measurable extent of fetomaternal hemorrhage. 
The need of thromboprophylaxis should be indi-
vidualized; the hypercoagulable state during 
pregnancy may increase the risk of thromboem-
bolic events in the postsurgical period. 
Subcutaneous enoxaparin 40  mg can be used 
perioperatively and is listed by the FDA in preg-
nancy as category B [14].

The surgical approach for the management of 
adnexal mass during pregnancy can be via a lapa-
rotomy or laparoscopy. Even though until the 
1990s, pregnancy had been considered a contra-
indication to use of laparoscopy, many observa-
tional studies have shown that laparoscopy in the 
second trimester for the management of adnexal 
mass can be safe and technically feasible in the 
hands of a skilled laparoscopic surgeon [53–56]. 
The frequency of obstetric complications, such as 
low birth weight, preterm delivery, use of tocolyt-
ics for preterm labor, low Apgar score, and fetal 
anomaly, is quite acceptable [56].

Laparoscopy in pregnancy can provide accu-
rate diagnosis, faster recovery, minimal risk for 
thromboembolic disease, less fetal depression 
secondary to decreased narcotic use, fewer inci-
sional hernias, and fewer postoperative adhe-

sions. However, the risks related to pregnancy 
should always be taken into account [57, 58]. 
The trocar placement can lead to uterine injuries 
due to the enlarged uterine size; therefore, tro-
car placement under direct visualization rather 
than insufflation with Veress needle, left upper 
quadrant entry instead of transumbelical site, or 
open laparoscopic approach using the Hasson 
cannula is suggested. An additional concern is 
that increased intra-abdominal pressure can 
decrease cardiac output in pregnancy; thus, left 
lateral position of the mother is of utmost impor-
tance. Finally, the potential risk of hypercarbia 
and acidosis can be decreased by maintaining 
the intra-abdominal pressure, preferably 
between 12 and 15 mmHg.

Even though observational studies have pro-
vided overwhelming evidence for the safety of 
laparoscopy and the advantages in postoperative 
course during the second trimester of pregnancy, 
the decision regarding laparotomy versus laparo-
scopic approach should be tailored on each case 
individually based on the preference and experi-
ence of the surgeon.

Adnexal mass can be detected for the first time 
during cesarean section in 0.3–0.0.5% of cases, 
and up to 5% can be bilateral [59, 60]. The 
options include conservative management for 
simple small cysts and excision for larger heter-
ogenous complex cysts so that further surgical 
intervention after cesarean section is avoided and 
malignancy is excluded [1, 46, 52, 59].

Same principles of management of adnexal 
mass during nonpregnant condition (through 
evaluation of abdominal and pelvic cavity for any 
sign of peritoneal metastasis, peritoneal washing, 
biopsy of any suspicious lesion) have to be per-
formed and documented. Cystectomy or sal-
pingo-oophorectomy has to be performed based 
on the possible pathology, size of the mass, 
patient’s age, etc. If spillage of the cyst content 
occurred, thorough irrigation, preferably with 
warm irrigation should be performed. If in case 
malignancy was found intraoperatively, we rec-
ommend only limited staging (peritoneal wash-
ing, multiple peritoneal biopsies, and infracolic 
omentectomy) be performed to limit the operat-
ing time and possible complications.
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 Step-by-Step Techniques 
in Laparoscopy Surgery 
in Pregnancy [61–63]

 1. Patients are placed in the supine lithotomy 
position with the table tilted to the left side.

 2. Sequential pneumatic compression is used for 
deep vein thrombosis prophylaxis.

 3. A Foley catheter is placed.
 4. The pneumoperitoneum is established by 

either Veress needle at palmer’s site or the 
Hasson technique at umbilical site.

 5. A carbon dioxide (CO2) pneumoperitoneum 
of 12 mmHg is obtained. The pressure can be 
increased to 15  mmHg if deemed necessary 
during the operation.

 6. A 5-mm port is inserted for a 0° 5-mm laparo-
scope. Subsequent ports are placed under lap-
aroscopic vision.

 7. The position of these ports is determined by 
the gestational age, the position of the uterine 
fundus, and the surgical procedure. In most 
cases, the periumbilical port needs to be 
placed in a more cephalad position.

 8. Ovarian cystectomy, salpingo-oophorectomy, 
or other procedures are performed accordingly.

 Conclusion
The extensive use of ultrasound for antenatal 
screening has led to an increased frequency of 
incidental adnexal masses diagnosis during 
pregnancy. Thus, is it of utmost importance that 
the physician is familiar with the modes of accu-
rate diagnosis and management of this entity? 
Other than ultrasound, MRI and CT scan can be 
employed for better characterization of the mor-
phology of the mass and for evaluation of other 
intra-abdominal pathology. In terms of manage-
ment of adnexal mass in pregnancy, observation 
can be a viable option in cases of small masses 
with no signs of possible malignancy. Surgical 
intervention is recommended for larger persis-
tent complex masses as the risks of complica-
tions such as torsion or rupture as well as the 
risk of malignancy is increased. Given the ben-
efits of laparoscopy versus laparotomy, laparos-
copy should be preferred as a surgical option in 
the hands of a skilled laparoscopic surgeon.

References

 1. Schwartz N, Timor-Tritsch IE, Wang E.  Adnexal 
masses in pregnancy. Clin Obstet Gynecol. 
2009;52(4):570–85.

 2. Nelson MJ, Cavalieri R, Graham D, Sanders 
RC. Cysts in pregnancy discovered by sonography. J 
Clin Ultrasound. 1986;14(7):509–12.

 3. Condous G, Khalid A, Okaro E, Bourne T. Should we 
be examining the ovaries in pregnancy? Prevalence 
and natural history of adnexal pathology detected 
at first-trimester sonography. Ultrasound Obstet 
Gynecol. 2004;24(1):62–6.

 4. Leiserowitz GS, Xing G, Cress R, Brahmbhatt B, 
Dalrymple JL, Smith LH.  Adnexal masses in preg-
nancy: how often are they malignant? Gynecol Oncol. 
2006;101(2):315–21.

 5. Whitecar MP, Turner S, Higby MK.  Adnexal 
masses in pregnancy: a review of 130 cases under-
going surgical management. Am J Obstet Gynecol. 
1999;181(1):19–24.

 6. Yen CF, Lin SL, Murk W, Wang CJ, Lee CL, Soong 
YK, et  al. Risk analysis of torsion and malignancy 
for adnexal masses during pregnancy. Fertil Steril. 
2009;91(5):1895–902.

 7. Krissi H, Shalev J, Bar-Hava I, Langer R, Herman A, 
Kaplan B. Fallopian tube torsion: laparoscopic evalu-
ation and treatment of a rare gynecological entity. J 
Am Board Fam Pract. 2001;14(4):274–7.

 8. Morice P, Louis-Sylvestre C, Chapron C, Dubuisson 
JB.  Laparoscopy for adnexal torsion in pregnant 
women. J Reprod Med. 1997;42(7):435–9.

 9. Matsunaga Y, Fukushima K, Nozaki M, Nakanami N, 
Kawano Y, Shigematsu T, et al. A case of pregnancy 
complicated by the development of a tubo-ovarian 
abscess following in  vitro fertilization and embryo 
transfer. Am J Perinatol. 2003;20(6):277–82.

 10. Schmeler KM, Mayo-Smith WW, Peipert JF, Weitzen 
S, Manuel MD, Gordinier ME.  Adnexal masses 
in pregnancy: surgery compared with observation. 
Obstet Gynecol. 2005;105(5 Pt 1):1098–103.

 11. Mashiach S, Bider D, Moran O, Goldenberg M, Ben-
Rafael Z.  Adnexal torsion of hyperstimulated ova-
ries in pregnancies after gonadotropin therapy. Fertil 
Steril. 1990;53(1):76–80.

 12. Hogston P, Lilford RJ.  Ultrasound study of ovarian 
cysts in pregnancy: prevalence and significance. Br J 
Obstet Gynaecol. 1986;93(6):625–8.

 13. Bernhard LM, Klebba PK, Gray DL, Mutch 
DG.  Predictors of persistence of adnexal masses in 
pregnancy. Obstet Gynecol. 1999;93(4):585–9.

 14. Mukhopadhyay A, Shinde A, Naik R. Ovarian cysts 
and cancer in pregnancy. Best Pract Res Clin Obstet 
Gynaecol. 2016;33:58–72.

 15. Pateman K, Moro F, Mavrelos D, Foo X, Hoo 
WL, Jurkovic D.  Natural history of ovarian endo-
metrioma in pregnancy. BMC Womens Health. 
2014;14:128.

 16. Barbieri M, Somigliana E, Oneda S, Ossola MW, 
Acaia B, Fedele L. Decidualized ovarian endometriosis 

F. Nezhat et al.



305

in pregnancy: a challenging diagnostic entity. Hum 
Reprod. 2009;24(8):1818–24.

 17. Garcia-Velasco JA, Alvarez M, Palumbo A, Gonzalez-
Gonzalez A, Ordas J. Rupture of an ovarian endome-
trioma during the first trimester of pregnancy. Eur J 
Obstet Gynecol Reprod Biol. 1998;76(1):41–3.

 18. Stephansson O, Kieler H, Granath F, Falconer 
H.  Endometriosis, assisted reproduction technology, 
and risk of adverse pregnancy outcome. Hum Reprod. 
2009;24(9):2341–7.

 19. Fernando S, Breheny S, Jaques AM, Halliday JL, 
Baker G, Healy D. Preterm birth, ovarian endometrio-
mata, and assisted reproduction technologies. Fertil 
Steril. 2009;91(2):325–30.

 20. Benaglia L, Bermejo A, Somigliana E, Scarduelli 
C, Ragni G, Fedele L, et  al. Pregnancy outcome in 
women with endometriomas achieving pregnancy 
through IVF. Hum Reprod. 2012;27(6):1663–7.

 21. Tsai HC, Kuo TN, Chung MT, Lin MY, Kang CY, Tsai 
YC. Acute abdomen in early pregnancy due to ovarian 
torsion following successful in vitro fertilization treat-
ment. Taiwan J Obstet Gynecol. 2015;54(4):438–41.

 22. Munshi S, Patel A, Banker M, Patel P. Laparoscopic 
detorsion for bilateral ovarian torsion in a singleton 
pregnancy with spontaneous ovarian hyperstimulation 
syndrome. J Hum Reprod Sci. 2014;7(1):66–8.

 23. Lee HJ, Norwitz ER, Shaw J. Contemporary manage-
ment of fibroids in pregnancy. Rev Obstet Gynecol. 
2010;3(1):20–7.

 24. Masarie K, Katz V, Balderston K.  Pregnancy luteo-
mas: clinical presentations and management strate-
gies. Obstet Gynecol Surv. 2010;65(9):575–82.

 25. Choi JR, Levine D, Finberg H. Luteoma of pregnancy: 
sonographic findings in two cases. J Ultrasound Med. 
2000;19(12):877–81.

 26. Van Holsbeke C, Amant F, Veldman J, De Boodt A, 
Moerman P, Timmerman D.  Hyperreactio luteinalis 
in a spontaneously conceived singleton pregnancy. 
Ultrasound Obstet Gynecol. 2009;33(3):371–3.

 27. Montz FJ, Schlaerth JB, Morrow CP.  The natu-
ral history of theca lutein cysts. Obstet Gynecol. 
1988;72(2):247–51.

 28. Goh WA, Rincon M, Bohrer J, Tolosa JE, Sohaey R, 
Riano R, et  al. Persistent ovarian masses and preg-
nancy outcomes. J Matern Fetal Neonatal Med. 
2013;26(11):1090–3.

 29. Maiti S, Fatima Z, Anjum ZK, Hopkins RE. Ruptured 
ovarian cystic teratoma in pregnancy with diffuse peri-
toneal reaction mimicking advanced ovarian malig-
nancy: a case report. J Med Case Rep. 2008;2:203.

 30. Stuart GC, Smith JP. Ruptured benign cystic terato-
mas mimicking gynecologic malignancy. Gynecol 
Oncol. 1983;16(1):139–43.

 31. Caspi B, Levi R, Appelman Z, Rabinerson D, 
Goldman G, Hagay Z. Conservative management of 
ovarian cystic teratoma during pregnancy and labor. 
Am J Obstet Gynecol. 2000;182(3):503–5.

 32. Yenicesu GI, Cetin M, Ozdemir O, Cetin A, Ozen F, 
Yenicesu C, et  al. A prospective case-control study 
analyzes 12 thrombophilic gene mutations in Turkish 

couples with recurrent pregnancy loss. Am J Reprod 
Immunol. 2010;63(2):126–36.

 33. Antoniou N, Varras M, Akrivis C, Demou A, Bellou 
A, Stefanaki S. Mucinous cystadenoma of the ovary 
with functioning stroma and virilization in pregnancy: 
a case report and review of the literature. Clin Exp 
Obstet Gynecol. 2003;30(4):248–52.

 34. Sherard GB 3rd, Hodson CA, Williams HJ, Semer 
DA, Hadi HA, Tait DL.  Adnexal masses and preg-
nancy: a 12-year experience. Am J Obstet Gynecol. 
2003;189(2):358–62. discussion 62-3

 35. Garite TJ, Kurtzman J, Maurel K, Clark R, Obstetrix 
Collaborative Research N. Impact of a ‘rescue course’ 
of antenatal corticosteroids: a multicenter random-
ized placebo-controlled trial. Am J Obstet Gynecol. 
2009;200(3):248e1–9.

 36. Kim JW, Lee WS, Yoon TK, Han JE. Term delivery 
following tuboovarian abscess after in  vitro fertil-
ization and embryo transfer. Am J Obstet Gynecol. 
2013;208(5):e3–6.

 37. Andrikopoulou MADR, Becker A, Nezha FR. Tubo-
ovarian abscess in second trimester of pregnancy after 
transvaginal oocyte retrieval: challenges in manage-
ment. Int Arch Urol Complications. 2016;2(1):016.

 38. Habana A, Dokras A, Giraldo JL, Jones 
EE.  Cornual heterotopic pregnancy: contempo-
rary management options. Am J Obstet Gynecol. 
2000;182(5):1264–70.

 39. Brown DL, Dudiak KM, Laing FC. Adnexal masses: 
US characterization and reporting. Radiology. 
2010;254(2):342–54.

 40. Bromley B, Benacerraf B.  Adnexal masses during 
pregnancy: accuracy of sonographic diagnosis and 
outcome. J Ultrasound Med. 1997;16(7):447–52. quiz 
53-4

 41. Kumari I, Kaur S, Mohan H, Huria A.  Adnexal 
masses in pregnancy: a 5-year review. Aust N Z J 
Obstet Gynaecol. 2006;46(1):52–4.

 42. Wheeler TC, Fleischer AC. Complex adnexal mass in 
pregnancy: predictive value of color Doppler sonogra-
phy. J Ultrasound Med. 1997;16(6):425–8.

 43. de Haan J, Verheecke M, Amant F.  Management of 
ovarian cysts and cancer in pregnancy. Facts Views 
Vis Obgyn. 2015;7(1):25–31.

 44. Saini A, Dina R, McIndoe GA, Soutter WP, Gishen P, 
deSouza NM. Characterization of adnexal masses with 
MRI. AJR Am J Roentgenol. 2005;184(3):1004–9.

 45. Telischak NA, Yeh BM, Joe BN, Westphalen AC, 
Poder L, Coakley FV. MRI of adnexal masses in preg-
nancy. AJR Am J Roentgenol. 2008;191(2):364–70.

 46. Goh W, Bohrer J, Zalud I. Management of the adnexal 
mass in pregnancy. Curr Opin Obstet Gynecol. 
2014;26(2):49–53.

 47. McCollough CH, Schueler BA, Atwell TD, Braun 
NN, Regner DM, Brown DL, et al. Radiation expo-
sure and pregnancy: when should we be concerned? 
Radiographics. 2007;27(4):909–17. discussion 17-8

 48. Spitzer M, Kaushal N, Benjamin F. Maternal CA-125 
levels in pregnancy and the puerperium. J Reprod 
Med. 1998;43(4):387–92.

24 Adnexal Mass in Pregnancy



306

 49. Giuntoli RL 2nd, Vang RS, Bristow RE. Evaluation 
and management of adnexal masses during preg-
nancy. Clin Obstet Gynecol. 2006;49(3):492–505.

 50. Hoover K, Jenkins TR. Evaluation and management 
of adnexal mass in pregnancy. Am J Obstet Gynecol. 
2011;205(2):97–102.

 51. Marret H, Lhomme C, Lecuru F, Canis M, Leveque 
J, Golfier F, et  al. Guidelines for the management 
of ovarian cancer during pregnancy. Eur J Obstet 
Gynecol Reprod Biol. 2010;149(1):18–21.

 52. Spencer CPRP.  Management of adnexal masses 
in pregnancy. The Obstetrician & Gynaecologist. 
2006;8(1):14–9.

 53. Yuen PM, Ng PS, Leung PL, Rogers MS. Outcome 
in laparoscopic management of persistent adnexal 
mass during the second trimester of pregnancy. Surg 
Endosc. 2004;18(9):1354–7.

 54. Moore RD, Smith WG. Laparoscopic management of 
adnexal masses in pregnant women. J Reprod Med. 
1999;44(2):97–100.

 55. Nezhat CSS, Evans D.  Ovarian cancer diag-
nosed during operative laparoscopy. South Med J. 
1991;84(1):101.

 56. Ko ML, Lai TH, Chen SC. Laparoscopic management 
of complicated adnexal masses in the first trimester of 
pregnancy. Fertil Steril. 2009;92(1):283–7.

 57. Nezhat FR, Tazuke S, Nezhat CH, Seidman DS, 
Phillips DR, Nezhat CR.  Laparoscopy during preg-
nancy: a literature review. JSLS. 1997;1(1):17–27.

 58. Guidelines Committee of the Society of American 
G. Endoscopic S, Yumi H. Guidelines for diagnosis, 
treatment, and use of laparoscopy for surgical prob-
lems during pregnancy: this statement was reviewed 
and approved by the Board of Governors of the 
Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES), September 2007. It was prepared 
by the SAGES guidelines committee. Surg Endosc. 
2008;22(4):849–61.

 59. Ulker V, Gedikbasi A, Numanoglu C, Saygi S, Aslan 
H, Gulkilik A. Incidental adnexal masses at cesarean 
section and review of the literature. J Obstet Gynaecol 
Res. 2010;36(3):502–5.

 60. Koonings PP, Platt LD, Wallace R. Incidental adnexal 
neoplasms at cesarean section. Obstet Gynecol. 
1988;72(5):767–9.

 61. Buser KB.  Laparoscopic surgery in the preg-
nant patient: results and recommendations. JSLS. 
2009;13(1):32–5.

 62. Upadhyay A, Stanten S, Kazantsev G, Horoupian R, 
Stanten A.  Laparoscopic management of a nonob-
stetric emergency in the third trimester of pregnancy. 
Surg Endosc. 2007;21(8):1344–8.

 63. Nezhat FNC, Silfen SL, Fehnel SH.  Laparoscopic 
ovarian cystectomy during pregnancy. J Laparoendosc 
Surg. 1991;1(3):161–4.

F. Nezhat et al.



307© Springer International Publishing AG, part of Springer Nature 2019 
C. H. Nezhat (ed.), Non-Obstetric Surgery During Pregnancy, 
https://doi.org/10.1007/978-3-319-90752-9_25

Ovarian Cancer in Pregnancy

Benedict B. Benigno

 Introduction

Ovarian cancer is an avaricious tumor, and its 
domain is nothing less than the entire abdominal 
cavity. It can extend from the deepest part of the 
pelvis up to the diaphragm, to the right and left of 
the colon, and on everything in between. It can 
appear after only a few weeks of the mildest 
symptoms, and by then it has already declared 
open season on the body of a woman. It is fiend-
ishly difficult to treat and unrelenting in its 
destructive ambition. It is a modern-day scourge, 
casting a narrow and selective net, forever chang-
ing the lives of its victims. Because most patients 
turn to the Internet at the first hint of ovarian can-
cer, and because what they learn is so dreadful 
and depressing, these people arrive at the oncolo-
gist’s office in a state of terror and disbelief.

Ovarian cancer robs a woman of both health 
and dignity, and presents her with a playing field 
that is far from level. Women in their 80s are dev-
astated by this diagnosis, and women in their 30s 
frequently refuse to believe what they are being 
told. However, when a 30-year-old woman is preg-
nant and is told that she has ovarian cancer, she 

becomes a tightrope walker above the abyss of 
terror. A gynecologic cancer is very rare in preg-
nancy, occurring in approximately 4–6 times in 
every 100,000 pregnancies. It can be difficult to 
diagnose, as the principle symptom, abdominal 
distention, is frequently attributed to the expand-
ing uterus. Ovarian cysts are common in preg-
nancy, and to know when to intervene surgically 
and when to merely observe, is as much art as it is 
science, since less than 5% of ovarian tumors in 
pregnancy represent a cancer. In fact, it is an ovar-
ian cyst itself, the corpus luteum, which sustains 
an early pregnancy until the placenta takes over. It 
is not unusual for these cysts to persist into the sec-
ond trimester, thus making the use of ultrasound so 
critical in the management of these patients.

Ovarian cancer occurs in 14 of every 1000 
American women and is the most lethal of the 
common gynecologic cancers. It is most preva-
lent in the Scandinavian countries and is rarest in 
the Orient. There is no pap smear for this tumor, 
and despite what you may have heard, there is no 
way to screen for this disease. I have seen ovarian 
cancer in its most advanced stages where the pel-
vic examination and ultrasound, as well as the 
CA 125 blood test, are negative. This screening 
test is negative in up to 20% of patients with 
ovarian cancer! There are usually no symptoms 
in early-stage disease, and the most common 
symptoms, abdominal cramping and distention, 
represent a partial, intermittent small bowel 
obstruction secondary to the numerous metastatic 
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nodules present on the wall of the bowel. It is 
very common to hear this complaint, “My jeans 
don’t fit any more and I am not gaining weight!” 
A modern symptom for a modern age—ovarian 
cancer is not known for its subtlety.

There are more than 30 different kinds of 
ovarian cancer, and they are classified according 
to the type of cell from which they arise:

Surface epithelium—cells covering the outer 
layer of the ovary

Germ cells—cells that are destined to form eggs
Stromal cells—cells that hold the structure of the 

ovary together and produce hormones

Ultrasonography remains the major diagnostic 
tool, as the CT scan should be avoided in preg-
nancy unless absolutely necessary, especially in 
the first trimester. The presence of ascites and 
extra-ovarian nodularity frequently indicate a 
cancer, and invite an earlier surgical intervention. 
Simple cysts can be followed with repetitive ultra-
sounds, even when they are quite large. Many of 
these cysts are functional and will get smaller as 
the pregnancy progresses. Excessive size and pain 
are the major reasons for surgery. The CA 125 
diagnostic test can be slightly elevated in preg-
nancy, and this can be a source of confusion.

As is true in all cancers, the cure rate diminishes 
exponentially as the stage increases. The ovary is 
the only organ in the body that has its functioning 
cells facing the interior of the abdomen. Long 
before a tumor forms, the malignant cells detach 
themselves from the surface of the ovary, and 
implant along peritoneal surfaces, especially the 
serosal surface of the bowel. This explains why this 
cancer is almost always diagnosed in late stages. 
Indeed, a stage I cancer is frequently a serendipi-
tous event, discovered when the surgeon is operat-
ing for another reason. The staging system for 
ovarian cancer is described in Table 25.1.

 Surgery

The operating room is the proper domain of the 
gynecologic oncologist, and unfortunately, it is 
the stopping-off place, at least once, for all 
patients with ovarian cancer. Whenever possible, 

surgical intervention should be delayed until the 
second trimester, allowing the best chance for 
the preservation of the pregnancy. Whenever 
there is the suspicion of an ovarian cancer, a 
gynecologic oncologist should be available. The 
extent of the surgical procedure when a cancer is 
encountered is not set in stone. Debulking is the 
unfortunate noun that has become attached to the 
surgical procedure for cancer of the ovary. 
Ideally, all visible tumors should be removed, 
but this frequently involves a degree of surgical 
intervention that is quite dangerous in preg-
nancy. There are very few instances in gyneco-

Table 25.1 Ovarian cancer staging system

Stage I: Tumor confined to ovaries
IA    Limited to one ovary, capsule intact, no tumor 

on surface, negative washings
IB    Tumor involves both ovaries, capsule intact, 

no tumor on surface, negative washings
IC   Tumor limited to one or both ovaries
IC1  Surgical spill
IC2    Capsule rupture before surgery or tumor on 

ovarian surface
IC3   Malignant cells in the ascites or pelvic 

washings
Stage II: Tumor involves one or both ovaries with 
pelvic extension (below the pelvic brim)
IIA  Extension to the uterus or fallopian tube(s)
IIB  Extension to other pelvic intraperitoneal tissues
Stage III: Spread to the peritoneum outside the pelvis 
and/or metastasis to the retroperitoneal lymph nodes
IIIA   Positive retroperitoneal lymph nodes and/or 

microscopic metastasis beyond the pelvis
IIIA1 Positive retroperitoneal nodes only
     IIIA1(i)  Metastasis < 10 mm
     IIIA1(ii) Metastasis > 10 mm
IIIA2  Microscopic extra-pelvic peritoneal 

involvement with or without positive 
retroperitoneal nodes

IIIB   Macroscopic extra-pelvic peritoneal 
metastasis, 2 cm or less, with or without + 
nodes. Includes extension to the capsule of the 
liver/spleen

IIIC   Macroscopic extra-pelvic peritoneal 
metastasis >2 cm with or without positive 
nodes and also includes extension to the 
capsule of the liver/spleen

Stage IV: Distant metastasis
IVA  Pleural effusion with positive cytology
IVB   Hepatic and/or splenic parenchymal 

metastasis, metastasis to extra-abdominal 
organs

(including inguinal and extra-abdominal lymph nodes)
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logic oncology where wisdom and experience 
are more important. The involved tube and ovary 
as well as the omentum can usually be removed 
quite easily, allowing for a complete staging pro-
cedure at the conclusion of chemotherapy and 
after the baby is born. We need to remember that 
most cancers of the ovary are diagnosed in 
advanced stages, and that, unfortunately, can be 
true in pregnancy.

The extent of surgery for cancer of the breast 
has diminished over the years, from the ultra- 
radical mastectomy with removal of the pectoral 
muscles, to the modern lumpectomy and sentinel 
node removal. Surgery for cancer of the ovary, 
on the other hand, seems to jump in intensity 
logarithmically with each passing decade. The 
extent of the surgical procedure will, of course, 
depend on the findings at the time of surgery, as 
well as the tumor type. The following is a list of 
what could happen to such a patient:

• Removal of the uterus tubes, ovaries, and 
omentum

• Pelvic and para-aortic lymphadenectomy
• Resection of the rectosigmoid colon with 

trans-anal anastomosis
• Multiple small bowel resections
• Distal pancreatectomy
• Splenectomy
• Resection of portions of the liver and 

diaphragm

Such extensive surgery in someone who is 
pregnant is extremely dangerous, requiring great 
skill, wisdom, and frequently restraint, on the 
part of an extremely experienced gynecologic 
oncologist! It must be remembered that a full 
staging procedure can always be done at the time 
of a cesarean section or at an appropriate time 
following a vaginal delivery.

Ideally, the surgery can be performed laparo-
scopically. If an open procedure is necessary, 
the placement of the incision varies with the 
presentation. Some tumors are enormous and 
require a midline incision. In some cases, a 
transverse incision is all that is required. Blood 
should be available, and fetal monitoring should 
be performed during and after surgery. Excessive 
blood loss sometimes accompanies surgery per-

formed during pregnancy. All patients undergo-
ing such surgery should be advised of the 
possibility of preterm labor.

Postoperative complications can be espe-
cially serious when the patient is pregnant, and 
she should be placed on a ward where the nurses 
are well trained in the care of such patients. All 
such patients, of course, should have a fetal 
monitor. If any risks of preterm labor develop, 
prompt administration of betamethasone is rec-
ommended for fetal lung maturation, certainly 
between viable gestational ages and 34 weeks, 
as well as between 34 and 36 weeks in certain 
clinical scenarios. Similarly, magnesium sulfate 
should be administered if the fetus is viable and 
<32 weeks, unless the patient is at risk of devel-
oping pulmonary edema. Oral indomethacin 
may also be used to help prevent preterm labor, 
but should not be used after 32 weeks because 
of the theoretical risk of the premature closure 
of the patent ductus arteriosus. Such patients are 
at risk for all the complications encountered 
after such surgery, but they are at greater risk for 
thromboembolic events. Sequential compres-
sion devices are especially important, and pro-
phylactic intravenous heparin should be used. A 
CBC should be ordered daily for the first few 
days to monitor blood loss and to check for hep-
arin-induced thrombocytopenia. Special atten-
tion should be paid to early and frequent 
ambulation, and I would also recommend occa-
sional Doppler ultrasound examination of the 
lower extremities.

 Chemotherapy

Chemotherapy is the glove on the hand of sur-
gery, as it is very unusual for a patient with ovar-
ian cancer to be told that she does not need 
chemotherapy, and this is equally true for patients 
who are pregnant. In order to avoid chemother-
apy, the tumor would need to be confined to one 
ovary, removed without rupture, and a full  staging 
procedure would need to be negative for meta-
static disease. In addition to this, all high-grade 
tumors would need to be excluded. For the last 
32 years, all patients have received a combination 
of carboplatin and paclitaxel following surgery. 

25 Ovarian Cancer in Pregnancy



310

There has been nothing new in almost a third of a 
century, and this, of course, is quite disgraceful! 
It is all about division! Cells divide and produce 
new daughter cells along strict guidelines and 
according to an internal timetable. Chemotherapy 
drugs work by inhibiting DNA synthesis and 
slowing down mitotic division. If cancer cells 
were to acquire a slogan, I am sure it would be 
divide and conquer!

The management of a patient with ovarian 
cancer in pregnancy is an extremely complex 
issue on many levels, and the decisions should 
be shared among an experienced team, including 
a gynecologic oncologist, a maternal fetal medi-
cine specialist, and a pediatrician. Concerns 
about the administration of cytotoxic chemother-
apy during pregnancy arise because chemother-
apy preferentially destroys rapidly proliferating 
cells, and the fetus represents a rapidly prolifer-
ating mass of cells. Fetal exposure to chemother-
apy has theoretical risks, such as growth 
restriction, preterm delivery, fetal anomalies, 
and bone marrow suppression. Most case reports 
describing the use of chemotherapy during preg-
nancy show a good outcome for the baby. In fact, 
evidence thus far demonstrates that preterm 
deliveries, congenital anomalies, and growth 
limitations do not appear to be increased in 
babies exposed to chemotherapy in utero, pro-
vided that the chemotherapy is started in the sec-
ond trimester. Since the workup, counseling, and 
surgery take up so much time, it would be most 
unusual for a patient to be ready for chemother-
apy until well into the second trimester.

Chemotherapy with a platinum agent has been 
the standard of care for patients with ovarian can-
cer for decades. In addition to bone marrow sup-
pression, patients can experience renal toxicity 
and damage to the eighth cranial nerve. Paclitaxel 
has been combined with platinum since the 1980s 
and is associated with the additional complica-
tions of peripheral neuropathy and alopecia. All 
patients who receive chemotherapy should receive 
extensive counseling, and this, of course, is espe-
cially true in pregnancy. They should attend a 
class where all possible complications and their 
treatment are explained in detail. A class has the 

additional value of the presence of other patients 
in similar situations, allowing a feeling of not 
being alone to devolve on them. It is extremely 
important that the healthcare team involved in the 
care of patients with ovarian cancer has all aspects 
of management reduced to a routine schedule, so 
that errors are reduced to the barest minimum. On 
the other hand, these patients must also be made 
to feel that they are very special and unique to the 
practice. This is especially important when the 
patient is pregnant, as an extra level of terror 
devolves on all aspects of treatment. 

Let’s try for a moment to place ourselves into 
the mindset of one of these patients. She is in the 
first trimester of a much-desired pregnancy, and 
she is told that the ultrasound has revealed a 
tumor on one of the ovaries. In addition to this, 
there is a disturbing amount of fluid present in the 
pelvis along with some nodularity. She is told by 
her obstetrician that a consultation has been 
arranged with a gynecologic oncologist for the 
next morning. Confusion! Fear! Distance from 
all shades of reality! After all attempts are made 
to properly communicate this information to the 
patient, this is what is processed:

• There is a good chance that this tumor is 
malignant.

• I recommend that you have surgery between 
week 14 and 16 of your pregnancy.

• If it is an ovarian cancer, you will lose the 
involved tube and ovary.

• Ovarian cancer is famous for metastasizing.
• Other operations may be necessary, including 

a bowel resection.
• There may be more blood loss than usual 

because you are pregnant.
• Complications may occur, sometimes requir-

ing additional surgery.
• The surgery may cause you to go into labor 

and lose your baby.
• You may need chemotherapy WHILE YOU 

ARE PREGNANT.
• It is unlikely, but possible, that chemotherapy 

will damage your baby.
• I would like to suggest that you attend a che-

motherapy teaching class in the morning.
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The term surreal experience does not do 
justice to the mindset of a patient stumbling 
home from such an encounter. Chemotherapy 
teaching class! I would rather study the bas-
soon! But she arrives on time for the class the 
next morning, and these are some of the things 
that she is told:

• You will need to have a chest port so that the 
chemotherapy can be safely administered.

• You will need to see a genetic counselor and 
be tested for a mutation on the BRCA gene.

• You will lose your hair, so here is a prescrip-
tion for a wig.

• Here is a prescription for nausea, which almost 
always accompanies chemotherapy.

• We have to watch you carefully for a drop in 
the hemoglobin, white blood cells and 
platelets.

• You will have fatigue and need to pay atten-
tion to nutrition and exercise.

Obviously, these terrifying messages are deliv-
ered with considerable compassion and over a 
long period of time and not in the terse sentences 
that were just relayed. However, those sentences 
are what the patient takes home with her. One of 
the best ways to help a patient begin this most 
dreadful of journeys is an encounter with a patient 
who had an identical problem many years ago and 
who is doing very well. That is worth ten visits to 
a physician and many hours of counseling. Once 
the first course of chemotherapy has been given, 
the patient has crossed the Rubicon, a metaphor 
for not being able to turn back. It does not mean 
that she cannot choose to stop the treatment at this 
point; rather, it simply means that almost all 
patients choose to continue. There is an enormous 
difference in the patient’s psyche between the first 
and the second round of chemotherapy. Even 
though the hair is falling out and nausea is rearing 
its ugly head, the whole process finally appears to 
be doable.

Patients with epithelial cancers of the ovary 
are treated with a combination of carboplatin and 
paclitaxel for six cycles in the following manner. 
These are the same drugs and dosages that would 

be used were she not pregnant. The following 
represents one cycle, and there are no time breaks 
between cycles:

Dexamethasone sodium phosphate 10  mg IV 
days 1, 8, and 15

Famotidine 20 mg IV days 1, 8, and 15
Diphenhydramine HCL 25 mg IV days 1, 8, and 15
Emend 150 mg IV day 1
Ondansetron HCL 16 mg IV day 1
Palonosetron HCL 0.25 mg IV day 1
Paclitaxel 80 mg/m2 IV over 1 h days 1, 8, and 15
Carboplatin AUC 6 IV over 1 h day 1
Sodium chloride 1000 mL IV over 2 h day 1
Sodium chloride 500 mL over 1 h days 8 and 15

Some oncologists prefer to give paclitaxel 
every 3 weeks instead of weekly. In that case, it 
is given in a dose of 175 mg/m2 IV over 3 h so 
that both carboplatin and paclitaxel are given 
on the same day, and the regimen is repeated 
every 3 weeks. Appropriate dose reductions are 
made based on tolerance and side effects. 
Drugs administered for problems associated 
with chemotherapy should be administered 
with the safety of the fetus in mind. It is pos-
sible that all six regimens of chemotherapy 
will be administered prior to the birth of the 
baby. In that case, the treatment will be discon-
tinued as it would without the presence of the 
pregnancy. If a cesarean section is required, a 
gynecologic oncologist should be in atten-
dance to assess the tumor status and to perform 
additional surgery as required by the operative 
findings. If an incomplete staging procedure 
was performed at the original operation, the 
additional procedures can be performed at this 
time. If a cesarean section is not done in a 
patient who had an incomplete staging proce-
dure, then a decision must be made to perform 
this at an appropriate time in the postpartum 
period. Yet another cause for alarm and 
depression!

In addition to epithelial cancers, patients who 
are pregnant can also develop germ cell tumors. 
These tumors are rarely bilateral, allowing for the 
preservation of the uterus and contralateral tube 
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and ovary, thus making additional pregnancies 
possible. Most germ call tumors are benign tera-
tomas which are rarely associated with malignant 
degeneration.

Germ cell tumors of the ovary are derived 
from primordial ovarian germ cells and may be 
benign or malignant. The benign teratoma can be 
managed laparoscopically with a simple cystec-
tomy, allowing the ovary to be preserved. 
Ultrasonography can predict such tumors with 
high accuracy and can allow the clinician to man-
age these patients conservatively during preg-
nancy, unless the size of the tumor is causing 
problems. There is, however, always the possibil-
ity of torsion, which would require emergency 
surgery, but this is quite rare. Malignant germ cell 
tumors of the ovary include dysgerminomas, 
immature teratomas, embryonal cell carcinomas, 
endodermal sinus (yolk sac) cancers, and primary 
ovarian (non-gestational) choriocarcinomas. 
Many of these tumors produce serum markers, 
such as alpha fetoprotein (AFP), human chori-
onic gonadotropin (hCG), and lactate dehydroge-
nase (LDH). The presence of these markers is 
amazingly specific for certain tumor types 
(Table 25.2).

The surgical management of these cancers 
during pregnancy is identical to the management 
of epithelial ovarian cancer, except that the uterus 
and contralateral tube and ovary are conserved. 
Ovarian germ cell tumors are exquisitely sensi-
tive to chemotherapy, and so every effort should 
be made to remove all visible tumors at the initial 
surgery when feasible. If the surgeon feels that a 
complete staging procedure is unwise, it can be 
performed robotically after delivery or at the time 
of cesarean section.

The most popular chemotherapy regimen for 
germ cell cancers of the ovary involves the use of 
Bleomycin, etoposide, and cisplatin (BEP). 
Numerous case reports describe the use of these 
drugs in pregnancy, usually with no harm to the 
fetus. Four cycles of this regimen are usually 
given, and there is an excellent survival rate, even 
in advanced disease. Follow-up visits should 
include the tumor markers described, as they are 
an excellent harbinger of recurrent disease.

Stromal tumors of the ovary are even rarer 
than germ cell tumors, they may be malignant, 
and they can complicate a pregnancy. The two 
types of stromal tumors include the granulosa 
cell tumors and the very rare Sertoli-Leydig cell 
tumors. These tumors are usually treated only 
with surgery when metastases are absent. 
Metastatic granulosa cell tumors are treated with 
bleomycin, etoposide, and cisplatin (BEP). 
Sertoli-Leydig tumors do not need chemotherapy 
unless the tumor is high grade, and then there is 
no unanimity of opinion as to the proper regimen. 
The following is a detailed description of the 
BEP regimen. The duration of each cycle is 
21 days and four cycles are given:

Emend 150 mg IV days 1, 3, and 5.
Palonosetron HCL 0.25 mg IV day 5.
Ondansetron HCL 16 mg IV days 1, 3, and 4.
Dexamethasone sodium phosphate 10  mg IV 

days 1, 2, 3, 4, and 5.
Acetaminophen 650  mg oral tablet days 1, 8, 

and 15.
Bleomycin sulfate 30 IU days 1, 8, and 15—give 

test dose 1 mg IVP; if no reaction, infuse the 
remaining dose.

Etoposide 100 mg/m2 over 1 h days 1, 2, 3, 4, and 5.
Furosemide 20 mg IV days 1, 2, 3, 4, and 5.
Cisplatin 20 mg/m2 IV over 1 h days 1, 2, 3, 4, 

and 5.
Potassium chloride 10 meq and magnesium sulfate 

2 G in 1000 mL sodium chloride IV over 2 h.
Sodium chloride 1000 mL IV over 2 h on days 1, 

2, 3, 4, and 5.
Neulasta 6 mg subcutaneously day 6.

Table 25.2 Tumor markers in unusual ovarian cancers

AFP hCG LDH
Dysgerminoma − ± +
Embryonal cell carcinoma ± + ±
Immature teratoma ± − ±
Endodermal sinus tumor + − +
Choriocarcinoma − + ±
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 Discussion

There is no reason why a pregnant patient with 
ovarian cancer should not have the same outcome 
as a patient who is not pregnant. Poorer outcomes 
arise when surgery and chemotherapy are delayed 
until after delivery. Indeed, since the use of pelvic 
ultrasound is so standard in the management of 
patients in the first trimester of pregnancy, it is 
possible that cancers of the ovary will be diag-
nosed earlier, auguring for a better prognosis. 
Certain aphorisms have been created to guide the 
healthcare team during the management of such 
high profile and difficult patients:

• Treat the patient as though she is not pregnant.
• Delay surgery until the mid-trimester.
• The management team should include a sur-

geon, maternal fetal medicine specialist, and a 
pediatrician.

• The extent of surgery should be dictated by 
the operative findings and the wisdom to know 
when to stop.

Following surgery and chemotherapy, patients 
go into a follow-up mode with a CA 125 and an 
office visit every 3 months and get an occasional 
CT scan. Since the recurrence rate is so high, a 
predictable level of anxiety devolves on these 
women, and it is not uncommon to hear them say 
that they are waiting for the other shoe to drop. 
However, when the chemotherapy is stopped in 
the immediate postpartum period and they are 
involved in the care of the baby, anxiety may 
reach another level altogether. I would suggest 
that it might be a form of post-traumatic stress 
disorder and may require a special form of coun-
seling and treatment.

The presence of an ovarian cancer in preg-
nancy represents a jousting between the joy of an 
anticipated life and the dread of an unimaginable 
death. I would like to summarize the approach to 
the management of such a patient with several 
axioms:

• Cystic masses in the ovary during pregnancy 
are common.

• Watchful waiting and surgical intervention are 
a blend of art and science.

• Ultrasound findings of extra-ovarian nodular-
ity and ascites are strong indicators of cancer.

• The surgeon must always anticipate ovarian 
cancer.

• A gynecologic oncologist must always be in 
attendance.

• A full staging procedure should be performed 
when feasible.

• Chemotherapy should be given during 
pregnancy.

• If a cesarean section is performed, the abdo-
men should be explored for residual tumor.

• The principles of management are identical to 
those that devolve on patients who are not 
pregnant.

Chemotherapy for ovarian cancer is given 
with the same drugs and dosages well into the 
twenty-first century. Slash, burn, and poison 
remain oncology’s ignoble triad: slash referring 
to the scalpel, burn being the province of the 
radiation oncologist, and poison, of course, the 
dreadful and correct noun associated with che-
motherapy. With rare exception, radiation ther-
apy has no place in the management of patients 
with ovarian cancer. However, surgery has a rich 
history, extending back to Ephraim McDowell’s 
historic operation in 1809, and the modern age 
of chemotherapy emerged from Sidney Farber’s 
groundbreaking work in childhood leukemia in 
the 1940s. For the past 32 years, carboplatin and 
paclitaxel are the drugs of choice following sur-
gery for cancer of the ovary. Things are chang-
ing, slowly, of course. Trials using 
immunotherapy drugs have appeared, and there 
will soon be trials using PARP inhibitor drugs as 
maintenance therapy following first-line chemo-
therapy. These represent a variation on an exist-
ing theme and are incremental at best. Where is 
the sea change we have been waiting for all 
these years?

Full fathom five thy father lies.
Of his bones are coral made.
Those are pearls that were his eyes.
Nothing of him that doth fade,
But doth suffer a sea change.
Into something rich and strange.

–William Shakespeare, The tempest

Ariel’s Song

25 Ovarian Cancer in Pregnancy
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Ectopic and Heterotopic 
Pregnancies

Mehmet Cihat Unlu and Gazi Yildirim

 Introduction

Ectopic pregnancy is an abnormal gestation in 
which the fertilized ovum is implanted outside 
the uterine cavity; the ampulla region of the fal-
lopian tube is the most common site of implanta-
tion [1]. Pregnancies in the fallopian tube account 
for 97% of ectopic pregnancies: 55% in the 
ampulla, 25% in the isthmus, 17% in the fimbria, 
and 3% in the abdominal cavity, ovary, and cer-
vix [2]. The incidence of ectopic pregnancy is 
approximately 1–2% of all pregnancies, with 
implantation in the fallopian tubes being the most 
common site. Nontubal ectopic pregnancies are 
those that implant in sites other than the fallopian 
tubes, accounting for <10% of ectopic pregnan-
cies [3]. There has been an increased incidence of 
these rare pregnancies, especially cesarean scar 
ectopic pregnancies [4].

Previously, ectopic pregnancy was a signifi-
cant cause of maternal morbidity and mortality, 
as well as fetal loss. Ruptured ectopic pregnancy 

accounts for 10–15% of all maternal deaths [5]. 
The widespread use of transvaginal USG with 
high-resolution probes, accurate and rapid serum 
beta-human chorionic gonadotrophin (b-hCG) 
assays, and the establishment of dedicated early 
pregnancy units have allowed for early diagnosis 
[3]. This has resulted in a decrease in both mater-
nal morbidity and mortality. Fifteen to twenty 
percent of ectopic gestations will present as sur-
gical emergencies. Clinical outcomes have 
improved, and costs associated with emergency 
surgery have been reduced because therapeutic 
intervention is often possible before the patient’s 
condition deteriorates and tubal integrity is lost. 
Moreover, conservative surgery has become an 
option in patients who desire future fertility.

 Etiology

The etiology of ectopic pregnancy is not well 
understood. Several risk factors have been found 
to be associated with ectopic pregnancy 
(Table 26.1). However, more than half of identi-
fied ectopic pregnancies are in women without 
known risk factors [6]. In women with ectopic 
pregnancies, up to 50% will have had salpingitis 
previously, and in most of these patients, the 
uninvolved tube is also abnormal. Previous tubal 
surgery including tubal ligation has a 16–50% 
ectopic pregnancy rate if pregnancy occurs after 
tubal ligation. Adhesions from infection or previous 
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abdominal surgery, endometriosis, and even leio-
myomas have been associated with ectopic preg-
nancy. Abnormal hormonal stimulation and/or 
exogenous hormones may play a role in ectopic 
gestation. For example, of the pregnancies in 
women taking progestin-only oral contracep-
tives, 4–6% are ectopic pregnancies. Intrauterine 
device (IUD) users are also at risk for ectopic 
pregnancy if pregnancy occurs, although the risk 
of ectopic pregnancy is still lower than if no con-
traceptive method is used. Smoking and increas-
ing age are also associated with ectopic 
pregnancy. Multiple previous elective abortions 
are also felt to be a risk factor for ectopic 
pregnancy.

 Clinical Findings

No specific symptoms or signs are pathogno-
monic for ectopic pregnancy. Normal pregnancy, 
threatened or incomplete abortion, rupture of an 
ovarian cyst, ovarian torsion, gastroenteritis, and 
appendicitis can all be confused for ectopic preg-
nancy (Table 26.2). Pain, bleeding, amenorrhea, 
and syncope are the usual symptoms of an ecto-
pic pregnancy. Generalized tenderness, espe-
cially in the pelvis, is present in approximately 

80% of patients. Adnexal or cervical motions are 
very disturbing. There is usually an adnexal 
mass, but its palpation is generally limited 
because of severe tenderness and pain.

 Diagnosis

In up to half of all women with ectopic pregnan-
cies who present to an emergency department, 
the condition is not identified at the initial medi-
cal assessment [7]. Although the incidence of 
ectopic pregnancy in the general population is 
about 2%, the prevalence among pregnant 
patients presenting to an emergency department 
with first-trimester bleeding or pain, or both, is 
6–16% [8]. Accordingly, greater suspicion and a 
lower threshold for investigation are justified [9].

An ectopic pregnancy can be diagnosed 
through noninvasive methods due to sensitive 
pregnancy tests (in urine and serum) and high- 
resolution transvaginal sonography (Fig.  26.1). 
Due to noninvasive early diagnosis, the clinical 
presentation of ectopic pregnancy has changed 

Table 26.1 Risk factors for ectopic pregnancya

Risk factor Odds ratio (%)
High risk
Previous tubal surgery 21
Sterilization 9.3
Previous ectopic pregnancy 8.3
In utero diethylstilbestrol exposure 5.6
Previous intrauterine device (IUD) use 4.2–45
Documented tubal pathology 3.8–21
Moderate risk
Infertility 2.5–21
Previous genital infections 2.4–3.7
Multiple sexual partners 2.1
Slight risk
Previous abdominal/pelvic surgery 0.9–3.8
Current smoking 2.3–2.5
Vaginal douching 1.1–3.1
Early age at first intercourse 
(<18 years)

1.6

aAdapted from [59]

Table 26.2 Differential diagnosis of ectopic pregnancy

Differential diagnosis
Acute appendicitis
Miscarriage
Ovarian torsion
Pelvic inflammatory disease
Ruptured corpus luteum cyst or follicle
Tubo-ovarian abscess
Urinary calculi

Fig. 26.1 Tubal ectopic pregnancy sac on the right tuba 
uterine in the view of transvaginal ultrasonography
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from a life-threatening disease to a more benign 
condition [7]. Nonsurgical conservative strate-
gies, i.e., medical treatment and expectant man-
agement, have become a focus of research 
because laparoscopy is no longer needed for the 
diagnosis of ectopic pregnancy [7]. There are 
several diagnostic processes with which ectopic 

pregnancy can be diagnosed. Using a combina-
tion of β-hCG titers with USG findings, an ecto-
pic pregnancy can often be differentiated from an 
intrauterine pregnancy (Fig. 26.2). Serum testing 
detects levels as low as 5  IU/L, whereas urine 
testing detects levels as low as 20–50 IU/L [7]. A 
single serum β-hCG measurement cannot exclude 

Surgery

Patient
presents with

signs of shock.

Female patient of reproductive
age presents with at least
one of the folowing:
positive urine or qualitative
beta-hCG serum level, lower
abdominal pain,vaginal bleeding

Perforn history and physical
examination and clinical
exammation signs to assess
the patient's risk of ectopic
pregnancy

Beta-hCG level
less than 1,500
mIU per mL and

increasing

Serum Beta-
hCG

<1500
mIU/mL

Repeat beta-
hCG
measurement
after 48 hours.

Patient is
stable

TV-USG

Indeterminate
ultrasonographyEctopic pregnancy

≥1500
mIU/mL

Beta-hCG level
less than 1,500 mIU

per mL and decreasrtg

Monitor patient for signs and
symptoms of pain or miscarriage
and consider surgical consultation
or diagnostic uterine curettage.

Normal intrauterine
pregnancy

Initiate management of
ectopic pregnancy.

>1500 mIU/mL and
No IU SAC

Measure beta-hCG quantitative
serum level

Surgical Intervention

Risk of miscarriage; reevaluate
in two to three days.

<1500
mIU/mL

Repeat beta-hCG
measurement
after 48 hours.

Beta-hCG levels do
not increase by at
least 53 percent.

Beta-hCG 1,500 mIU
per mL or greater and
the patient is stable

Diagnostic uterine
curettage

Or
Surgery

TV-USG

Fig. 26.2 Algorithm for the initial diagnosis of suspected ectopic pregnancy
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ectopic pregnancy or predict the risk of rupture 
unless it is less than 5 IU/L. Serial β-hCG mea-
surements are often used for women with first- 
trimester bleeding. In a normal pregnancy, the 
first-trimester β-hCG concentration rapidly 
increases, doubling about every 2  days. An 
increase over 48 h of at least 66% has been used 
as a cutoff point for viability [9].

Measurements of serum progesterone have 
been investigated as a potentially useful adjunct 
to serum β-hCG measurement. A stable patient 
with progesterone levels above 22 ng/mL has a 
high (but not certain) likelihood of viable intra-
uterine pregnancy; patients with levels of 5 ng/
mL or less almost certainly have a nonviable 
pregnancy. Invasive diagnostic testing (e.g., dila-
tion and curettage [D&C]) could be postponed in 
patients with progesterone levels above 22  ng/
mL but offered to those with levels of 5 ng/mL or 
less, as could treatment with methotrexate, with-
out fear of interrupting a potentially viable intra-
uterine pregnancy [9].

Transvaginal USG is a very useful tool to dis-
tinguish a normal intrauterine pregnancy from a 
blighted ovum, incomplete abortion, or complete 
abortion. Transvaginal USG has reported sensi-
tivities of 87.0–99.0% and specificities of 94.0–
99.9% for the diagnosis of ectopic pregnancy 
[10]. A normal gestational sac, an ovoid collec-
tion of fluid adjacent to the endometrial stripe, 
can be visualized using a transvaginal probe at a 
gestational age of about 4–5 weeks. The earliest 
embryonic landmark, the yolk sac, appears when 
the sac is 8  mm or more in diameter. Cardiac 
activity can be seen with endovaginal scanning 
when the embryo reaches 2–3 mm in diameter, at 
a gestational age of 5–5.5 weeks [11]. There is no 
specific endometrial appearance or thickness to 
support a diagnosis of tubal ectopic pregnancy. In 
up to 20% of cases, a collection of fluid may be 
seen within the uterine cavity, classically referred 
to as a “pseudosac” (Fig. 26.3). An intrauterine 
sac should be visible using transvaginal USG 
when the β-hCG is approximately 1000 mIU/mL 
(the discriminatory threshold) and through trans-
abdominal USG approximately 1  week later, 
when the β-hCG is 3600  mIU/mL.  The univer-
sally accepted discriminatory threshold is 

6500 IU/L with the transabdominal approach and 
between 1000 and 2000  IU/L with transvaginal 
imaging [9]. Thus, when an empty uterine cavity 
is seen with a β-hCG titer above this threshold, 
the patient is likely to have an ectopic pregnancy, 
but it may also be seen with an early IUP 
(Table 26.3).

A diagnosis can often be established even in 
the subgroup of patients with β-hCG levels below 
the discriminatory threshold. In some studies, 
transvaginal scanning identified up to one-third of 
patients with below-threshold β-hCG levels who 
had ectopic pregnancy [7]. Given the likelihood of 
a definitive diagnosis, even with below- threshold 
β-hCG levels, USG is the best initial investigation 
in problematic early pregnancy. Transvaginal 

Fig. 26.3 A “pseudo sac” could be seen by transvaginal 
ultrasound

Table 26.3 Diagnostic tests for detecting ectopic 
pregnancya

Diagnostic test
Sensitivity 
(%)

Specificity 
(%)

Transvaginal ultrasonography 
with beta-hCG level greater 
than 1500 mIU per mL

67–100 100

Beta-hCG levels do not 
increase appropriately

36 63–71

Single progesterone level to 
distinguish ectopic pregnancy 
from nonectopic pregnancy

15 >90

Single progesterone level to 
distinguish pregnancy failure 
from viable intrauterine 
pregnancy

95 40

aAdapted from [19]
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USG should therefore be the initial investigation 
for pregnant patients who present to the emer-
gency department with first-trimester bleeding or 
pain. It is highly accurate in identifying ectopic 
pregnancy, and it offers patients what they are 
most expecting from their visit: information about 
the health and viability of their pregnancy.

As previously described, USG is the first-line 
imaging modality for obstetric imaging and diag-
nosing ectopic pregnancy. In addition to the limi-
tation of operator dependence, USG is also limited 
by bowel gas interference, obesity or large body 
habitus, and small field of view. Another impor-
tant limitation relative to diagnosis of ectopic 
pregnancy is USG’s inability to differentiate hem-
orrhage from other fluids. As such, magnetic reso-
nance imaging (MRI) plays an important role in 
the early diagnosis and management of ectopic 
pregnancy. MRI has gained popularity as an imag-
ing tool for evaluating pregnant patients, and it is 
used as a problem-solving tool in special circum-
stances, including ectopic pregnancy. MRI can 
confirm abnormal implantation site and distin-
guish rupture from nonrupture cases before man-
agement. Other benefits include absence of 
ionizing radiation, superb soft tissue contrast, and 
sensitivity sufficient for identifying hemorrhage 
and its stages [12]. A non-contrast technique 
should be used because gadolinium crosses the 
placenta and is relatively  contraindicated in preg-
nancy. If a viable intrauterine pregnancy has not 
been conclusively ruled out, administration of 
gadolinium should not be performed.

 Treatment

 Expectant Management

It may be reasonable to manage an asymptom-
atic, compliant patient expectantly if β-hCG titers 
are low (<200 mIU/mL) or decreasing, and the 
risk of rupture is low because many ectopic preg-
nancies resolve spontaneously. However, about 
90% of women with ectopic pregnancy and 
serum β-hCG levels greater than 2000  IU/L 
require surgical intervention owing to increasing 
symptoms or tubal rupture [13]. Tubal rupture 

can also occur when serum β-hCG levels are low 
or declining or both. Expectant management 
should be offered only when transvaginal USG 
fails to show the location of the gestational sac 
and the serum levels of β-hCG and progesterone 
are low and declining. These patients must be 
carefully monitored until the serum β-hCG con-
centration falls below 15  IU/L because of the 
possibility of tubal rupture. At this point, almost 
all ectopic pregnancies resolve spontaneously, 
without rupture [9].

 Medical Treatment

Methotrexate (MTX) inhibits DNA synthesis in 
actively dividing cells, including trophoblasts. 
MTX is the drug of choice in the treatment of 
ectopic pregnancy. This drug is the most com-
monly known and has been widely used in clini-
cal practice. MTX treatment in selected patients 
with ectopic pregnancy was as effective as lapa-
roscopic treatment. Treatment with MTX is less 
expensive than laparoscopic surgery.

A good candidate for MTX has the following 
characteristics:

• Hemodynamic stability
• Low serum β-hCG, ideally less than 

1500 IU/L, but can be up to 5000 IU/L
• No fetal cardiac activity seen on USG
• Certainty that there is no intrauterine 

pregnancy
• Willingness to attend follow-up
• No known sensitivity to MTX

The National Institute for Health and Care 
Excellence (NICE) [14] recommends that metho-
trexate should be the first-line treatment in the 
management of women who are able to return for 
follow-up and have:

• No significant pain
• An unruptured ectopic pregnancy with a mass 

smaller than 35 mm with no visible heartbeat
• A serum β-hCG between 1500 and 5000 IU/L
• No intrauterine pregnancy (as confirmed on 

USG)
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Exclusion criteria include:

• A noncompliant patient
• Peptic ulcer disease
• Immunodeficiency
• Pulmonary disease
• Liver disease
• Renal disease
• Blood dyscrasias
• Hemodynamic instability
• Free fluid in the cul-de-sac plus
• Pelvic pain
• Known sensitivity to MTX

Relative contraindications include:

• An adnexal mass ≥ 3.5 cm
• An extrauterine gestation with fetal heart 

motion because of the higher failure rate

Success rates are higher with lower β-hCG 
levels. Success rates of 81–98% have been 
reported if serum β-hCG levels are less than 
1000  IU/L, compared with only 38% if β-hCG 
levels are more than 5000 IU/L [15].

Protocols vary from single to multiple injec-
tions, typically given systemically (Table 26.4). 
The dose of MTX depends on the patient’s body 
surface area, and nomograms are available for 
determining the correct dose. In select cases, 
approximately 90% of ectopic pregnancies 
resolve, taking on average just under 1 month. 
The overall success rate is greater with multiple- 
dose MTX therapy than with single-dose ther-
apy (93% vs. 88%); however, single-dose 
therapy is less expensive, has a lower rate of 
adverse effects (29% vs. 48%), requires less 
intensive monitoring, does not require rescue 
with folinic acid, and is effective for most 
women [16]. The success in ectopic pregnancy 
depends mainly on β-hCG concentration: a 
meta-analysis of data for 1327 women with 
ectopic pregnancies treated with MTX showed 
that resolution was inversely associated with 
β-hCG levels and that increasing levels were 
significantly correlated with treatment failure 
(Table  26.5). Fetal cardiac activity was also 
associated with MTX treatment failure [16].

Follow-up β-hCG levels, along with a complete 
blood count, serum creatinine, and serum aspartate 
transaminase, are obtained, for a comparison with 
baseline values. β-hCG levels should decrease by 
at least 15% 4–7 days after MTX administration. 
Patients treated with MTX should be closely moni-
tored. Severe abdominal pain can be a sign of tubal 
rupture. The serum β-hCG concentration should be 

Table 26.4 Methotrexate therapy protocolsa

Protocol Single dose Multiple dose
Medication 50 mg per square 

meter of body 
surface 
methotrexate IM

Alternate every 
other day: 1 mg per 
kg methotrexate IM 
and 0.1 mg per kg 
leucovorin

Laboratory 
values

LFTs, CBC, and 
renal function at 
baseline and 
beta-hCG at 
baseline, day 4 
and day 7

LFTs, CBC, and 
renal function at 
baseline and 
beta-hCG at 
baseline, day 1, day 
3, day 5, and day 7 
until levels decrease

Repeat 
medication

Repeat regimen 
if beta-hCG level 
does not decrease 
by 15% between 
day 4 and day 7

Repeat regimen (for 
up to four doses of 
each medication) if 
beta-hCG level does 
not decrease by 
15% with each 
measurement

Follow-up Beta-hCG level 
weekly, and 
continue regimen 
until no longer 
detected

Beta-hCG level 
weekly, and 
continue regimen 
until no longer 
detected

IM intramuscular, LFT liver function test, CBC complete 
blood count, beta-hCG beta subunit of human chorionic 
gonadotropin
aAdapted from [19]

Table 26.5 Methotrexate therapy success rate at differ-
ent baseline beta-hCG levelsa

Initial beta-hCG level (mIU per mL)
Success rate 
(%)

Less than 1000 (1000 IU per L) 98
1000 to 1999 (1000 to 1999 IU per L) 93
2000 to 4999 (2000 to 4999 IU per L) 92
5000 to 9999 (5000 to 9999 IU per L) 87
10,000 to 14,999 (10,000 to 14,999 IU 
per L)

82

15,000 or greater (15,000 or greater 
IU per L)

68

aAdapted from [59]
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measured weekly; if serum β-hCG concentration 
has not declined by at least 25% 1 week after MTX 
administration, a second dose should be given. In 
general, a second dose is needed in 15–20% of 
patients [7]. Only 1% of patients need more than 
two doses. The time for the serum β-hCG concen-
tration to decline to less than 15 IU/L is 33.6 days 
on average but may be up to 109 days [9].

Failure of MTX therapy is suggested by a 
persistent rise or plateau in the β-hCG titer, 
worsening pain in conjunction with a hemoperi-
toneum on USG, and/or hemodynamic instabil-
ity, and demands either another dose of MTX or 
surgery.

Rho (D) immune globulin should be given to 
any Rh-negative mother who has been diagnosed 
as having an ectopic pregnancy because sensiti-
zation can occur just as with intrauterine 
pregnancy.

 Local Injections

Local administration of drugs into the gestational 
sac transvaginally under USG guidance or under 
laparoscopic guidance has recently been intro-
duced in selected patients with an unruptured 
ectopic pregnancy without active bleeding. The 
selection criteria used were as follows: ectopic 
pregnancy size, maximum serum hCG concentra-
tions, and fetal cardiac activity [7].

Various protocols exist for local treatment 
with MTX administered into the gestational sac 
transvaginally under sonographic or laparoscopic 
guidance [17]. The results of an updated study 
showed that transvaginal administration of MTX 
under sonographic guidance was significantly 
less successful than laparoscopic salpingotomy 
in the elimination of tubal pregnancies (RR 0.83, 
95% CI: [0.68–1.0]). This was mainly the result 
of the higher persistent trophoblastic disease 
(PTD) rate (RR 4.2, 95% CI: [0.88–20]) for 
which additional systemic MTX injections were 
necessary. Various protocols for local treatment 
were administered into the gestational sac trans-
vaginally under sonographic or under laparo-
scopic guidance with methotrexate [18], 
prostaglandins [19], or hyperosmolar glucose 

[20] to attain maximal efficacy while minimizing 
or eliminating adverse effects.

The results of a small study that involved 36 
hemodynamically stable women with a small 
unruptured ectopic pregnancy [21] showed that 
the treatment success of MTX administered 
transvaginally under USG guidance was signifi-
cantly better than “blind” intra-tubal injections 
under laparoscopic guidance (RR 1.6, 95% CI 
[1.0–2.5]). In addition, the mean serum hCG 
clearance time was significantly shorter in 
women treated through this administration route 
(17 vs. 29 days). However, compared with lapa-
roscopic salpingotomy, local MTX given trans-
vaginally under USG guidance is less effective in 
the elimination of tubal pregnancy. Compared 
with the local routes of administration, systemic 
MTX is more practical, easier to administer, and 
less dependent on clinical skills. Most impor-
tantly, in combination with noninvasive diagnos-
tic tools, systemic MTX offers complete 
noninvasive outpatient management.

 Surgical Treatment

Surgical management of ectopic pregnancy 
should be reserved for patients who refuse or have 
contraindications to medical treatment, those in 
whom medical treatment has failed, and those 
who are hemodynamically unstable. Immediate 
surgery is indicated when the diagnosis of ectopic 
pregnancy with hemorrhage is made. There is no 
place for conservative therapy in a hemodynami-
cally unstable patient. Laparoscopic treatment is 
the standard for diagnosis and therapy in patients 
with conditions from acute abdomen to asymp-
tomatic hemoperitoneum. Salpingotomy (Video 
26.1) or salpingectomy (Videos 26.2 and 26.3) are 
the surgical treatments. Laparoscopic surgery is 
the cornerstone of treatment in the majority of 
women with tubal pregnancy. If the physician is 
competent in operative laparoscopy, both of these 
procedures (salpingotomy or salpingectomy) can 
be performed through the laparoscope. In stable 
patients, laparoscopy is preferred over laparotomy 
because of the associated reduction in morbidity 
and cost. Operation time, perioperative blood 

26 Ectopic and Heterotopic Pregnancies



322

loss, analgesic requirements, duration of hospital 
stay, and convalescence time were significantly 
shorter or less with the laparoscopic surgical 
approach [7]. Based on the available evidence, 
laparoscopic surgery appears to be the treatment 
of choice.

Conservative surgery (i.e., preservation of the 
fallopian tube) may be indicated in hemodynami-
cally stable patients with an ampullary pregnancy 
who wish to preserve fertility. A linear salpin-
gotomy may be performed with small (< 3 cm), 
intact ampullary pregnancies. Subsequent repro-
ductive performance is comparable, with intra-
uterine pregnancy rates of 40–90%, but recurrent 
ectopic rates may be higher, up to 16%. A small 
study involving 40 hemodynamically stable 
women with small unruptured ectopic pregnan-
cies [22] reported that prophylactic vasopressin 
injections significantly reduced the need for elec-
trocoagulation for hemostasis (RR 0.36, 95% CI: 
[0.14–0.95]) without adverse effects, resulting in 
a significantly shorter operation time (68 vs. 
88  min). These positive effects of prophylactic 
vasopressin, however, were not reflected in pri-
mary treatment success (RR 1.3, 95% CI: [0.90–
1.9]) and tubal preservation (RR 1.1, 95% CI: 
[0.84–1.3]), because the number of conversions 
to open surgery and salpingectomy between the 
two treatment groups for uncontrollable bleeding 
did not differ. With laparoscopic salpingotomy, 
the risk of PTD will always remain present.

Salpingectomy may be necessary for women 
with uncontrolled bleeding, recurrent ectopic 
pregnancy in the same tube, a severely damaged 
tube, or a tubal gestational sac greater than 5 cm 
in diameter [23]. In the presence of a healthy con-
tralateral tube, salpingectomy should be per-
formed in preference to salpingotomy [24].

“Milking” the pregnancy out of the distal end 
of the tube is often tempting, but this has been 
associated with PTD and need for re-exploration, 
as well as increased risks of recurrent ectopic 
pregnancy. With an isthmic ectopic pregnancy, 
segmental resection with subsequent anastomo-
sis (usually at a later date) is typically recom-
mended. As opposed to ampullary ectopic 
pregnancies, the muscularis is well-developed, 
forcing the pregnancy to grow in the lumen. More 

conservative treatment such as salpingotomy 
would likely cause scarring and compromise of 
the lumen. Furthermore, a tubal fistula may result 
if the tube is allowed to heal by secondary 
intention.

Based on the available evidence, laparoscopic 
surgery appears to be the treatment of choice. 
Although laparoscopic conservative surgery was 
less successful than the open surgical approach in 
the elimination of tubal pregnancy, this tech-
nique, which seemed feasible in virtually all 
patients, has proven to be safe and less costly due 
to the higher PTD rate of laparoscopic surgery. 
Long-term follow-up showed a comparable intra-
uterine pregnancy rate and a lower repeat ectopic 
pregnancy rate.

With both salpingotomy and salpingectomy, a 
β-hCG titer should be obtained weekly after sur-
gery to ensure adequate removal of trophoblast 
and rule out a persistent ectopic pregnancy.

 Surgical Techniques for Tubal Ectopic 
Pregnancies
Laparoscopic treatment is the standard for ther-
apy for patients with conditions ranging from 
acute abdomen to asymptomatic hemoperito-
neum. Salpingotomy and salpingectomy are the 
surgical treatments. At present, laparotomy is an 
exceptional procedure for salpingectomy or sal-
pingotomy. Laparotomy should be performed 
only when laparoscopy is not possible for techni-
cal, logistical, or medical reasons. Laparoscopy 
is today the method of choice for diagnosis and 
usually also for treatment of nearly all clinical 
presentations of EUP, even (and especially) in 
clinically critical situations because it offers the 
fastest access to the abdomen [25].

When the surgical decision was made, patients 
must be informed about the situation and the gen-
eral risks of the procedure such as hemorrhage or 
injury to neighboring organs. The problem of 
tube-preserving surgery vs. salpingectomy must 
also be discussed.

 Surgical Steps for Salpingotomy
• The routine steps of any diagnostic laparos-

copy are followed: inspection of the entire 
abdomen, photo documentation, search for the 
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tubal pregnancy (Fig. 26.4), and assessment of 
the antimesenteric border.

• Linear, antimesenteric salpingotomy, ideally 
made with a monopolar needle, is the classic 
operation technique for EUP in the ampullary 
part of the tube (Fig. 26.5).

• Injection of a vasoconstrictor substance in the 
region of the mesosalpinx can reduce the 
number of bleeding points requiring coagula-
tion after removal of the EUP and forms part 
of the atraumatic surgical approach.

• The tubal pregnancy is removed from the 
tube with light pressure from the outside 
(Fig. 26.6) or alternatively by using hydrodis-
section with irrigation. The gestational tissue 
can usually be removed in this way because 
the tube and trophoblast have already sepa-
rated somewhat.

• As much trophoblastic tissue as possible must 
be removed, but, critically, none of the tube 
should be removed. Copious irrigation helps 
to differentiate between gestational tissue and 
regressive tube wall.

• After the conceptus has been removed, hemo-
stasis must be achieved with as little electro-
coagulation as possible. Careful irrigation 
helps in identifying bleeding points and coag-
ulating them accurately.

• After optimal hemostasis, the tube can remain 
open for secondary healing (see Video 26.1). 
Reapproximation of the opened tube does not 
appear to improve the chances of successful 
pregnancy or reduce the risk of recurrent tubal 
pregnancy (Fig. 26.7).

• Insertion of a drain is optional after unrup-
tured EUP.

 Surgical Steps for Salpingectomy
• When the patient’s family is complete and at 

her express wish, salpingectomy can be per-
formed as definitive treatment of tubal preg-
nancy. Technically, salpingectomy can be 
performed faster and more easily than linear 
salpingotomy.

Fig. 26.4 Classic appearance of a nonruptured tubal 
pregnancy in the ampullary part of the right tube. Figure 
created by Gazi Yildirim and Ebru Oralli

Fig. 26.5 A linear, antimesenteric salpingotomy, ideally 
made with a monopolar needle. Figure created by Gazi 
Yildirim and Ebru Oralli

Fig. 26.6 Removal of the entire tubal pregnancy with an 
atraumatic grasping forceps. Figure created by Gazi 
Yildirim and Ebru Oralli
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• A clear field of vision should be obtained, 
especially if a hemoperitoneum is present; 
widespread aspiration may be necessary to 
achieve clear exposure.

• The tube is elevated with an instrument at the 
fimbrial end, and the mesosalpinx is clamped 
from the fimbrial side with traditional or 
advanced bipolar forceps (Fig. 26.8). Ensure 
that the clamps are placed close to the base of 
the tube so as not to interfere with the ovarian 
vessels along the mesovarium (Fig. 26.9).

• Alternatively, the tube is simply excised some-
what distal to the uterus, depending on the 
location of the tubal pregnancy (see Videos 
26.2 and 12.3).

 Nontubal Ectopic Pregnancies

Cornual/interstitial pregnancies have been 
reported as 2–4% of all ectopic pregnancies. The 
associated morbidity is much higher with mortal-
ity rates of 2–2.5%, two to five times the mortal-
ity rate associated with other tubal ectopic 
pregnancy locations, largely due to hemorrhage 
[2]. Timor–Tritsch et al. [26] put forward the fol-
lowing criteria for the diagnosis of IP:

• An empty uterine cavity
• A gestational sac located eccentrically and 

1 cm from the most lateral wall of the uterine 
cavity and

• A thin (less than 5 mm) myometrial layer sur-
rounding the gestational sac

Medical treatment is not recommended for 
large cornual ectopic pregnancies or those with a 

Fig. 26.7 Suture closure is not necessary. Figure created 
by Gazi Yildirim and Ebru Oralli

Fig. 26.8 Salpingectomy after coagulation. Figure cre-
ated by Gazi Yildirim and Ebru Oralli

Fig. 26.9 Salpingectomy is completed. Figure created by 
Gazi Yildirim and Ebru Oralli
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heartbeat [27]. Injections of potassium chloride 
and MTX have both been reported as successful 
treatments of cornual pregnancy, with no differ-
ence in efficacy of either method [28]. Medical 
treatment carries the possible risk of uterine rupture 
and hemorrhage. It requires at least a corneal 
wedge resection, with uterine reconstruction and 
sometimes salpingectomy on the affected side [29].

If there has been extensive tissue damage or if 
the patient is unstable, a hysterectomy may be 
needed. Classically, these have been managed by 
hysterectomy or cornual resection during laparot-
omy. The desire for fertility has meant that more 
conservative approaches are now being consid-
ered. Laparoscopic surgery is fast becoming the 
gold standard for the surgical management of cor-
nual and interstitial ectopic pregnancies [30]. 
Advanced laparoscopic skills are essential 
because of the potential for hemorrhage. It is pos-
sible to perform these procedures without hemo-
static agents. Hysteroscopic resection may be 
appropriate in selected cases; Nezhat and Dun 
described a combined laparoscopically assisted, 
hysteroscopic removal of an unruptured intersti-
tial pregnancy [31]. With this technique, the 
authors completely removed the pregnancy in one 
attempt with no injury to the uterus or ipsilateral 
fallopian tube. The patient required no pre- or 
postoperative MTX and had a normal hysterosal-
pingogram 2 months after the procedure.

Cervical ectopic pregnancy (CEP) is defined 
as an implantation of a fertilized ovum within the 
cervical canal. Risk factors include previous cesar-
ean section (CS), induced abortion, Asherman’s 
syndrome, leiomyomas, presence of an IUD, 
in vitro fertilization (IVF), and prior in utero expo-
sure to diethylstilbestrol; however, a history of pre-
vious D&C is described in more than 70% of cases 
[2]. It is important to differentiate cervical ectopic 
pregnancies from an incomplete or inevitable mis-
carriage. The advent of more advanced USG, as 
well as other imaging modalities including MRI, 
has led to earlier diagnosis. This makes more con-
servative options possible with the aim of uterine 
or fertility preservation.

Options of treatment described in the litera-
ture include the use of systemic MTX, intra- 
amniotic administration of potassium chloride, 

prostaglandins or MTX under USG guidance, as 
well as the combination of both systemic and 
local (intra-amniotic) use of MTX.  There are 
suggestions that patient factors such as crown- 
rump length > 10 mm in transvaginal ultrasound, 
gestational age  >  9  weeks, and the presence of 
fetal cardiac activity may be associated with 
treatment failure with systemic MTX.

Early diagnosis of CEP has led to a shift away 
from hysterectomy to more conservative tech-
niques aimed at uterine or fertility preservation. 
Techniques described include D&C and hystero-
scopic resection of CEP.  Researchers have also 
described surgical techniques with the aim of 
minimizing operative vaginal bleeding, including 
UAE, ligation of the cervical branches of the 
uterine arteries, a Shirodkar-type cerclage, bal-
loon tamponade, and local injection of vasopres-
sin to the cervix. Many of the surgical approaches 
to treatment involve a combination of evacuation 
of CEP and one or two techniques at minimiza-
tion of bleeding.

Ovarian pregnancy accounts for 0.5–3% of 
all ectopic pregnancies. The main risk factors are 
the use of an IUD, assisted reproductive tech-
niques, endometriosis, and pelvic inflammatory 
disease. Intraoperatively, ovarian ectopic preg-
nancies (OEP) can be misdiagnosed as hemor-
rhagic corpus luteum or ovarian cysts. The 
diagnosis of ovarian pregnancy is made surgi-
cally using Spiegelberg’s criteria [32]:

• Fallopian tube entirely normal
• Gestational sac anatomically located in the 

ovary
• Ovary and gestational sac connected to the 

uterine ovarian ligament
• Placental tissue mixed with ovarian cortex

There have been successful reports of medical 
management with MTX, but mostly it requires 
oophorectomy and sometimes salpingectomy on 
the affected side. Ovarian preservation is the cor-
nerstone of management; thus, the common pro-
cedures are ovarian wedge resection, partial 
oophorectomy, or blunt dissection of the tropho-
blastic tissue using diathermy forceps, which has 
been shown to successfully provide ovarian 
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hemostasis. Oophorectomy should only be used 
in advanced gestation or if bleeding from the 
ovary becomes uncontrollable. Surgery is the 
mainstay of treatment, and operative laparoscopy 
should be the gold standard approach because in 
most cases, laparoscopy is required for a defini-
tive diagnosis. Postoperative MTX is indicated in 
the presence of residual PTD.

Abdominal pregnancy is defined as a preg-
nancy that occurs in the peritoneum of the abdo-
men outside the reproductive tract. The incidence 
of abdominal pregnancy is extremely rare at 1.3%. 
It is associated with high maternal and perinatal 
mortality. Maternal mortality is 7.7 times higher 
in an abdominal ectopic than tubal pregnancy, 
most likely due to the diagnostic challenge they 
present [2]. Sites of implantation recorded in the 
literature in order of descending frequency include 
(but are not limited to) pouches around the uterus, 
multiple abdominal organs, omentum, bowel, 
liver, spleen, and abdominal wall [33]. There are 
reports of maternal and fetal survival from 
advanced abdominal pregnancies [34].

USG scans remain the choice investigation for 
the diagnosis of abdominal ectopic pregnancies. 
Gerli et  al. [35] stated that major sonographic 
features included:

• The absence of an intrauterine gestation sac
• The absence of both an evident dilated tube 

and a complex adnexal mass
• A gestational cavity surrounded by loops of 

bowel and separated by peritoneum
• A wide mobility-like fluctuation of the sac 

particularly evident with pressure of the trans-
vaginal probe toward the posterior cul-de-sac

MRI has also been shown to be valuable for 
the diagnosis. MRI can accurately locate both the 
fetus and placenta and also assess the degree of 
vascular adherence to surrounding tissues [36].

Medical management is most often used when 
there is risk of massive hemorrhage, for example, 
if the abdominal ectopic pregnancy has implanted 
on a highly vascular site such as the liver or 
spleen. Use of both systemic and local MTX has 
been reported. The risk of massive hemorrhage 
means that maternal mortality can be as high as 

11% [2]. Most abdominal ectopic pregnancies 
are managed with surgery. It is likely this is so 
high partially because of the number of patients 
who present with intra-abdominal bleeding. 
Managing these patients expectantly, particularly 
in the second trimester, carries a risk of cata-
strophic intra-abdominal hemorrhage. Due to the 
seriousness of this complication, it is recom-
mended that when diagnosed, these women 
undergo surgery [37]. Classically, these pregnan-
cies are managed with laparotomy, but in a 
12-year study that began in 2000, Shaw et al. [38] 
managed all their cases by means of operative 
laparoscopy. Several methods have been used to 
control hemorrhage laparoscopically including 
electrocauterization, harmonic ultrasonic device, 
hemostatic sealant agents, vasopressin analogues, 
oxidized cellulose, or a combination of the above.

Usually, abdominal pregnancy diagnosed at a 
late gestation may frequently present with shock. 
If an abdominal pregnancy is diagnosed during 
third trimester, and the patient is stable, the man-
agement involves delivery of the fetus with liga-
tion of the umbilical cord close to the placenta. 
The placenta is usually left in place to avoid hem-
orrhage following removal.

Cesarean scar pregnancy (CSP) is a relatively 
new type of ectopic pregnancy. Early diagnosis 
and treatment is important for the best outcome. 
This is related to the increasing number of cesar-
ean deliveries and to advances in imaging. 
Although the exact mechanism of scar implanta-
tion is not well understood, the most probable 
mechanism is that there is invasion of the myo-
metrium between the endometrial canal and 
cesarean scar through a small tract [39].

There are two types of CSP: CSP with pro-
gression to the cervico-isthmic space or uterine 
cavity (type I, endogenic type) or with deep inva-
sion of the scar defect with progression toward 
the bladder and abdominal cavity (type II, 25 
exogenic type). The endogenic type of CSP could 
result in a viable pregnancy, yet with a high risk 
of bleeding at the placental site. The exogenic 
type could be complicated with uterine rupture 
and bleeding early in pregnancy [40]. Diagnosis 
can be achieved with USG. On Doppler imaging, 
the gestational sac embedded in a scar defect is 
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surrounded by vascular flows characterized by 
high-velocity and low-impedance blood flow. 
The USG criteria [41, 42] of CSP are as follows:

• Absence of intrauterine gestation and empty 
cervical canal with clearly visible endometrium

• A gestational sac located in the anterior isth-
mus, surrounded by cesarean scar tissue, sepa-
rated from the uterine cavity, and with or 
without the presence of a thin myometrial 
layer between the bladder and the gestation sac

• Gestational sac with or without fetal pole in 
presence or absence of cardiac activity

• Negative “sliding organs sign,” which is 
defined as the inability to displace the gesta-
tional sac from its position at the level of the 
internal os using gentle pressure applied by 
the transvaginal probe

All CSPs carry a high risk of uterine rupture 
and uncontrollable hemorrhage. Expectant man-
agement could be dangerous in cesarean scar 
pregnancies. Women need to be made aware of 
the morbidity and mortality associated with such 
pregnancies [24].

Treatment options are expectant, medical 
(local potassium chloride injection, systemic or 
local administration of MTX), and surgical inter-
vention with or without extra hemostatic proce-
dures (D&C, hysteroscopy, uterine artery 
embolization (UAE), laparoscopy, laparotomy, or 
hysterectomy). In any event, early treatment pro-
vides the best results. Medical treatment of previ-
ous cesarean scar pregnancy (PCSP) has become 
an attractive alternative, especially for patients 
with a maximum PCSP mass diameter of <3.5 cm 
[39]. Ultimately, management should be with the 
aim to preserve fertility. Besides systemic single- 
or multiple-dose MTX injections, local MTX has 
been described. The success rates of local MTX 
(with or without potassium chloride) are as high 
as 80% [43]. Uterine artery embolization (UAE) 
is an adjuvant treatment of CSP. It minimizes 
bleeding particularly in cases when trophoblasts 
are deeply embedded in the myometrium. When 
β-hCG levels do not decline and where the patient 
reports continuous vaginal bleeding, a secondary 
intervention may be necessary after medical 

management, which can be achieved through 
operative laparoscopy [44]. In a recent study, the 
authors used the Cook Cervical Ripening Balloon 
as an adjuvant treatment method to prevent bleed-
ing in patients who were diagnosed as having 
CSP and subject to USG-guided suction curet-
tage and found that it effectively reduced bleed-
ing during treatment for CSP [45].

The surgical approach for the management of 
CSP depends on local expertise. Careful attention 
needs to be made to prevent potential catastrophic 
hemorrhage [2]. Hysteroscopy can be performed 
as a primary treatment especially for type I CSP, 
as well as for follow-up [46]. Laparoscopic 
removal of CSP is applicable when an ectopic 
gestation is growing toward the bladder and 
abdominal cavity (type II CSP) [47].

Rudimentary horn pregnancy is a rare condi-
tion. The diagnosis is challenging, and such 
anomalies can be frequently overlooked during 
routine gynecologic evaluation, especially when 
a communicating horn without any symptoms is 
present. It might be misdiagnosed as an ectopic, 
cornual, or isthmic pregnancy [48]. Rudimentary 
horns tend to rupture between the 10th and 20th 
gestational weeks because of the weak muscula-
ture. Thus, if pregnancy in a rudimentary horn is 
diagnosed, excision of the pregnant horn is of 
crucial importance, which can be performed 
either through laparotomy of laparoscopy. 
Systemic MTX administration and feticide with 
intracardiac potassium chloride were also used as 
alternatives or adjuncts to surgery in early gesta-
tion; however, a small number of reported cases 
preclude making a direct comparison of the feasi-
bility and effectiveness of medical treatment with 
that of surgical resection. Nevertheless, when a 
rudimentary horn is diagnosed, the suggested 
treatment is excision of the rudimentary horn to 
prevent associated complications.

 Heterotopic Pregnancy

Heterotopic pregnancy is defined as the coexis-
tence of intrauterine pregnancy and ectopic preg-
nancy. The incidence of heterotopic pregnancy is 
estimated to be 1/30,000 but much higher at 
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1/100 when associated with in vitro fertilization 
[49, 50]. Diagnosis is intrinsically difficult as the 
presence of an intrauterine pregnancy leads many 
physicians to disregard the symptoms and signs 
of a parallel pregnancy. Instead, the symptoms 
are readily attributed to a spectrum of normal and 
pathologic intrauterine pregnancy manifesta-
tions. Heterotopic pregnancy should be kept in 
mind even if an intrauterine twin pregnancy is 
diagnosed [51].

Most heterotopic pregnancies are diagnosed 
after tubal heterotopic rupture, acute abdomen, 
and hemoperitoneum. In patients who present 
with pelvic pain, hemoperitoneum, and intrauter-
ine pregnancy, USG adnexal site examination 
should be recommended for the possibility of het-
erotopic pregnancy, especially in patients with 
risk factors (tubal factor infertility, pelvic infec-
tions, in vitro fertilization, more embryos transfer, 
and use of pharmacologic ovulation induction). 
Biology, and especially monitoring serum β-hCG 
level, is not helpful for this diagnosis.

Heterotopic pregnancy is a dangerous condi-
tion. The management approach adopted for het-
erotopic pregnancy should incorporate the 
prognosis of the intrauterine pregnancy and the 
wishes of the woman regarding its final outcome. 
After diagnosis of hemoperitoneum with a high 
suspicion index of heterotopic pregnancy has 
been made, the management is primarily surgical 
[52]. Medical modalities have been reported in 
the literature (transvaginal ultrasound guided 
injection of potassium chloride, MTX, and/or 
hyperosmolar glucose into the gestational sac) 
with a high risk of subsequent emergency salpin-
gectomy. Parenteral injection of MTX is effective 
for ectopic pregnancy but is not compatible with 
the continuation of the intrauterine pregnancy. 
Nonsurgical interventions also have some limita-
tions such as systemic adverse effects and the 
possible adverse effect on a live fetus [53].

Laparoscopy approaches are recommended. 
However, heterotopic pregnancies frequently 
present with hemodynamic instability. Given the 
effective role of laparotomy in the emergency 
setting, it is therefore unlikely, at least in the near 
future, to be eliminated from the management 
repertoire. Thus, trans-umbilical Veress needle 

insufflation is contraindicated, and two-trocar 
insertion techniques are thus recommended: open 
laparoscopy (using the trans-umbilical or supra- 
umbilical routes, depending on the volume of the 
uterus) or micro-laparoscopy via the left upper 
quadrant. After 24 weeks of gestation, it is rec-
ommended to apply open laparoscopy, above the 
level of the umbilicus [54]. The insufflation pres-
sure must be adapted and maintained at a maxi-
mum of 12  mmHg in the case of laparoscopy 
during pregnancy. If the patient wants to preserve 
the intrauterine pregnancy, salpingectomy should 
be performed to ensure the efficacy of the 
treatment.

 Impact of Ectopic Pregnancy 
for Reproductive Prognosis in Next 
Generation

The impact of an ectopic pregnancy in the next 
generation is unknown. We know that daughters 
of mothers with ectopic pregnancy have a 50% 
higher risk of ectopic pregnancy and a 30% 
increased risk of induced abortions than daugh-
ters of women with no such history [55]. The 
increased risk is not necessarily due to a geneti-
cally transmitted disposition but could also be 
influenced by similar lifestyles in mother and 
daughter, for example, in sexual and contracep-
tive practices. Behavioral patterns, such as smok-
ing and alcohol, are socially transmitted, and 
children of smokers or alcohol users are more 
likely to smoke or drink than children of non- 
smokers or those who do not drink alcohol [55]. 
Therefore, other behavioral patterns might also 
be affected by social heritage.

 Conclusion and Future Research

In summary, many treatment options are now 
available to the physician in the treatment of 
tubal pregnancy:

• Expectant management
• Medical treatment with a variety of drugs that 

can be administered systemically and/or 
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locally by different routes (transvaginally 
under sonographic guidance or under laparo-
scopic guidance)

• Surgical treatment, which can be performed 
radically or conservatively, either laparoscopi-
cally or by an open surgical procedure

Laparoscopic surgery is the cornerstone of 
treatment in the majority of women with tubal 
pregnancy. This technique is feasible in virtually 
all patients, is safe, and is less costly compared 
with the open surgical approach. Also, minimally 
invasive approaches are safe and effective treat-
ment options for nontubal ectopic pregnancies in 
women who wish to conserve fertility. Ideally, 
the operating physician should have the skills to 
perform the appropriate surgical treatment, i.e., 
salpingectomy and salpingotomy. If not, there 
should be on-call support available in the event 
that other procedures be necessary and to provide 
on-the-job training. Studies have shown that vir-
tual reality simulators offer realistic training for 
surgical procedures such as salpingectomy [56].

Around 10% of women with a single previous 
EP, regardless of choice of management, have a 
second EP as their subsequent pregnancy. 
Consequently, all women who have been previ-
ously affected by EP are offered pre-booked USG 
around 6–9  weeks after the onset of their last 
menstrual period for pregnancy localization. 
Following an EP, women who have a viable intra-
uterine pregnancy have similar reproductive out-
comes compared with women without prior EP 
as their first pregnancy. However, women with 
previous EP have a higher rate of repeat EP and 
miscarriage in their second pregnancy.

Active research into improvements in diagno-
sis and management of EP is in progress. A single 
serum biomarker for EP remains elusive [57]. A 
randomized controlled trial of placebo or gefi-
tinib (an oral anti-epidermal growth factor recep-
tor agent [EGFR]) used in combination with 
MTX to hasten resolution of ectopic pregnancy is 
underway). The rationale is based on evidence 
that EGFR is highly expressed on placental tissue 
from EPs, and encouraging results from early 
clinical trials have shown it to be safe and toler-
ated well by women with EP [58].

Psychological sequelae from pregnancy loss 
with an ectopic pregnancy can be prolonged and 
as severe as post-traumatic stress disorder. Sub- 
fertility and EP share common risk factors, which 
may only have partly been overcome with 
assisted reproductive technology. The absence of 
additional risk factors for women with sub- 
fertility means that they can be advised that future 
rates of intrauterine pregnancy and EP are similar 
between surgical, medical, and expectant man-
agement for tubal EP [59].
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Molar Pregnancy

Meaghan E. Tenney

 Introduction

Molar pregnancy (hydatidiform mole, mole) is a 
subset of gestational trophoblastic disease 
(GTD), a spectrum of benign and malignant dis-
orders [invasive molar pregnancy, choriocarci-
noma, placental site trophoblastic tumor (PSTT), 
and epithelioid trophoblastic tumor (ETT)] aris-
ing from abnormal placental trophoblastic tissue 
[1, 2] (Fig. 27.1). Gestational trophoblastic neo-
plasia (GTN) refers to the entire group of malig-
nant GTD.  Reportedly first described by 
Hippocrates as “dropsy of the uterus” in relation 
to “unwholesome” water in 400 BC in On Airs, 
Waters, and Places [3–6], hydatidiform mole 
exists in two distinct forms, complete hydatidi-
form mole and partial hydatidiform mole. 
Complete and partial moles differ in their epide-
miology, pathology, cytogenetics, clinical pre-
sentation, and outcome [7–13].

 Epidemiology and Risk Factors

Wide variety exists in the reported regional inci-
dence of hydatidiform mole, and numerous fac-
tors likely play a role [8, 14–16]. At baseline, 

GTD and hydatidiform mole are very rare condi-
tions and the population at risk is hard to define 
[17]. Both hospital-based and population-based 
data are often used and the denominator varies 
between total number of pregnancies, live births, 
or deliveries [14, 15, 17–20]. The availability of 
centralized review, radiography, and cytogenetics 
varies greatly worldwide, often within the same 
population, contributing to the varied incidence 
rates [17]. Recent trends have shown stable to 
slightly increased incidence rates in many coun-
tries, potentially due to increasing maternal age 
[19, 21, 22].
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 Geography, Race, and Ethnicity

Asian countries have long reported much higher 
rates of molar pregnancy than European or 
North American countries, and significant varia-
tion exists within geographic regions and even 
within the same country [5, 8, 17]. One study in 
Japan reported an incidence of molar pregnancy 
of 2.0 per 1000 pregnancies [16]; however, 
another Japanese study reported a range of 
2.83–3.05 per 1000 live births [23]. These rates 
are two to three times higher than the reported 
incidence in Europe or North America (0.6–1.1 
per 1000 pregnancies) [16]. Rates in Nigeria 
and Pakistan are reported to be 4/1000 deliver-
ies and 5.1/1000 pregnancies, respectively [24, 
25]. Some of the highest incidence rates have 
been reported in China and Indonesia, at 6.7 and 
11.5 per live birth, respectively [17]. In New 
Mexico, American Indian women are at signifi-
cantly higher risk than non-Hispanic and 
Hispanic white women with age-adjusted inci-
dence rates of 11.16%, 3.57%, and 5.32%, 
respectively [26].

Recently, rates in Asian countries and Asian 
women have decreased to be more similar to 
those in Europe and North America. In the 
1990s in South Korea, the incidence of molar 
pregnancy decreased to 1.6 per 1000 births 
from a much higher 4.4 per 1000 births in the 
1960s, while in Italy, the overall rate of molar 
pregnancy significantly decreased between 
1996 and 2008, due largely in part to a decrease 
in pregnancies in Asian women living in Italy 
[27, 28]. A similar decrease has been seen in 
Japan [29].

 Socioeconomic Status

Socioeconomic factors may play a role in the 
wide range of incidence rates. In Nepal, the 
5-year annual rate of molar pregnancy was 4.17 
per 1000 live births with the majority of patients 
being of Hindu religion [30]. In Iran, 7/1000 
pregnancies are molar which was associated with 
a significantly higher rate of prior molar preg-
nancy, oral contraceptive use, abortion, and ovu-

lation induction [31]. A 5-year prospective study 
in Hawaii showed a significantly increased rate 
of complete mole in Filipino women and, how-
ever, showed no difference in maternal age, race, 
place of birth, or socioeconomic status for women 
with partial mole [32].

 Diet and Nutrition

Dietary and nutritional factors have been associ-
ated with molar pregnancy. Vitamin A defi-
ciency is associated with spontaneous abortion 
in female rhesus monkeys and abnormal sper-
matogenesis in male rhesus monkeys [33]. In 
areas with a high frequency of vitamin A defi-
ciency, high incidence of molar pregnancy is 
seen [34]. Low dietary intake of carotene (vita-
min A precursor) and animal fat is potentially 
associated with increased risk of complete mole 
in case-control studies [35, 36]. A recent ran-
domized, double-blind placebo-controlled clini-
cal trial in Indonesia, an area with one of the 
highest reported rates of molar pregnancy [17], 
demonstrated a significantly lower rate of post-
molar GTN in women with complete mole ran-
domized to high doses of vitamin A (200,000 IU/
day) compared to placebo (6.3% vs. 28.6%, 
respectively) further supporting an association 
between vitamin A and GTD [37]. In Senegal 
and Morocco, nutritional deficiency in the 
mother leads to a higher incidence of complete 
mole in their daughters’ pregnancies, poten-
tially due to effects on normal oocyte develop-
ment in the daughters during fetal development 
[38]. Unlike complete mole, the risk of partial 
mole does not seem to be associated with dietary 
factors [8].

 Maternal Age

Extremes of maternal age have consistently been 
shown to increase the risk for molar pregnancy, 
particularly complete mole, and areas seeing 
increasing numbers of molar pregnancies suspect 
this is due to more advanced maternal age [21, 32, 
39–42]. In a series of 7916 molar pregnancies, 
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median age at presentation was 27 years old. The 
highest risk was seen in women ≤15  years old 
or ≥45 years old [43]. In women over age 35, the 
risk of complete mole is two times higher, and is 
increased 7.5-fold for women over age 40 [44]. 
An updated series out of Charing Cross in the UK 
reported a risk for complete mole of <1/1000 con-
ceptions in women age 18–40, compared to 1/156 
for those age 45 and an impressive 1/8 for women 
age 50 and older [45]. A more contemporary 
series out of Brigham and Women’s Hospital con-
firms these earlier observations and demonstrated 
a sevenfold increase in complete mole in adoles-
cents under age 20 and a twofold increase in 
women age 40 and over compared to average age 
women (aged 20–39). The age-related risk of 
molar pregnancy does not seem to be associated 
with partial mole [46].

 Reproductive History

 Recurrent Molar Pregnancy
History of molar pregnancy is the second con-
sistent risk factor for molar pregnancy. The risk 
of developing a subsequent molar pregnancy 
after a first episode is approximately 1–2% and 
rises to 15–20% after two molar pregnancies 
[47–53]. These rates remain consistent in 
updated series from Charing Cross in London 
and the New England Trophoblastic Disease 
Center, two of the largest referral centers world-
wide [54, 55].

 Spontaneous Abortion and Infertility
Women with prior spontaneous abortions 
appear to be at risk for both complete and par-
tial molar pregnancy. When comparing women 
with two or more spontaneous abortions to 
women with no previous miscarriage, the risk 
for complete and partial mole was three and 
two times higher, respectively, in those with 
prior miscarriage [56]. Previously, the same 
group reported a 32-fold increase in complete 
mole in women with two consecutive spontane-
ous abortions [57].

Women with infertility may have an increased 
risk of both molar pregnancy and “twin pregnan-

cies” made up of one or more normal fetuses and 
a molar pregnancy. Women with difficulty con-
ceiving or with history of infertility have a 2.4 
and 3.2 times increased risk of complete and par-
tial mole, respectively [56]. In Iran, ovulation 
induction is associated with risk of molar preg-
nancy [31]. Women undergoing ovulation induc-
tion, intrauterine insemination, in  vitro 
fertilization, and/or intracytoplasmic sperm 
injection have been reported to have twin, triplet, 
and even quadruplet pregnancies consisting of 
one to three normal fetuses and a molar preg-
nancy [58–61]. Ectopic ovarian molar pregnancy 
has been reported after in vitro fertilization [62].

 Familial Recurrent Hydatidiform Mole

A rare autosomal recessive familial disorder, 
familial recurrent hydatidiform mole syndrome 
(FRHM), leads to repetitive diploid molar preg-
nancies of biparental origin. Outcome is inde-
pendent of male partner, and live birth of a 
normal fetus is rare. Egg donation from a nor-
mal donor may be the best option for these 
women to achieve a successful pregnancy [1, 
63–65]. The majority (80%) of women with 
FRHM have a mutation in the leucine-rich 
region of the NLRP7 gene on chromosome 13, 
and another 5% have a mutation in the KHDC3L 
gene [66–69].

 Other Possible Risk Factors

Data is inconsistent on other potential risk factors 
such as oral contraceptive use, irregular menstru-
ation, consanguinity, and ABO blood group [16, 
31, 70–72].

 Pathology and Cytogenetics

Molar pregnancy is separated into two distinct 
entities, complete and partial mole, which are 
easily distinguishable from each other based on 
their pathologic features and cytogenetics 
(Table 27.1) [10–13, 73–75].
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 Pathology

Molar pregnancies originate from placental tro-
phoblastic tissue, specifically, the cytotrophoblast 
and syncytiotrophoblast [15]. Complete molar 
pregnancies are characterized by marked villous 
edema (hydropic villi) and trophoblastic prolifer-
ation (hyperplasia or hypertrophy), central cistern 
formation, and an absence of fetal red blood cells, 
amnion, or fetal parts (Fig. 27.2). Hydropic villi 
are easily identified grossly (Fig.  27.3) [10, 11, 
13]. Partial molar pregnancies have focal villous 

edema and minimal trophoblastic proliferation 
and lack central cisterns (Fig. 27.4). Fetal vessels, 
red blood cells, and amnion are usually present. 
Grossly, fetal parts, umbilical cord, and an amni-
otic membrane are often identified [10, 11, 13].

 Cytogenetics

The cytogenetic makeup of complete and partial 
moles is similarly distinct. Complete moles are dip-
loid, with the majority being 46,XX and the result 

Table 27.1 Pathologic and cytogenetic features of com-
plete and partial hydatidiform moles (Adapted from [2, 6, 
166])

Partial mole Complete mole
Pathology
Fetus Often present Absent
Amnion, fetal 
RBC

Usually present Absent

Villous edema Focal Diffuse
Trophoblastic 
proliferation

Focal Diffuse

Karyotype Triploid: 69,XXY 
(majority) 69,XXX 
and 69,XYY

Diploid: 46,XX 
(majority) 
46,XY

Paternal and 
maternal origin

All paternal 
origin

a b

Fig. 27.2 (a, b) Complete molar pregnancy with 
large hydropic villi, trophoblastic proliferation, and 

central cistern formation. Photos courtesy of Ralph 
Sams, MD

Fig. 27.3 Complete molar pregnancy in hysterectomy 
specimen with grossly enlarged hydropic villi. Photo 
courtesy of Ralph Sams, MD
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of fertilization of an empty egg with a haploid 
sperm and subsequent duplication of the paternal 
chromosomes after fertilization [10, 11, 13, 73, 
76]. Approximately 10% of complete moles are 
46,XY or 46,XX and dispermic in origin, resulting 
from the fertilization of an empty egg with two 
haploid sperm (Fig. 27.5) [15, 74, 75, 77]. Despite 
complete paternal origin of the chromosomes in a 
complete mole, the mitochondrial DNA is maternal 
in origin [78]. Dispermic 46,XY complete moles 
may have a higher risk of postmolar GTN com-
pared to 46,XX [75, 79]. Partial moles are triploid, 
usually 69,XXY but also 69,XXX and 
69,XYY. They result from either the fertilization of 
a haploid egg with a haploid sperm and subsequent 
duplication of the paternal chromosomes after fer-
tilization or the fertilization of a haploid egg with 
two haploid sperm (Fig. 27.6) [10, 11, 77, 80].

 Diagnostic Challenges

Molar pregnancy is now frequently diagnosed in 
the first trimester due to greater availability of 
early ultrasonography and quantitative human 

Fig. 27.4 Partial molar pregnancy. Photo courtesy of 
Ralph Sams, MD
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Fig. 27.5 Karyotypes 
of complete 
hydatidiform mole. 
Reproduced from 
Schink JC, Lurain 
JR. Gestational 
trophoblastic disease: 
molar pregnancy and 
gestational trophoblastic 
neoplasia. In: Barakat 
RR, Berchuck A, 
Markman M, Randall 
ME, editor. Principles 
and practice of 
gynecologic oncology, 
6th ed. Philadelphia: 
Lippincott Williams & 
Wilkins; 2013. p. 889. 
With permission from 
Wolters Kluwer
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chorionic gonadotropin (hCG) measurement, 
leading to earlier uterine evacuation [81]. When 
this occurs, pathologists face challenges in distin-
guishing complete mole from partial mole, as 
well as partial mole from a non-molar triploid 
pregnancy because the characteristic features of 
molar pregnancy are not always present at early 
gestations [82, 83]. Early complete mole can eas-
ily be distinguished from partial mole or a 
hydropic non-molar abortus using immunohisto-
chemistry (IHC) for p57. The gene p57KIP2 is 
paternally imprinted, yet maternally expressed, 
so IHC of a complete mole will be negative since 

it is completely paternal in origin, while partial 
mole and hydropic non-molar abortus will have 
positive staining since they contain both paternal 
and maternal tissue (Fig.  27.7) [84–86]. 
Differentiating between partial mole and a 
hydropic abortus is a bit more challenging and 
can be impossible based on histology or mor-
phology alone [87]. A combination of histopa-
thology and molecular genotyping of placental 
and maternal tissue to determine parental origin 
and ploidy can definitively distinguish between 
the two yet can be cost prohibitive and is not uni-
versally available [88–90]. When available, 
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Fig. 27.6 Karyotypes 
of partial hydatidiform 
mole. Reproduced from 
Schink JC, Lurain 
JR. Gestational 
trophoblastic disease: 
molar pregnancy and 
gestational trophoblastic 
neoplasia. In: Barakat 
RR, Berchuck A, 
Markman M, Randall 
ME, editor. Principles 
and practice of 
gynecologic oncology, 
6th ed. Philadelphia: 
Lippincott Williams & 
Wilkins; 2013. p. 889. 
With permission from 
Wolters Kluwer
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genotyping should be done to evaluate the pres-
ence of partial mole when any of the following 
histologic features are seen: villous 
size ≥  2.5  mm, cistern formation, two popula-
tions of villi, or round or oval pseudoinclusions 
[87]. When genotyping was not available, a com-
bination of large trophoblastic inclusions, multi-
focal trophoblast proliferation, and cistern 
formation correctly identified over 90% of partial 
moles in one study [91].

 Clinical Presentation

The clinical presentation of hydatidiform mole 
has changed in recent decades with the wide-
spread use of early ultrasonography and serum 
hCG testing (Table 27.2) [9, 82, 92–94].

 Complete Mole

Historically, complete molar pregnancy was typi-
cally diagnosed in the second trimester due to 
consequences of abnormally elevated hCG and 
advanced disease, such as uterine size greater 
than dates, hyperemesis gravidarum, hemoptysis 

from trophoblastic embolization, hyperthyroid-
ism, theca lutein cysts, and early-onset pre-
eclampsia. Reports from multiple centers 
demonstrate that these clinical features are now 
seen much less with earlier diagnosis [82, 92–
94]. In two series of patients seen for complete 
molar pregnancy at the New England 
Trophoblastic Disease Center, the changing 
trends for some clinical features can be seen 
across three cohorts of patients from 1965 to 
1975, 1988 to 1993, and 1994 to 2013 (Table 27.3) 
[82, 94, 95]. When comparing patients who pre-
sented between 5 and 9 weeks gestation to those 
who presented at 10 and 22  weeks gestation, 
those who presented later were more likely to 
have higher hCG, pre-evacuation diagnosis of 
complete mole, hyperemesis, biochemical hyper-
thyroidism, anemia, and theca lutein cysts [82]. 
Because of the earlier presentation, the typical 
“snowstorm pattern” (Fig. 27.8) and theca lutein 
cysts (Fig. 27.9) seen on imaging studies of com-
plete moles are often not present, and the diagno-
sis is only made on pathologic evaluation of 
uterine contents after a dilation and curettage for 
a presumed spontaneous abortion [96]. Despite 
earlier diagnosis, the risk of developing postmo-
lar gestational trophoblastic neoplasia has 
remained relatively constant over the past 50 
years at the New England Trophoblastic Disease 
Center (Table 27.3) and other centers worldwide 
[22, 82, 93, 95].

 Partial Mole

The presentation of partial hydatidiform mole dif-
fers quite significantly from complete molar preg-
nancy. Women with partial molar pregnancy are 
less likely to have uterine size greater than dates, 
abnormally elevated serum hCG, vaginal bleed-
ing, biochemical hyperthyroidism, hyperemesis, 
theca lutein cysts, or preeclampsia  compared to 
those with complete mole [94, 97]. Because of 
this, over 90% of women with partial molar preg-
nancy have an initial diagnosis of missed or 
incomplete abortion and are only found to have a 
mole after the pathologic evaluation of uterine 
contents after a dilation and curettage [97].

Fig. 27.7 Partial mole and positive p57 stain. Photo 
courtesy of Ralph Sams, MD
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 Diagnosis

As previously mentioned, the diagnosis of molar 
pregnancy is frequently not made until after uter-
ine evacuation is performed for an abnormal 
pregnancy; however, this diagnosis should be 
suspected in any woman of reproductive age with 
abnormal vaginal bleeding. The index of suspi-
cion should be raised if any of the classic clinical 
features for molar pregnancy are present such as 
uterine size greater than dates, hyperemesis grav-
idarum, early preeclampsia, theca lutein cysts, or 
abnormally high serum hCG for presumed gesta-
tional age [2].

 Ultrasonography

Transvaginal pelvic ultrasound is the preferred 
imaging study for the preoperative evaluation and 
diagnosis of both complete and partial molar 
pregnancy but is often incorrect or indeterminate 
at early gestational age [15, 95, 98–101]. Fowler 

et al. reported a series of over 1000 cases referred 
to Charing Cross, a major trophoblastic center in 
the UK, and found that molar pregnancies were 
correctly identified on routine pre-evacuation 
ultrasound less than 50% of the time and more 
frequently appeared to have the sonographic 
appearance of missed or incomplete abortion. 
Ultrasound was significantly better at detecting 

Fig. 27.8 “Snowstorm” ultrasound appearance of classic 
complete hydatidiform mole. Photo courtesy of Meaghan 
Tenney, MD

Fig. 27.9 Theca lutein cysts in complete molar preg-
nancy on MRI (upper) and ultrasound (lower). Photos 
courtesy of Meaghan Tenney, MD

Table 27.2 Clinical features of complete and partial hydatidiform moles (Adapted from [2, 6, 166])

Partial mole Complete mole
Diagnosis Missed abortion Molar gestation
hCG Usually < 100,000 mIU/mL Often > 100,000 mIU/mL
Uterine size Small for dates Large for dates
Theca lutein cysts Rare 15–30%
Medical complications Rare 10–25%
Postmolar malignant risk <5% 6–32%
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complete versus partial mole (79% vs. 29%, 
p < 0.0001). Increasing gestational age correlated 
with improved ultrasound detection rates after 
14 weeks’ gestation (35–40% vs. 60% before and 
after 14 weeks, respectively) [101].

 Complete Mole
Complete molar pregnancy can be identified on 
ultrasound by a lack of fetal parts, an abnormal 
gestational sac, and a central heterogeneous pla-
cental mass containing multiple anechoic spaces 
or holes (see Fig. 27.8). The anechoic spaces seen 
within the placenta are due to the hydropic swell-
ing of the villi [15, 96]. With earlier diagnosis, 
this “snowstorm” pattern of the placenta is often 
not seen in the first trimester, leading to the high 
rates of incorrect or missed pre-evacuation diag-
nosis [96]. Theca lutein cysts (see Fig.  27.9, 
lower) can be seen with more advanced gesta-
tional age but are often not seen in early complete 
molar pregnancy given lower hCG levels at 
diagnosis.

 Partial Mole
While the pre-evacuation ultrasound of partial 
mole is less likely to diagnose the pregnancy cor-
rectly as a molar pregnancy, there are certain 
ultrasound findings that can be predictive of the 
diagnosis [101]. In addition to an often growth-
restricted fetus, the combination of focal cystic 

placental changes and a ratio of transverse to 
anteroposterior dimension of the gestation 
sac > 1.5 is predictive of partial molar pregnancy 
87% of the time. When neither of the latter crite-
ria is seen, there is a 90% chance of missed abor-
tion [99, 102].

 Human Chorionic Gonadotropin 
(hCG)

hCG is a glycoprotein produced by the placenta 
consisting of two unique subunits: the α subunit 
that is similar to pituitary glycoprotein hormones, 
such as thyroid-stimulating hormone (TSH) and 
luteinizing hormone (LH), and the β subunit that 
is unique to the placenta. The β subunit exists in 
at least six different subtypes and tends to be 
degraded more often in GTD compared to normal 
pregnancy. It is therefore imperative that the hCG 
assay used to diagnose and follow molar preg-
nancy and GTD patients is able to detect all forms 
of hCG and its degradation products equally well 
[5, 15, 96]. One case report described a woman 
with a partial hydatidiform mole who had a nega-
tive urine qualitative hCG and a serum quantita-
tive hCG of 1,094,950 mIU/mL because the urine 
qualitative test was unable to detect degradation 
products [103]. If physicians do not understand 
the limitations of commercially available assays, 
the diagnosis of molar pregnancy can be delayed, 
affecting patient outcomes.

Serum hCG levels above 100,000  mIU/mL 
are seen in nearly 50% of complete molar preg-
nancies, and an hCG level  >  100,000  mIU/mL 
can help distinguish a missed abortion from a 
complete molar pregnancy [104–106]. In con-
trast, less than 10% of partial molar pregnancies 
present with an hCG greater than 100,000 mIU/
mL, and one must be sure that the pregnancy is 
not just an early normal intrauterine pregnancy 
prior to proceeding with uterine evacuation [97]. 
The combined use of ultrasound and hCG has 
been shown to significantly increase the correct 
pre-evacuation diagnosis of molar pregnancy. In 
one series, only 58% of molar pregnancies were 
successfully identified using ultrasound alone; 
however, when an hCG level in excess of two 

Table 27.3 Changing clinical presentation of complete 
molar pregnancy at the New England Trophoblastic 
Disease Center from 1965 to 2013 (Adapted from [82, 
94, 95])

1965–
1975
(n = 306)

1988–
1993
(n = 74)

1994–
2013
(n = 180)

Vaginal bleeding 297 
(97%)

62 
(84%)

80 
(46%)

Anemia 165 
(54%)

4 (5%) 7 (4%)

Size greater than 
dates

156 
(51%)

21 
(28%)

34 
(24%)

Preeclampsia 83 
(27%)

1 (1%) 2 (1%)

Hyperemesis 80 
(26%)

6 (8%) 25 
(14%)

Postmolar GTN 57 
(18.6%)

15 
(23%)

33 
(23%)
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standard deviations above the mean for gesta-
tional age was used in addition to ultrasound, 
89% of molar pregnancies were correctly identi-
fied (p ≤ 0.005) [107].

 False-Negative hCG: The “Hook Effect”
When serum levels of hCG are extremely high, 
typically above 500,000 mIU/mL, a phenomenon 
known as the “hook effect” can be seen. The “hook 
effect” occurs when the excess hCG saturates the 
detection antibodies in the assay resulting in a 
false-negative or falsely low serum hCG. This can 
lead to a delay in the diagnosis of molar pregnancy, 
which can delay appropriate care and lead to com-
plications or mismanagement [108–110].

 Pathology

The definitive diagnosis of hydatidiform mole is 
made pathologically on the specimen obtained 
at uterine evacuation or hysterectomy and was 
previously discussed in the pathology section.

 Treatment

 Initial Evaluation

When the diagnosis of molar pregnancy is sus-
pected prior to uterine evacuation, the following 
tests are recommended by the American College 
of Obstetricians and Gynecologists (ACOG) [2]:

• Complete blood count
• Clotting studies
• Renal and liver function studies
• Blood type and antibody screen
• Serum hCG level
• Chest X-ray
• Thyroid-stimulating hormone (if hyperthy-

roidism clinically suspected)
• Coagulopathy studies (if coagulopathy 

suspected)

Any medical complications should be stabi-
lized as quickly as possible, and once the patient 
is medically and hemodynamically stable, uter-
ine evacuation should occur [2, 15, 111]. In 

women who are not suspected to have a molar 
gestation prior to uterine evacuation, a baseline 
chest X-ray and hCG can be obtained once the 
diagnosis has been made. All women should be 
serially monitored as outlined in the section on 
postmolar surveillance [2].

 Uterine Evacuation

Suction curettage is the recommended method of 
uterine evacuation, independent of uterine size, 
in women who wish to maintain fertility [111, 
112]. Induction of labor with oxytocin or prosta-
glandin and hysterotomy have a significantly 
higher risk of bleeding, infection, and retained 
molar tissue compared to suction curettage [2, 
111, 112] and also increase the risk of dissemina-
tion of trophoblastic tissue and the development 
of postmolar GTN [2, 15, 113]. To appropriately 
address any medical or surgical complications of 
uterine evacuation and molar pregnancy, immedi-
ate access to anesthesiology services, a blood 
bank, and an intensive care unit should be avail-
able [2]. Once adequate intravenous access and 
anesthesia have been obtained, the cervix should 
be serially dilated to allow a 12–14 mm cannula. 
Ultrasound guidance can facilitate complete uter-
ine evacuation and decrease the risk of uterine 
perforation. Intravenous oxytocin should be 
started after cervical dilation and continued post-
operatively for several hours to prevent uterine 
atony and decrease bleeding [2, 15]. Some 
authors suggest gentle sharp curettage after suc-
tion evacuation [15]. Women who are Rh-negative 
should be given Rh immunoglobulin at the time 
of uterine evacuation because Rh D factor is 
expressed on the trophoblast [2, 5, 111].

Significant pulmonary complications requir-
ing invasive monitoring or ventilator support can 
occur during the time of molar evacuation includ-
ing trophoblastic embolization and high output 
congestive heart failure from anemia, hyperthy-
roidism, iatrogenic fluid overload, or preeclamp-
sia [2, 114, 115]. Medical complications such as 
hyperthyroidism and preeclampsia typically 
resolve soon after molar evacuation and rarely 
require extended therapy [2]. Theca lutein cysts 
that form from hCG stimulation of the ovaries 
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often do not resolve for months, and surgical 
intervention is not required except in the rare 
case of torsion or rupture [2, 116].

 Hysterectomy

Hysterectomy with adnexal preservation can be 
considered for women who have completed child-
bearing or in the case of life-threatening hemor-
rhage [5, 111, 117, 118]. It is important for these 
women to know that they are still at risk for the 
development of postmolar GTN because hyster-
ectomy does not eliminate the risk for metastasis, 
and they should undergo standard post-evacuation 
hCG monitoring [47, 111, 119]. In a small group 
of women over age 50 treated at the New England 
Trophoblastic Disease Center (N = 22), hysterec-
tomy was shown to reduce the risk of postmolar 
GTN compared to D&C, 0% vs. 60%, respec-
tively; however, given the small numbers, this is 
not generalizable to the general population [117].

 Minimally Invasive Hysterectomy
Historically, hysterectomy was performed via an 
open abdominal approach, as the uterus was often 
large and vascular, sometimes requiring ligation of 
the hypogastric vessels [118, 120]. With the 
increasing availability of laparoscopic and robotic 
surgery and earlier diagnosis of molar pregnancy, a 
minimally invasive approach can be safely under-
taken in many women with molar pregnancy or 
GTN who undergo hysterectomy [120–123]. A 
robotic or laparoscopic approach allows for com-
plete evaluation of the abdomen and pelvis, and 
patients recover much quicker compared to lapa-
rotomy [121–123]. For those with GTN, this allows 
them to safely begin or resume chemotherapy, if 
necessary, immediately after the procedure.

 Prophylactic Chemotherapy

The use of prophylactic chemotherapy with either 
methotrexate or actinomycin D after uterine 
evacuation remains controversial. Toxicities such 
as stomatitis, nausea, vomiting, hair loss, and oral 
ulcers have been reported to occur in nearly 30% 
of women undergoing prophylactic chemother-

apy and are typically mild [124, 125]. Multiple 
studies have consistently shown that the adminis-
tration of a single dose of prophylactic chemo-
therapy decreases the rate of postmolar GTN in 
high-risk women (older age, markedly elevated 
hCG, uterine size > dates, enlarged theca lutein 
cysts) with complete molar pregnancy. This may 
be especially useful in resource-poor settings 
where hCG follow-up is unreliable or unavailable 
or when patient compliance is a concern [124–
129]. A recent meta-analysis of 613 patients from 
three randomized trials reported a 63% reduction 
in the risk of postmolar GTN with the use of pro-
phylactic chemotherapy; however, the time to 
diagnosis of subsequent GTN was longer in those 
who received prophylactic chemotherapy, and 
they also required more cycles of chemotherapy 
to obtain a cure. Because of these findings, the 
poor methodological quality of the studies, 
small sample sizes, and the exposure to poten-
tially unnecessary toxic chemotherapy, the 
authors ultimately concluded that the use of 
prophylactic chemotherapy is not recom-
mended [130]. Trophoblastic referral centers in 
the United States, however, continue to recom-
mend and administer prophylactic chemother-
apy in select high-risk patients [15, 126]. For 
compliant, low-risk patients who have access to 
reliable hCG monitoring, prophylactic chemo-
therapy does not decrease the risk of develop-
ing postmolar GTN, and chemotherapy should 
only be administered to these patients at the 
time of GTN diagnosis [128].

 Postmolar Surveillance

 Serum hCG Monitoring

 Frequency and Duration of Monitoring
The American College of Obstetricians and 
Gynecologists recommends serial quantitative 
hCG monitoring in all patients with molar preg-
nancy at the following intervals [2]:

• Within 48 h of uterine evacuation
• Every 1–2 weeks while elevated
• Every month for an additional 6 months once 

normalized (typically <5 mIU/mL)
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Patients who have not undergone hysterec-
tomy should use a reliable form of hormonal con-
traception, and all patients should have frequent 
pelvic exams during the period of hCG elevation 
to evaluate for vaginal metastases [2].

Recently, data from over 20,000 women 
treated for molar pregnancy at Charing Cross has 
questioned the need for prolonged monitoring 
after normalization of hCG, particularly for those 
with partial mole [9, 131]. Women with partial 
mole had only a 0.03% risk (1 in 3195) of devel-
oping postmolar GTN after hCG normalization, 
and the authors recommend only a single confir-
matory urine hCG 1 month after normalization. 
Those with complete mole continue to have 
higher risk of developing postmolar GTN; there-
fore, standard monitoring should still be followed 
[131]. Some authors suggest that since the risk of 
progression to postmolar GTN after hCG nor-
malization is less than 1% in complete mole, 
these patients can also likely be monitored for a 
shorter period of time without compromising 
outcome; however, this has not been accepted as 
an official recommendation [9].

 False-Positive hCG
False-positive or “phantom” hCG results can 
occur, leading to the unnecessary treatment of 
healthy women with either chemotherapy or sur-
gery [1, 15, 132, 133].

Heterophile antibodies. False-positive hCG 
results are most often due to nonspecific human 
anti-mouse heterophile antibodies that cross-
react with the hCG assay resulting in a positive 
test when no hCG is present. These antibodies are 
present in a large percentage of the general popu-
lation, and can occur from incidental or occupa-
tional exposure to mice, or in patients who have 
been treated with monoclonal mouse antibodies 
for various medical conditions [15, 134, 135]. 
Levels of false-positive hCG are usually low; 
however, values of 300 mIU/mL and even as high 
as 800  mIU/mL have been reported [15, 133, 
134, 136]. When phantom hCG is suspected 
(such as with plateau of hCG at low levels), con-
firmatory tests should be done to ensure the hCG 
elevation is real prior to initiating chemotherapy 
or proceeding with further surgery. Three fairly 

easy confirmatory tests can be done at most labo-
ratories or an hCG reference lab [15]:

 1. Urine pregnancy test—Heterophile antibodies 
are large, filtered out at the glomerulus, and 
not excreted in urine. A negative urine preg-
nancy test in the setting of a positive serum 
test suggests a false-positive hCG due to het-
erophile antibodies [1, 5, 15].

 2. Serial serum dilutions—Heterophile antibod-
ies do not dilute whereas true hCG does. 
Serial dilution of the patient’s serum will not 
affect false-positive hCG assays and true hCG 
will be diluted along with the serum [2, 15].

 3. Multiple assays—While some variation is 
expected in hCG values run with different 
assays, false-positive hCG assays will have 
markedly different results when using differ-
ent techniques [2, 134].

Cross-reactivity with LH. As previously men-
tioned in the section on human chorionic gonado-
tropin (hCG), hCG shares the α subunit with 
LH. If LH cross-reacts with the hCG assay, it can 
lead to low levels of false-positive hCG. An 
 elevated serum level of LH can suggest this, and 
a trial of oral contraceptive pills to suppress LH 
can resolve the false-positive results [15, 137].

 Contraception

It is extremely important for women and their 
partners to use reliable contraception during the 
postmolar surveillance period since a new preg-
nancy would interfere with hCG monitoring 
[111]. It was previously thought that the use of 
oral contraceptive pills (OCPs) both increased 
the risk of postmolar GTN and delayed the fall 
in hCG after uterine evacuation [138]. A ran-
domized trial by the Gynecologic Oncology 
Group comparing OCP to barrier methods after 
molar evacuation demonstrated 50% fewer 
intercurrent pregnancies in those using OCP 
compared to barrier methods as well as a lower 
incidence of postmolar GTN and a faster return 
to normal hCG [139]. These findings continue 
to be confirmed in retrospective studies and a 
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recent meta-analysis. OCPs are the preferred 
method of contraception during the postmolar 
surveillance period [140–142].

 Postmolar Gestational 
Trophoblastic Neoplasia

Postmolar GTN occurs in less than 6% of partial 
molar pregnancies and up to 30% of complete 
molar pregnancies [2, 8, 15, 45, 111, 143–146]. 
Despite earlier diagnosis of molar pregnancy, the 
current rates of postmolar GTN have not changed 
compared to historical studies [82, 92]. The obste-
trician-gynecologist should be aware of the diag-
nostic criteria for postmolar GTN as defined by 
the International Federation of Gynecology and 
Obstetrics (FIGO) and recommended by ACOG 
in order to promptly refer to a gynecologic oncol-
ogist or trophoblastic referral center [2, 147]:

 1. Plateau of hCG of four values ± 10% over a 
3-week time frame (days 1, 7, 14, and 21)

 2. Increase of hCG of more than 10% of three 
values over a 2-week time frame (days 1, 7, 
and 14)

 3. Persistent elevation of hCG for more than 
6 months after molar evacuation

This last FIGO criterion has been challenged in 
a recent report from the trophoblastic center in 
Brazil where 81 women with raised but falling hCG 
levels at 6  months were not given chemotherapy 
and were expectantly managed. Eighty percent of 
these women achieved spontaneous remission and 
avoided chemotherapy. There were no differences 
in the need for multiagent chemotherapy, relapse, 
or death in those who developed GTN after expect-
ant management compared to those who were 
treated immediately at the 6-month mark [148].

 Risk Factors for the Development 
of Postmolar GTN

In women with complete mole and signs of exten-
sive trophoblastic proliferation (hCG  > 100,000 
mIU/mL, uterine size greater than dates, theca 

lutein cysts > 6 cm), the risk of postmolar GTN 
can be as high as 41–57% [8, 111, 143, 149, 150]. 
Age also significantly affects the risk of postmo-
lar GTN in complete molar pregnancy. In women 
with complete mole age 40–49 or 50 and older, 
postmolar GTN developed in 53% and 60% of 
women after uterine evacuation. Hysterectomy 
appears to decrease the risk of developing post-
molar GTN and should be considered in these 
women [117, 151]. Adolescents with complete 
mole, on the other hand, have a much lower risk 
of developing postmolar GTN compared to adults 
(hazard ratio 0.67, 95% CI 0.48–0.93) [39]. 
Repetitive molar pregnancy increases the risk of 
postmolar GTN three to four times compared to 
women who have only had one molar pregnancy 
[53, 152]. Unlike complete mole, there do not 
appear to be any clinical or pathologic features 
unique to women with partial mole who develop 
GTN compared to those who do not [146, 153].

 Special Considerations

 Future Fertility and Subsequent 
Pregnancies

Because of the increased risk of recurrent molar 
pregnancy, women with a history of molar preg-
nancy should undergo early obstetric ultrasound 
to confirm a normal pregnancy and pathologic 
evaluation of all subsequent placentas and prod-
ucts of conception [15, 111]. Women with prior 
molar pregnancy should be reassured that they 
will have obstetric outcomes roughly similar to 
the general population, even if they have gone on 
to receive chemotherapy for GTN [55, 154, 155]. 
There appear to be no adverse maternal outcomes. 
Some, but not all, studies have shown a very low 
increased risk of stillbirth [55, 155, 156].

 Coexistence of Molar Pregnancy 
and Normal Fetus

A “twin” pregnancy with a normal fetus and a 
molar pregnancy is very rare, estimated to occur 
in only 1  in every 22,000–100,000 pregnancies 
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[15, 157]. These patients have a higher risk of 
medical complications of molar pregnancy such 
as preeclampsia, hyperthyroidism, and hemor-
rhage, which often requires early termination of 
pregnancy [2, 157, 158]. Patients should be coun-
seled that they may have an increased risk of per-
sistent GTN compared to singleton molar 
pregnancy, especially if they require termination 
due to medical complications. This risk was 
reported to be as high as 46% in the most recent 
series from two trophoblastic centers [158, 159]. 
In patients who do not terminate the pregnancy, 
either electively or due to medical comorbidities, 
38%–60% of women will go on to deliver a via-
ble infant [159–161].

 Psychosocial Issues

Women with a diagnosis of molar pregnancy or 
gestational trophoblastic neoplasia have to deal 
with delays in future pregnancy, the loss of a 
pregnancy, and a potentially life-threatening ill-
ness [162]. Despite favorable reproductive out-
comes, survivors of gestational trophoblastic 
disease continue to have significant effects on 
long-term quality of life (QOL) [162–164]. 
Significant predictors of long-term QOL include 
sexual functioning, reproductive concerns, gyne-
cologic pain, cancer-specific distress, spiritual 
well-being, and social support; young women 
and those without children appear to be most 
affected [162, 164]. Male partners of women 
with molar pregnancy have high persisting levels 
of anxiety [165]. Patients and their partners 
should receive care from a multidisciplinary team 
that includes counselors and psychological 
support.
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Transabdominal Cervical Cerclage

Sabahattin Anıl Arı, Ali Akdemir, and Fatih Sendag

 Definition

Cervical insufficiency is an inadequacy of the 
uterine cervix to maintain a pregnancy without 
uterine contractions, preterm premature rupture 
of membranes, or both, in the second trimester 
[1]. Wolf et al. reported the incidence of cervical 
insufficiency as 0.1–1% of all pregnancies.

 Pathophysiology

The pathophysiology of cervical insufficiency is 
unclear. Proposed etiologies for this condition 
include congenital Müllerian anomalies and defi-
ciencies of cervical collagen and elastin [1].

Obstetric lacerations and surgical trauma 
caused by conization, loop electrosurgical exci-
sion procedures, and mechanical dilatation of the 
cervix are also acquired reasons. But these are 
not definitely proven [2].

 Diagnosis

Diagnosis of cervical insufficiency is challenging 
due to lack of definitive criteria. Diagnosis is 
based on a history of painless cervical dilation in 
the second trimester without:

• Contractions
• Labor
• Bleeding
• Infection
• Ruptured of membranes

Hysterosalpingography, balloon traction on 
the cervix, Hegar or Pratt dilatators tests, balloon 
elastance test, and use of graduated cervical dila-
tators to calculate a cervical resistance index 
have been used in the past and have not been vali-
dated by scientific studies. Accordingly, these 
tests should not be used for diagnosis [1].

 Treatment Options

Treatment options for cervical insufficiency can 
be divided into two groups: nonsurgical and sur-
gical treatments. Vaginal pessary is the only non-
surgical approach; however, there was not enough 
evidence to recommend to high-risk patients. 
Recently, Saccone et  al. published a new meta-
analysis about vaginal pessary use in singleton 
gestations. The only effect according to their 
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results is the increase in vaginal discharge [3]. 
Therefore, the use of vaginal pessary could be 
limited to selected cases.

Surgical options are transvaginal or transab-
dominal cervical cerclage. Cervical cerclage pro-
vides structural support increasing the resistance 
of an enfeebled cervix. Modifications of the 
McDonald and Shirodkar techniques are fre-
quently used in the current approach.

In the McDonald procedure, the cervicovagi-
nal junction is supported by a single nonabsorb-
able purse-string suture [4]. The dissection of the 
vesicocervical mucosa and the placement of the 
nonabsorbable suture at the level of the internal 
cervical os is the characteristic feature of 
Shirodkar’s technique [5].

Advantages of the suture type or vaginal surgi-
cal techniques over the other have not been proven 
[6], and approximately 13% of pregnancies in 
women with cervical incompetency treated with 
transvaginal cerclage will not be accomplished 
and will deliver previable infants [7].

Transabdominal cervicoisthmic cerclage is 
usually reserved for patients who have previously 
unsuccessful transvaginal cerclages or anatomi-
cal limitations [8]. Transabdominal cerclage pro-
cedures are generally performed in the later part 
of the first trimester, early second trimester (10–
14 weeks of gestation), or prepregnancy and can 
be left for subsequent pregnancies [9]. The proce-
dure can be performed via open laparotomy or 
operative laparoscopy.

 Indications for Cervical Cerclage 
in Women with Singleton 
Pregnancies

The following are the most common indications 
for cervical cerclage in women with singleton 
pregnancies:

• History of painless cervical dilation in the sec-
ond trimester without contractions and labor

• Prior cerclage due to painless cervical dilation 
in the second trimester

• Painless cervical dilation in the second trimes-
ter on physical examination

• Current singleton pregnancy, prior spontane-
ous preterm birth at less than 34 weeks of ges-
tation and short cervical length (less than 
25 mm) before 24 weeks of gestation

Note: In women with twin pregnancies, cer-
clage is not recommended and can also increase 
preterm birth [1].

 Transabdominal Cerclage

Benson and Durfee first described transabdomi-
nal cerclage, also known as transabdominal cer-
vicoisthmic cerclage, 50 years ago. The purpose 
of this procedure is to increase tissue support at 
the level of the internal cervical os. The superi-
orities of abdominal cerclage compared to vagi-
nal cerclage are closer proximity to the internal 
os, preferable support of the cervical tissue, and 
lower risk of suture migration [10].

Classic indications for transabdominal cer-
clage include previously unsuccessful transvagi-
nal cerclage or anatomical limitations like 
weakness or hypoplasia of the cervix deep cervi-
cal laceration or shortening of the cervix by pre-
vious procedures.

Studies have found a high rate of pregnancy 
completion following this procedure. Sneider 
et al. reported a “take-home baby ratio” of 95% 
after abdominal cerclage, 73% after vaginal cer-
clage, and 33% after no cerclage [11]. In spite of 
this evidence, transabdominal cerclage is under-
utilized. Surgical risks, caesarean requirement, 
and low surgical experience are contributing fac-
tors to its underutilization. These factors must be 
addressed in order to increase the future utiliza-
tion of this procedure.

 Procedure

The surgical technique of transabdominal cervical 
cerclage is simple in theory, but it is redoubtable in 
practice. Increased paracervical vasculature, blood 
flow, and softness of the gravid uterus are some of 
the challenges faced by surgeons. This procedure 
is less complicated in nonpregnant patients.
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In our center, we prefer laparoscopic surgery, 
when appropriate. Through the general anesthe-
sia and after establishing a pneumoperitoneum, a 
10-mm optic port is inserted through the umbili-
cus for the optic system. Two 5-mm trocars are 
placed in each lower quadrant laterally at the 
paramedian line just below the umbilicus, and 
one 5-mm trocar is placed in the left upper quad-
rant just above the umbilicus. Subsequently, the 
bladder is pushed away from the lower uterine 
segment via sharp and blunt dissection (Fig. 28.1). 
The uterine arteries are identified, and this is the 
main step of the procedure (Fig. 28.2). A 5-mm 
permanent tape with two flat needles is inserted 
into the abdomen. One suture needle is passed 
through posterior to anterior medial to the uterine 
artery at the level of internal cervical os 
(Figs. 28.3, 28.4, and 28.5). The same steps are 
then repeated on the other side. Next, the tape is 
tied anteriorly and the ends are transfixed by a 
resorbable suture material (Figs. 28.6 and 28.7). 
Lastly, the visceral peritoneum is covered via a 
running suture with a resorbable suture material 
(Fig. 28.8).

In other words, a 5-mm permanent tape is 
placed around the cervix at the level of internal 
cervical os via fenestrations created on either 
side of the cervix medial to the uterine artery. The 
uterine artery is then dissected. Next, a thin 
grasper is passed through anterior to posterior 
medial to the uterine artery. After taking one end 
of the tape, the grasping device is pulled back 
through, posterior to anterior. The same steps 
are repeated on the other side. Lastly, the tape is 
tied anteriorly or posteriorly, according to the 

Fig. 28.1 Bladder dissection

Fig. 28.2 Determining the uterine artery on the right side

Fig. 28.3 Passing through the needle from posterior to 
anterior on the right side

Fig. 28.4 The needle exit from anterior of the uterus

Fig. 28.5 The needle exit from medial to uterine artery 
on the right side
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surgeon, and the ends are transfixed by a resorb-
able suture material.

Hemorrhage is the major risk of the proce-
dure and can be controlled by metal hemostatic 
clip application. To avoid this complication, 
the tape can be placed medial to the uterine 
artery and lateral to the venous plexus. This 
technique insures the tape compresses the 
venous plexus [12].

There is no evidence that antibiotics or pro-
phylactic tocolytics increase the effectiveness of 
cerclage [1].

 Advantages of Minimally Invasive 
Surgery for Transabdominal 
Cerclage

Conventional and robotic-assisted laparoscopies 
are the preferred surgical approaches for transab-
dominal cerclage. These minimal invasive proce-
dures are advantageous because of lower 
morbidity, higher success rates, shorter hospital-
ization and recovery time, decreased pain, and 
also decreased blood loss [13]. Robot-assisted 
abdominal cerclage has the advantages of three-
dimensional visualization and endo-wristed 
instrumentation when compared to traditional 
laparoscopy. Such advantages have been previ-
ously reported.

Tulandi et  al. analyzed 678 pregnancies 
between 1990 and 2013. The study found no sig-
nificant difference in deliveries greater than 
28 weeks of gestation between the transabdomi-
nal cerclages via laparoscopy or laparotomy [14]. 
In addition, Ades et  al. concluded that laparo-
scopic transabdominal cerclage was associated 
with a significantly lower rate of complications 
compared with laparotomy [15].

Finally, a study comparing cervical length 
after cerclage between vaginal and laparoscopic 
approaches found that cervical length in the 
transvaginal group was significantly shorter, 
while in the laparoscopic group the cervical 
length remained unchanged [16]. One possible 
explanation for this finding is that the suture is 
placed closer to the internal cervical os via lapa-
roscopy compared to the transvaginal approach.

Challenges of transabdominal cervical cer-
clage include difficulty accessing the lower uter-
ine segment because of the gravid uterus and 
enhanced vascularization during pregnancy. To 
overcome these challenges, diversified surgical 
techniques have been described. One such 
method is the concomitant use of transvaginal 
ultrasonography during transabdominal cervical 
cerclage [17].

The TilePro feature of the da Vinci Surgical 
System provides simultaneous display of real-
time ultrasonography allowing the surgeon to 
identify the borders of the cervix and the location 

Fig. 28.6 The tape is tied anteriorly

Fig. 28.7 Posterior level of internal cervical os

Fig. 28.8 Peritoneum cover
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of the internal cervical ostium. In this way, the 
surgeon avoids membranes and puts the suture in 
the right place.

One major risk of this procedure is damage to 
the vessels and bleeding. Zeybek et al. described 
the concomitant use of indocyanine green dye 
with a near-infrared camera system. In their 
method, 0.1  mg/kg indocyanine green dye was 
administered intravenous to detect the vascular 
anatomy before suturing via near-infrared cam-
era system in robotic surgery. In this way, they 
could see the uterine arteries before passing 
through the suture. This technique enables identi-
fication of vascular anatomy and could prevent 
complications of hemorrhage [18].

Another challenge is manipulating the gravid 
uterus. Gibbs et al. reported use of a vaginal for-
nices delineator with two ring forcep clamps dur-
ing a robot-assisted abdominal cerclage [19]. In 
this technique, the Koh Cup, which is clamped 
along the posterior rim with two ring forceps, is 
placed on the cervix from vaginal route. Thus, the 
surgeon could manipulate the uterus, and the Koh 
Cup is used for a visual landmark during the 
placement of robot-assisted abdominal cerclage. 
Jolijn Vissers et  al. also described using 
McCartney tube for the purpose of manipulation 
during laparoscopy. A McCartney tube is inserted 
vaginally, and the gravid uterus is manipulated 
cranially, which provides a fine vision of the vesi-
couterine fold.

 Complications

Risk due to complications varies depending on 
the timing and reason of cerclage intervention. 
Uterine rupture and maternal septicemia are mor-
tal and very rarely encountered [20].

Transabdominal cerclage experiences higher 
complication rates when compared with trans-
vaginal route because it absorbs all risk from 
open surgery [21].

Surgical complications of transabdominal cer-
clage are intraoperative hemorrhage, rectovagi-
nal fistula formation, and bladder and bowel 
injury. Additionally, pregnancy complications 

may occur when the procedure is performed on a 
gravid woman. To avoid pregnancy-related com-
plications, preconceptual transabdominal cer-
clage should be considered [22].

Dawood et  al. from the United Kingdom 
reported preconceptual transabdominal cerclage 
is more accomplished in preventing repeat spon-
taneous midtrimester loss and preterm labor and 
is associated with less surgical and pregnancy-
related morbidity compared to first trimester 
transabdominal cerclage [23].

Fortunately, several studies have reported that 
cerclage placement before conception does not 
reduce fertility [23, 24].

 Removal of Cerclage

Removal of transvaginal cerclage is recom-
mended at 36–37 weeks of gestation in women 
without any complications. However, women 
who undergo transabdominal cerclage will have 
to deliver via caesarean section. The suture could 
be removed after delivery via caesarean section 
or left in place for subsequent pregnancies. 
Further research into subsequent pregnancies 
with transabdominal cerclage is necessary.

 Management of Preterm Premature 
Rupture of Membranes 
with Cerclage

There are no prospective studies or powerful ret-
rospective studies regarding the management 
of preterm premature rupture of membranes 
(PPROM) with cerclage. Therefore, there are no 
evidence-based recommendations. One study has 
shown a relationship between increased rates of 
neonatal mortality due to sepsis, neonatal sepsis, 
respiratory distress syndrome, maternal chorioam-
nionitis with cerclage retention with PPROM [25]. 
However, until more evidence is available, clini-
cians should individualize management based on 
the clinical circumstances.

Finally, removal of cerclage or consideration 
of operative delivery is recommended in women 
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experiencing painful regular uterine contractions, 
with cervical change or heavy vaginal bleeding 
despite the use of tocolysis.
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Congenital Uterine Anomalies 
in Pregnancy

Angela L. Du and Joseph S. Sanfilippo

 Congenital Uterine Anomalies

Congenital uterine anomalies arise from abnor-
mal formation, incomplete fusion, or incomplete 
septal resorption of the mullerian ducts during 
embryologic development of the female repro-
ductive tract. A complete failure of the mullerian 
ducts to develop results in mullerian agenesis and 
variable degrees of uterovaginal hypoplasia; this 
is the most severe mullerian duct anomaly and is 
incompatible with carrying a pregnancy. 
Abnormal formation of one mullerian duct results 
in a unicornuate uterus with a single well-formed 
uterine cavity that has an asymmetric, ellipsoidal 
shape, with or without a smaller (rudimentary) 
horn. If present, this horn can be communicating, 
non-communicating, or rudimentary, i.e., lacking 
a uterine cavity. Failure of the two Müllerian 
ducts to fuse results in uterine didelphys with two 
separate fundi and cervices (Fig.  29.1). Partial 
fusion of the mullerian ducts results in a bicornu-
ate uterus with a varying degree of septation of 
the uterine horns and an indented fundus (≥1 cm). 
Abnormal resorption of the midline septum after 
fusion results in a septate or arcuate uterus. A 
septate uterus is completely or partially divided 

into two cavities by a muscular or fibrous septum 
(Fig. 29.2). Unlike a bicornuate uterus, a septate 
uterus has a fundal indentation usually <1 cm. An 
arcuate uterus has a slight midline septum and 
mild fundal indentation; its distinction from the 
septate uterus is less clearly defined and may be 
considered a normal variant (Fig. 29.3).

In the general population, the prevalence of 
congenital uterine anomalies is 4.3–6.7% [1–3]. 
The most common defects are arcuate and sep-
tate uteri, followed by bicornuate uterus. 
However, the true incidence of congenital uterine 
anomalies is unknown. Studies are limited by 
variability in diagnostic techniques and the lack 
of a universal classification system. Furthermore, 
many asymptomatic cases remain undiagnosed.
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a b

Fig. 29.2 Uterine septum

I Hypoplasia/agenesis I Unicornuate

VI ArcuateV Septate VII DES drug related

III Didelphus

IV Bicornuate
(a) Vaginal (a)

Communicating

(c) No cavity (d) No horn (a) Complete (b) Partial

(b) Non
Communicating

(a) Complete (b) Partial

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

(b) Cervical

Fig. 29.3 American Fertility Society classification of 
Müllerian duct anomalies. Reprinted from Fertility and 
Sterility, 49(6), the American Fertility Society classifica-
tions of adnexal adhesions, distal tubal occlusion, tubal 

occlusion secondary to tubal ligation, tubal pregnancies, 
Müllerian anomalies, and intrauterine adhesions, 944–55, 
Copyright 1988 American Society for Reproductive 
Medicine. Published by Elsevier Inc. All rights reserved [44]
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Clinical presentation is variable and includes 
pelvic pain and dysmenorrhea secondary to 
obstructed menstrual flow, hypomenorrhea, vagi-
nal discharge, and dyspareunia [4]. However, 
identification and treatment often occurs in the 
setting of adverse reproductive outcomes. The 
uterine anomalies represent a wide spectrum with 
varying implications on fertility and pregnancy 
outcomes. Thus, it is important to accurately 
identify them in order to appropriately manage 
the associated risks. The following chapter will 
address these concerns and explore the diagnos-
tic and management options, focusing on surgical 
management in the setting of optimizing preg-
nancy outcomes.

 Implications for Fertility 
and Pregnancy

Uterine anomalies have not been decisively 
shown to be associated with infertility. Studies 
have found that women with unicornuate, bicor-
nuate, didelphic, and arcuate uteri have similar 
clinical pregnancy rates compared to women 
with normal uteri [5–8]. However, the incidence 
of uterine septa is higher among women with 
infertility compared to the general population [6, 
7, 9, 10], and a meta-analysis on reproductive 
outcomes in women with congenital uterine 
anomalies found that women with septate and 
subseptate uteri had lower clinical pregnancy 
rates compared to women with normal uteri (RR 
0.86, 95% CI 0.77–0.96) [5]. There is evidence 
that hysteroscopic septum incision is associated 
with improved clinical pregnancy rates [11, 12], 
suggesting that the presence of a septum may 
interfere with implantation.

While most uterine anomalies do not appear to 
reduce fertility, they are associated with increased 
rates of first- and second-trimester pregnancy 
loss [6, 8]. This association is strongest in the 
septate uterus. The prevalence of uterine anoma-
lies in women with recurrent pregnancy loss is 
higher than the general population at 12.6–18.2% 
[1, 3, 13]. Thus, recurrent pregnancy loss is one 
of the primary indications for treatment of women 
with uterine malformations.

They are also associated with numerous 
adverse obstetric outcomes which must be care-
fully monitored for and managed during preg-
nancy. This risk does not apply to women with 
arcuate uteri, as they have been found to have 
similar reproductive outcomes as women with 
normal uteri. However, women with unicornuate, 
bicornuate, and didelphic uteri have a signifi-
cantly higher probability of giving birth to a low 
birth weight neonate less than 2500 g and intra-
uterine growth restriction compared to women 
with normal uteri [14]. This may be secondary to 
uteroplacental insufficiency from abnormal vas-
cularization of the uterus [15].

There is a greater risk of fetal malpresentation 
and preterm birth, often with preterm premature 
rupture of membranes. As a result, cesarean sec-
tion is more common among this patient popula-
tion. Cervical incompetence has also been 
diagnosed in 30% of patients with uterine mal-
formations [16]. These complications may be 
secondary to a reduced cavity volume or dimin-
ished myometrial function of the abnormal uteri.

Since uterine anomalies are frequently associ-
ated with congenital renal anomalies due to the 
close relationship between the mullerian and 
mesonephric ducts during development, women 
with uterine anomalies have increased rates of 
gestational hypertension and preeclampsia [17]. 
Renal anomalies, most commonly renal agenesis, 
are found in 20–30% of women with uterine 
anomalies, primarily with didelphic and unicor-
nuate uteri [18]. Without renal agenesis, these 
women have similar rates of preeclampsia com-
pared to the general population [17]. Thus, it is 
important to evaluate the kidneys for malforma-
tions at the time of diagnosis in order to rule out 
a coexisting renal abnormality and assess risk for 
secondary complications.

In women with a rudimentary horn, there is a 
risk of ectopic implantation in the rudimentary 
horn. This occurs in 1  in 76,000 pregnancies. 
While there have been cases that have resulted in 
live birth, 80% of these pregnancies result in 
uterine rupture at 10–15 weeks gestation due to 
the poor musculature of the rudimentary horn 
[19]. This is a life-threatening complication, and 
early diagnosis and treatment are critical.
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 Diagnosis

A number of imaging modalities have histori-
cally been used to diagnose and categorize uter-
ine anomalies including magnetic resonance 
imaging (MRI), hysterosalpingography (HSG), 
saline infusion sonohysterography (SHG), and 
two- and three-dimensional ultrasonography. 
MRI is the gold standard for the diagnosis of 
uterine anomalies as it provides clear delineation 
of both the internal and external uterine contours. 
It is a primary imaging modality that can differ-
entiate a bicornuate uterus, which has both 
fibrous and myometrial components, from a sep-
tate uterus with only fibrous tissue. It also has the 
ability to visualize the extent of the septum in 
these anomalies.

HSG is excellent for general assessment of 
the uterine cavity and tubal patency. However, 
it does not evaluate the external uterine contour, 
which is often required for definitive diagnosis. 
It has a diagnostic accuracy of only 55% for 
differentiating between septate and bicornuate 
uteri, which requires visualization of the angle 
between the two horns [20]. Risks of HSG 
include patient discomfort, radiation exposure, 
contrast allergy, uterine perforation, and infec-
tion. SHG is also useful for evaluating the uter-
ine cavity and has similar diagnostic accuracy 
as HSG at 95.2% [21]. Thus, it is preferred over 
HSG in order to avoid the radiation exposure 
required for HSG when assessing uterine 
cavity.

Ultrasonography is the more cost-effective 
and noninvasive method for evaluating both the 
internal and external uterine contour. However, 
unlike MRI, ultrasonography cannot as reliably 
differentiate a septate uterus from a bicornuate 
uterus or a unicornuate uterus from a normal 
uterus. However, while two-dimensional ultra-
sound has historically been used most com-
monly as the first-line method for evaluating 
suspected uterine anomalies, the sensitivity of 
this is only 60% [22]. Three-dimensional ultra-
sound has emerged as the first-line method 
because it is more sensitive than two-dimen-
sional ultrasound with similar accuracy as HSG 
and MRI [23].

 Management

Identified uterine anomalies do not require surgical 
correction unless they are symptomatically bother-
some to the patient or have implications for future 
fertility and pregnancy that can be ameliorated by 
the surgical procedure. For unicornuate and didel-
phic uteri, surgery has not been found to improve 
pregnancy outcomes [13]. Thus, ideally, during 
pregnancy, these patients are followed closely by, 
or in consultation with, Maternal-Fetal Medicine 
physicians and undergo careful monitoring for 
intrauterine growth restriction and cervical insuffi-
ciency. The presence of a hemivagina and associ-
ated outflow tract of one horn can lead to partial 
hematocolpos, hematometra, hematosalpinx, and 
endometriosis (Figs. 29.4 and 29.5). This is man-
aged with resection of the hemivagina. Other vagi-
nal anomalies are best addressed case by case.

While no surgical intervention is advocated 
for unicornuate uterus, rudimentary horns with 
functional endometrium are oftentimes managed 
with surgical extirpation via minimally invasive 
approaches. Furthermore, rudimentary horn 
pregnancies are best excised due to the risk of 
life-threatening uterine rupture. This has tradi-
tionally been accomplished by laparotomy, but 
laparoscopy is emerging as a minimally invasive 
technique that allows for horn resection [24].

In women with recurrent pregnancy loss in the 
setting of a bicornuate uterus, uterine reunifica-
tion can be effective for increasing rates of fetal 

Fig. 29.4 Complete outflow tract obstruction with 
hematocolpos
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survival [25–27]. This typically involves a 
Strassman metroplasty with wedge resection of 
septum and subsequent unification of the two 
cavities, which can be done abdominally or lapa-
roscopically. Following metroplasty, cesarean 
delivery is indicated due to a high risk for uterine 
rupture. More often than not, bicornuate uterus is 
not amenable to surgical correction.

The septate uterus is the most common of the 
uterine anomalies and is associated with the poorest 
outcomes. Specifically, it is associated with fetal 
survival rates of 6–28% and a greater than 60% 
spontaneous abortion rate [28]. While the finding of 
a septate uterus per se may not be an indication for 
surgical intervention, consideration of various eti-
ologies for infertility, implicating the septum, may 
lead to proceeding with intervention. When the 
decision is to proceed with surgery, endometrial 
preparation is important. Some surgeons opt to 
operate post menses, and others use progestins, 
gonadotropin-releasing hormone (GnRH) agonists, 
or danazol to thin the endometrium [28].

Hysteroscopic approaches remain the most 
popular of options. This is accomplished via hys-
teroscopic microscissors and electrosurgery 
(monopolar or bipolar), as well as with laser 
energy (neodymium-yttrium-aluminum garnet, 
KTP/532, and argon beam [28]). Either 0- or 
12-degree lens provides a normal field of vision.

The two basic techniques of septum resection 
include [29]:

 1. “Shortening” technique  – The septum is 
incised at its apex horizontally across the 

length of the septum. End points include visu-
alization of vasculature in the operative site, 
slight bleeding, and/or identification of both 
cornual ostia when the hysteroscope is held at 
the internal os.

 2. “Thinning” technique  – Incisions are made 
along the sides of the septum with gradual 
thinning of the septum until a short broad 
notch remains. This is advocated for wide 
septa.

Residual septum ≤ 1 cm is equated with ade-
quate resection [30].

Some surgeons include intraoperative sono-
hysterography to determine complete resection. 
This is in large part physician preference and 
may be reserved for repeat procedures.

Some clinicians include laparoscopy with 
hysteroscopic resection and determine the end 
point by observing completeness of illumination 
of the hysteroscope when the light source for the 
laparoscope is temporarily removed. Upon com-
plete resection, a uniform “jack o’ lantern” 
appearance to the uterine fundus is noted [29].

Possible complications of hysteroscopic septum 
resection include bleeding, uterine perforation, 
intrauterine adhesions, and uterine rupture in sub-
sequent pregnancies. Postoperative management 
remains controversial. Use of intrauterine devices, 
antibiotics, hormonal therapy, and uterine cavity 
balloon or other types of catheters has not clearly 
proven beneficial. In a group of 100 patients, there 
was no statistically significant difference in 
improved pregnancy outcomes with the use of an 
intrauterine device, hormone only (estradiol valer-
ate and norgestrel) versus no treatment [31, 32].

Other techniques for uterine septum correc-
tion include Jones and Tompkins metroplasties; 
however, these primarily required laparotomy. 
The Jones procedure includes wedge resection of 
the septum. Tompkins approach bisects the uterus 
(uterine septum or bicornuate) and then incises 
the medial surface of each horn to result in one 
unified cavity. More recently robotic approaches 
have been reported. The uterine septum is surgi-
cally excised, and three-layer closure with 2-0 
nonreactive suture on an atraumatic needle has 
been reported [33].

Fig. 29.5 Hematocolpos with endometriosis
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To date, no randomized controlled trials have 
investigated reproductive outcomes following hys-
teroscopic septum resection compared to expect-
ant management. However, several observational 
studies have shown that hysteroscopic septum 
resection is associated with higher clinical preg-
nancy rates in women with infertility, decreased 
rates of spontaneous abortion, and improved live 
birth rates in women with a history of infertility or 
recurrent pregnancy loss [12, 34, 35].

 Surgical Considerations During 
Pregnancy

For women with congenital anomalies who 
require surgery for a non-obstetric indication, the 
uterine anomaly itself does not pose a unique risk 
and the patient can be managed similarly to any 
other pregnant woman. However, in the event of 
a known uterine anomaly, the surgeon must be 
aware of associated abnormalities which may 
have surgical implications.

As mentioned previously, renal anomalies are 
commonly associated with uterine anomalies, 
particularly unicornuate and didelphic uteri. 
These include renal agenesis (most commonly 
unilateral agenesis), ectopic kidney, renal hypo-
plasia, horseshoe kidney, malrotation, and duplex 
kidney. Thorough evaluation of the entire genito-
urinary tract with renal ultrasound or MRI should 
be conducted prior to abdominal surgery to iden-
tify any associated renal anomalies. Renal anom-
alies are discussed in more detail in the following 
section.

Ovarian maldescent, defined as attachment of 
the upper pole above the common iliac vessels, 
has been identified in up to 17% of women with 
congenital uterine anomalies, particularly fusion 
abnormalities [36, 37]. This would likely be dis-
covered at the time of diagnosis of the uterine 
anomaly, but surgeons should be aware of this 
during evaluation of abdominal or pelvic pain 
and surgical planning.

Outflow tract obstruction is associated with 
the development of endometriosis due to retro-
grade menstruation [38, 39]. Endometriosis is 
a condition in which endometrial glands and 

stroma are present outside of the uterine cavity, 
most commonly in pelvic structures including 
the ovaries, anterior and posterior cul-de-sac, 
broad ligament, uterosacral ligament, and rec-
tovaginal septum. The rectosigmoid colon and 
appendix are also commonly involved. 
Occasionally, endometrial tissue may seed into 
areas of prior surgical excision such as those 
following a cesarean delivery. It is hypothe-
sized that retrograde menstrual flow may drive 
endometrial fragments through the fallopian 
tubes and into the peritoneal cavity where they 
can implant, grow, and invade into pelvic struc-
tures [40]. Estrogen-dependent inflammation 
of ectopic endometrial tissue can lead to dys-
menorrhea, dyspareunia, and chronic pain. 
Treatment options for symptomatic endome-
triosis include medical therapy and surgery. 
Laparoscopic excision and/or ablation of endo-
metrial implants is the preferred surgical 
approach that is both diagnostic and therapeu-
tic for women who have failed medical therapy 
and desire fertility preservation. In the setting 
of a congenital outflow tract obstruction, endo-
metriosis often resolves spontaneously with 
correction of the obstruction.

However, surgeons should be aware of the risk 
of endometriosis in such patients as the majority 
of women with endometriosis develop extensive 
intraperitoneal adhesive disease, independent of 
whether or not they had prior surgery, which may 
limit the mobility and visualization of internal 
structures during surgery (Fig. 29.6).

Fig. 29.6 A 16-year-old with outflow tract obstruction
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 Congenital Renal and Urological 
Anomalies

Congenital anomalies of the kidney and urinary 
tract (CAKUT) are a group of multifactorial, het-
erogeneous disorders that arise from abnormali-
ties in renal parenchymal development, renal 
migration, or the developing collecting system. It 
encompasses a spectrum ranging from mild, 
asymptomatic malformations such as double ure-
ter to severe, life-threatening conditions such as 
bilateral renal agenesis. These anomalies are 
often diagnosed during routine antenatal ultraso-
nography or postnatal ultrasonography.

Abnormal nephron development results in 
renal parenchymal malformations such as renal 
dysplasia and renal agenesis. Renal dysplasia is 
often diagnosed during routine antenatal screen-
ing with the presence of oligohydramnios or dur-
ing postnatal renal ultrasound in a dysmorphic 
infant. Bilateral dysplasia may present as 
impaired renal function at birth with subsequent 
progressive renal failure, but patients with unilat-
eral renal agenesis have excellent long-term out-
comes in the setting of a normal contralateral 
kidney. Renal agenesis, on the other hand, is the 
complete absence of renal parenchymal tissue. 
While bilateral renal agenesis is incompatible 
with life, unilateral renal agenesis is often asymp-
tomatic and detected incidentally. Patients are at 
increased risk for long-term chronic renal dis-
ease. In both unilateral renal dysplasia and renal 
agenesis, the contralateral normal kidney should 
be monitored with serial ultrasonography for 
compensatory hypertrophy.

Abnormal renal embryonic migration can 
result in an ectopic kidney or fusion abnormali-
ties. An ectopic kidney is abnormally located 
below, above, or contralateral to the normal ana-
tomic kidney location. Fusion abnormalities 
include horseshoe kidney and crossed fused renal 
ectopy. Horseshoe kidney is more common and is 
characterized by the fusion of one pole of each 
kidney. The separate excretory renal units and 
ureters are usually preserved as the vast majority 
of cases involve fusion at the lower poles. Crossed 
fused renal ectopy is a condition in which an 

ectopic kidney and ureter cross the midline and 
fuse with the contralateral kidney. Patients with 
these abnormalities are often asymptomatic and 
may have normal renal function. However, they 
are at risk for other genitourinary abnormalities, 
most commonly vesicoureteral reflux, which 
may lead to frequent urinary tract infections, 
renal calculi, hydronephrosis, and renal injury. 
No treatment is necessary in the absence of 
obstruction or kidney damage.

Anomalies of the collecting system may 
involve abnormalities at the level of the renal pel-
vis, ureter, and bladder. At the renal pelvis, ure-
teropelvic junction obstruction can lead to partial 
or total intermittent blockage of the flow of urine. 
In asymptomatic patients, observation and moni-
toring with serial ultrasounds and diuretic renog-
raphy is sufficient. However, in patients who 
develop symptoms secondary to hydronephrosis, 
surgical pyeloplasty is recommended to relieve 
the obstruction.

An ectopic ureter is one in which the ureteral 
orifice opens caudal to the normal insertion on 
the bladder trigone. Females present with incon-
tinence during childhood, and surgical recon-
struction via ureteroureterostomy in the setting of 
a duplex kidney or nephroureterectomy in the 
setting of a single kidney has good long-term 
outcomes.

Duplex kidney, the most common congenital 
anomaly of the urinary tract, is characterized by 
complete or partial duplication of the renal col-
lecting system. In complete duplication, there 
are two separate pelvicaliceal systems with sep-
arate ureters. The ureter associated with the 
lower collecting system usually enters the blad-
der at its normal insertion site in the trigone, 
while the ureter from the upper collecting sys-
tem may insert in the trigone or an ectopic site 
which may result in obstruction or vesicoure-
teral reflux. In partial duplication, the two sepa-
rate pelvicaliceal systems have either a single 
ureter or separate ureters which unite prior to 
insertion into the bladder. Surgical repair is 
indicated in the setting of complications such as 
recurrent urinary tract infections or hydrone-
phrosis secondary to obstruction.
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Bladder exstrophy is defined as exposure of 
the bladder on the outer surface of the abdomen. 
This occurs secondary to in utero rupture of the 
cloacal membrane during development, which 
leads to herniation of the lower abdominal con-
tents through the abdominal wall. It is associated 
with numerous other malformations including 
diastasis of the symphysis pubis, low-set umbili-
cus, shortened urethra and vagina, and epispadias 
with a bifid clitoris and small, laterally displaced 
labia minora. Optimal management involves 
early closure of the bladder during infancy, but 
periodic assessment is required due to the risk of 
long-term complications including pelvic organ 
prolapse and malignancy. During pregnancy, 
bladder exstrophy is associated with a higher risk 
of antepartum pyelonephritis, urinary retention, 
ureteral obstruction, pelvic organ prolapse, and 
breech presentation.

 Surgical Considerations During 
Pregnancy

Prior to surgery, renal function must be evaluated 
and anatomy be assessed for surgical planning. 
During pregnancy, numerous adaptations to renal 
physiology occur to support a healthy pregnancy. 
These changes include dilatation of the urinary 
collecting system, an increase in renal plasma 
flow and glomerular filtration rate, and net vasodi-
lation via alterations in hormones including medi-
ators of the renin-angiotensin-aldosterone system. 
Glomerular hyperfiltration results in a physiologi-
cally lower serum creatinine levels and protein-
uria. These changes must be taken into account 
when interpreting the results of renal function 
tests. Furthermore, for women with advanced 
chronic renal disease, there is a risk of progres-
sion of kidney injury during pregnancy [41].

CAKUT, if clinically significant, is typically 
identified and corrected at an early age. However, 
extensive adhesions following prior repair may 
alter the internal anatomy and complicate future 
surgery. Furthermore, any anatomical anomalies 
should be taken into account during surgical 
planning. In the setting of an ectopic or fused kid-

ney, abnormal rotation of the developing kidney 
results in a renal pelvis that is directed anteriorly 
rather than medially. In a fusion abnormality, the 
ureters lie over the isthmus of the horseshoe kid-
ney or the anterior surface of the fused kidney. 
The blood supply is variable and may originate 
from the iliac arteries, aorta, hypogastric arteries, 
or middle sacral arteries.

It is important to note that infection or obstruc-
tion of abnormal genitourinary organs can mimic 
appendicitis [42]. Pregnancy itself poses a diag-
nostic challenge in appendicitis due to variable 
anatomic positioning and nonspecific symptoms 
throughout pregnancy. During pregnancy, appen-
dicitis may present as right upper or lower quad-
rant pain, nausea, vomiting, diarrhea, uterine 
contractions, dysuria, rectal pain, and vaginal 
tenderness. MRI is recommended as the first-line 
imaging study for pregnant women with such 
symptoms [43].

 Conclusion
Congenital anomalies pose a unique diagnos-
tic and therapeutic challenge in the setting of 
pregnancy. Congenital uterine anomalies are 
associated with adverse reproductive out-
comes including recurrent pregnancy loss, 
IUGR, preterm delivery, fetal malpresenta-
tion, and rudimentary horn pregnancy with 
subsequent uterine rupture. MRI, SHG, and 
three-dimensional ultrasound all have accept-
able diagnostic accuracy. Surgery is not rec-
ommended for unicornuate and didelphic uteri 
nor for the most part with  bicornuate as it has 
not been shown to significantly improve preg-
nancy outcomes. However, there are a number 
of minimally invasive therapeutic options that 
have been shown to improve rates of fetal sur-
vival in women with septate uteri. Thus, in 
women with infertility, prior pregnancy loss, 
or poor obstetrical outcomes, surgical correc-
tion of such anomalies merits appropriate con-
sideration on a case-by-case basis depending 
on the anomaly. Non-obstetric surgery during 
pregnancy is not contraindicated but may be 
complicated by associated renal anomalies, 
ovarian maldescent, or endometriosis.
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Congenital anomalies of the renal system 
and urinary tract encompass a spectrum of 
abnormalities in renal parenchymal develop-
ment, renal migration, and the developing col-
lecting system. Most of these anomalies are 
diagnosed in the antenatal or postnatal period, 
and if clinically significant, they are often cor-
rected during infancy. Even so, pregnant 
women with a history of CAKUT may have 
reduced renal function and altered anatomy 
secondary to anatomic abnormalities or adhe-
sions from prior surgery. These factors must 
be taken into account prior to non-obstetric 
surgery in these patients.
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Uterine Incarceration During 
Pregnancy

Tracey H. DeYoung, Laura Marie Fluke, 
and Joy A. Greer

 Epidemiology

Uterine incarceration during pregnancy is a rare 
but potentially serious diagnosis [1]. This com-
plication is reported to affect 1  in 3000–10,000 
pregnancies [2–4] and has been reported in the 
literature for the past three centuries [5–10].

 Pathophysiology

In a majority of women, the uterus is anteverted 
and is positioned ventral to the sacral promontory 
[11, 12]. During pregnancy, the uterus enlarges 
and transitions from a pelvic to an abdominal 
organ at the end of the first trimester of preg-
nancy. As an abdominal organ, the uterus contin-
ues to grow through the third trimester until 
delivery at around 40 weeks gestation [3, 13].

In 11–19% of pregnancies, the uterus can be ret-
roflexed or retroverted; this is considered a normal 
variant and is not associated with poor pregnancy 

outcomes [11, 14, 15]. By 12  weeks gestation, 
most retroflexed or retroverted uteri will become 
ventral to the sacral promontory as pregnancy pro-
cesses. However, in rare cases, a retroverted or ret-
roflexed uterus may become wedged between the 
sacral promontory and the pubic symphysis, pre-
venting the enlarging uterus from transitioning to 
an abdominal organ [1, 3]. As the uterus becomes 
entrapped, the cervix, bladder neck, and urethra are 
displaced anteriorly, and the rectum is pushed more 
posteriorly by the uterine fundus [16]. Additionally, 
the uterus enlarges anteriorly, distorting normal 
anatomy and causing thinning of the anterior uter-
ine wall and lower uterine segment around the ges-
tational sac in a process known as “classic” 
sacculation (Fig. 30.1) [6, 17–19].

While a retroverted uterus in the first trimester 
is the most common risk factor for incarceration 
of the gravid uterus, many other risk factors have 
also been described in the literature. Other ana-
tomic variations that can predispose women to 
uterine incarceration during pregnancy include a 
deep sacral concavity with an overlying sacral 
promontory or Müllerian anomalies such as a 
bicornuate or didelphic uterus [1, 20, 21]. Pelvic 
masses such as ovarian cysts or leiomyomas have 
been linked to incarceration as well as pelvic 
adhesive disease from endometriosis or previous 
abdominal or pelvic surgery [1, 22, 23]. The only 
reported potentially pregnancy-related risk factor 
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is a multifetal gestation [1]. History of a uterine 
incarceration in a prior pregnancy can addition-
ally increase the risk of recurrence [17].

 Diagnosis

Initially, many women with this complication will 
present with non-specific symptoms between 14 
and 16 weeks gestation. Patients may present ear-

lier if there is a multifetal gestation or pelvic mass 
contributing to the incarceration [1, 24]. 
Presenting symptoms are usually secondary to 
mechanical compression and can involve 
pregnancy- specific complaints or nonpregnancy- 
related complaints involving the genitourinary, 
gastrointestinal, or musculoskeletal system 
(Table  30.1) [1, 2, 21, 25–29]. The differential 
diagnosis includes ovarian cyst, leiomyoma, 
extrauterine pregnancy, pelvic hematocele, simple 
uterine sacculation, and classic sacculation [14].

Clinical examination should include an 
assessment of the abdomen and pelvic exam for 
patients presenting with any of the symptoms 
listed in Table 30.1 in addition to other more tar-
geted assessments [1]. Fetal heart tones should 
be assessed by Doppler or ultrasound. The 
abdominal exam should evaluate for the pres-
ence of extrauterine masses and a measurement 
of fundal height. The pelvic exam should include 
a speculum exam, bimanual exam, and recto-
vaginal exam. Pertinent findings on the abdomi-
nal and pelvic examinations that are suggestive 
of a retroverted uterus and potential uterine 
incarceration include fundal height less than 
expected for gestational age, an anteriorly dis-
placed cervix that is difficult to visualize on 
speculum exam or difficult to palpate on biman-
ual exam, and a palpable mass in the posterior 
cul-de-sac [21, 23].

Imaging adjuncts can be used to confirm the 
diagnosis or make the diagnosis in women who 
are asymptomatic or present with vague symp-
toms of abdominal pain. Ultrasound findings 
suggestive of an incarcerated uterus in pregnancy 
include a retroverted uterus with posterior or fun-
dal fibroids that appear trapped in the pelvis or a 
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External osUterine fundus

Bladder
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Rectum
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Bladder

Vagina

Rectum

Uterine fundus

Fig. 30.1 (a) Artistic rendering of a gravid uterus at term. 
(b) Artistic rendering of an incarcerated gravid uterus at 
term. Note the fundal location, elongated cervix, and 
potential injuries if a cesarean delivery would be accom-
plished in the traditional fashion

Table 30.1 Potential symptoms of uterine incarceration in pregnancy

Timing Gastrointestinal Genitourinary Musculoskeletal Obstetric
Early Abdominal pain

Constipation
Tenesmus
Rectal pressure

Urinary retention Back pain Spontaneous abortion

Delayed Same as above Overflow 
incontinence
Hydronephrosis
Bladder atony
Bladder ischemia
Bladder rupture

Lower extremity 
swelling
Thromboembolus

Fundal height less than 
expected for gestation age
Intrauterine growth restriction
Uterine rupture
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cervix that is anteriorly and superiorly displaced 
and elongated. However, in the second and third 
trimesters, the cervix may be poorly visualized 
[30]. The most consistent clinical and sono-
graphic finding is the anterior location of the cer-
vix. The lower uterine segment is located where 
the fundus is usually found, in the anterior curve 
of the pelvis [31]. Abnormal positioning of the 
products of conception deep within the pelvis 
may also be noted. The bladder can be seen ante-
rior, rather than inferior, to the products of con-
ception [32]. With the uterine fundus located 
deep within the pelvis, a fundal placenta will 
appear to be overlying the vagina, giving a mis-
leading appearance of a placenta previa on ultra-
sound [33–35].

Magnetic resonance imaging (MRI) is con-
sidered superior to pelvic ultrasound to confirm 
sacculation, placental location, and anatomic 
relationships. It can be especially useful to con-
firm the diagnosis and assist with preoperative 
planning [1, 12]. MRI can also clarify abnormal 
placentation which has been observed concom-
itantly and helps to avoid misdiagnoses of 
intraperitoneal pregnancy, fetal malpresenta-
tion, or placenta previa [31, 35–37]. On 
T2-weighted scans, the cervix is a hypointense 
linear structure. When the gravid uterus is 
incarcerated, the cervix will frequently be thin 
and elongated and is located parallel to the 
vagina [38].

Misdiagnosis or delayed diagnosis is unfor-
tunately common with an unsuspected uterine 
incarceration. Reported misdiagnoses include 
acute appendicitis resulting in an unnecessary 
appendectomy, ectopic pregnancy, or abdomi-
nal pregnancy [6, 16, 28, 39, 40]. Uterine rup-
ture and/or vaginal delivery of an intrauterine 
fetal demise have also been described in cases 
where the diagnosis has been significantly 
delayed [10, 41].

A high level of clinical suspicion, a thorough 
pelvic examination, and imaging adjuncts with 
pelvic ultrasound and MRI aid prompt diagnosis 
[1]. Early diagnosis permits optimal management 
with fewer complications and thus improved out-
comes for the mother and fetus [3].

 Treatment

Treatment of uterine incarceration complicating 
pregnancy depends greatly on the gestational age 
when the diagnosis is made as the risks and ben-
efits of treatment vary [1]. Early diagnosis is 
essential for successful treatment. Manual reduc-
tion of the uterus is recommended if the gesta-
tional age is earlier than 20 weeks gestation [1, 
40]. After 20 weeks gestation, manual reduction 
has been described [42] but is less likely to be 
successful and carries an increased risk of mor-
bidity to include preterm labor, preterm prema-
ture rupture of membranes, and intrauterine fetal 
demise [1, 43, 44]. Lettieri and colleagues sug-
gest that an attempted reduction after 20 weeks 
should be limited to patients who are significantly 
symptomatic [28].

Figure 30.2 lists sequential steps contributing 
to a successful manual reduction of an incarcer-
ated pregnancy. Anesthesia can range from seda-
tion to regional or general and should be used as 
needed for patient tolerance [24, 42, 45]. If initial 
manual reduction is unsuccessful, Lettieri and 
colleagues suggest repeating an attempt at man-
ual reduction 1  week later if patient remains 
asymptomatic [28]. Once successful reduction 
has occurred, a pessary (Fig. 30.3) can be placed 
to help maintain the uterine position until the 
uterus is large enough to avoid a recurrent incar-
ceration during the pregnancy, typically in the 
mid-second trimester. Gynecologic consultation 
is recommended to assist with successful pessary 
placement if it has not already been obtained. 
Alternatively, if a pessary cannot be successfully 
fitted, other authors suggest sleeping in a prone 
position and knee-chest exercises along with fre-
quent bladder emptying, reduced liquid at night, 
and avoidance of Valsalva voiding [3, 26, 46, 47]. 
RhoGAM treatment should be provided for those 
women who are Rh negative regardless of 
whether the manual reduction is successful [4].

If the manual reduction is unsuccessful and 
the patient remains symptomatic, other mecha-
nisms to achieve reduction have been reported 
and are described below. Due to the rarity of the 
condition, superiority of any one treatment 
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method has not been established. Ultimately, the 
choice of treatment should take into consider-
ation the suspected etiology for the incarceration, 
the gestational age of the fetus, and the antici-
pated risks and benefits.

 Colonoscopy-Assisted Reduction 
of Uterine Incarceration

Colonoscopy-assisted uterine reduction has been 
described as follows: (1) enemas are given prior 
to the procedure to clear the rectal vault; (2) the 

endoscope is passed through the rectum and sig-
moid colon and into the distal descending colon, 
allowing formation of a loop within the sigmoid 
colon; and (3) this loop of sigmoid colon then 
provides enough pressure to reduce the fundus of 
the uterus anteriorly, allowing it to ascend into 
the abdominal cavity [25, 48]. While this has 
been described successfully and without result-
ing morbidity in gestations up to 22 weeks [25], 
Newell and colleagues describe a case where rec-
tal insufflation with an endoscope was attempted 
unsuccessfully in a patient at 22 + 6 weeks gesta-
tional age [44].

a b c
Fig. 30.3 Common 
pessaries used to 
maintain uterine position 
after manual reduction 
of uterine incarceration. 
(a) #3 Smith pessary. (b) 
#3 Ring pessary. (c) #1 
Hodge pessary

Drain bladder via foley catheter

Position patient

Elevate uterus out of the pelvis using 2 fingers in the posterior vaginal fornix

Insert soft catheter gently as urethral injury
possible due distorted anatomy

Dorsal lithotomy +/- slight Trendelenburg

Alternatives: Finger in rectum or tenaculum
on posterior lip of cervix

If posterior fibroid, place 1 finger on either
side of fibroid and attempt to slide uterus side

to side

Knee-chest

Bladder rupture possible if bladder not
drained and reduction attempted

Fig. 30.2 Manual 
reduction of uterine 
incarceration in 
pregnancy
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Beyond the likelihood of success at correcting 
the incarceration, there are several risks that must 
be considered prior to undertaking this proce-
dure. There is no reported higher risk of perfora-
tion than a normal diagnostic colonoscopy or 
flexible sigmoidoscopy, which carries a 0.16–5% 
[49, 50] and 0.027–0.088% risk, respectively [51, 
52]. However, given the small number of case 
reports in which it is performed, the true inci-
dence of complications is difficult to discern, and 
the patient should be counseled accordingly. 
Pressure safety thresholds required to prevent 
perforating the bowel yet reduce the incarcera-
tion have not been reported. Furthermore, the 
forceful insertion of an endoscope with sigmoid 
loop formation is the leading cause of anti- 
mesenteric, longitudinal bowel perforation [52, 
53], and a hallmark principle of endoscopy 
includes the prevention of loop formation [54]. 
An additional known risk factor for colon perfo-
ration during endoscopy is adhesions from prior 
abdominal or pelvic surgery. Adhesions cause 
tethering of the colon, which can lead to tearing 
within the fixed loop [55]. Tethering of the colon 
due to adhesions could be translated to fixation 
within the boney pelvis due to uterine incarcera-
tion. Thus, this method should be used judi-
ciously and be performed only by an experienced 
endoscopist.

Laparoscopy or laparotomy should be consid-
ered only when the patient is in extremis and all 
other interventions have failed. These techniques 
are associated with a high risk of fetal loss or hys-
terectomy [17]. When the laparoscopic approach 
is chosen, an additional attempt at manual reduc-
tion should be made after the pneumoperitoneum 
has been obtained. The pneumoperitoneum has 
been hypothesized to help break the seal between 
the uterine serosa and the pelvic peritoneum [28]. 
If the pneumoperitoneum alone is insufficient to 
reduce the incarceration, Fernandes and col-
leagues describe laparoscopic assistance to grasp 
the round ligaments and exert steady traction to 
augment the vaginal hand to reduce the incarcer-
ation [31]. Adhesiolysis has also been described 
and is recommended if the adhesions are thought 
to be contributing to the incarceration [56]. 
Pabuccu and colleagues describe a case of recur-

rent uterine incarceration in the same pregnancy 
which was successfully managed using ventro- 
fixation of the uterus which was performed 
through a laparotomy in the second trimester. 
The pregnancy progressed to full term, resulting 
in a vaginal delivery [57].

Abdominal myomectomy to relieve uterine 
incarceration has been reported in a few cases. 
Kim and colleagues removed a pedunculated 
subserosal leiomyoma resolving the uterine 
incarceration and resulting in a successful vagi-
nal delivery at 39 weeks gestation [58]. In con-
trast, Chauleur and Vulliez reported two cases of 
myomectomy during the second trimester of 
pregnancy [26]. One case resulted in ongoing 
pregnancy; however, the second resulted in a 
spontaneous miscarriage. Suggested criteria for 
considering a myomectomy include rapid growth 
of a complex fibroid, failure to relieve fibroid- 
related symptoms after a 72-hour trial of conser-
vative treatment, and a greater than 5-mm 
distance between the myoma and the endometrial 
cavity [2, 26].

While uncommon, there have also been two 
reports of spontaneous resolution of uterine incar-
ceration. Hill describes a spontaneous resolution 
in one pregnancy between 24 and 26 weeks gesta-
tion [34]. Katopodis also reports the spontaneous 
necrosis of a fibroid leading to resolution [59].

 Delivery

If manual reduction is unsuccessful prior to 
20 weeks gestation, it is recommended that the 
pregnancy is followed with serial ultrasounds to 
assess fetal growth and amniotic fluid to help 
optimize timing of delivery [1, 21]. In reported 
cases of vaginal delivery, the infants did not sur-
vive [10, 60]. Therefore, the recommended route 
of delivery is via cesarean section when the uter-
ine incarceration cannot be corrected; however, 
the optimal timing of delivery is unknown, and 
the risks and benefits need to be weighed [1].

Once the determination is made to proceed 
with delivery, a preoperative MRI is recom-
mended to evaluate maternal anatomy and spe-
cifically identify the lower uterine segment. 
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Several authors have reported that the lower uter-
ine segment was located above the umbilicus 
rather than suprapubically [6, 17, 35, 61].

At term gestation, a midline vertical skin inci-
sion extended above the umbilicus is recom-
mended to extend the field of view [14, 17, 20, 
41, 61]. If normal maternal anatomy cannot be 
restored with gentle manipulation, a vertical hys-
terotomy should be performed on the anterior 
wall of the uterus and extended cephalad with 
bandage scissors to avoid injury to the bladder, 
cervix, and vagina [28, 35, 43]. Once the fetus is 
delivered, the hysterotomy should be repaired. 
There are conflicting reports on the benefit of 
uterine suspension or anterior fixation of the 
uterus to prevent recurrent uterine incarceration 
[1, 28, 57]. Uterine suspension does not reliably 
prevent recurrence, and there is the potential 
increased risk and morbidity of subsequent sur-
gery due to the development of adhesive disease.

 Obstetric Complications

There are multiple obstetric complications that 
may arise secondary to uterine incarceration. 
Compression of the pelvic vasculature leads to 
impaired uterine blood flow, which can result in 
decidual hemorrhage and subsequent spontane-
ous abortion or intrauterine fetal demise [3]. 
Additionally, by similar mechanism, fetal growth 
restriction can occur; therefore serial growth 
scans are recommended [1]. Preterm labor and 
preterm premature rupture of membranes are 
commonly described [33, 35, 62]. There are mul-
tiple reports of abnormal placentation associated 
with uterine incarceration. This is hypothesized 
to result due to the thinning of the anterior uterine 
wall, especially in cases of prior cesarean deliv-
ery. Thus, in any patient with a prior cesarean 
delivery and uterine incarceration, placenta 
accreta should be considered [37, 63].

With the onset of labor and delivery, addi-
tional complications arise, especially in a patient 
with uterine incarceration not previously diag-
nosed. The abnormal polarity of the uterus inhib-
its the ability of contractions to cause cervical 
change; therefore, if inadvertently allowed to 

labor, labor dystocia ensues [6, 20]. The stress of 
labor may also lead to intrapartum fetal demise 
and uterine rupture [2, 21, 64]. Following deliv-
ery, there is an increased risk of postpartum hem-
orrhage and retained placenta [6, 60].

At the time of cesarean delivery, the distorted 
maternal anatomy leads to increased surgical 
risk. The maternal vagina, cervix, and bladder are 
pulled anteriorly and superiorly into the location 
where a low transverse uterine incision is typi-
cally made. Failure to recognize this distorted 
anatomy may lead to inadvertent transection of 
the vagina, cervix, or bladder with delivery 
through a hysterotomy on the posterior wall of 
the uterus [11, 36, 65]. Case reports describe 
necessity for cesarean hysterectomy after com-
plete transection through the anterior and poste-
rior walls of the vagina resulting in detachment 
of the uterus from the vagina [66, 67]. This sup-
ports the importance of clear documentation and 
preoperative planning for delivery, with the aid of 
diagnostic imaging adjuncts, to decrease the risk 
of intraoperative complications.

 Non-obstetric Complications

Due to the compression and displacement of 
adjacent pelvic structures, there are a number of 
non-obstetric complications that arise secondary 
to uterine incarceration. Compression on the pel-
vic vasculature causes impaired venous return 
and venous stasis resulting in hypertension and 
lower extremity edema with an increased risk of 
venous thromboembolism and pulmonary embo-
lism, especially in the hypercoagulable postpar-
tum state [25, 44, 60, 66].

Gastrointestinal complications include the sen-
sation of rectal pressure, constipation, and tenes-
mus due to added pressure on the rectum at the 
pelvic inlet due to compression between the sacral 
promontory and the uterus [25]. While rectal gan-
grene has been quoted in the literature, the original 
reference given by Gibbons in 1969 quotes chap-
ters written by Huffman and Jeffcoate in 1962, nei-
ther of which describe rectal gangrene as a 
complication [3, 68]. Furthermore, the rectum has 
a robust blood supply, and even in the setting of 
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primary pathogenesis of the rectum or compression 
from large pelvic masses, this is not seen. Uterine 
rupture or gangrene, especially in the setting of 
posterior sacculation [68], may be a cause of peri-
tonitis; however, this would be a late finding. 
Additionally, appendicitis is a possible misdiagno-
sis, and further imaging with ultrasound or MRI 
should help delineate between these diagnoses.

The urologic system is at significant risk of 
complications resulting from uterine incarcera-
tion. Prolonged compression of the bladder or ure-
thra results in urinary retention. Chronic urinary 
retention can lead to persistent bladder atony, 
infections, and lower and upper urinary tract 
injury. Overdistention of the bladder can cause 
persistent bladder atony via chronic neuromuscu-
lar dysfunction resulting in bladder ischemia, 
necrosis, and rupture if untreated [21, 69]. 
Treatment of urinary retention can be managed 
with prolonged indwelling urethral catheter, inter-
mittent self-catheterization, or suprapubic catheter 
placement [26, 70]. Infectious complications 
include urinary tract infection and pyelonephritis 
[28, 32]. Pyelonephritis in pregnancy can cause 
significant morbidity including sepsis and acute 
respiratory distress syndrome [71]. Hydronephrosis 
results from either chronic bladder outlet obstruc-
tion or ureteral compression due to the incarcer-
ated uterus [44, 67]. In severe cases, renal failure 
can develop [66]. Cystoscopically placed ureteral 
stents followed by nephrostomy tubes, if needed, 
can be placed to prevent calyceal rupture [64]. Due 
to the multifactorial and complex nature of these 
possible complications, urologic consultation 
should be performed. After relief of the obstruc-
tion by repositioning, catheterization, or nephros-
tomy tube placement, monitoring of urine output 
and serum electrolytes is recommended due to risk 
of post-obstructive diuresis with resultant electro-
lyte derangements [72].

 Subsequent Pregnancy

Recurrent uterine incarceration has been 
described by several authors [3, 38, 64]. 
Recurrence is more common in patients with 
uterine anomalies, leiomyomas, and pelvic adhe-

sive disease that are not addressed medically or 
surgically between the pregnancies. It is recom-
mended that all patients with a history of uterine 
incarceration in previous pregnancies undergo 
serial bimanual exams in the first and second tri-
mesters to ensure the proper assent of the uterus. 
Early use of a pessary and knee-chest exercises 
has also been described to assist in enabling a 
successful outcome with future pregnancies com-
plicated by either a retroverted uterus or recurrent 
incarceration [3, 64]. A trial of labor after cesar-
ean delivery can be determined based on the 
usual criteria [73], but it is strongly recommended 
that medical records and operative reports be 
reviewed in detail to determine the location of 
prior hysterotomy to aid in counseling regarding 
mode of delivery.

 Conclusion
Though rare, uterine incarceration is a serious 
complication of pregnancy. It occurs when the 
growing, retroverted, gravid uterus becomes 
wedged between the pubic symphysis and 
sacral promontory. Evaluation for uterine 
incarceration should be performed in any 
patient presenting with new onset urinary 
retention in pregnancy. Physical exam find-
ings of an anteriorly displaced cervix, poste-
rior mass within the cul-de-sac, and size 
measuring less than dates should prompt fur-
ther imaging with pelvic US and/or pelvic 
MRI. If less than 20 weeks gestation or symp-
tomatic, manual reduction should be 
attempted. Alternative methods of reduction 
are described and can be attempted in a patient 
who has failed conservative management. 
Choice of procedure should be based on the 
suspected etiology of incarceration. If in labor 
or diagnosed at a later gestational age, deliv-
ery by cesarean section is recommended. 
Preoperative MRI is recommended to assist 
with surgical planning. Early recognition and 
intervention are critical for optimizing mater-
nal and fetal outcomes.
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 Introduction

Uterine rupture is a life-threatening obstetric 
complication, an obstetric catastrophe associated 
with high maternal and perinatal morbidity and 
mortality [1].

Spontaneous rupture of the uterus, as well as a 
very rare event, is an unpredictable event, requir-
ing a high index of suspicion for diagnosis [2].

In developed countries, uterine rupture is rare 
and is most commonly a complication of previ-
ous cesarean section (CS); in low-resource poor 

countries, it is commonly associated with pro-
longed obstructed labor due to fetopelvic dispro-
portion, fetal malpresentation or malposition 
(such as neglected transverse lie), and injudicious 
or inappropriate use of uterine stimulants [3].

Hofmeyr et  al. [4], in a research published 
over a decade ago, showed that uterine rupture 
was reported to be lower in a community-based 
study (median 0.053%, range 0.016–0.030%) 
compared to facility-based study (0.031, 0.012–
2.9%). This prevalence was also higher in less 
developed countries (sub-Saharan Africa particu-
larly) than in the developed countries [4].

Uterine rupture may be incomplete when uter-
ine serosa remains intact or complete in cases of A. Tinelli (*) 
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disruption of the full thickness of uterine wall 
including uterine serosa, thus resulting in a direct 
connection between the peritoneal space and the 
uterine cavity with or without protrusion or 
expulsion of the fetus and/or placenta into the 
peritoneal cavity (Fig. 31.1).

Incomplete uterine rupture is almost always 
the result of a dehiscence of a previous cesarean 
delivery scar and is often asymptomatic, only dis-
covered at the time of repeated cesarean delivery 
or during manual exploration of the uterus after a 
successful vaginal delivery after previous cesar-
ean delivery [5].

It is a rare peripartum complication that occurs 
in around 7/10,000 women, but this rate increases 
to 20–80/10,000  in those with uterine scars, 
mostly as a result of previous cesarean section [6].

Rupture of the unscarred pregnant uterus is a 
rare event, estimated to occur in one in 5700 to 
one in 20,000 pregnancies [7].

 Definition of Uterine Rupture

Uterine rupture is divided into two main catego-
ries: rupture in a scarred uterus and rupture in an 
intact uterus. The term “scarred uterus” is referred 
to the uterus of a woman that has previously 
undergone gynecological operations, predomi-
nantly CS, which constitutes the principal cause 
of overall uterine ruptures.

Ruptures of the gravid uterus are generally 
described as “spontaneous” or “traumatic.” Most 
authors who use the term “spontaneous rupture” 
mean that the uterus has ruptured during labor 
without other precipitating traumas [8].

Generally, labor involves vigorous, sustained 
myometrial contractions occurring for a prolonged 
period; thus, to call intrapartum uterine rupture 
“spontaneous” is misleading. An additional 
factor(s) is almost always present when a uterus 
ruptures. Very rare cases of uterine rupture in non-
laboring, nulliparous (or primigravid) women with 
unscarred uterus have been reported [9].

 Trends of Uterine Rupture

Uterine rupture prevalence is estimated at 1% in 
patients with uterine scar [1]. Uterine rupture in a 
previously unscarred uterus is a rare event, esti-
mated at 1:17,000–20,000 [10].

A study of Al-Zirqi et al. [6] evaluated women 
giving birth in 21 maternity units in Norway during 
the period 1967–2008. They identified 359 uterine 
ruptures among a total on 1,441,712 maternities, 
with an incidence of 2.5/10,000. Cited authors doc-
umented a sharply growing trend of uterine rup-
ture. The increase was largely a result of the 
increasing percentages of scarred uteri (mainly 
from previous cesarean section) and augmentation 
of labor with oxytocin. Although the increase was 
observed among both intact and scarred uteri, 
scarred uteri showed a considerably higher inci-
dence, with an increase from 14.2 to 66.8 in 10,000 
maternities from the second to the fourth decade, 
respectively. Among scarred uteri, induction of 
labor with prostaglandins and combined prosta-
glandins and oxytocin played an important role. 
The authors concluded that uterine rupture is rare 

Fig. 31.1 A description of a complete uterine rupture, 
with the sudden pregnancy extrusion outside uterine cav-
ity (Reprinted from Management and therapy of early 
pregnancy complications: first and second trimesters, 
edited by Malvasi A, Tinelli A, Di Renzo GC, Spontaneous 
uterine rupture prior to twenty weeks of gestation, 2016, 
Guseh SH, Carusi DA, Tinelli A, Gargiulo AR. With per-
mission of Springer)
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in Norway, but there has been a sharp increase in 
recent years. This increase was partly linked to 
increases in scarred uteri (as a result of increasing 
rates of cesarean section), induced labor with pros-
taglandins or combined prostaglandins and oxyto-
cin, and augmented labor with oxytocin.

Another study of Berhe and Wall [3] reviewed 
the clinical experience with uterine rupture in 
resource-poor countries. By their analysis, authors 
detected that in industrialized, high- resource coun-
tries, uterine rupture occurs most often in women 
who have had a previous cesarean delivery, whereas 
in resource-poor nations, uterine rupture is more 
commonly associated with obstructed labor, injudi-
cious obstetric interventions/manipulations (often 
performed by untrained birth attendants), lack of 
antenatal care, grand multiparity, and poor access 
to emergency obstetric care. In resource-poor set-
tings, uterine rupture is a reflection of ill-equipped, 
badly managed, and under-resourced healthcare 
systems that seem largely indifferent to the repro-
ductive health needs of women [3].

The ultimate success (or failure) of these 
countries depends in large part upon their com-
mitment to maintaining a healthy and productive 
female population.

With the advent of misoprostol, a prostaglan-
din E1 analog is cheap and accessible to most 
health facilities in Cameroon and most other 
countries in sub-Saharan Africa; the rates of uter-
ine rupture have increased noticeably. Although 
much attention is paid to scar rupture associated 
with uterotonic agents, 13% of ruptures occurred 
in unscarred uteri, and 72% occurred during 
spontaneous labor [11].

Moreover, the low rates of partogram use in 
most countries in sub-Saharan Africa could have 
obstetric consequences, especially given the high 
likelihood that, under such circumstances, partu-
rients are administered oxytocin or prostaglan-
dins and are not properly followed up by hourly 
or 2-hourly examinations [12].

Reports from the study in Mali show that uter-
ine rupture occurred in 87.4% (415/475) of cases 
in unscarred uterus vs. 12.6% (60/475) in a 
scarred uterus. Observed risk factors for primary 
uterine rupture included contracted pelvis, 12.0% 
(57/475); fetal macrosomia, 9.7% (46/475); and 

contracted pelvis associated with macrosomia, 
3.4% (16/475). Malpresentation was recorded in 
12.4% (59/475). Dystocia associated with oxyto-
cin and/or traditional medicines labor augmenta-
tion has been observed in 12.6% of cases 
(60/475). Grand multiparity (≥7 deliveries in 
obstetric history) accounted for 12.4% (59/475) 
of all uterine ruptures, while short inter- pregnancy 
interval has been observed in 12.0% of all uterine 
ruptures (57/475) [13].

 Risk Factors of Spontaneous 
Uterine Rupture

Risk factors for third-trimester uterine rupture in 
labor are well known; nevertheless, data on spon-
taneous second- and early third-trimester uterine 
rupture before labor remain very limited [11].

Unscarred uterine rupture is a rare event that 
usually occurs in late pregnancy or during labor. 
Risk factors for this condition include high par-
ity, placental abnormalities (Fig. 31.2), and uter-
ine anomaly [14]. Women with a classical 
incision that run vertically on the corpus uteri run 
a higher risk of uterine rupture than those with a 
low uterine segment transverse incision [15].

Nevertheless, there is still no consensus on the 
best gestational age in which to perform an iterative 
cesarean section, to prevent uterine rupture [16].

Surico et al. [17] evaluated the main risk fac-
tors for uterine rupture in a case series. It was 
previous cesarean section (5/10, 50%), but three 
of the ten cases of uterine rupture had no demon-
strable risk factors. Thus, uterine rupture also 
occurred in the absence of risk factors in three 
cases (30%).

The major common predisposing factors of 
uterine rupture are poverty, ignorance, illiteracy, 
traditional practices, high parity, poor infrastruc-
ture, cephalopelvic disproportion, previous uter-
ine scars, and poor obstetric care. Obviously such 
etiological factors are more present in low- 
resource countries. For example, in Nigeria, uter-
ine rupture is a frequent obstetric complication, 
and reported incidence rates vary from 1 in 81 to 
1 in 426 deliveries; these rates are largely similar 
to rates from sub-Saharan African countries [18].
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Ehlers-Danlos syndrome is an inherited colla-
gen disorder connected with the risk of uterine 
rupture [19].

Ruptures may also occur, spontaneously, in a 
congenital abnormal uterus, after uterine repair 
of congenital anomalies (Fig.  31.3) and in 
patients with history of invasive mole [1, 14].

Incidence rate of pregnancy in a rudimentary 
horn with a bicornuate uterus was estimated as 1 
case per 100.000 up to 140.000 pregnancies. 
Studies indicated to a vast variation in rupture 
period congenital abnormal uterus, ranging from 
5 to 35 weeks and that was attributed to the abil-
ity of the horn musculature to hypertrophy and 
dilate, but it has been identified that around 
70–90% occur before 20 weeks and these lead to 
catastrophic results [20].

Several studies have shown that the shorter the 
time between a cesarean delivery and a subse-
quent delivery, the higher the rate of uterine rup-
ture. Commonly, thresholds of 18 and 24 months 
have been examined. Adjusted odds ratios range 
from 2.5 to 3.0 for an increased rate of uterine 
rupture in the women with less time between 
deliveries. The biologic plausibility of this effect 
is related to the amount of time required for the 
uterine scar to heal completely and to nutritional 
factors [21–23].

Uccella et al. [24] published a review of pre- 
labor uterine rupture in primiparous women and 
found that 52.2% of the identified cases had his-
tory of infertility. In almost half of them, partial 
uterine wall defect was the principal recogniz-
able risk factor for pre-labor uterine rupture. The 
patient they presented had a uterine hysteroscopic 

a

b

Fig. 31.3 A uterine rupture during pregnancy, in primi-
gravida at 34 weeks, following Bret-Palmer metroplasty. 
Patient was urgently operated in laparotomy, showing a 
complete fundal uterine rupture (a), treated by a conserva-
tive hysterorrhaphy (b)

Fig. 31.2 A description of a placenta accreta at the site of 
prior cesarean sections could be a possible risk factor for 
uterine rupture (Reprinted from Management and therapy 
of early pregnancy complications: first and second trimes-
ters, edited by Malvasi A, Tinelli A, Di Renzo GC, 
Spontaneous uterine rupture prior to twenty weeks of ges-
tation, 2016, Guseh SH, Carusi DA, Tinelli A, Gargiulo 
AR. With permission of Springer)
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5 mm perforation. At the same time, she had pre-
mature ovarian failure, so the authors speculated 
that wasting of myometrial tissue due to aging 
and gonadal hormone depletion played a role in 
uterine dehiscence on the site of previous 
perforation.

Rarely, rupture can occur following unrecog-
nized injury to the uterus at a previous difficult 
delivery or dilatation and curettage, iatrogenic 
uterine perforation, salpingectomy with cornual 
resection, and deep cornual resection [25, 26].

A Canadian research group reported a single- 
layer closure of the previous lower segment inci-
sion is the most influential factor and is associated 
with a fourfold increase in the risk of uterine rup-
ture compared with a double-layer closure [27]. 
This data was defeated by Malvasi et al. [28], in a 
study on uterine scar evaluated by light micros-
copy and scanning electron microscopy. The 
problem of scar resistance depends on biological 
factors such as whether or not the visceral perito-
neum is closed. If the visceral peritoneum is 
closed, the uterine scar becomes worse in its bio-
logical quality. It is therefore advisable to always 
open the visceral peritoneum, after LUS suture, 
during cesarean section. Moreover, Malvasi et al. 
[29] successively confirmed these data in another 
experimental study, so as Cochrane review [27].

Moreover, Malvasi et al. [30] demonstrated by 
light microscopy and by immunohistochemistry, 
for the morphometric quantification of neu-
rotransmitter fibers in the lower uterine segment 
(LUS) after CS. The substance P (SP) levels are 
higher in repeat CS, whereas vasoactive intestinal 
polypeptide (VIP) levels are reduced in the 
LUS. The increase of SP is probably linked to the 
attempt to achieve cervical ripening in post-CS 
LUS, with the possible consequences of dystocia 
during vaginal birth after CS.  However, the 
decrease of VIP probably affects the relaxation of 
the internal uterine orifice, compromising the 
LUS formation and cervical ripening.

A study of Di Tommaso et al. [31] mapped the 
concentration of neurotransmitters in the non-
pregnant uterus; the cervix is the uterine part 
highly rich in neurotransmitters.

Anything that compromises the distribution of 
neurotransmitters and neurofibers during labor 

and/or cesarean delivery may ultimately compro-
mise LUS during gestation or during delivery. It is 
therefore the case of dystocia or obstructed labor, 
which causes hypoxia, hysterectomy, and necro-
sis in the LUS for a relatively long period of time, 
with subsequent denervation of the uterus area 
and risk of uterine rupture. Or, it is also the case of 
the LUS suture type after hysterotomy, in which 
the visceral peritoneum must not be closed [32].

Researchers, in another investigation on neu-
rotransmitters and neurofibers during pregnancy, 
concluded that it is not advisable to wait a long 
time in the case of dystocia or obstructed labor 
before deciding for cesarean section, because the 
damage to tissue denervation will be definitive 
and the LUS will subsequently be at risk of rup-
ture during the subsequent pregnancy [33].

Previous rupture of the scar makes the risk of 
subsequent rupture even more high. Factors that 
may influence the incidence of the rupture in 
cases of scarred uterus are related to individual 
healing characteristic related to the production of 
growth factors and collagen deposition. These 
factors have not been much investigated. Any 
kind of myometrial injury leads to a growth fac-
tor production, thus causing proliferation of the 
connective tissue forming scar. After each surgi-
cal procedure on the uterus, those individual 
wound healing characteristics may predispose to 
a uterine rupture. Uterine scars cannot remodel 
during pregnancy as normal myometrial tissue. 
Thus, there is a concern about the ability of 
scarred uterus to withstand pregnancy and labor, 
and the myometrial tensile strength in the scar is 
decreased [1].

Spontaneous rupture of the uterus is, in rare 
cases, also associated with previously performed 
salpingectomy. Authors [34] reviewed literature 
on such topic, reporting 33% of cases of uterine 
rupture following salpingectomy occurred during 
intrauterine pregnancy, whereas the rest was 
associated with interstitial ectopic pregnancy. 
Laparoscopic salpingectomy more often resulted 
in rupture of the uterus during non-ectopic preg-
nancy as compared to laparotomy (4 vs. 2 cases, 
respectively).

Another potential complication of salpingec-
tomy that could lead to uterine rupture is the inter-
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stitial pregnancy (Fig. 31.4), a rare type of ectopic 
pregnancy that is responsible for approximately 
2.4% of all extrauterine gestations. When intersti-
tial pregnancies were excluded, uterine rupture 
was a cause of fetal death in 67% of reported ges-
tations. There were no cases of maternal mortal-
ity. Conservative treatment was the preferred 
management option, and total hysterectomy was 
performed in only two women [34].

Uterine fundal pressure (UFP) is widely used 
to speed up the time of the second stage of deliv-
ery. UFP involves the application of manual pres-
sure on the uppermost part of the uterus, directed 
toward the birth canal [35].

A survey in the USA found that in 80% of 
institutions, UFP was applied—there is scarce 
data about its association with uterine rupture 
[36]. Thereby, the intrauterine pressure in the 
second stage of labor transiently increases by up 
to 86% [37], which might pose a relevant factor 
in the pathophysiology of uterine rupture. 
Generally, the use of UFP is only indicated in 
case of complications such as prolonged second 
stage of labor, which represents another risk fac-

tor for uterine rupture itself, although there is 
scarce data about its safety. Also the adenomyo-
sis can be a risk factor for uterine rupture due to 
the weakening of the uterine muscle fibers. In a 
case report with review of literature, Nikolaou 
et  al. [38] reported a rare case of spontaneous 
uterine rupture of an unscarred uterus caused by 
adenomyosis in the early third trimester.

Nagao et al. [39] observed a case of spontane-
ous uterine rupture in a patient during the 35th 
week of gestation, after a laparoscopic adeno-
myomectomy. At a scheduled date in the 35th 
week of gestation, after combined spinal epidural 
anesthesia and frequent uterine contractions, a 
weak pain suddenly ensued. After 13 min of uter-
ine contractions, vaginal bleeding was evident. A 
CS was performed, and the uterine rupture was 
found in the scar.

A review published by Morimatsu et  al. 
showed that the rate of uterine rupture after ade-
nomyomectomy during pregnancy is 6.0% [40].

Nagao et al. [39] speculated on some reasons 
why uterine rupture frequently occurs in preg-
nant women with prior laparoscopic adenomyo-

Fig. 31.4 The picture 
shows an interstitial 
pregnancy with sudden 
rupture and painful and 
hemorrhagic shock of 
the woman
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mectomies. The boundary between the normal 
uterine muscle layer and the lesion is unclear. A 
lesion of adenomyosis tends to remain around the 
edges of excisions and the area to be sutured, 
which might lead to weak connections between 
sutured edges. If a lesion of adenomyosis is enu-
cleated widely to eliminate the lesion, the uterus 
will be small and irregular in shape, which leads 
to a diminished capacity to expand. With a lapa-
roscopic adenomyomectomy, it is particularly 
difficult to delineate the border of the lesion 
because of a lacking sense of touch and deep 
sensation.

Agarwal et al. [41] reported a case of intrapar-
tum unscarred uterine fundal rupture in a case of 
drug abuse. A careful history of drug abuse must be 
elicited when the common causes of uterine rup-
ture have been excluded or the rupture site is 
unusual. There are other described cases of uterine 
rupture associated with cocaine abuse, as well [42].

Also, the cause of uterine rupture could be 
uterine diverticulum, frequently misunderstood 
and reported as uterine sacculation [43]. Uterine 
diverticulum (Fig. 31.5) has a narrow connection 
with the uterine cavity and a thicker wall than in 
sacculation. While uterine sacculation is usually 
observed during pregnancy, diverticulum is usu-
ally detected in nonpregnant women. Uterine 
diverticula as a complication during pregnancy 
are rare.

Finally, also uterine torsion could be assumed 
among risk factors of uterine rupture [44]. Uterine 
torsion is defined as the rotation of the uterus on 
its long axis by more than 45° [45]. The round 

ligaments, broad ligaments, and uterosacral liga-
ments normally stabilize the position of the uterus. 
Excessive traction on the uterus can cause rotation 
of the uterus on its long axis [46]. Most reported 
cases of uterine torsion occur during pregnancy. 
The most common cause of nongravid uterine tor-
sion is a myomatous uterus but also during preg-
nancy (Fig. 31.6) [47]. Other causes of nongravid 
uterine torsion include a bicornuate uterus, pelvic 
adhesions, adnexal masses, and bowel peristalsis 
[45]. A review of the literature revealed only three 
published cases of uterine torsion secondary to an 
ovarian cyst [44].

 Uterine Rupture After Myomectomy

Myomectomy, both in minimally invasive and in 
traditional open method, is one of the most 
important gynecological surgeries performed in 
the woman.

The problem of the appropriateness of myo-
mectomy is to optimize postsurgical reproductive 
outcomes, including subsequent fertility and ulti-
mately the safe delivery of a healthy neonate.

In the light of advanced age of obstetric popu-
lation, there is a substantial risk of uterine rupture 
on the site of previous myomectomy scar 
(Fig.  31.7). Both myomectomy and cesarean 
delivery can either directly, or indirectly predis-
posing formation of abnormally invasive placenta, 
influence the occurrence of uterine rupture.

Fig. 31.5 An intraoperatory image of uterine diverticu-
lum, highlighted with ring forceps

Fig. 31.6 An ultrasonographic image showing a large 
myoma in pregnancy
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In 1964, Garnet [48] identified 3 (4%) uterine 
ruptures among 83 women who had scars from a 
previous abdominal myomectomy.

Koo et al. [49] performed a large retrospective 
review of obstetrical outcomes in women who 
underwent laparoscopic myomectomy. A total of 
523 women with completed pregnancy data after 
laparoscopic myomectomy were studied. The rate 
of uterine rupture was 0.6% (3 of 523 deliveries). 
Although in two cases of uterine rupture the over-
all maternal-fetal outcomes were favorable, one 
case occurring at 21 weeks was associated with 
placenta accreta, hemorrhage, hysterectomy, and 
fetal demise. The study examined characteristics 
of the myomas removed, including number size 
and location. Uterine rupture did not appear to 
correlate with any of these factors. Literature data 
published later suggest that the uterine rupture 
rate following myomectomy is 0.7–1%. Trial of 
labor after myomectomy is associated with a 
0.47% risk of uterine rupture [50].

Today, the use of minimally invasive tech-
niques and laparoscopic and robotic-assisted 
myomectomies is being performed in greater 
numbers today than ever before, since mini-
mally invasive surgery has been associated with 
improvements in perioperative surgical vari-
ables [51].

There are, however, many concerns about the 
minimally invasive surgical benefits of reproduc-

tion and birth labor, such as, for example, the risk 
of uterine rupture.

Sizzi et al. [52] in a multicenter study on lapa-
roscopic myomectomy complications reported 1 
rupture among 386 pregnancies (0.26%) out of 
2050 operations.

Several studies have demonstrated a 0–1% 
risk of uterine rupture following laparoscopic 
myomectomy, even if a true evaluation of the 
uterine rupture rate after endoscopic  myomectomy 
is difficult as information about this comes pri-
marily from case reports [53, 54].

Many surgeons have proposed various suture 
techniques to improve the quality of the scar, but 
no one has ever scientifically demonstrated the 
benefits of a technique on the other (Fig. 31.8). 
For example, some surgeons affirm that a multi-

Fig. 31.8 Post-laparoscopic myomectomy uterine rup-
ture in pregnancy. Patient arrived at the hospital in emer-
gency for a uterine rupture at 36.4  weeks in the fundal 
region. The fetus was mostly in the abdomen, with head, 
one arm, and placenta in the uterus. Prior to the cesarean 
section in emergency, the fetal heart rate was 40 bpm. The 
uterus was sutured, and the mother had an uneventful 
recovery (Image courtesy of Dr. Radmila Ćirić, Clinic for 
Gynecology and Obstetrics, Clinical Center of Serbia, 
Belgrade)

Fig. 31.7 Uterine rupture in a 15-week pregnant woman. 
The fetus was totally evacuated, with amniotic sac and 
placenta, in the abdominal cavity. The uterus was uns-
carred, and the uterine rupture was sutured during 
laparotomy
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layer repair can improve the strength of the 
wound and decrease the risk of postoperative 
hematoma formation, which can also interfere 
with optimal tissue healing. Anyway, the use of 
barbed suture (Fig. 31.9) in a continuous suture is 
a newer adaptation that may increase the tensile 
strength of the defect. Moreover, the use of elec-
trosurgery should be limited owing to a theoreti-
cal risk of devascularization. When possible, 
alternative energy sources (such as ultrasonic 
energy) may be preferred. Thus, many surgeons 
say that it is best to avoid entering the uterine 
cavity during myomectomy to avoid healing 
problems.

The influence of myomectomy technique on 
the incidence of the rupture is still a matter of 
debate [55]. The rate of uterine rupture after 
abdominal myomectomy has been estimated as 
<1% in most, but not all, studies [54].

It is not clear whether the laparoscopic proce-
dure is associated with higher risk of subsequent 
rupture or whether these cases are being more 
systematically reported [56].

The myometrial healing following either lapa-
roscopically or at laparotomy performed myo-

mectomy is influenced by the used technique 
during myomectomy: (1) method and/or instru-
mentation used for uterine incision, (2) achieve-
ment of hemostasis during surgery, (3) 
myorrhaphy, (4) the potential hematoma forma-
tion within the myometrium, and (5) patients’ 
individual characteristics that influence the heal-
ing process [57].

For example, non-expert laparoscopists hardly 
suture adequately by laparoscopy than by laparot-
omy. During laparotomy, closure of the myome-
trial defect is usually accomplished by a 
multilayered suture. During laparoscopy, failure to 
suture adequately myometrial defects and lack of 
hemostasis with subsequent hematoma formation 
may interfere with wound healing and increase the 
successive risk of uterine rupture [57].

Moreover, inappropriate use of electrocautery 
may induce in-depth necrosis of the myometrium 
with an adverse effect on healing. Excessive use 
of diathermocoagulation (with inflammation, 
hypoxia, necrosis, fibrosis, and neuropeptides 
damaging) can lead to delay in the correct uterine 
healing and generate a weaker uterine scar.

In Dubuisson et  al. [54] study, one rupture 
occurred on the site of later myomectomy in 
another institute, due to placenta percreta over 
the second scar. Although the authors did not cal-
culate this case in their count, second myomec-
tomy was the most probable causative mechanism 
of forming an abnormally invasive placenta. The 
other rupture case had a rupture on the site of 
myomectomy scar which was re-sutured during 
second-look laparoscopy 7  weeks after the 
surgery.

Pistofidis and coworkers [56] investigated all 
seven cases of uterine rupture after laparoscopic 
myomectomy reported to the Greek Board of 
Endoscopic Gynecologic Surgery from 1998 to 
2011. Only one of those patients had intramural 
myoma, and the endometrial cavity was not 
opened in any of the patients. Bipolar diathermy 
was the sole method of hemostasis in 28.6% of 
cases and could be characterized as excessive in 
87.5% of patients. Most of the ruptures occurred 
at 34 weeks of gestation or later, with one case at 
24 weeks of gestation in twin pregnancy. Those 
authors concluded that it seems reasonable that 

Fig. 31.9 A barbed suture used for myorraphy in  
continuous suturing
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women who have undergone laparoscopic myo-
mectomy would best avoid multiple pregnancies 
because of potentially increased risk of rupture.

Parker et  al. [58] investigated 19 cases of 
uterine rupture following laparoscopic myomec-
tomy and concluded that it’s reasonable to use in 
laparoscopy to techniques similar to those 
adopted for open myomectomy, as bipolar dia-
thermy during laparoscopic procedures has 
potentially detrimental effect on the healing 
process.

Robotic-assisted laparoscopic surgery is rela-
tively new innovation in the field of gynecologic 
surgery. An advantage of robotic-assisted laparo-
scopic myomectomy is the ability to perform an 
identical multilayer closure to the abdominal 
approach that controls hemostasis without the 
need for significant use of electrosurgical instru-
ments [59]. The incidence of uterine rupture in 
pregnancy after robotic-assisted myomectomy 
reported by Pitter et al. [60] was 1.1%. The uter-
ine rupture in this study occurred in 33 weeks of 
gestation in a patient who conceived 18  weeks 
after the robotic multiple myomectomy without 
entering the endometrial cavity.

Recurrent uterine rupture rate in patients with 
prior repair is 4–19% [61]. In the Pistofidis study 
[56], out of seven cases of uterine rupture after 
laparoscopic myomectomy, there were two cases 
of recurrent rupture (28.6%).

The integrity of the hysterotomy scar and the 
risk of uterine rupture following laparoscopic 
myomectomy remain topics of debate.

Tinelli et  al. [62] evaluated the problem of 
myometrial healing after myomectomy, analyzing 
the data of their research on neurotransmission in 
the nonpregnant uterus and on the uterine myo-
mas. Myometrial healing is an interactive, dynamic 
process involving neuropeptides, angiogenetic 
factors, neuromodulators, blood cells, the extracel-
lular matrix, and parenchymal cells. It follows 
three complex and overlapping phases: inflamma-
tion, tissue formation, and tissue remodeling.

Growth factors present in leiomyoma pseu-
docapsule vessels (Fig.  31.10) promote angio-
genesis, a process probably enhanced by 
leiomyoma, who excites the formation of sur-
rounding vascular structure, ensuring autonomic 

blood supply for its growth. Biochemical data 
showed many growth factors and related recep-
tors to be deregulated in leiomyoma tissue. 
Investigations on leiomyoma pseudocapsule 
gene expression outlined an angiogenic profile 
in the pseudocapsule. Scientific evidences sug-
gest to preserve myoma pseudocapsule during 
myomectomy (Fig. 31.11), since pseudocapsule 
contains such important peptides and other bio-
logically active molecules [62].

Even if papers assert the indisputable benefits 
of myomectomy on fertility in woman affected 
by leiomyoma-related infertility, so far, literature 
lacks data regarding surgical technique rationale, 
explaining all the steps of surgical techniques. 

Fig. 31.10 A multi-lobulated myoma surrounded by 
pseudocapsule vessels

Fig. 31.11 Myoma enucleation during an intracapsular 
myomectomy pseudocapsule sparing
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Tinelli et  al. [63] explained the rationale for 
reproductive surgery procedures aiming at leio-
myoma enucleation with the preservation of its 
pseudocapsule, promoter and enhancer of a cor-
rect myometrial healing, with positive impact on 
successive pregnancy and delivery.

 Uterine Rupture During Labor

There are no precise diagnostic criteria of uterine 
rupture during pregnancy and labor.

According to a systematic review of maternal 
morbidity and mortality by the World Health 
Organization in 2005, the median incidence of 
uterine rupture is 5.3 per 10,000 deliveries [4].

The most common sign in women with a uter-
ine rupture without a scar is shock, followed by 
uterine bleeding, severe abdominal pain, and eas-
ily palpable fetal parts. Traditionally, primigravi-
dae and unscarred uteri are considered immune 
to rupture.

Most reported cases of uterine rupture are 
associated with previous scarring of the uterus, 
multiparity, a short length of time (less than 
18  months) since the last cesarean section, the 
number of previous cesarean sections, single- 
layer closure instead of two-layer closure, pla-
centa previa, and the use of prostaglandins or 
oxytocin for labor induction or augmentation [23, 
64, 65].

Rupture after a prolonged labor is commonly 
due to obstructed labor, with formation of a 
retraction or Bandl’s ring. First described by 
Ludwig Bandl in 1875, it represents marked thin-
ning of the lower segment and increased retrac-
tion of the upper uterine segment. The tear begins 
in the lower uterine segment, may extend up to 
the fundus or down into the vagina, or proceed 
laterally into the broad ligament. If the tear is 
posterior, it may go through the posterior vaginal 
fornix into the pouch of Douglas [66].

A multiparous patient in the obstructed labor 
will continue to have tetanic contractions until 
the uterus ruptures, while primiparas will usually 
go out of labor. The contractions usually stop 
when the fetus is expelled into the peritoneal cav-
ity (Fig. 31.12).

Fetal heart rate abnormality, most commonly 
bradycardia, is the most common presentation of 
uterine rupture. Uterine rupture can also present 
as abdominal pain, vaginal bleeding, and altered 
uterine contractions. More rarely, it can present 
as hypotension, shock, hematuria, and shoulder 
tip pain and scar tenderness. The most common 
combination of these symptoms is an abnormal 
fetal heart rate with abdominal pain [65].

Rupture of the unscarred uterus is generally 
sudden accompanied by severe abdominal pain 
with the fetal bradycardia or absence of fetal 
heart sounds and cessation of uterine contrac-
tions in conjunction with vaginal bleeding and 
followed by vascular collapse.

It causes significant morbidity and mortality 
rate in both the fetus and the mother.

Fig. 31.12 A complete fetal expulsion after uterine rup-
ture in abdominal cavity, with amniotic sac and placenta, 
at 18 weeks of pregnancy
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In less developed countries, it is a significant 
cause of maternal mortality, contributing for 9.3–
14.6% of maternal deaths [3].

Maternal tachycardia is an alarming sign that 
can, along with another medical signs, alert the 
physician to the possibility of uterine rupture [67].

From the time of diagnosis to delivery, gener-
ally only 10–31 min are available before clinically 
significant fetal morbidity becomes inevitable 
(Fig. 31.13). Fetal morbidity occurs as a result of 
massive hemorrhage, fetal anoxia, or both [68].

 Clinical Presentation of Uterine 
Rupture

Although rare, primary uterine rupture is par-
ticularly morbid [69, 70]. An unscarred gravid 
uterus has the potential for catastrophic hemor-
rhage, in comparison with rupture or dehis-
cence of a previous cesarean scar, which can be 
bloodless [71].

Uterine rupture can occur at any time during 
gestation and may be difficult to predict [72]. 
Uterine anomalies are a reported cause of rupture 
of the unscarred uterus in the first trimester in 
patients with uterine anomalies [73].

In the differential diagnosis of uterine rupture, 
placental abruption, placenta previa, uterine 
inversion, cervical tear, vaginal tear, coagulopa-
thy, uterine atony, and uterine artery rupture may 
be considered [74, 75].

Endometriosis can cause erosion of the utero- 
ovarian vessels, resulting in severe hemorrhage [76].

Generally, the most frequent site of uterine 
rupture is the LUS, the site of the previous CS, but 
no assumptions can be made concerning the site 
of rupture or the involvement of other structures. 
Intra-abdominal bleeding is rare during the first 
trimester of pregnancy. In the first trimester of 
pregnancy, most cases of intraabdominal bleeding 
are related to extrauterine pregnancy [77].

Hemoperitoneum in the second trimester can 
be attributed to both obstetric and non-obstetric 
causes. The site of rupture may be posterior, fun-
dal, lateral (sometimes involving one or both 
uterine arteries), as well as anterior or may extend 
from the lower segment up to the fundus or down 
into the cervix and/or the vagina [78].

The causes of these cases can be divided into 
placental (Fig.  31.14), uterine, and vascular. 
Placenta percreta is a rare placental abnormality 
that can cause severe complications, such as 
hemoperitoneum [78, 79].

Placental abruption is not a cause of hemo-
peritoneum in the absence of uterine rupture. 

Fig. 31.13 An urgent suprapubic transversal laparotomy 
for uterine rupture; after the abdomen opening, the pla-
centa attachments appear directly in the pelvis

Fig. 31.14 An hysterectomized uterus after a uterine 
rupture, with a placenta accreta inside the uterus
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However, during pregnancy, the clinical features 
of hemoperitoneum can trigger a suspicion of 
placental abruption because these conditions 
share similar clinical features, and these similari-
ties can cause diagnostic difficulties [80].

Patients with uterine rupture are usually mori-
bund, in severe hypovolemic shock with air hun-
ger. They present with a grossly distended and 
tender pregnant abdomen with signs of peritoni-
tis. Often very little can be palpated abdominally 
because of the distention and guarding. However, 
sometimes fetal limbs are abnormally easy to feel, 
or the uterus can be separated from the fetus [81].

Typical presenting features include abdominal 
pain, tachycardia, hypotension, shock, coma, 
vaginal bleeding, fetal parts palpable through the 
abdominal wall, and sepsis, depending on the 
length of time that has elapsed between rupture 
and arrival at the hospital [82].

Another issue is silent uterine rupture; this 
has potential risk for complete uterine rupture, 
which leads to acute life-threatening complica-
tions for both the mother and baby. It is difficult 
to determine whether to manage complete uter-
ine rupture expectantly or surgically, including 
repair of the uterine wall or termination of the 
pregnancy, especially in the early second tri-
mester [73].

 Instrumental Diagnosis  
of Uterine Rupture

Possible sites of rupture include the posterior 
uterine wall, the anterior wall, the lateral uterine 
side, the fundus, and the lower uterine segment.

Ultrasonography can be a useful tool for the 
timely detection of uterine rupture in stable 
patients who have atypical presentations suspi-
cious of uterine rupture. The typical ultrasound 
manifestations of uterine rupture are the empty 
uterus and the gestational sac above the uterus.

Ultrasonography can allow for a rapid prelim-
inary survey of uterine wall integrity, which 
could aid decision-making on the need for imme-
diate surgical intervention.

Other sonographic findings are intrauterine 
blood and large uterine mass with gas bubbles [83].

A secondary assessment of fetal well-being 
could also be done by cardiotocography.

Ultrasonography has been studied to predict 
uterine rupture.

Bujold et al. [84] performed an investigation 
on 125 women with previous CS, undergoing 
trial of labor. Their analysis determined that opti-
mal cutoff is a LUS thickness of <2.3  mm 
(Fig. 31.15), with the rate of uterine rupture being 
9.1% for this group. The limitation of this study 
includes the fact that most women with a lower 
uterine thickness < 2.0 mm did not undergo trial 
of labor. This might suggest an established prac-
tice pattern which might limit future studies 
using ultrasound to predict uterine rupture.

Kok et al. [85] evaluated the accuracy of ante-
natal sonographic measurement of LUS thick-
ness in the prediction of risk of uterine rupture 
during a trial of labor (TOL) in women with a 
previous CS.  Their meta-analysis included 21 
studies with a total of 2776 analyzed patients. 
The estimated sROC curves showed that mea-
surement of LUS thickness seemed promising in 
the prediction of occurrence of uterine defects 
(dehiscence and rupture) in the uterine wall. The 
pooled sensitivity and specificity of myometrial 
LUS thickness for cutoffs between 0.6 and 
2.0 mm were 0.76 (95% CI, 0.60–0.87) and 0.92 
(95% CI, 0.82–0.97); cutoffs between 2.1 and 
4.0  mm reached a sensitivity and specificity of 
0.94 (95% CI, 0.81–0.98) and 0.64 (95% CI, 

Fig. 31.15 A 34-weeks pregnant patient with a lower 
uterine thickness of <2.3  mm. The patient had a pre- 
cesarean section and was hospitalized for high risk of 
uterine rupture, with urgent cesarean iterative surgery
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0.26–0.90). The pooled sensitivity and specificity 
of full LUS thickness for cutoffs between 2.0 and 
3.0 mm were 0.61 (95% CI, 0.42–0.77) and 0.91 
(95% CI, 0.80–0.96); cutoffs between 3.1 and 
5.1  mm reached a sensitivity and specificity of 
0.96 (95% CI, 0.89–0.98) and 0.63 (95% CI, 
0.30–0.87).

Recently, Fukuda et al. [86] evaluated the nor-
mal ranges of LUS thickness throughout preg-
nancy in women without a previous CS (Fig. 31.16) 
and evaluated the relationship between ultrasound 
and intraoperative LUS thickness. They performed 
20,307 LUS thickness measurements in between 
119 and 944 women at each week of gestation, in 
944 women during labor, and in 936 women after 
delivery. They observed a strong relationship 
between transabdominal and transperineal ultra-
sound (p  <  0.001) and an inverse correlation 
between LUS thickness and gestational age 
(p < 0.001), with a mean thickness of 5.1 ± 1.4 mm 
at 20  weeks, 3.6  ±  1.3  mm at 30  weeks, and 
2.3 ± 0.6 mm at 40 weeks of gestation.

In women undergoing elective CS, we 
observed a strong relationship between antepar-
tum and intraoperative LUS thickness (p < 0.001), 
with mean thicknesses of 2.2  ±  0.7  mm in 28 
women without thinning of LUS, 0.8 ± 0.1 mm in 
4 women with grade II uterine scar dehiscence, 
and 0.4  ±  0.1  mm in 3 women with grade III 
dehiscence. Authors concluded that a LUS myo-
metrial thickness less than 1.2  mm could have 

predicted all grade II and grade III uterine scar 
dehiscence, without false-positive cases.

Barzilay et al. [87] investigated the thickness of 
the LUS during active labor phase in women with 
or without a history of a previous CS, by transab-
dominal sonography in the midsagittal position 
with a full urinary bladder. They compared a total 
of 28 women with a previous cesarean delivery, to 
29 women without a history of uterine surgery. 
The median LUS was significantly thinner in 
women with a uterine scar both during (4 vs. 
5 mm, p = 0.001) and between contractions (5 vs. 
7 mm, p  =  0.011). Paired comparison of LUS 
thickness between and during contractions within 
each group showed that thinning of LUS during 
contraction was significant for both the previous 
CS group (p  <  0.001) and the control group 
(p < 0.001). Authors found that LUS was signifi-
cantly thinner in women after a previous CS and 
that the LUS was significantly thinner during con-
traction, and they showed no correlation between 
LUS thickness and chances of successful trial of 
labor after cesarean (TOLAC).

Useful as it is, computerized tomography 
(CT) is not the first choice for imaging 
 examination of pregnant women with abdominal 
pain because of the radiation problem.

But in some recent surveys, CT is performed 
to evaluate pregnant women with abdominal 
pain, for the benefits are thought to outweigh the 
risks [88]. Hruska et al. [89] reported the impor-
tance of the MRI examination for assessment of 
pregnant patients in case of uterine rupture.

Authors evaluated tocogram characteristics 
associated with uterine rupture during trial of labor 
after CS by a systematic review. Three tocogram 
characteristics were associated with uterine rup-
ture: (1) hyper-stimulation was more frequently 
observed compared with controls during the deliv-
ery (38% vs. 21% and 58% vs. 53%) and in the last 
2 h prior to birth (19% vs. 4%), results of meta-
analysis: OR 1.68 (95% CI, 0.97–2.89) and 
p  =  0.06; (2) decrease of uterine activity was 
observed in 14–40%; and (3) an increasing base-
line in 10–20%. Five studies documented no 
changes in uterine activity or Montevideo units. A 
direct comparison between external tocodyna-
mometer and intrauterine pressure catheters was 

Fig. 31.16 A transvaginal scan evaluating LUS thickness 
throughout pregnancy in a patient without a previous 
cesarean section at 22 weeks
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not feasible. Authors concluded that uterine rupture 
can be preceded or accompanied by several types 
of changes in uterine contractility, including hyper-
stimulation, reduced number of contractions, and 
increased or reduced baseline tonus [90].

 Management of Uterine Rupture

Early diagnosis and immediate preoperative 
resuscitation are of great importance in ruptured 
uterus. Sudden fetal heart abnormalities in labor-
ing patients should be taken as a potential sign of 
danger. With awareness, prompt diagnosis, rapid 
replacement of blood loss, and improved tech-
niques in surgical management and neonatal 
care, maternal and fetal morbidity and mortality 
can be lowered remarkably. It is possible to 
reduce fetal and maternal mortality with a prompt 
intervention, less than 18 min from onset of pro-
longed deceleration to delivery [23].

The managing clinician should also be aware 
of the physiologic pregnancy adaptations, where 
blood and erythrocyte volume increase by 50% 
and 30%, respectively. A pregnant woman is 
physiologically prepared to lose blood up to 2 L 
without any detectable hemodynamic changes. 
When blood loss approaches 2.5 L, she can dete-
riorate dramatically [91].

Reports have been published regarding repair 
of uterine rupture in the second trimester by 

suturing and/or patching. There have been 
reported cases of diagnosis of uterine defect in 
second and third trimester of pregnancy, diag-
nosed on ultrasound, which were repaired and 
the pregnancy continued till fetal maturity 
[92–94].

The management of complete uterine rupture 
is surgical, and a delay in treatment is often fatal 
(Fig. 31.17). An emergency laparoscopy or lapa-
rotomy is needed for correct diagnosis and to 
allow the appropriate treatment to take place. 
Early surgical intervention is usually the key to 
successful treatment of uterine rupture 
(Fig.  31.18). Generally, the best chance for 

Fig. 31.17 The postoperative image shows a complete 
uterine rupture with a sort of explosion of pregnant uterus 
during pregnancy

Fig. 31.18 A removed uterus with a complete rupture in 
a patient with two previous cesarean sections at 24 weeks 
of pregnancy. The uterus is completely open at the old 
scars
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maternal survival is prompt laparotomy in non- 
expert laparoscopists.

Although resuscitation of the patient with flu-
ids and blood transfusion is desirable, it is man-
datory to explore immediately the pelvis. Once 
the abdomen is open, the specific clinical circum-
stance can be assessed. The fetus and the placenta 
must be removed immediately in case of com-
plete uterine rupture and fetus expulsion in the 
abdomen. In the vast majority of cases, the fetus 
will be dead or dying. The rate of perinatal death 
in cases of uterine rupture is extremely high. 
Treatment will primarily depend on the extent of 
the lesion, parity, age and condition of the patient, 
and expertise of the surgeon [78].

The surgical choices usually come down to 
one of the four options: total hysterectomy, sub-
total (supracervical) hysterectomy, repair of the 
rupture by suturing, or repair combined with 
bilateral tubal ligation. The primary goal of sur-
gery is to stop the hemorrhage, resuscitate the 
patient, and stabilize her as rapidly as possible. 
The circumstances in which the operation is car-
ried out may be desperate. Often, the operation is 
undertaken by a surgeon without extensive expe-
rience, using inadequate equipment, and who 
lacks adequate anesthesia and nursing support. 
Under these circumstances, the best operation 
may be simple suture repair of the rupture. Not 
only does this meet the patient’s immediate clini-
cal needs, but it preserves the uterus and men-
strual function along with it [3].

 Pregnancy After Uterine Rupture

The uterine rupture is a very rare and serious cir-
cumstance, so there are not many studies that 
have analyzed this incident. Few literature analy-
ses confirm that postpartum delivery after cuts of 
the uterus must be faced by CS.

The subsequent pregnancy outcome after con-
servative management of uterine rupture has only 
been studied in small case series, among which 
the prevalence of recurrence ranged from approx-
imately 0 to 33% [95]. Ritchie et  al. [96] esti-
mated the rate of involuntary infertility after 
uterine rupture to be approximately 33%, proba-

bly because of the formation of abdominal adhe-
sions and tubal occlusion.

In scientific literature, there are some case 
reports that describe pregnancies after uterine 
rupture. Surico et al. [17] published a second tri-
mester uterine rupture repair, on 40-year-old 
women at 15 weeks and 5 days. Her first preg-
nancy had resulted in preterm cesarean delivery 
at 27 weeks of gestation for placental abruption, 
leading to stillbirth. The initial diagnosis was 
appendicitis or ovarian torsion, so exploratory 
laparoscopy was performed. Before the medical 
procedure, the patient was advised about the 
potential risks and benefits of the intervention, 
and she gave her informed consent. 
Hemoperitoneum (1000  g of blood loss) was 
found with a myometrial defect on the anterior 
uterine wall. Uterine rupture with complete open-
ing of the uterine wall at the site of the previous 
transverse scar was found, with protrusion of the 
placenta. Conversion to open surgery was neces-
sary. The ruptured uterus was repaired using two 
layered separate stitch sutures of 1-0 polyglactin 
910 (Coated Vicryl, Ethicon, Inc., Somerville, 
NJ, USA). The patient’s postoperative recovery 
was uneventful, and she was discharged on the 
fifth postoperative day. She was informed of the 
potential risks of this conservative management 
and was discharged home. A healthy baby 
(weight 2640 g, normal Apgar scores) was deliv-
ered by elective traditional cesarean section 
because of placenta previa at 36  weeks of 
gestation.

 Conclusion
Uterine rupture is a clinical diagnosis, and 
there must be a high index of suspicion by the 
healthcare provider. Uterine rupture, whether 
in a previously scarred uterus or in an uns-
carred uterus, is potentially life-threatening 
for both the mother and fetus, and it is associ-
ated with significant mortality and morbidity.

Risk factors for such ruptures may include 
previous uterine scar, short birth spacing, and 
use of uterotonic (oxytocin/prostaglandin) med-
ications. It can occur during pregnancy, early in 
labor or following the prolonged labor, most 
frequently near or at term. Rarely, the uterus can 
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rupture during early to midpregnancy. A scarred 
uterus is not a necessary precondition for uter-
ine rupture. The survival of patients after uterine 
rupture depends on the time interval between 
rupture and intervention and the availability of 
blood products for transfusion.

It is very important in clinical trials to have 
a large number of clinical cases so that one 
can have safe and reliable clinical indications, 
avoiding drawing conclusions from studies 
with few numbers, believed by Tversky and 
Kahneman [97], who won the Nobel Prize dis-
cussing “the error of small numbers.”
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Bifida Aperta

Jan Deprest, Roland Devlieger, Frank Van 
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Merwe, Liesbeth Lewi, Luc De Catte, 
and Luc Joyeux

 Introduction

Congenital malformations occur in 2–4% of all 
births. Despite their low prevalence, they are 
responsible for approximately 30% of perina-
tal deaths and considerable infant morbidity. 
Congenital anomalies were previously typically 
diagnosed in the second trimester; current first 
trimester screening programs, improved imag-
ing hardware, and skills should allow for an early 
diagnosis. One of the conditions that may be 
picked up are neural tube defects (NTD). NTD 

are the most common anomaly of the central 
nervous system, with a prevalence in Europe of 
around 9 per 10,000 births [1]. Spina bifida (SB) 
aperta (including myelomeningocele [MMC] 
and myeloschisis, Fig. 32.1) refers to the subtype 
caused by the failed closure of the distal neural 
tube during the embryonic period (referred to as 
“first hit”). It is characterized by the extrusion of 
the meninges and the spinal cord through a bony 
and soft tissue defect that appears cystic (MMC) 
or not (myeloschisis). The exposure of the devel-
oping spinal cord and nerves to the amniotic fluid 
as well as direct trauma causes progressive dam-
age (the “second” hit). The functional impact is 
highly dependent on the level and extension of 
the lesion [2, 3]. Clinically this means, upper 
extremity sensori-motor disruption of function, 
along with orthopedic disabilities, as well as in 
lower lesions; in sacral lesions we have bowel, 
bladder and sexual dysfunction [2, 4, 5]. Leakage 
of the cerebrospinal fluid leads to the downward 
displacement of the cerebellum and brain (Chiari 
malformation type II—CM II) and potentially also 
ventriculomegaly [2]. That caudal displacement is 
already visible at 11–13 weeks [6], yet clinically 
most cases are still diagnosed in the second tri-
mester [7]. The prenatal diagnosis of SB today has 
become relevant because the most common form, 
spina bifida aperta (SBA), is amenable for fetal 
surgery, as an additional option next to expectant 
management or termination of pregnancy. SBA 
has a prevalence of 4.9 per 10,000 live births in 
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Europe and 3.17  in the USA [1, 8–10]. Despite 
improved prevention, early diagnosis, and special-
ized postnatal management, SBA remains a major 
source of morbidity and mortality throughout the 
world [2]. Over 80% of children require lifelong 
ventriculoperitoneal shunting or an alternative, of 
whom up to 50% will have shunt complications in 
the first year of life [11].

The in utero progressive nature of the condi-
tion led to the concept of fetal intervention, which 
arrests or reverses the process. Successful lay-
ered anatomical repair of SBA with improved 
functional outcome was first experimentally 
described in the late 1990s [12]. This was trans-
lated clinically with encouraging early results in 
several case series [13, 14]. Because there was no 
objective evidence of the benefit of fetal repair, 
the National Institutes of Health sponsored a ran-
domized controlled trial, entitled Management of 
Myelomeningocele Study (MOMS), while at the 
same time embargoing this procedure in the USA 
to be offered outside this trial. The MOMS trial 
demonstrated that mid-gestational layered repair 
reduces the need for ventriculoperitoneal shunt-
ing, improves the degree of hindbrain herniation, 
and better preserves motor function when com-
pared to postnatal surgery. Fetal repair is however 
not without significant risks, such as premature 
delivery and maternal complications. Additionaly, 
the corporeal scar compromises uterine integrity.

 Indications and Operative 
Technique

The selection criteria for this operation are sum-
marized in Table  32.1. The procedure requires 
maternal general inhalational anesthesia, which 
provides uterine relaxation and fetal anesthesia. 
The fetus is manually positioned such that the 
myelomeningocele sac is in the center of the future 
hysterotomy (Figs. 32.1a and 32.2a). That location 
is also dependent on the placental location, which 
is to be avoided at all price. In most centers, this 
incision is made with specifically designed resorb-
able uterine staplers. The fetus is given an addi-
tional intramuscular injection of fentanyl and a 
muscle relaxant. Then a catheter is connected to an 

a

b c

d e

f g

Fig. 32.1 Schematic drawings of the steps of open fetal 
surgical repair. (a) Laparotomy and exposition of the uterus; 
stapled hysterotomy and exposition of a myelomeningocele 
(MMC); (b) schematic drawing of a myelomeningocele, 
with the placode being part of the bulging cystic lesion; (c) 
schematic drawing of a case of myeloschisis, with the plac-
ode surfacing on a collapsed arachnoidal space; (d) dissec-
tion and untethering of the neural placode. This is followed 
by anatomical closure in three layers: closure of the dural 
sac (e), the myofascial flaps (f), and the skin (g). There are 
other techniques being used, i.e., using patches or at times 
closing the lesion in less or even more layers. Drawings by 
Myrthe Boymans. Copyright UZ Leuven, Leuven, Belgium
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irrigator which can maintain sufficient amniotic 
fluid levels during the surgery (not all centers do 
this). The actual MMC repair is not different from 
what is typically done  after birth. The neurosur-
gery starts with the dissection of the placode, so 
that the spinal cord can sink into the spinal canal 
(Figs. 32.1b–d, 32.2b and 32.3a; Video 32.1). The 
dura is either closed primarily, or in case of a large 
defect, a patch can be used (Figs. 32.1e and 32.3b) 
[15]. Lumbodorsal fascial flaps are mainly freed 
and used to cover the dural repair (Figs. 32.1f and 
32.3c). Finally the skin is closed (Figs. 32.1g and 
32.3d). This technique is usually referred to as 
“anatomical repair,” hence the same as is done 
postnatally [15, 16]. For larger defects skin substi-
tutes can be used as well while others have been 
using relaxing incisions (Fig. 32.4).

The uterus is closed in two layers with prior 
restoration of amniotic fluid and antibiotic 
administration and covered with an omental 
patch. Prophylactic tocolytics are started (in the 
USA this is typically magnesium sulfate (24 h); 
in Europe this will be atosiban, which reduces 
maternal side effects). The other perioperative 
drug used for 48 h is indomethacin though that, 
together with maternal hyperoxygenation and 
deep inhalation anesthesia, may affect fetal car-
diac contractility. Oral nifedipine is continued 
until 37 weeks. Typical hospital stay is 4  days. 
Elective cesarean delivery by lower uterine inci-
sion is at 37 weeks.

Table 32.1 Inclusion and exclusion criteria of the ran-
domized MOMS trial

Inclusion criteria
  • Maternal age ≥18 years
  •  Gestational age at randomization 19 weeks, 

0 day–25 weeks, 6 days
  • Normal karyotype
  • S1-level lesion or higher
  •  Confirmed CM II type II malformation on 

prenatal ultrasound and magnetic resonance 
imaging

Exclusion criteria
  • Multiple gestation pregnancy
  •  Insulin-dependent pregestational diabetes 

(meanwhile well-controlled diabetes is accepted)
  •  Additional fetal anomalies unrelated to 

myelomeningocele
  • Fetal kyphosis ≥30 degrees
  •  History of incompetent cervix and/or short 

cervix <20 mm by ultrasound scan
  • Placenta previa
  • Other serious maternal medical conditions

  •  Obesity defined by body mass index of ≥35 (this 
has meanwhile been raised to 40)

  •  Previous spontaneous singleton delivery <37 
weeks gestation

  • Maternal-fetal Rh isoimmunization
  •  Positive maternal human immunodeficiency virus 

or hepatitis B or known hepatitis C positivity
  •  No support person to stay with the pregnant 

women at the center
  • Uterine anomaly
  • Psychosocial limitations
  •  Inability to comply with travel and follow-up 

protocols

a b

Fig. 32.2 Exposition and dissection of a myelomeningo-
cele during open fetal surgery. These are pictures from a 
surgery in a 25-week fetus exposed via laparotomy and 
hysterotomy (a). First, the junction line between the skin 
(blue circle) and sac (green circle) is circumferentially 

sharply dissected, with preservation of all neural compo-
nents as much as possible (b). Any pathological elements 
that are attached to the placode, i.e., the sac, zona epithe-
liosa, and junction line, are resected. Copyright UZ 
Leuven, Leuven, Belgium
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 Outcomes of Open Fetal Surgery

 Immediate Maternal and Fetal 
Outcomes

Open SBA repair via hysterotomy has a number 
of inherent risks and postoperative complications 

[17, 18]. To our knowledge, no maternal deaths 
have been reported. Yet there is the need for gen-
eral anesthesia and the administration of drugs 
with potential side effects, such as pulmonary 
edema. There is also the impact of laparotomy 
(Table 32.2) [17, 19]. Following corporeal hyster-
otomy to expose the lesion, uterine dehiscence 

a b

c d

Fig. 32.3 Technique of primary anatomical layered repair 
of a myelomeningocele. Once dissection is completed, the 
neural placode is untethered and spontaneously drops into 
the spinal canal (a). Then anatomical closure in three layers 
is attempted. First, the dural sac (b) is closed with a 6/0 run-

ning suture. Then the skin is undermined, and paraspinal 
myofascial flaps are raised and closed over the closed dura 
(c). Finally the skin is closed (d) using a 4/0 running mono-
filament suture. Copyright UZ Leuven, Leuven, Belgium

a b c

Fig. 32.4 Technique of patch repair of a large myelome-
ningocele. In 20% of cases, the lesion may be so large that 
a skin patch (c) may be required after closure of dura (a) 

and fascia (b) underneath. Alternatively, relaxing inci-
sions may be made lateral to the defect over the flanks (not 
shown). Copyright UZ Leuven, Leuven, Belgium
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may develop. In analogy to any other corporeal 
incision, mothers are not allowed to labor and 
deliver vaginally in the index and future pregnan-
cies. On the fetal side, there is the intraoperative 
occurrence of reduced heart contractility and/or 
bradycardia, seldom leading to cardiac arrest [19]. 
Also the risk for peripartal hemorrhage is higher.

Elective, or in case of preterm labor or any 
other complication, delivery is by lower uter-
ine cesarean section. Mothers are advised not 
to become pregnant within the next 2 years [17, 
19, 20]. Results from other similar fetal surger-
ies suggest that the reproductive outcome is not 
compromised [20].

The reduced heart contractility and/or bra-
dycardia seldom leading to cardiac arrest 
which are believed to be caused by the effects 
of inhalational anesthesia, yet traction on the 
skin and intra-abdominal compression may 
also contribute. In the MOMS trial, the perina-
tal mortality of fetal surgery was comparable to 
that of postnatal surgery (1–2%), yet the causes 

are different [18, 19]. In essence, in prenatally 
managed cases, deaths are due to fetal distress 
at the time of surgery or preterm birth. In post-
natally managed cases, mortality is due to the 
consequences of symptomatic CM II. Preterm 
birth may cause respiratory distress syndrome 
(20.8%) and other prematurity-related prob-
lems (Table 32.3).

From a neurosurgical viewpoint, postnatal 
surgery is rarely needed. Reintervention for post-
natal wound healing problems such as persisting 
cerebrospinal fluid leak or dehiscence is rare 
(2.6%). In about one fifth of cases, a patch may 
be required, and depending on the exact material 
used, a wound revision may be needed.

 1- and 2.5-Year Neurologic Outcomes

In the MOMS trial, the need for ventriculoperi-
toneal shunting at 12  months was reduced (see 
Table 32.3). The exact rate of shunting was depen-

Table 32.2 Maternal outcomes comparing open fetal surgery to postnatal surgery for SBA as in the MOMS random-
ized clinical trial [19]

Open fetal repair Postnatal repair Statistical analysis
Number of pregnancies/fetuses 78 (MOMS trial)

91 (complete trial 
cohort)

80 (MOMS trial)
92 (complete trial 
cohort)

Relative risk 
(95% CI)

P 
value

Fetal profile
Gestational age at randomization 23.7 ± 1.4 23.9 ± 1.3 NS ≥0.5
Operative outcomes
Intraoperative incomplete closure 
(abandoned procedure)

0% (0/91) 0% (0/92) NA NA

Bradycardia during repair 10.3% (8/78) 0% (0/80) NA 0.003
Mean operation time (skin-to-skin in min) 105.2 ± 21.8* NA NA NA
Maternal outcomes
Placental abruption 6.6 (6/91) 0% (0/92) NA 0.01
Pulmonary edema 5.5% (5/91) 0% (0/92) NA 0.03
Chorioamnionitis 2.2% (2/91) 0% (0/92) NA 0.25
Oligohydramnios 20% (19/91) 3.3% (3/92) 6.40 

(1.96–20.89)
<0.001

Chorioamniotic membrane separation 30% (33.0) 0% (0/92) NA <0.001
Preterm premature rupture of membranes 
(PPROM)

44% (40/91) 7.6% (7/92) 5.78 
(2.73–12.22)

<0.001

Hemorrhage requiring transfusion at 
delivery

8.8% (8/91) 1.1% (1/92) 8.09 
(1.03–63.37)

0.02

Hysterotomy scar thinning or dehiscence 
at delivery

35.3% (31/88) NA NA NA

NA not applicable, NS not stated
p values in bold indicate significance
*Plus–minus values are means ±SD

32 In Utero Surgery for Spina Bifida Aperta



406

Ta
bl

e 
32

.3
 

Fe
ta

l a
nd

 p
ed

ia
tr

ic
 o

ut
co

m
es

 c
om

pa
ri

ng
 o

pe
n 

fe
ta

l s
ur

ge
ry

 to
 p

os
tn

at
al

 s
ur

ge
ry

 f
or

 S
B

A
 a

s 
in

 th
e 

M
O

M
S 

ra
nd

om
iz

ed
 c

lin
ic

al
 tr

ia
l [

19
]

R
es

ul
ts

 o
f 

th
e 

M
O

M
S 

tr
ia

l
O

pe
n 

fe
ta

l r
ep

ai
r

Po
st

na
ta

l r
ep

ai
r

St
at

is
tic

al
 a

na
ly

si
s

N
um

be
r 

of
 p

re
gn

an
ci

es
/f

et
us

es
78

 (
M

O
M

S 
tr

ia
l)

91
 (

co
m

pl
et

e 
tr

ia
l c

oh
or

t)
80

 (
M

O
M

S 
tr

ia
l)

92
 (

co
m

pl
et

e 
tr

ia
l c

oh
or

t)
R

el
at

iv
e 

ri
sk

 (
95

%
 C

I)
P

 v
al

ue

Fe
ta

l p
ro

fil
e

L
es

io
n 

le
ve

l o
n 

ul
tr

as
on

og
ra

ph
y

 
 – 

T
ho

ra
ci

c
5.

1%
 (

4/
78

)
3.

7%
 (

3/
80

)
N

S
≥

0.
5

 
 – 

L
1–

L
2

27
%

 (
21

/7
8)

12
.5

%
 (

10
/8

0)
N

S
≥

0.
5

 
 – 

L
3–

L
4

38
.5

%
 (

30
/7

8)
56

.2
%

 (
45

/8
0)

N
S

≥
0.

5
 

 – 
L

5–
S1

29
.5

%
 (

23
/7

8)
27

.5
%

 (
22

/8
0)

N
S

≥
0.

5
F

et
al

 a
nd

 n
eo

na
ta

l o
ut

co
m

es
a

Pe
ri

na
ta

l m
or

ta
lit

ya
2.

2%
 (

2/
91

)
2.

2%
 (

2/
92

)
1.

01
 (

0.
1–

9.
34

)
1.

00
M

ea
n 

ge
st

at
io

na
l a

ge
 a

t b
ir

th
 (

w
ee

ks
)

34
.0

 ±
 3

.0
37

.3
 ±

 1
.1

N
A

<0
.0

01
Pr

et
er

m
 b

ir
th

 <
30

 w
ee

ks
11

%
 (

10
/9

1)
0%

 (
0/

92
)

N
A

0.
00

1
M

ea
n 

bi
rt

h 
w

ei
gh

t (
g)

23
83

 ±
 6

88
30

39
 ±

 4
69

N
A

<0
.0

01
Pa

rt
ia

l d
eh

is
ce

nc
e 

at
 r

ep
ai

r 
si

te
 n

ot
 r

eq
ui

ri
ng

 r
eo

pe
ra

tio
n

13
%

 (
10

/7
7)

6.
3%

 (
5/

80
)

2.
05

 (
0.

73
–5

.7
3)

0.
16

Po
st

na
ta

l a
dd

iti
on

al
 S

B
A

 s
ur

gi
ca

l r
ep

ai
rb

2.
6%

 (
2/

77
)c

N
S

N
A

N
A

R
es

pi
ra

to
ry

 d
is

tr
es

s 
sy

nd
ro

m
e

20
.8

%
 (

16
/7

7)
6.

3%
 (

5/
80

)
3.

32
 (

1.
28

–8
.6

3)
0.

00
8

Pe
ri

ve
nt

ri
cu

la
r 

le
uk

om
al

ac
ia

5.
2%

 (
4/

77
)

2.
5%

 (
2/

80
)

2.
08

 (
0.

39
–1

1.
02

)
0.

44
N

ec
ro

tiz
in

g 
en

te
ro

co
lit

is
1.

3%
 (

1/
77

)
0%

 (
0/

80
)

N
A

0.
49

P
ed

ia
tr

ic
 o

ut
co

m
es

A
t 1

 y
ea

r
Im

pr
ov

em
en

t o
f s

tr
uc

tu
re

s 
of

 c
en

tr
al

 n
er

vo
us

 s
ys

te
m

Pr
im

ar
y 

ou
tc

om
e 

(f
et

al
/n

eo
na

ta
l d

ea
th

 o
r 

th
e 

ne
ed

 f
or

 C
SF

 s
hu

nt
)

72
.5

%
 (

66
/9

1)
d

97
.8

%
 (

90
/9

2)
d

0.
74

 (
0.

65
–0

.8
5)

d
<0

.0
01

d

Pl
ac

em
en

t o
f 

C
SF

 s
hu

nt
44

.0
%

 (
40

/9
1)

d
83

.7
%

 (
77

/9
2)

d
0.

53
 (

0.
41

–0
.6

7)
d

<0
.0

00
1d

Sh
un

t r
ev

is
io

n
15

.4
%

 (
14

/9
1)

40
.2

%
 (

37
/9

2)
0.

38
 (

0.
22

–0
.6

6)
<0

.0
01

d

A
ny

 h
in

db
ra

in
 h

er
ni

at
io

n
64

.3
%

 (
45

/7
0)

95
.6

%
 (

66
/6

9)
0.

67
 (

0.
56

–0
.8

1)
<0

.0
01

C
om

pl
et

e 
re

ve
rs

al
 o

f 
C

hi
ar

i m
al

fo
rm

at
io

n
35

.7
%

 (
25

/7
0)

4.
3%

 (
3/

69
)

N
S

<0
.0

01
C

hi
ar

i m
al

fo
rm

at
io

n 
de

co
m

pr
es

si
on

 s
ur

ge
ry

1.
3%

 (
1/

77
)

5%
 (

4/
80

)
0.

26
 (

0.
03

–2
.2

4)
0.

37
Su

rg
er

y 
fo

r 
te

th
er

ed
 c

or
d

7.
8%

 (
6/

77
)

1.
2%

 (
1/

80
)

6.
15

 (
0.

76
–5

0.
00

)
0.

06
A

t 2
.5

 y
ea

rs
Im

pr
ov

em
en

t o
f f

un
ct

io
n 

of
 p

er
ip

he
ra

l n
er

vo
us

 s
ys

te
m

Pr
im

ar
y 

ou
tc

om
ee

19
9.

4 
±

 8
0.

5
16

6.
6 

±
 7

6.
7

N
A

0.
00

4
B

ay
le

y 
M

en
ta

l D
ev

el
op

m
en

t I
nd

ex
f

89
.5

 ±
 1

5.
0

86
.2

 ±
 1

8.
1

N
A

0.
22

D
if

fe
re

nc
e 

be
tw

ee
n 

m
ot

or
 f

un
ct

io
n 

an
d 

an
at

om
ic

al
 le

ve
ls

g
−

0.
80

 ±
 5

.5
−

1.
56

 ±
 4

.7
N

A
0.

00
2

≥
2 

le
ve

ls
 b

et
te

r
26

.4
%

 (
23

/8
7)

11
.4

%
 (

10
/8

8)

1 
le

ve
l b

et
te

r
11

.5
%

 (
10

/8
7)

8.
0%

 (
7/

88
)

N
o 

di
ff

er
en

ce
26

.4
%

 (
23

/8
7)

21
.6

%
 (

19
/8

8)

J. Deprest et al.



407

R
es

ul
ts

 o
f 

th
e 

M
O

M
S 

tr
ia

l
O

pe
n 

fe
ta

l r
ep

ai
r

Po
st

na
ta

l r
ep

ai
r

St
at

is
tic

al
 a

na
ly

si
s

1 
le

ve
l w

or
se

19
.5

%
 (

17
/8

7)
27

.3
%

 (
24

/8
8)

≥
2 

le
ve

ls
 w

or
se

16
.1

%
 (

14
/8

7)
31

.8
%

 (
28

/8
8)

In
de

pe
nd

en
t w

al
ki

ng
 (

ab
ili

ty
 to

 w
al

k 
w

ith
ou

t o
rt

ho
tic

s 
or

 d
ev

ic
es

)
44

.8
%

 (
39

/8
7)

23
.9

%
 (

21
/8

8)
1.

88
 (

1.
21

–2
.9

2)
0.

00
4

B
ay

le
y 

Ps
yc

ho
m

ot
or

 D
ev

el
op

m
en

t I
nd

ex
f  (

m
ea

n)
63

.9
 ±

 1
7.

3
58

.9
 ±

 1
5.

1
N

A
0.

03
Pe

ab
od

y 
de

ve
lo

pm
en

ta
l m

ot
or

 s
ca

le
s 

(l
oc

om
ot

io
n)

3.
0 

±
 1

.8
2.

1 
±

 1
.5

N
A

0.
00

1
W

ee
FI

M
 s

co
re

 (
de

gr
ee

 o
f 

di
sa

bi
lit

y)
h

 
 – 

M
ob

ili
ty

 
 – 

Se
lf

-c
ar

e
 

 – 
C

og
ni

tiv
e

19
.6

 ±
 6

.5
20

.8
 ±

 4
.4

25
.0

 ±
 5

.7

16
.2

 ±
 6

.2
19

.0
 ±

 4
.3

24
.9

 ±
 6

.3

N
A

N
A

N
A

<0
.0

01
0.

00
6

0.
74

A
t 2

.5
 y

ea
rs

U
ro

lo
gi

c 
ou

tc
om

es
N

um
be

r 
of

 c
hi

ld
re

n
56

59
R

R
 (

95
%

 C
I)

P
 v

al
ue

Pr
im

ar
y 

ou
tc

om
e 

(d
ea

th
 o

r 
ne

ed
 f

or
 C

IC
 b

y 
30

 m
on

th
s)

52
%

 (
29

/5
6)

66
%

 (
39

/5
9)

0.
78

 (
0.

57
–1

.0
7)

0.
13

3
D

ea
th

 a
t 2

.5
 y

ea
rs

0%
 (

0/
56

)
0%

 (
0/

59
)

N
A

1.
00

Pa
tie

nt
s 

on
 C

IC
 u

se
38

%
 (

21
/5

6)
51

%
 (

30
/5

9)
0.

74
 (

0.
48

–1
.1

2)
0.

18
9

B
la

dd
er

 tr
ab

ec
ul

at
io

ns
 o

n 
ur

od
yn

am
ic

s 
an

d 
ul

tr
as

ou
nd

8%
 (

4/
51

)
33

%
 (

17
/5

2)
0.

39
 (

0.
19

–0
.7

9)
0.

00
3

O
pe

n 
bl

ad
de

r 
ne

ck
 o

n 
ur

od
yn

am
ic

s
26

%
 (

13
/5

1)
44

%
 (

23
/5

2)
0.

71
 (

0.
46

–1
.0

9)
0.

06
3

A
t 2

.5
 y

ea
rs

Im
pa

ct
 o

n 
fa

m
il

y 
an

d 
pa

re
nt

al
 s

tr
es

s
N

um
be

r 
of

 w
om

en
87

88
R

R
 (

95
%

 C
I)

P
 v

al
ue

To
ta

l p
ar

en
ta

l s
tr

es
s 

(P
SI

-S
F)

61
.3

 ±
 2

1.
3

60
.3

 ±
 1

5.
4

N
A

0.
89

Fa
m

ili
al

-s
oc

ia
l i

m
pa

ct
 (

IF
S)

14
.0

 ±
 3

.8
15

.3
 ±

 3
.7

N
A

0.
00

4
IF

S 
sc

or
e

24
.6

 ±
 6

.5
26

.8
 ±

 6
.6

N
A

0.
02

p 
va

lu
es

 in
 b

ol
d 

in
di

ca
te

 s
ig

ni
fic

an
ce

W
he

n 
da

ta
 a

re
 a

va
ila

bl
e 

fr
om

 th
e 

co
m

pl
et

e 
tr

ia
l c

oh
or

t, 
on

ly
 th

e 
la

tte
r 

on
es

 a
re

 d
is

pl
ay

ed
 [

17
, 1

8,
 2

1]
. F

ur
th

er
 th

er
e 

is
 d

at
a 

fr
om

 tw
o 

su
bs

tu
di

es
 e

va
lu

at
in

g 
ur

ol
og

ic
al

 o
ut

co
m

es
 

[2
2]

 a
nd

 th
e 

im
pa

ct
 o

n 
fa

m
ily

 a
nd

 p
ar

en
ta

l s
tr

es
s 

[2
3]

. P
 v

al
ue

 in
di

ca
te

s 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t v
al

ue
s

SB
A

 s
pi

na
 b

ifi
da

 a
pe

rt
a,

 M
O

M
S 

M
an

ag
em

en
t O

f M
ye

lo
m

en
in

go
ce

le
 S

tu
dy

, C
M

 C
hi

ar
i I

I m
al

fo
rm

at
io

n,
 N

S 
no

ns
pe

ci
fie

d,
 N

A
 n

on
-a

pp
lic

ab
le

, G
A

 g
es

ta
tio

na
l a

ge
, C

SF
 c

er
eb

ro
sp

in
al

 
flu

id
, C

IC
 c

le
an

 in
te

rm
itt

en
t c

at
he

te
ri

za
tio

n,
 R

R
 r

el
at

iv
e 

ri
sk

, C
I 

co
nfi

de
nc

e 
in

te
rv

al
, P

SI
-S

F
 3

6-
ite

m
 P

ar
en

tin
g 

St
re

ss
 I

nd
ex

-S
ho

rt
 F

or
m

, I
F

S 
15

-i
te

m
 I

m
pa

ct
 o

n 
Fa

m
ily

 S
ca

le
a B

as
ed

 o
n 

th
e 

nu
m

be
r 

of
 li

ve
-b

or
n 

in
fa

nt
s.

 L
ik

e 
in

 th
e 

M
O

M
S 

tr
ia

l, 
pe

ri
na

ta
l m

or
ta

lit
y 

w
as

 d
efi

ne
d 

by
 th

e 
nu

m
be

r 
of

 f
et

al
 a

nd
 n

eo
na

ta
l (

w
ith

in
 2

8 
da

ys
 o

f 
lif

e)
 d

ea
th

s
b P

os
tn

at
al

 r
eo

pe
ra

tio
n 

in
 c

as
e 

of
 d

eh
is

ce
nc

e 
of

 a
ll 

la
ye

rs
c D

at
a 

fr
om

 o
ur

 p
re

vi
ou

s 
sy

st
em

at
ic

 r
ev

ie
w

 [
24

]
d O

ne
-y

ea
r 

ou
tc

om
es

 f
or

 t
he

 c
om

pl
et

e 
M

O
M

S 
tr

ia
l: 

on
ly

 v
en

tr
ic

ul
ar

 s
iz

e 
is

 a
ss

oc
ia

te
d 

w
ith

 t
he

 n
ee

d 
fo

r 
sh

un
tin

g,
 a

nd
 p

re
na

ta
l 

su
rg

er
y 

do
es

 n
ot

 i
m

pr
ov

e 
sh

un
t 

ou
tc

om
e 

w
he

n 
ve

nt
ri

cu
la

r 
si

ze
 is

 ≥
15

 m
m

; l
es

io
n 

le
ve

l a
nd

 d
eg

re
e 

of
 C

M
 h

ad
 n

o 
ef

fe
ct

 o
n 

th
e 

ev
en

tu
al

 n
ee

d 
fo

r 
sh

un
tin

g 
[2

1]
e P

ri
m

ar
y 

ou
tc

om
e 

at
 2

.5
 y

ea
rs

: s
co

re
 d

er
iv

ed
 f

ro
m

 th
e 

B
ay

le
y 

M
en

ta
l D

ev
el

op
m

en
t I

nd
ex

 a
nd

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

fu
nc

tio
na

l a
nd

 a
na

to
m

ic
al

 le
ve

ls
 o

f 
th

e 
le

si
on

f O
n 

th
e 

B
ay

le
y 

Sc
al

es
 o

f 
In

fa
nt

 D
ev

el
op

m
en

t I
I,

 th
e 

M
en

ta
l D

ev
el

op
m

en
t I

nd
ex

 a
nd

 th
e 

Ps
yc

ho
m

ot
or

 D
ev

el
op

m
en

t I
nd

ex
 a

re
 b

ot
h 

sc
al

ed
 to

 h
av

e 
a 

po
pu

la
tio

n 
m

ea
n 

(±
SD

) 
of

 
10

0 
±

 1
5,

 w
ith

 a
 m

in
im

um
 s

co
re

 o
f 

50
 a

nd
 a

 m
ax

im
um

 s
co

re
 1

50
. H

ig
he

r 
sc

or
es

 in
di

ca
te

 b
et

te
r 

pe
rf

or
m

an
ce

g F
or

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

m
ot

or
 f

un
ct

io
n 

le
ve

l a
nd

 th
e 

an
at

om
ic

al
 le

ve
l, 

po
si

tiv
e 

va
lu

es
 in

di
ca

te
 f

un
ct

io
n 

th
at

 is
 b

et
te

r 
th

an
 e

xp
ec

te
d 

on
 th

e 
ba

si
s 

of
 th

e 
an

at
om

ic
al

 le
ve

l
h T

he
 W

ee
FI

M
 s

co
re

 (
fu

nc
tio

na
l i

nd
ep

en
de

nc
e 

m
ea

su
re

 f
or

 c
hi

ld
re

n)
 m

ea
su

re
s 

th
e 

de
gr

ee
 o

f 
di

sa
bi

lit
y 

in
 c

hi
ld

re
n.

 O
n 

th
e 

W
ee

FI
M

 e
va

lu
at

io
n,

 th
e 

sc
or

e 
on

 th
e 

se
lf

-c
ar

e 
m

ea
su

re
-

m
en

t r
an

ge
s 

fr
om

 8
 to

 5
6,

 a
nd

 s
co

re
s 

on
 th

e 
m

ob
ili

ty
 a

nd
 c

og
ni

tiv
e 

m
ea

su
re

m
en

ts
 r

an
ge

 f
ro

m
 5

 to
 3

5,
 w

ith
 h

ig
he

r 
sc

or
es

 in
di

ca
tin

g 
gr

ea
te

r 
in

de
pe

nd
en

ce

32 In Utero Surgery for Spina Bifida Aperta



408

dent on prenatal ventricular dimensions. When the 
ventricles were ≥15 mm (normal range <10 mm), 
the shunting rate was as high as in postnatally 
operated cases [21]. The reduction in shunting was 
maximal in those fetuses with normal ventricles. 
Fetal surgery also improved motor outcomes at 
30 months (see Table 32.3) [18, 19, 21]. Children 
were more likely to have a level of function that was 
on average two levels better than expected based 
on the anatomical level. Postnatal motor function 
showed no correlation with either prenatal ventric-
ular size or postnatal shunt placement [18]. The 
effects on the bladder were mixed [22]. There was 
a reduction in bladder trabeculation, a marker of 
bladder outlet obstruction, and less frequently an 
open bladder neck on video-urodynamic examina-
tion, a marker of bladder dysfunction, yet the rate 
of clean intermittent catheterization at 30 months 
was not different (see Table 32.3) [22].

One of the major postoperative neurosurgical 
complications of spina bifida repair in general is 
tethered cord syndrome. This is the secondary 
attachment of the spinal cord to the scar, in some 
cass leading to dysfunction and pain. There are 
no good numbers yet that can determine whether 
tethered cord is more likely after fetal surgery or 
not. Data from patients operated in the pre-
MOMS era show that the incidence is identical to 
what was earlier reported in postnatally repaired 
cohorts. However, tethered cord in prenatally 
operated patients occurred more often in associa-
tion with the development of cutaneously derived 
intradural inclusion cysts [15, 25].

Prenatal rather than postnatal repair had a posi-
tive impact on the family, yet parental stress 
remained comparable [26]. The main determinants 
of such outcomes were the ability of the child to 
walk independently and greater family resources.

 5-Year Outcomes

The long-term outcomes of the MOMS cohort are 
not yet known at the time of this writing. Therefore 
one has to rely on data from operations done 
before that study. The Philadelphia team reported 
on a prospective cohort of 58 children who met the 
majority of the MOMS criteria operated in utero. 
They all had a ventricular size <17 mm and con-

served motor function in the lower limbs at the 
time of fetal surgery [27]. Children operated in 
utero had brain stem function and lower extremity 
neuromotor function better than expected yet not 
in the normal range [27]. Preschool neurodevelop-
mental outcomes, especially intelligence quotient, 
were within the normal range [28]. Though better 
than expected, preschool functional independence 
did not fall within the normal range. Total, neuro-
cognitive and mobility independence were higher 
in non- shunted than shunted patients and in chil-
dren with average neurodevelopmental scores. 
Self- care independence tended to be higher [28]. 
There was no increase in behavioral problems, 
impaired social interactions, and restricted behav-
ior patterns [29]. Quality of life outcome data of 
families and their children has not yet been 
reported in this population.

 10-Year Outcomes

Open fetal surgery (OFS) for SBA improved 
long-term neurodevelopmental and neurofunc-
tional outcomes as well as long-term ambulatory 
status compared to historical controls [30]. 
Concerning the social outcomes, there are no data 
so far; however one can speculate that also this 
would be better after OFS. Whereas this surgery 
certainly does not cure the disease, much of it will 
depend on whether there is an improved self-care 
capacity, which can increase the opportunity for 
peer relationships, decrease prolonged caregiver 
dependency, and increase community acceptance. 
On the other hand, OFS increases independent 
mobility, which would justify to expect a long-
term benefit. In a cross-sectional study on 122 
children with SBA operated postnatally, good 
mental ability, muscle strength, and being inde-
pendent in mobility were the best predictors of 
daily life function and quality of life [31].

 Alternative Techniques

The downside of OFS is the increased maternal 
morbidity and the risk of prematurity—mainly 
due to membrane rupture—and the large uterine 
incision, which may lead to dehiscence in 10% of 
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cases. Uterine scarring may have an effect on the 
index and future pregnancies, which is a limita-
tion [20]. Therefore, teams have been exploring 
what is possible by fetoscopy, which would obvi-
ate most likely the latter problem, as demon-
strated in mothers undergoing fetoscopic laser 
ablation for transfusion syndrome or balloon 
occlusion for congenital diaphragmatic hernia 
[32, 33]. Currently fetoscopic SBA repair is still 
technically challenging. The operation times are 
very long, and the initial surgical failure rate is 
high. Moreover, the fetal loss rate is higher, and 
there is an ongoing vivid debate about the poten-
tial side effects of carbon dioxide insufflation 
[34–38]. Surgeons also have to resort to alterna-

tive neurosurgical repair techniques, either cover-
ing the dissected defect in two layers by a 
combination of patch and skin closure or a single 
layer (patch or skin) (Fig.  32.5). Most of these 
techniques seem to evolve as experience grows. 
However, one should realize that the experimen-
tal basis for these is often lacking [42]. Ideally, 
these alternative surgical techniques need to be 
formally weighed against the gold standard, 
which is the open layered repair, ideally in a 
head-to-head comparison.

Reducing invasiveness should however be 
investigated for two reasons: first, from a mater-
nal perspective, to avoid the abdominal incision 
but, more importantly, to reduce the uterine scar 

a b

c

d

Fig. 32.5 Comparison of closure techniques. Schematic 
representation of neurosurgical closure following dissec-
tion and untethering, either (a) through multilayered 
repair involving the dura, musculofascial structures, and 
skin, as in the previous figures, or (b) using a dural substi-
tute, consisting of a biocellulose patch, as described in 

[39, 40] or (c) a skin substitute. In some reports, two grafts 
are used to assist myofascial and skin closure. More 
recently a technique with only skin closure (d) was 
reported [26, 41]. Drawings by Myrthe Boymans. 
Copyright UZ Leuven, Leuven, Belgium
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with its persistent consequences. The second 
reason is that it may reduce membrane rupture 
rates hence preterm delivery. Counterintuitively, 
this seems not to be the case when systematically 
reviewing the initial fetoscopy experience [24]. 
However, in the most recent experience by the 
Houston group exteriorizing the uterus through 
laparotomy, the placement of two ports, and 
surgical closure of puncture sites; early results 
suggest a lower membrane rupture rate [41, 43]. 
There is, however, one other approach which 
may reconciliate the best of both worlds. These 
Brazilian surgeons perform a multilayer ana-
tomical repair under the operation microscope 
through a 3-cm mini-hysterotomy [44]. In other 
words, they do not compromise on the operative 
technique formally tested in a randomized trial, 
while on the other hand, the uterine access is 
much smaller. Of 45 patients operated, 95% had 
an intact scar at cesarean delivery. These initial 
results hold also promise in terms of membrane 
separation (3%), membrane rupture (23%), and 
gestational age at delivery (35.2 weeks on aver-
age). The neuroprotective effect seemed to be as 
good in the neonatal period, yet again, a formal 
comparison is not possible given other selection 
criteria.
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Laser Treatment of Twin-Twin 
Transfusion Syndrome

Rubén A. Quintero, Eftichia V. Kontopoulos, 
and Ramen H. Chmait

 Introduction

The treatment of twin-twin transfusion syndrome 
(TTTS) has evolved through the years and has 
included expectant medical management [1], sec-
tio parva [2], serial amniocenteses [3–5], and the 
current treatment using laser photocoagulation of 
the placental vascular anastomoses [6–11]. The 
rationale for the use of laser photocoagulation in 
TTTS stems from the fact that:

 1. TTTS occurs via placental vascular anastomo-
ses, which are responsible for the net imbal-
ance sharing of blood volume between two (or 
more) fetuses.

 2. As a corollary, TTTS does not occur in the 
absence of placental vascular anastomoses 
(e.g., dichorionic twins).

 3. TTTS should resolve if all the placental vas-
cular anastomoses are successfully ablated.

Therefore, the goal of the laser surgery is to 
correctly identify and ablate all of the placental 
vascular anastomoses responsible for the syn-
drome. This raises two fundamental issues:

 1. Can all of the placental vascular anastomoses 
be indeed identified?

 2. Can all of the placental vascular anastomoses 
actually be ablated?

 Step One: Identification 
of the Placental Vascular 
Anastomoses

Classic placental pathology studies have shown 
the presence of three different types of placental 
vascular anastomoses: arteriovenous (AV) (so- 
called deep anastomoses), arterio-arterial (A-A), 
and veno-venous (V-V) anastomoses (A-A and 
V-V are also called “superficial” anastomoses) 
[12]. All of the anastomoses can be seen on the 
surface of the placenta, even if the actual anasto-
motic exchange occurs deep within the substance 
of the placenta. While some authors have sug-
gested that in fact there are anastomoses deep 
within the placental parenchyma that cannot be 
seen on the surface of the placenta [13], such 
arguments have proven untenable because in 
fact, based on clinical experience and placental 
pathological evaluation, all anastomoses can be 
seen on the placental surface. While in principle 
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all the placental vascular anastomoses are visible 
on the surface of the placenta, their endoscopic 
identification may be hindered by a variety of 
factors, including the fetuses themselves, the 
location or the angle of the endoscope relative to 
the anastomosis, and/or the amniotic fluid 
discoloration.

How can all the anastomoses be identified? In 
the early days of laser surgery, this was an issue 
of contention. The original reports suggested that 
the anastomoses could be identified based on 
their appearance, i.e., based on specific patterns 
and angles, with drawings intended to aid in this 
process (identification based on pattern recogni-
tion) [14]. Soon it became clear that a gestalt 
approach to the identification of the placental 
vascular anastomoses was both inaccurate and 
impractical, given the myriad of vascular patterns 
that the anastomoses can actually have. 
Furthermore, non-anastomotic vessels could be 
mistaken for an anastomosis using a pattern rec-
ognition approach. The lack of a practical and 
accurate way to identify placental vascular anas-
tomoses was one of the most important hin-
drances in establishing laser surgery as a valid 
approach for the treatment of TTTS. This limita-
tion led to the development of what we called 
“the nonselective technique.”

 The Nonselective Technique

The nonselective technique was based on laser-
ing all of the vessels that would cross the dividing 
membrane. By definition, this technique did not 
attempt to differentiate anastomotic from non- 
anastomotic vessels but rather to catch as many 
anastomoses as possible based on three 
assumptions:

 1. The dividing membrane should lie parallel to 
the vascular equator.

 2. All vessels crossing the dividing membrane 
are vascular anastomoses.

 3. The vascular anastomoses (vascular equator) 
are all within the sac of the recipient twin 
(where the endoscope is inserted).

Although these three assumptions could be 
true in many cases, they do not guarantee that 
only anastomotic vessels will be targeted. First, 
the location of the dividing membrane may or 
may not be parallel to the so-called vascular 
equator, the area of the placenta where the anas-
tomoses are located. Indeed, the location of the 
dividing membrane relative to the fetal placental 
surface may be:

• At an angle to the vascular equator (such that 
some of the anastomoses may be in the sac of 
the donor twin and some in the sac of the 
recipient twin)

• Completely within the sac of the donor twin, 
such that all of the anastomoses are inside the 
sac of the donor twin

Second, and as a corollary, not all of the ves-
sels crossing the dividing membrane are anasto-
motic vessels. Therefore, by lasering all of the 
vessels that would cross the dividing membrane, 
the risk of ablating normal vessels (i.e., non- 
anastomotic) could be high. Third, in the rare 
cases where all of the anastomoses are within 
the sac of the donor twin, lasering of all the ves-
sels crossing the dividing membrane from 
within the sac of the recipient twin would aim 
only at recipient vessels (with or without anas-
tomoses), with a high risk of demise for this 
fetus. The increased risk for harm to either twin 
from the use of a nonselective technique can be 
appreciated in the report by Ville et al. in 1995, 
where the use of the nonselective technique was 
associated with a dual fetal survival of only 35% 
and a rate of single intrauterine fetal demises of 
35% as well [9]. Subsequent clinical studies 
showed that the use of a nonselective technique, 
which unnecessarily targeted non-anastomotic 
vessels, was associated with an increased risk 
for demise of one or both twins [9]. Clearly, 
using the dividing membrane as a surrogate for 
the identification of the placental vascular anas-
tomoses was suboptimal, albeit an improvement 
over the previously nondescriptive reports. 
Thus, a better way of identifying the actual 
anastomoses was needed.
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 The Selective Technique

In 1998, Quintero et  al. described the selective 
laser photocoagulation of communicating vessels 
technique (coined as “SLPCV”) [10]. This was 
the first description of a precise anatomical 
method of identifying the placental vascular 
anastomoses endoscopically and differentiating 
them from non-anastomotic vessels. The tech-
nique required a systematic assessment of the 
vascular equator from one end of the placenta to 
the other. Basically, this meant following each 
vessel on the surface of the placenta to its termi-
nal end. If the terminal end of the artery of one 
twin had a returning vein to the same fetus, this 
was labeled as a non-anastomotic pair. On the 
other hand, if the terminal end of an artery was 
followed by a vein returning to the other twin, 
this was identified labeled as an AV anastomosis. 
Arterio-arterial (A-A) anastomoses were appar-
ent, since the artery of one twin would continue 
as an artery to the other twin as well. Similarly, 
veno-venous (V-V) anastomoses could be identi-
fied by following an uninterrupted vein from one 
twin to the other. The identification of the anasto-
moses using the SLPCV technique did not rely 
on the location of the dividing membrane relative 
to the vascular equator. This avoided missing 
anastomoses located in the sac of the donor twin, 
regardless of whether this involved a few or even 
all of the placental vascular anastomoses. 
Identification of the anastomoses within the sac 
of the donor by looking through the dividing 
membrane was also shown to be possible. This 
was in contrast to previous reports which had 
stated that anastomoses within the sac of the 
donor would not be visible due to the presence of 
two layers of amnion [14]. In fact, the two layers 
of amnion do not preclude visualization of anas-
tomoses located within the sac of the donor twin, 
particularly if severe oligohydramnios or anhy-
dramnios is present in the sac of that fetus. The 
selective technique provided a reproducible way 
of identifying all of the vascular anastomoses, 
independent of their location, a first step in the 
proper performance of the laser surgical tech-
nique. Quintero et al. also commented on how to 

document the identified vascular anastomoses. 
This included mentioning the type (AV, A-A, 
V-V), size (e.g., “hair,” small, medium, large, 
extra-large), as well as their direction (AVDR, an 
AV anastomosis from donor to recipient, or 
AVRD, an AV anastomosis from recipient to 
donor) [15]. The direction of flow in A-A or V-V 
anastomoses could be determined in some cases, 
provided there was significant color differences 
in these vessels resulting from differences in fetal 
SpO2 [16]. This led to the concept of the “hemo-
dynamic equator” or HE, which represents the 
collision front between the two fetal circulations 
within an A-A or a V-V anastomosis [17]. The 
HE allowed for the first time a better understand-
ing of the actual functional behavior of A-A or 
V-V anastomoses, which until then were thought 
to be bidirectional in all cases. Indeed, if the HE 
moves back and forth between draining vessels 
of either twin, the behavior of the A-A or V-V 
anastomosis is truly bidirectional. On the other 
hand, if the HE only reaches a draining vessel of 
one twin, the function of such superficial vessel is 
essentially no different than an AV anastomosis 
(and as such, labeled as fAVDR if from donor to 
recipient, or fAVRD if from recipient to donor). 
Lastly, if the HE does not reach any draining ves-
sel, the net exchange of blood between the fetuses 
through that vessel is zero.

The selective technique also assumed that 
once the vascular equator was entirely mapped, 
the anastomoses could all be photocoagulated (a 
two-step process).

The acronym used for the selective technique, 
i.e., SLPCV, defined the systematic approach that 
needs to take place to identify and photocoagu-
late all of the vascular anastomoses. Other acro-
nyms used to describe the performance of the 
laser surgery may or may not be similar to the 
Quintero SLPCV technique. For example, while 
performing SLPCV, the dividing membrane is 
always respected. Purposeful injury to the divid-
ing membrane, or the so-called septostomy, is not 
part of the SLPCV technique [18]. Though not 
implicit, the performance of a laparotomy to 
access the amniotic cavity is also not part of the 
SLPCV technique. While general anesthesia was 
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originally used in our cases [19], surgery can be 
best performed under local anesthesia [20]. 
Therefore, the acronym SLPCV should apply 
only to those surgeries in which access to the 
amniotic cavity is performed under local anesthe-
sia, percutaneously and following a systematic 
and thorough identification and obliteration only 
of placental vascular anastomoses [10, 21, 22].

 Lasering Healthy Interanastomotic 
Placental Tissue: The “Solomon” 
Technique

As centers began to adopt the selective technique, 
it became apparent that the rate of residual patent 
placental vascular anastomoses after laser sur-
gery (as shown on surgical pathology of the pla-
centa) varied significantly between centers 
(Table  33.1). Similarly, the incidence of failed 
surgery, defined as persistent or reverse TTTS, 
which is the clinical manifestation of residual 
patent placental vascular anastomoses after laser 
surgery, also varied significantly (Table 33.2). In 
a study by Robyr et al., the rate of failed surgery 
was 22% [28]. Anemia of a surviving twin after 
demise of the co-twin, which is reflective of 
incomplete occlusion of all placental vascular 
anastomoses, was also noted as a common com-
plication. Lopriore et al. reported an incidence of 
33% of residual patent placental vascular anasto-
moses in 52 TTTS patients treated with laser at 
their institution [29]. In comparison, the rate of 
residual patent placental vascular anastomoses 
after SLPCV by our groups, using a similar tech-
nique and similar technology, has consistently 
been less than 5%, with no anemia after demise 

of the co-twin, and an incidence of reverse or per-
sistent TTTS of only 1–1.5% (USFetus 
Consortium) [33] (see Tables 33.1 and 33.2).

In view of the relatively high incidence of 
residual patent placental vascular anastomoses 
seen by some groups, some authors proposed 
“connecting the dots” between photocoagulated 
areas on the surface of the placenta [34]. The 
premise behind this idea was that, by lasering 
areas between laser-ablated placental vascular 
anastomoses, such “blind lasering” would cap-
ture “anastomoses” that would have been pre-
sumably missed (“not visible”) [13]. The 
argument was based on the assumption by such 
authors that not all of the placental vascular anas-
tomoses can be identified endoscopically [13] 
and that, therefore, ablating only the visible ones 
using the selective technique could miss vascular 

Table 33.1 Reported incidence of residual patent placental vascular anastomoses after laser surgery on surgical 
pathology analysis of the placentas

Author Residual patent placental vascular anastomoses P1 P2
Quintero (SLPCV) [23] 5/143 (3.5%) –
Chmait  (SLPCV) [24] 5/100 (5%) 0.74
Lopriore (“fetoscopic laser surgery”) [25] 17/52 (33%) <0.001
Slaghekke [26]
  “Standard” 26/77 (34%) <0.001 >0.05
  Solomon 14/74 (19%) <0.001

Comparisons made relative to the lowest reported rate (P1) or between the “standard” and the Solomon techniques (P2)

Table 33.2 Reported incidence of clinical outcomes 
after laser therapy reflecting residual patent placental vas-
cular anastomoses

Author Reverse or persistent TTTS p
Chmait [24] 1/100 (1%) –
Kontopoulos 
[27]

5/417 (1.5%) 1.0

Robyr [28] 14/101 (13.8%) 0.0006
Lopriore [29] 2/52 (3.8%) 0.27
Slaghekke [30]
  “Standard” 9/135 (6.7%) 0.046
  Solomon 2/137 (1.5%) 1.0
Baschat [31]
  “Selective” 6/71 (8.5%) 0.02
  Solomon 3/76 (3.9%) 0.31
Ruano [32]
  “Selective” 4/76 (5.3%) 0.17
  Solomon 0/26 (0%) 1

Comparisons made relative to the lowest reported rate
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anastomoses. This would explain their high rate 
of residual patent placental vascular anastomo-
ses. The resulting surgical technique of lasering 
healthy interanastomotic areas of the placenta 
was dubbed “the Solomon technique” [30] in ref-
erence to the biblical passage where, in order to 
resolve a dispute between two alleging mothers 
of a child, King Solomon proposed to cut the 
baby in half (1 Kings 3:16–28, NIV). The anal-
ogy, therefore, is that by lasering the areas of the 
placenta between endoscopically identified and 
laser-ablated vascular anastomoses, the placenta 
would be “cut in half.” Recent studies suggest 
that indeed, relative to the surgical groups’ prior 
experience with the selective technique, the use 
of the Solomon technique was associated with 
improved perinatal outcomes [31, 32].

To test whether the Solomon technique could 
indeed reduce the rate of residual patent placental 
vascular anastomoses, an open-label randomized 
clinical trial was conducted in Europe (the Solomon 
trial) comparing the Solomon technique versus the 
“standard” technique [30]. The latter, although not 
directly mentioned, was intended to refer to the 
selective technique (SLPCV). The primary out-
come was a composite of the rate of twin anemia 
polycythemia sequence (TAPS), recurrence of 
TTTS, perinatal mortality, or severe neonatal mor-
bidity. No statistical differences were detected in 
the composite outcome between the two groups. 
However, the study did show a decreased rate of 
persistent or reverse TTTS (2/137, 1% vs. 9/135, 
7%, Solomon vs. “standard,” respectively, p = 0.03) 
and of TAPS (4/137, 2.9% vs. 21/135, 15.5%, 
Solomon vs. “standard,” respectively, p ≤ 0.001). 
Interestingly, the actual rate of persistent residual 
patent placental vascular anastomoses was no dif-
ferent between the two techniques (14/74, 19% vs. 
23/77, 29.8%, Solomon vs. “standard,” respec-
tively, p = 0.12). Although the primary outcome of 
the study was no different between the groups, the 
authors concluded that the Solomon technique was 
superior to the “standard” technique. Two addi-
tional observational studies comparing the 
Solomon technique with the selective technique 
also appeared to show favorable results with the 
former technique [31, 32].

Table 33.1 shows the rate of residual patent 
placental vascular anastomoses reported by the 
different groups using either the Quintero selec-
tive (SLPCV) technique (i.e., the “standard” 
approach) or the Solomon technique. As can be 
seen, the rate of residual patent placental vascu-
lar anastomoses is lowest using the Quintero 
SLPCV.  Table  33.2 shows that the Quintero 
SLPCV technique is also associated with a 
lower rate of persistent or reverse TTTS than 
that of the “standard” technique in the Solomon 
trial and the “selective technique” of other 
authors and that the Solomon technique in all 
studies achieves the same rate of persistent or 
reverse TTTS than that reported with the 
Quintero SLPCV technique. Given that the 
Solomon technique is still associated with 
approximately 20% of residual patent placental 
vascular anastomoses, the initial rationale for 
the technique, i.e., to reduce the high rate of 
residual patent placental vascular anastomoses, 
does not appear to hold. Furthermore, given that 
the proponents of the Solomon technique have 
also shown that most missed anastomoses are 
located in the margins of the placenta [29], 
lasering inexistent placental vascular anastomo-
ses in otherwise healthy placental tissue between 
vascular anastomoses within the main body of 
the placenta is incongruent with the rationale 
(Table  33.3) (Fig.  33.1a, b). Altogether, the 
Solomon technique would seem to represent a 
backward step in the ability to correctly identify 
all of the placental vascular anastomoses, by 
accepting the unproven theory of the presence 
of non-visible placental vascular anastomoses 
on otherwise healthy-appearing fetal surface of 
the placenta. Alternatively, we have shown that 
all of the placental vascular anastomoses can be 
clearly identified without having to ablate inex-
istent anastomoses in healthy placental areas. 
Stated differently, the use of the “Solomon tech-
nique” may simply represent an attempt to 
achieve similar results as those that can be 
obtained with the performance of the Quintero 
SLPCV technique, rather than a true advantage 
over the SLPCV technique, at the expense of 
lasering healthy placental tissue.
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 Step Two: Ablation of the Placental 
Vascular Anastomoses

Assuming that there is a conceptual agreement 
on how to identify the anastomoses, the next step 
consists of being able to ablate them. Successful 
ablation of the placental vascular anastomoses 
assumes that the surgeon can adapt to the differ-
ent clinical scenarios and overcome the various 
challenges that may be present in each case. 
Particular known surgical challenges include:

• The location of the placenta (anterior, 
posterior)

• Interference with the visualization of the anas-
tomoses by the donor twin that is “stuck” 
along the vascular equator from severe oligo-
hydramnios (unmovable donor)

• The presence of discolored fluid within the sac 
of the recipient twin from prior procedures 
(amniocenteses) or from prior intra-amniotic 
bleeding

• Triplet (or higher order multiple) gestations, 
whether monochorionic or not

• Close proximity of the umbilical cord placen-
tal insertions

• Large anastomotic vessels
• Tangential access to the placenta (whether the 

placenta is anterior or posterior)
• Anastomoses located behind the site of trocar 

entry
• High maternal BMI

Table 33.3 Principles and results of the use of the Solomon technique to identify and ablate all placental vascular 
anastomoses in twin-twin transfusion syndrome

Purpose of the surgery

Purported location 
of the residual 
patent placental 
vascular 
anastomoses

Actual location of the 
additional laser ablations

Rate of residual 
patent placental 
vascular 
anastomoses [30]

Rate of residual 
patent placental 
vascular anastomoses 
(USFetus group) [23, 
24]

To decrease the rate of 
residual patent 
placental vascular 
anastomoses after 
laser therapy

Mostly on the 
margins of the 
placenta

Within the body of the 
placenta, between 
endoscopically 
identified vascular 
anastomoses

30% (“standard”) 
vs. 19% 
(Solomon)
p > 0.05

5%
p < 0.05 relative to 
Solomon technique

a

b

Fig. 33.1 (a) Selective photocoagulation of communi-
cating vessels (SLPCV). All of the anastomoses are pho-
tocoagulated, regardless of their location relative to the 
dividing membrane while sparing non-anastomotic ves-
sels. Rate of residual patent placental vascular anastomo-
ses, 3.5–5% [24, 27]. (b) Solomon modification of the 
SLPCV technique. The fetal surface of the placenta 
between endoscopically identified anastomoses is also 
lasered, to occlude “anastomoses” not visible by the 
endoscope. Rate of residual patent vascular anastomoses, 
20% [30]

R. A. Quintero et al.
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The management of each of these challenges 
requires the use of special techniques or technol-
ogy, including the use of fluid management sys-
tems, blunt probes, trocar assistance [23], and 
special laser photocoagulation techniques, which 
are beyond the scope of this article [35]. A recent 
Delphi study outlined the multitude of steps 
needed to perform the surgery. Most authors 
agreed on the basic surgical goal (the purpose of 
the Delphi survey), including the ablation of all 
of the placental vascular anastomoses along the 
vascular equator, without injuring healthy pla-
centa or non-anastomotic vessels [36]. The ques-
tion is: how often can these goals be accomplished 
while overcoming the various challenges men-
tioned above? One way to address this question is 
by noting both how often the placenta can be 
adequately assessed as well as how often can the 
vessels be selectively ablated.

 Adequate Placental Assessment

Adequate placental assessment refers to the ability 
of the surgeon to survey the entire vascular equa-
tor. For example, in a sub-analysis of the Solomon 
trial, the authors reported that they were able to 
adequately assess the placenta in only 65 out of 74 
patients in the Solomon group (87%) and in only 
69 out of 77 (89%) in the “standard” group [37]. 
The reasons behind the inability of the surgeons to 
adequately assess the placenta in more than 10% 
of the cases in each group were not stated. 
Obviously, if the placenta cannot be adequately 
assessed, this is likely to result in missed anasto-
moses and thus an increased likelihood for adverse 
clinical outcomes, including persistent or reverse 
TTTS.  In contrast, our group has shown consis-
tently the ability to assess the placenta adequately 
in over 99% of the patients [38].

 Selective Ablation 
of the Anastomoses

Another surgical competency benchmark refers 
to the ability of the surgeon to selectively ablate 
the vascular anastomoses without including non- 

anastomotic vessels. A “selectivity index” (SI) 
was proposed by Stirnemann et  al., as 
SI =  log (SC + 1)/(NSC + 1), where SC are the 
selectively coagulated vessels and NSC are the 
non-anastomotic vessels. NSC were also vessels 
that were considered presumed anastomoses but 
that could not be followed to their terminal end 
and were nonetheless lasered. In their experi-
ence, most surgeries involved lasering both anas-
tomotic and non-anastomotic vessels [34, 39]. A 
“high” SI defined as −0.25 was reported by the 
authors to correlate with improved postnatal sur-
vival at 28  days of at least one twin and both 
twins. Crisan et al. have shown that the selectiv-
ity index proposed by Stirnemann et al. is math-
ematically inaccurate and should not be used to 
assess the adequacy of the laser surgery [38]. 
Instead, a simpler index consisting of a ratio 
between how often the surgery can be done using 
the Quintero selective technique vs. nonselec-
tively is more representative and easier to under-

stand: QSI
SLPCV NSLPCV

SLPCV
 









100 , where 

QSI is the Quintero selectivity index, SLPCV is a 
surgery performed selectively, and NSLPCV is a 
surgery where at least one vessel was not clearly 
identified as an anastomosis but was lasered. For 
example, in that same article, the authors showed 
that they were able to perform a selective surgery 
in only 34% of cases [39]. In another report of 
123 patients, surgery could not be completed in 
five cases for a stuck twin obscuring the equator 
(2), poor visualization (2), and a large anasto-
motic vessel (1) [29]. Obviously, the goal is to try 
to perform the surgery selectively as close to 
100% of the time as possible [22, 27, 38].

 Accuracy of Laser Therapy

Theoretically, one could combine the rate of ade-
quate placental assessment and of selective laser 
surgery with the rate of either residual patent pla-
cental vascular anastomoses (when available) 
and the rate of persistent or reverse TTTS to 
determine how accurate the laser surgery is 
being performed at a given center or by a given 
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surgeon. Accuracy of SLPCV could thus be 
defined as:

 
AccSLPCV QSI RPPVA PRTTTS     1 1

 

where AccSLPCV is the accuracy in performing 
SLPCV, QSI is the rate of Quintero selectively 
performed surgeries, RPPVA is the rate of resid-
ual patent placental vascular anastomoses (when 
available), and PRTTTS is the rate of persistent 
or reverse TTTS. Table 33.4 shows such a theo-
retical calculation and its use to compare differ-
ent reports.

 Should the Rate of Twin-Anemia- 
Polycythemia Sequence (TAPS) 
Be Included as a Benchmark 
for the Performance of Laser Therapy 
in TTTS?

The rate of twin-anemia-polycythemia sequence 
(TAPS) has been included as a measure of failed 
laser therapy for TTTS, in addition to the rate of 
residual patent placental vascular anastomoses 
and persistent/reverse TTTS [24, 30–32, 37]. The 
decision stems from the purported etiology of 
TAPS, which presumably results from the trans-
fer of blood between two monochorionic twins 
through small placental vascular anastomoses in 
such a way that one fetus develops anemia and 
the other twin develops polycythemia, but with-
out the net blood volume inequalities typical of 
TTTS [25]. Presumably, the syndrome occurs 
through small caliber AV anastomoses, in con-
trast to larger size vessels typically seen in 
TTTS.  In actuality, such a theory is even less 

plausible than the contested theory of TTTS (in 
which all indirect and circumstantial evidence 
does point to placental vascular anastomoses as 
being the etiological factor for TTTS and indi-
rectly confirmed by resolution of the syndrome 
with occlusion of all placental vascular anasto-
moses). The proposed theory of TAPS is thus sus-
pect for many reasons:

• The original theory was based on the pres-
ence of residual patent placental vascular 
anastomoses. Given the high incidence of 
residual patent placental vascular anastomo-
ses reported from such groups (20–33%), it is 
not possible to discern what role, if any, these 
anastomoses play in the etiology of TAPS.

• While TAPS has been described in the pres-
ence of residual patent placental vascular 
anastomoses, they are not indispensable. We 
and others have recently reported on the pres-
ence of TAPS without apparent placental vas-
cular anastomoses [27, 40].

• Contrary to TTTS, ablation of residual patent 
placental anastomoses in cases of TAPS may 
not necessarily eliminate the condition in all 
cases. Table 33.5 compares TTTS with TAPS 

Table 33.4 Accuracy of laser surgery for twin-twin transfusion syndrome (TTTS)

Author
Rate of selectively 
performed surgeries (%)

1—Rate of residual patent 
placental vascular anastomoses

1—Rate of 
persistent/reverse 
TTTS

Accuracy of 
SLPCV (%)

USFetus group 
[27, 38]

98.7 0.95 0.99 92

Solomon [30] 87 0.81 0.99 69.7
Solomon [30] 
“standard”

89 0.66 0.93 54

Table 33.5 Role of placental vascular anastomoses in 
the etiology of twin-twin transfusion syndrome (TTTS)  
and twin-anemia-polycythemia sequence (TAPS)

TTTS TAPS
Can exist in the presence of 
placental vascular anastomoses

Yes Yes

Can exist in the absence of placental 
vascular anastomoses

No Yes 
[27, 
40]

Is eliminated by ablating the 
placental vascular anastomoses

Yes Yes? 
[26]
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relative to the role of placental vascular 
anastomoses.

• Depending on the order the vascular commu-
nications are ablated, there may be preferen-
tial intraoperative transfusion from one twin 
to another twin. Thus, the findings of anemia 
in one twin and polycythemia of the other in 
the postoperative period may be a reflection of 
the surgical procedure itself. See the sequen-
tial technique section below for further details 
of this phenomenon.

Therefore, the assumption that TAPS is only 
the result of unsuccessful laser therapy may not 
be entirely accurate. Thus, in our opinion, the 
inclusion of TAPS as a benchmark of failed laser 
therapy should be used with caution.

 Functional Ablation of the Placental 
Vascular Anastomoses: 
The Sequential Technique

The development of the selective technique rep-
resented an important historical step in the surgi-
cal treatment of twin-twin transfusion syndrome. 
SLPCV is indeed an anatomical surgical tech-
nique, which involves the identification and 
selective laser obliteration of the placental vascu-
lar anastomoses, while preserving non- 
anastomotic vessels and healthy placental tissue. 
However, despite precise identification and abla-
tion of placental vascular anastomoses, intrauter-
ine fetal demise of one of the fetuses after SLPCV 
would still occur in approximately 9–29% of 
cases with this technique [10, 41]. A potential 
explanation for this complication could lie in the 
sequence with which the anastomoses were oblit-
erated during surgery. Indeed, since TTTS occurs 
from an excessive transfer of blood from the 
donor twin to the recipient twin, ablation of the 
anastomoses from the donor to the recipient first 
would stop immediately the transfer of blood 
from this twin to the recipient twin. Furthermore, 
during this interval, however brief, the recipient 
twin would be transfusing the donor twin back 
through placental vascular anastomoses from 
recipient to donor. As a result, the donor twin, 

which is presumed hypotensive, would stop los-
ing blood as soon as the laser process started 
while at the same time receive an intraoperative 
transfusion from the recipient twin. The photoco-
agulation of the vascular anastomoses from donor 
to recipient first followed by from recipient to 
donor second was called the “sequential tech-
nique” or SQLPCV. Using the sequential tech-
nique, our group showed a reduction in the rate of 
intrauterine fetal demise of the donor twin from 
21% to 7% and an increase in the double survival 
rate from 56% to 75% [42]. Our group is cur-
rently assessing the merits of performing the 
sequential technique through a randomized clini-
cal trial of the USFetus group [43]. While a 
sequential technique may not necessarily be 
required in all cases, it could have an indication 
in patients where the condition of the donor twin 
would be most compromised.

 Is There a Role for Umbilical Cord 
Occlusion in TTTS?

Interruption of the blood exchange between the 
fetuses can also be accomplished by occluding 
one of the two umbilical cords. This procedure 
should be contemplated only as a last resort to 
treat the syndrome. Unfortunately, the availabil-
ity of bipolar photocoagulation and radiofre-
quency ablation has resulted in an unwarranted 
high number of selective feticide in many centers 
on patients that otherwise could have perhaps 
been treated best with laser surgery [34, 44]. 
Umbilical cord occlusion should not be offered 
as an alternative to laser because of limitations of 
the surgeon or the center, unless the patient can-
not be referred to another center capable of offer-
ing laser. Umbilical cord occlusion should be 
offered to patients with twin-twin transfusion 
syndrome in which additional complicating cir-
cumstances may exist. This may be the case of 
patients with a severe congenital anomaly of one 
of the twins or a moribund hydropic fetus. Since 
such cases are rare, the performance of selective 
feticide via umbilical cord occlusion in twin-twin 
transfusion syndrome should be an exception, 
rather than the rule. Indeed, the counseling of our 
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patients involves mentioning a survival rate of 
approximately 90% with a 5% risk of neurologi-
cal damage if laser therapy is chosen, compared 
to 90% survival and a 5% risk of neurological 
damage to the surviving co-twin if umbilical cord 
occlusion is chosen. Therefore, since both sur-
vival and morbidity statistics are similar between 
the two procedures, but with umbilical cord 
occlusion one of the fetuses is denied the chance 
to survive, the justification is not there to offer 
feticide to an otherwise anatomically normal 
fetus.

 Conclusion
It’s been more than 20 years since laser ther-
apy was first proposed for the treatment of 
twin-twin transfusion syndrome. Significant 
strides have been made both in establishing 
the scientific merit of using laser to ablate the 
placental vascular anastomoses to treat the 
condition [45] as well as in the various steps, 
techniques, and other technical aspects that 
allow for such therapy. Selectively interrupt-
ing the placental vascular anastomoses with-
out injuring healthy portions of the placenta 
using the Quintero selective technique, while 
obvious as a concept and as a surgical goal, 
has been associated with markedly different 
outcome results between centers. The 
Solomon technique has been proposed as a 
way to mitigate such differences, but has not 
shown to lower the high rate of residual patent 
placental vascular anastomoses that prompted 
its development. A properly performed 
Quintero SLPCV technique is associated with 
the highest rate of clinical success and with 
the lowest rate of failed therapy either by sur-
gical pathology or clinical criteria. Further 
improvements in clinical outcomes with the 
use of the sequential technique, particularly 
for specific situations in which the donor may 
be at a unique disadvantage, could be expected 
and is being addressed in the ongoing random-
ized clinical trial conducted by our groups 
comparing SLPCV with SQLPCV.  Selective 
feticide via umbilical cord occlusion should 
be the exception rather than the rule for severe 
cases of TTTS, and should not be performed 

to compensate for physician or surgical center 
limitations. Improvements in the surgical 
equipment and other ancillary technology, 
while difficult to pursue, should continue to 
remain among the objectives of caregivers in 
this field. The education of next-generation 
surgeons using the wealth of information thus 
far gathered by the different centers should 
also be a main focus of all programs.
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Cecal volvulus, 13, 165–167, 170, 171
Cecopexy, 170
Central nerve pathways

cortical representation and brain processing,  
31, 32

spinal cord and brain stem, 29, 31
Central nervous system, 32, 33
Central serous retinopathy (CSR), 227
Cerebral venous sinus thrombosis (CVST), 213
Cervical cancer, 15
Cervical ectopic pregnancy (CEP), 325
Cervical insufficiency, 355

definition, 355
diagnosis, 355
pathophysiology, 355
treatment, 356
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transvaginal/transabdominal cervical cerclage (see 
Transvaginal/transabdominal cervical 
cerclage)

vaginal pessary, 355, 356
Cesarean hysterectomy, 15
Cesarean scar pregnancy (CSP), 326, 327
Cesarean section (c-section), 129–130, 381, 383
Chelated gadolinium, 43
Chenodeoxycholic acid, 148
Cholangiography, 150, 152, 153
Cholecystitis, 12
Cholecystokinin (CCK), 148
Choledocholithiasis, 13, 150, 152
Cholelithiasis, 12, 13
Cholesterol, 148, 149
Chronic hypertension (CHTN), 114–115
Chronic hypertension with superimposed  

preeclampsia, 114
Chronic urinary retention, 377
Circumferential margin, 185
Classic sacculation, 371
Coagulation, 101, 102
Collaboration display, 53
Collecting system, anomalies, 367
Colonic perforation, 189
Colonoscopy, 13, 158, 159
Colonoscopy-assisted uterine reduction, 374
Colorectal cancer

advanced stage of disease, 191–192
chemotherapy, 186–187
colonoscopy, 184
computed tomography, 185
gravid uterus, 187, 188
incidence, 183
MRI, 185–186
prognosis

age, 190
hormonal effects of pregnancy, 191
tumor histology, 190–191

sigmoidoscopy, 183, 184
surgical emergency, 189
symptoms, 183, 184
treatment algorithm, 186–188
TRUS, 185
ultrasonography, 184, 185

Compression fracture, 219
Congenital anomalies of the kidney and urinary tract 

(CAKUT), 367
abnormal nephron development, 367
abnormal renal embryonic migration, 367
bladder exstrophy, 368
collecting system, 367
duplex kidney, 367
ectopic ureter, 367
pregnancy, surgical considerations during, 368

Congenital malformations, 3, 401
Congenital uterine anomalies

clinical presentation, 363
diagnosis, 364
fertility and pregnancy, implications for, 363

management, 364–366
prevalence, 361
surgical considerations, 366

Continence, 259, 260
Cornual/interstitial pregnancies, 324, 325
Cosmetic blepharoplasty, 231
C-reactive protein (CRP), 176
Crohn’s disease (CD)

fat wrapping of small bowel, 175, 176
incidence, 174
inflammation, 176
intra-abdominal abscesses, 180
medical management, 176–177
with multiple abscesses and fistulae, 175
perianal abscess and fistula, 179
serologic markers, 175
stricture, 179, 180
terminal ileum, 175

CT angiography (CTA), 47
CT pulmonary angiography (CTPA), 45
Cubital tunnel syndrome, 274
Cushing’s triad, 217
Cutaneous sensory receptor, 102
Cyclooxygenase-2 (COX-2) enzymes, 191
Cystadenomas, 299

D
Da Vinci Si and Xi basic instruments, 61
Da Vinci surgical system, 358
Da Vinci Xi gynecology instruments, 62
Da Vinci Xi Robot, 79
Davol X-Stream Irrigation System, 59
Decompressive hemicraniectomy, 216
Deep venous thrombosis (DVT), 45, 82
Dentoalveolar surgeries, 242
Dermoid cysts, 298
Diabetes mellitus (DM)

gestational diabetes mellitus, 111–113
pregestational diabetes mellitus

antepartum management, 110–111
delivery timing, 111
diabetic ketoacidosis, 111
diagnosis, 110
pathophysiology, 109, 110

surgical considerations, 113
Diabetic ketoacidosis (DKA), 111
Diabetic retinopathy, 228, 234
Diathermocoagulation, 389
Diazepam, 161, 184
Didelphic uterus, 361
Dietary therapy, 110
Digital subtraction angiography (DSA), 132
Digoxin, 101
Direct fetal injury, 128
Disc herniation, 219
Doppler monitoring, 105
Dorsal primary rami of the spinal nerves, 28
Duplex kidney, 367
Dysrhythmias, 100
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E
Eastern Association for the Surgery of Trauma (EAST), 

265, 266
E-cadherin, 190
Ectopic pregnancy

clinical findings, 316
clinical outcomes, 315
definition, 315
diagnosis

β-hCG measurements, 318
endovaginal scanning, 318
high-resolution transvaginal sonography, 316
invasive diagnostic testing, 318
MRI, 319
pseudo sac, 318
serum progesterone measurement, 318
serum testing, 317
tests, 318
transvaginal USG, 318–319
urine testing, 317

etiology of, 315, 316
expectant management, 319
incidence of, 315
local injections, 321
MTX therapy, 319–321
nontubal ectopic pregnancies (see Nontubal ectopic 

pregnancies)
for reproductive prognosis in next generation, 328
risk factors, 315, 316
surgical treatment

conservative surgery, 322
laparoscopic surgery, 321, 322
laparotomy, 322
salpingectomy, 321, 322, 324
salpingotomy, 321–324

Ectopic ureter, 367
Electrocautery, 7, 143, 158, 389
Electrosurgery, 51, 65, 288, 289, 365, 389
Electrosurgical generator with bipolar forceps, 60
Embase, 198
Embryoscopy, 57
EndoCAMeleon®, 51, 52
ENDOFLATOR® 50, 54
Endometrioma, 296
Endometriosis, 365, 392
Endoscopic gastroduodenoscopy (EGD), 155, 156
Endoscopic lasers, 65, 66
Endoscopic retrograde cholangiopancreatography 

(ERCP), 44, 159–160
Endoscopic stapler, 66
Endoscopy, gastrointestinal bleeding

barbiturate-like sedatives, 161
benzodiazepine, 161
colonic preparation, 161
incidence, 155
narcotics for sedation, 161
proton pump inhibitors, 161
risk, 155
therapeutic endoscopy (see Therapeutic endoscopy)
topical anesthesia, 161

upper endoscopy (see Upper endoscopy, 
gastrointestinal bleeding)

ENSEAL® delivers, 62
Epinephrine, 157
Erythrocyte sedimentation rate (ESR), 176
Estrogen, 12, 33
Estrogen receptor beta (ERβ), 191
ETCO2, 8
Expiratory reserve volume (ERV), 100
Extensive tissue injury, 7
External fixation technique, 269
Extra-abdominal procedures, 3
Extracorporeal shockwave lithotripsy (ESWL), 152
Extremity fractures

ankle fractures, 274
bone mineralization and formation, 273
cerclage of cervix, 273
external fixation, 273
injury characteristics, 272
intimate partner violence-related injuries, 272
knee arthroscopy, 273
locked knees, 273
nonoperative management, 273
partner characteristics, 273
patient characteristics, 273
patient positioning, 273
surgical management, 274
trimalleolar left ankle fracture dislocation, 274

Extrinsic factors, 74, 75
Eylea, 230

F
Familial recurrent hydatidiform mole syndrome 

(FRHM), 337
Fat wrapping, of small bowel, 176
Femoral nerve (FN), 29, 30
Femoral neuropathy, 35
Fentanyl, 184
Fetal acidosis, 7
Fetal depressive effects, 8
Fetal development

anesthetic agents
benzodiazepines, 103
inhalational anesthetics, 104
nitrous oxide, 104
physiologic effects, 104, 105
propofol, 104
teratogenicity of, 102, 103

perioperative monitoring, 105
Fetal heart rate (FHR), 76
Fetal hypoxemia, 104
Fetal hypoxia, 104
Fetal monitoring, plan for

cesarean section delivery and neonatal  
resuscitation, 77

fetal heart rate monitoring, 76
instruments and count, 77
perinatal nurses, 76, 77
surgical team, 75
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uterine displacing wedge and fetal monitoring  
in place, 76

Fetal nonstress test, 128
Fetal radiation dose, 40
Fetal radiation exposure, 41
Fetal respiratory depression, 104, 106
Fetal tachycardia, 105, 106
Fetoscopy instrumentation, 59, 409

access devices
Gelpoint device, 59
reusable and disposable ports, 59
trocars, 59

Da Vinci Si and Xi basic instruments, 61
electrosurgical generator with bipolar forceps, 60
grasping instruments, 60, 61
HDE-approved set, 57
hydrodissection pump, 59, 60
instruments, 60
KARL STORZ, 57
monopolar scissors, 60
picture-in-picture display of clinical image, 58
suction-irrigator probe, 59
trumpet valve, 59
for TTTS, 58
Veress needle, 58

Fibroadenoma, 206
Find pus, drain pus, 179
Flexible sigmoidoscopy, 159, 183
Fluorescein angiography (FA), 226
Fluorescein dye, 171
FOLFIRI therapy, 186
FOLFOX therapy, 186

G
GABA receptor, 103, 104
Gadolinium, 186
Gadolinium-based agents, 43
Gadolinium-based contrast agents, 43
Gallbladder, 147–149
Gallstone, 147–150, 153
Gallstone pancreatitis, 13
Gangrenous appendicitis, 135
Gasless laparoscopy, 143
Gastric cancer, 14
Gastritis, 156
Gastrografin protocol, 166, 168, 169
Gastrointestinal motility, 85
Gastrointestinal system, 101
Gelpoint device, 59
Genitofemoral (T12–L2) nerve, 27
Germ cell tumors, 312
Gestational breast cancer

chest radiograph with fetal shielding, 203
clinical examination, 202
imaging evaluation, 202
incidence of, 202
neoadjuvant and adjuvant chemotherapy  

treatment, 204
prognosis, 204

surgical treatment
first trimester, 203
second trimester, 203
third trimester, 203–204

Gestational diabetes mellitus (GDM), 111–113
Gestational gigantomastia, 204, 205
Gestational hypertension (GHTN), 114–116
Gestational trophoblastic disease, see Molar pregnancy
Glasgow Coma Score (GCS), 211
Glyburide, 112
Glycine receptor, 104
Glycocalyx, 91
Glycopyrrolate, 105
Graded compression ultrasound, 12
Grasping instruments, 60, 61
Gravid uterus, 372, 382
Groin hernia, 197–199
Gunshot wounds (GSWs), 122
Gyrus Plasma Kinetic™ sealer delivers, 62

H
Harmonic Ace® scalpel or shears, 61, 62, 65
HARMONIC® HD 1000i Shears, 65
Hassan technique, 141
HELLP syndrome, 130–131
Hematocolpos, 364, 365
Hematocrit, 125
Hemivagina, 364
Hemoperitoneum, 392, 396
Hepatocytes, 148
Hernia, 170
Hernia incarceration, 198, 199
Heterotopic pregnancy, 327, 328
HMG-CoA reductase, 148
Horseshoe kidney, 367
Humanitarian Device Exemption (HDE), 57
Humanitarian Use Device (HUD), 57
Hydatidiform mole, see Molar pregnancy
Hydralazine, 116
Hydrodissection pump, 59, 60
Hydronephrosis, 377
Hydrops fetalis, 126
Hydro-Surg Plus system, 60
Hypercoagulability, 102
Hyperreactio luteienalis, 298
Hypertensive disorders

acute-onset severe hypertension, 116
chronic hypertension, 114

antihypertensive medications, 114
complications, 115
evaluation, 114

gestational hypertension, 114
preeclampsia management, 115–116
preeclampsia-eclampsia, 114

Hypogastric nerve (HN), 28
Hypothermia, 74, 89, 90
Hypovolemia, 217
Hysterectomized uterus, 392
Hysterectomy, 345
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Hysterosalpingography (HSG), 364
Hysteroscopic morcellator, 288
Hysteroscopic myomectomy, 288
Hysteroscopic septum resection, 365, 366
Hysterotomy, 402–404

I
Iatrogenic urologic injury

bladder injuries, 257, 258
in patients with urinary diversions/augmentations, 

259, 260
ureteral injuries, 258, 259

Idiopathic hydronephrosis/hydroureteronephrosis
diagnosis, 256
symptoms, 256
treatment, 256

Ileal pouch-anal anastomosis (IPAA) procedure, 178
Iliohypogastric and ilioinguinal nerves, 27
Incarceration, 198, 199
Indocyanine green (ICG) fluorescing dye, 52, 53
Inferior vena cava (IVC), 43, 125
Inflammatory bowel disease (IBD), 173

CD (see Crohn’s disease (CD))
Crohn’s vs. ulcerative colitis, 174–176
etiology, 174
fertility and pregnancy, 176
medical management, 173
safe medication, 177
UC (see Ulcerative colitis (UC))

Informed consent, 39
Inhalational anesthetics, 104
Injury severity score (ISS), 122
Instrumentation, 51, 57

aspiration-injection needle, 67, 68
endoscopic lasers, 65, 66
endoscopic stapler, 66
fetoscopy (see Fetoscopy instrumentation)
Harmonic Ace® scalpel or shears, 62, 65
integrated operating rooms, 55–57
laparoscopic port closure devices, 68
laparoscopic specimen retrieval bag, 66, 67
laparotomy (see Laparotomy)
PlasmaJet® system, 65
vessel-sealing devices, 62

Insufflation pressure, 106
Insufflator, 54, 78, 89
Insulin

pharmacokinetics, 111
requirement, 110
resistance, 109, 110
surgery, 113

Insulin-like growth factor 1 (IGF-1), 191
Internal hernia, 170, 171
International Federation of Gynecology and Obstetrics 

(FIGO), 283
Intimate partner violence, 122, 123
Intra-abdominal abscesses, 180
Intra-abdominal hypertension (IAH), 87
Intra-abdominal pressure (IAP), 86–89, 91, 92

Intra-abdominal procedures, 3
Intracapsular myomectomy pseudocapsule, 390
Intracranial hypertension, 217
Intracranial tumors, 213–215
Intraocular injections, 230
Intraoperative fetal monitoring, 105, 221
Intraoperative hypothermia, 90
Intraoperative monitoring, 105
Intraparenchymal bleeding, 131
Intrapelvic nerve entrapments in pregnancy, 33–35
Intrauterine growth retardation (IUGR), 150
Intravenous contrast administration during  

lactation, 43
Intravenous iodinated contrast, 42
Intravenous paramagnetic contrast, 42, 43
Intrinsic factors, 75
Intussusception, 171
Ionizing radiation, 40, 41
Irinotecan, 186
Ischemia/strangulation, 14, 171
Isobaric (gasless) laparoscopy, 8
Isobaric myomectomy, 15
Isoflurane, 104
Isoimmunization, 126

J
Joint ASA/ACOG committee, 105
J-shaped pouch, 178

K
KARL STORZ endoscopy, 52, 53, 57, 68
Kidney stones

diagnosis, 253, 254
etiology, 253
laser lithotripsy, 255
medical expulsive therapy, 254
percutaneous nephrolithotomy, 255
percutaneous nephrostomies, 254
physiology, 253
stent, 254
ureteroscopy, 254

Kleihauer-Betke (KB) test, 126
Koh Cup, 359

L
Labetalol, 114, 116
Lactating adenomas, 205
Lap belt, 122
Laparoscopes

4K cameras, 51
EndoCAMeleon®, 51, 52

Laparoscopes angle of view ranges, 51
Laparoscopic adenomyomectomy, 386, 387
Laparoscopic appendectomy, 12, 141–143
Laparoscopic cholecystectomy, 4, 13, 151, 153
Laparoscopic common bile duct exploration  

(LCBDE), 152
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Laparoscopic gastrectomy, 14
Laparoscopic herniorrhaphy, 4
Laparoscopic myomectomy, 287, 288
Laparoscopic pelvic lymphadenectomy, 15
Laparoscopic port closure devices, 68
Laparoscopic specimen retrieval bag, 66, 67
Laparoscopy

abdominal disease and disorders
acute cholecystitis, 12
acute intestinal obstruction, 13, 14
acute pancreatitis, 13
appendicitis, 11, 12
cholecystitis, 12
choledocolithiasis, 13
cholelithiasis, 12, 13
gastric cancer, 14
renal cancer, 14

benefits of, 6, 7
history of, 4, 6
pelvic disease and disorders

adnexal masses, 14
cervical cancer, 15
leiomyoma, 15

surgical considerations in pregnancy, 7
ACOG recommendations, 8
adnexal surgery, 7
advantages, 7
anesthetic agents, 8
ETCO2, 8
fetal acidosis, 7
high risk of preterm labor and preterm  

delivery, 7
initial trocar placement, 8
isobaric (gasless) laparoscopy, 8
non-obstetric abdominal pain, 8
NSAIDs, 8
pneumoperitoneum, 7
postoperative pain control, 8
prophylactic tocolysis, 8
SAGES guidelines, 8
SCDs, 8
uterine manipulation, 8

Laparotomy, 7, 135, 141–143, 322
camera, 52, 53
general laparotomy tray, 51
insufflator, 54
laparoscope, 51, 52
light source, 52
monitor and digital capture device, 53

Laser lithotripsy, 255
Laser photocoagulation, 231
Laser surgery

TTTS, 413, 420
placental vascular anastomoses, 413
placental vascular anastomoses, ablation of, 

418–422
placental vascular anastomoses, identification, 

414–417
Laser-assisted in situ keratomileusis (LASIK), 231
Lecithin, 148

Left lateral decubitus (LLD), 105
Leiomyoma, 15, 297
Leucovorin, 186
Levator ani muscles (LAM), 30
LigaSure device, 62
Lithotripsy, 152
Loop ileostomy, 178
Low birth weight, 4
Lower endoscopy, GIB, 155, 158, 159, 161, 162
Lower extremity neuropathy, 81
Lower gastrointestinal bleeding, 178
Lower uterine segment (LUS), 385
Lucentis, 230
Ludwig’s angina, 242
Lumbar pelvic pain, 33
Lumbar spine pain, 33
Lumbosacral nerves, 25, 26
Lumbosacral pain, 33
Lumbosacral radiculopathy, 33
Lumbosacral trunk, 29
Luteomas, 297

M
Magnesium sulfate prophylaxis, 115
Magnetic resonance angiography (MRA), 45
Magnetic resonance imaging ( MRI), 13, 39, 42, 43

acute appendicitis, 44
biliary disease, 44
RF pulses, 41
SAR, 41
traumatic injury, 47
urolithiasis, 48

Major birth defect, 3
Mallampati score, 100, 101
Mallory-Weiss tear, 155, 156, 162
Mammography, 202
Mannitol, 217, 288
Maryland dissector grasper, 68
Maternal blood volume, 99, 100
Maternal hypotension, 104
Maternal pelvis, 123, 128
Maternal tachycardia, 392
Maternal-fetal hemorrhage, 126
Mechanical index (MI), 42
Median nerve, 32
Medical complications, 109, 113

diabetes (see Diabetes mellitus (DM))
hypertension (see Hypertensive disorders)

Medically refractory disease, 180
Meperidine, 161, 184
Meralgia paresthetica, 35, 274
6-Mercaptopurine, 177
Mesothelial desquamation, 91
Metformin, 112
Methotrexate, 173, 177
Methotrexate (MTX) therapy, 319–321
Metroplasty, 365
Midazolam, 184
Mild hypothermia, 90
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Minimally invasive surgery, 4, 6–7, 388
nephrectomy, 6
segmental colon resections, 4
splenectomy, 6
vagotomy, 4

Miscarriage, 3
Molar pregnancy

clinical presentation
complete hydatidiform moles, 341–343
partial hydatidiform moles, 341, 342

cytogenetics, 338–340
definition, 335
diagnosis

hCG, 343, 344
immunohistochemistry, 340
partial mole and hydropic abortus  

differentiation, 340
partial mole and positive p57 stain, 340, 341
ultrasonography, 342, 343

dietary and nutritional factors, 336
FRHM, 337
geography, race, and ethnicity, 336
history, 337
hydatidiform mole, 335
infertility, 337
maternal age, 336, 337
and normal fetus, 347–348
obstetric outcomes, 347
pathology, 338, 339, 344
postmolar GTN, 347
postmolar surveillance

contraception, 346
serum hCG monitoring, 345–346

psychosocial issues, 348
risk factors, 337
socioeconomic factors, 336
spontaneous abortions, 337
treatment

hysterectomy, 345
initial evaluation, 344
prophylactic chemotherapy, 345
uterine evacuation, 344

Monopolar scissors, 60
Morphine, 13
Motor vehicle collisions (MVCs), 122
MR cholangiopancreatography (MRCP), 44
Müllerian anomalies, 371
Mullerian duct, 361, 362
Multi-lobulated myoma, 390
Murphy’s sign, 149
Muscle relaxants, 105
Musculoskeletal tumors, 269–270
Myelomeningocele, 403

anatomical layered repair, 404
patch repair, 404

Myeloschisis, 401, 402
Myofascial pain dysfunction syndrome (MPDS), 248
Myoma enucleation, 390
Myometrial injury, 385
Myorraphy, 389

N
National Council on Radiation Protection and 

Measurements, 41
National Diabetes Data Group (NDDG), 112
Negative appendectomy, 143
Neoadjuvant chemoradiation therapy, 188
Neonatal abstinence syndrome, 8
Neonatal complications, 112
Neonatal death, 3
Neural tube defects (NTD), 401
Neuroapoptosis, 103, 104
Neurosurgery

antiepileptic drugs, 212
IV contrast, 212
history and neurologic examination, 211
imaging, 211, 212
initial management, 211
intracranial pathologies

arteriovenous malformations, 213, 214
benign brain tumors, 217
CVST, 214
hydrocephalus, 217
intracranial tumors, 215
malignant brain tumors, 217
spine tumors, 217
subarachnoid hemorrhage, 212, 213
traumatic brain injury, 218

neurocritical care, 218
perioperative considerations

intraoperative fetal monitoring, 223
patient positioning, 222

radiation exposure, 212
spinal pathology

back pain, 219
cauda equina syndrome, 219, 220
compression fracture, 220
disc herniation, 219
surgical timing considerations, 219
vertebral hemangiomas, 221, 222

Nifedipine, 114, 116
Nitrous oxide, 104
NMDA receptor, 103, 104
Nongravid uterine torsion, 387
Non-obstetric abdominal pain, 8
Non-obstetric imaging

acute appendicitis (see Acute appendicitis)
biliary disease, 44

biliary colic, cholecystitis, cholangitis, 
pancreatitis, 44

MRI, 44
ultrasound, 44

contrast reactions, 43
informed consent, 39
intravenous contrast administration during  

lactation, 43
intravenous iodinated contrast, 42
intravenous paramagnetic contrast, 42, 43
ionizing radiation, 40, 41
MRI, 41, 42
oral and rectal contrast agents, 43
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pregnancy screening, 39
pulmonary embolism

CTPA vs. V/Q scan, 45
evaluation of, 45
MRA, 45
ultrasound, 45

trauma (see Traumatic injury)
ultrasound, 42
urolithiasis

CT, 48
evaluation of, 47
MRI, 48
therapeutic intervention, 48
ultrasound, 47, 48

Non-obstetric pain
abdominal wall, innervation of, 25, 27
central nerve pathways (see Central nerve pathways)
intrapelvic nerve entrapments in pregnancy, 33–35
lower back, innervation of, 28
lower limbs, 29
neurophysiological changes

central nervous system, 32, 33
pregnancy-related hormonal changes and their 

effects on peripheral nervous system, 32
pelvic entrapment neuropathies

meralgia paresthetica, 35
obturator neuropathy, 35, 36

pelvic floor and perineum, 29
pelvic viscera, innervation of, 28
thoracic and lumbosacral nerves, 25, 26

Nonsteroidal anti-inflammatory drugs (NSAIDs), 8, 153, 
268, 271

Non-submucosal fibroids, 284
Non-traumatic surgical emergency

HELLP syndrome, 130–131
splenic artery aneurysms, 131–132

Nontubal ectopic pregnancies
abdominal pregnancy, 326
cervical ectopic pregnancy, 325
cesarean scar pregnancy, 326, 327
cornual/interstitial pregnancies, 324, 325
ovarian pregnancy, 325, 326
rudimentary horn pregnancy, 327

Non-variceal upper GI bleeding (NVUGIB), 156
Nuclear medicine imaging, 270
Nutritional counseling, 110

O
Obstructed labor, 381, 385, 391
Obstructive uropathy

idiopathic hydronephrosis or hydroureteronephrosis, 
255–256

ureteral endometriosis, 256, 257
ureteral tumor, 256

Obturator nerve, 29
Obturator neuropathy, 35, 36
Open abdominal surgery, 4
Open appendectomy, 142, 143
Open fetal surgery (OFS), SBA

fetal and pediatric outcomes, 406–407
5-year neurologic outcomes, 408
immediate maternal and fetal outcomes, 404, 405
maternal outcomes, 405
1- and 2.5-year neurologic outcomes, 405, 408
steps of, 402
10-year neurologic outcomes, 408

Open Hasson entry techniques, 8
Open versus laparoscopic surgery, 85
Operating room (OR) setup

final OR setup, 72, 73
orientation, 72
team collaboration and safety plan, 71, 72

Ophthalmology surgery
anesthesia, 233–234
anti-VEGF drugs, 228, 230, 231
cosmetic blepharoplasty, 231
CSR, 227, 228
diabetic retinopathy, 228, 234
face-down positioning requirement, 233
fluorescein angiography, 226
gas tamponade, 232
gauges of vitrectomy, 229
general anesthesia, 228
glaucoma surgery, 232
immunosuppressive drugs, 232
incisional surgery, 231
information/precautions, 225
intraocular injections, 230
laser photocoagulation, 231
LASIK, 231
medications, 234, 235
noninvasive methods, 226
OCT, 226, 228
OCTA, 226, 227
ocular photography, 226, 227
patient examination, 225
phacoemulsification, 228
pneumatic retinopexy, 232
punctal occlusion, 234, 235
retinal detachment, 232
scleral buckle, 232
small-incision surgery, 228
sutureless surgery, 228
TTP, 227
twilight anesthesia, 228
verbal confirmation of pregnancy, 225

Opioids, 104
Optical coherence tomography (OCT), 226, 228
Optical coherence tomography angiography (OCTA), 

226, 227
Oral and maxillofacial surgeon (OMFS), 237
Oral and maxillofacial surgery (OMS)

ablative surgery, 249
acute odontogenic infections, 242–245
classification, 239, 240
deep sedation/general anesthesia, 241
definition, 237
dental/oral disease prevention, 238, 239
dentoalveolar surgeries, 242
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Oral and maxillofacial surgery (OMS) (cont.)
dietary counseling, 239
JCAHO hospital program, 238
local anesthesia, 240, 241
modern practice of, 238
OMFSs, 237
oral cavity examination, 238
oral pyogenic granuloma, 249
osteomyelitis, 245
post-residency fellowships, 238
preoperative assessment, 239, 240
reconstructive surgery, 250
squamous cell carcinoma, 249, 250
temporomandibular disorders, 248, 249
traumatic injuries

bone injuries, 246–248
causes, 245
diagnosis, 246, 247
fainting spell, 245
imaging studies, 245
initial evaluation, 245
soft tissue injuries, 248

Oral contrast agents, 43
Oral glucose tolerance test (OGTT), 112
Oral nifedipine, 116
Oral pyogenic granuloma, 249
Orthopedic injury

acetabular fractures, 269
ACR guidelines, 267
carpal tunnel syndrome, 274
cauda equina syndrome, 271
conservative management, 271
cubital tunnel syndrome, 274
diagnosis and management, 265, 266
epidural anesthesia, 272
epidural steroid injections, 271
extremity fractures, 272–274
in utero induced deterministic radiation effects, 267
laminectomy, 272
meralgia paresthetica, 274
microdiscectomy, 272
motor vehicle collisions, 265
MRI, 267
nonoperative management, 272
paraplegia, 272
patient positioning, 272
pelvic fractures, 269
pelvic girdle pain, 271
physiologic changes and risk factors, 265, 266
positioning, 272
pregnancy-related back pain, 271
pubic symphysis separation, 268, 269
radiation exposure to fetus, 267, 268
septic arthritis, 275, 276
spinal surgery, 271
surgical intervention, 271, 272
surgical planning, 272
thoracolumbar spine fractures, 272
ultrasonography, 267
unilateral leg pain, 271

Osteomyelitis (OMLTS), 245

Ostomy, 180
Outflow tract obstruction, 364, 366
Ovarian cancer

chemotherapy
counseling, 310, 311
dose reductions, 311
epithelial cancers, 311
fetal exposure, 310
follow-up, 313
germ cell tumors, 311, 312
history, 313
PARP inhibitor drugs, 313
platinum agent, 310
stromal tumors, 312

classification, 308
definition, 307
diagnosis, 307, 308
management of, 313
staging system, 308
surgery, 308–309
tumor markers, 312

Ovarian pregnancy, 325, 326
Oxaliplatin, 186
Oxidative stress, 92

P
Palmer’s point (LUQ), 152
Palpable breast mass, 201
Partogram, 383
Pelvic and para-aortic lymphadenectomy, 6
Pelvic congestion syndrome, 33
Pelvic entrapment neuropathies

meralgia paresthetica, 35
obturator neuropathy, 35, 36

Pelvic fractures, 123, 127, 128, 269
Pelvic lymphadenectomy, 6
Pelvic neuroanatomy, 25
Pelvic scarring, 176
Pelvic splanchnic nerves, 28
Penetrating trauma, 122, 123, 127, 128
Peptic ulcer disease (PUD), 156, 162
Perforated appendicitis, 135–137
Perianal abscess, 179
Periaqueductal gray (PAG) matter, 31
Perimortem c-section, 129, 131
Perinuclear anti-neutrophil cytoplasmic antibodies 

(pANCA), 175
Perioperative fetal monitoring, 105
Peripheral nervous system, 32
Peripheral neuropathy, protecting patient from, 79

lower extremity neuropathy, 81
reverse Trendelenburg positions, 79
upper extremity neuropathy, 79–81

Peritoneal drying, 91
Peritoneal hypothermia, 90
Peritonitis and infection, 12
Pfannenstiel incision, 127, 129
Photorefractive keratectomy (PRK), 231
Physiologic changes

airway system, 100, 101
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cardiovascular system, 99–100
coagulation, 85, 101, 102
comorbidities, 86
corticosteroid-binding globulin and free cortisol 

plasma levels, 85
drug metabolism and pharmacokinetic responses, 85
fetal development

anesthetic agents teratogenicity, 102–103
benzodiazepines, 103
inhalational anesthetics, 104
nitrous oxide, 104
propofol, 104

gastrointestinal system, 85, 101
glomerular filtration rate and renal plasma flow 

increase, 85
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