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I begin this foreword with a personal story. For 26 years of residency training 
and academic clinical practice, I provided care for high-risk obstetric patients 
at three major tertiary care academic medical centers. I took care of my fair 
share of complex obstetric patients, and I thought that I acquired reasonable 
expertise in the care of critically ill parturients. In 2005, I became the chief 
academic officer/associate medical school dean at a mid-sized, community- 
based academic medical center in a small upper Midwestern town. I continued 
to practice clinical anesthesiology as my schedule permitted, but the obstetric 
service was small, and it included mostly low-risk patients.

In 2014, I returned to my professional roots as a full-time obstetric 
anesthesiologist, and I became Chief of the Obstetric Anesthesia Division at 
Vanderbilt University Medical Center, which is the major high-risk obstetric 
referral center for a wide geographic area, and where we have almost 5000 
deliveries each year. I naively thought that the transition would not be too 
difficult. I had done this type of work before, and surely, I thought, it would 
not be too challenging to do it again. But soon I was stunned and at times 
overwhelmed by the complexity and acuity of our high-risk obstetric 
population. As I discussed my experience with obstetric anesthesia colleagues 
around the country and abroad, I learned that this phenomenon was not 
unique to Vanderbilt. I have now concluded that the complexity of obstetric 
practice has drastically changed over the last two decades. Obstetric patients 
in developed countries have more complicated problems, are often sicker, and 
are more likely to require critical care than ever before. Sadly, maternal 
mortality has increased in some developed countries, especially the United 
States. Likewise, indices of maternal morbidity also reflect the escalating 
severity of maternal illness.

For these reasons, I was delighted to learn of the timely publication of this 
new textbook, which is focused on maternal critical care. The book is 
thoughtfully and skillfully edited by three prominent critical care medicine 
physicians and obstetric anesthesiologists. The chapters are written by a 
multidisciplinary group of anesthesiologists, critical care medicine (CCM) 
physicians, maternal–fetal medicine (MFM) physicians, pain medicine 
physicians, epidemiologists, and fetal pharmacology experts from around the 
globe, including Australia, Austria, Canada, Denmark, Finland, France, India, 
Ireland, Israel, Italy, Singapore, the United Kingdom, and the United States. 
By design, this book was written for a worldwide audience. All authors were 
asked to especially consider the care of the mother who is receiving care in an 
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intensive care unit (ICU) or who needs ICU care and is managed by CCM 
physicians as part of a multidisciplinary team. This book specifically focuses 
on the care of the critically ill mother, and the severe aspects of her disease or 
condition.

This book is designed for all healthcare professionals who provide care for 
critically ill pregnant (or recently pregnant) women. The content was included 
to help those physicians and other providers who infrequently take care of 
critically ill obstetric patients. Some chapters discuss the timing for surgery 
during pregnancy according to maternal needs, and what drugs may be safely 
given to pregnant women. The chapter on cardiac disease in pregnancy states 
that bridging therapy—given for fetal benefit—endangers mothers with a 
mechanical heart valve. The chapter on acute fatty liver of pregnancy 
emphasizes that the decision to deliver the baby is often life-saving for the 
mother. Likewise, the discussion of perimortem cesarean delivery emphasizes 
that this procedure is done not only to save the baby’s life, but also as a 
critically important, often life-saving part of maternal resuscitation.

I want to add some personal editorial comments, as well as some 
suggestions for present and future training and clinical practice. First, not all 
sick parturients who need a higher level of care are admitted to an ICU. The 
American College of Obstetricians and Gynecologists [1] has stated that 
“some patients can be successfully monitored in an intermediate care unit … 
sometimes referred to as Obstetric Intermediate Care Units,” ideally located 
as part of—or immediately adjacent to—the Labor and Delivery Unit. This 
unit may handle invasive monitoring, but typically does not provide 
mechanical ventilation. It helps reduce the frequency of moving sick laboring 
women far away from the preferred location of vaginal or cesarean delivery. 
Meanwhile, we badly need clinical validation of obstetric-specific screening 
tools that help identify what patients are likely to need an advanced level and 
location of ICU care (e.g., what mothers are at high risk for sepsis/septic 
shock and/or organ failure). This book includes a chapter dedicated to that 
subject, and the senior author of that chapter has developed a comorbidity 
index for use in obstetric patients [2]. Maternal early warning criteria have 
also been described; these criteria may need some refinement, and they need 
to be implemented more widely [3].

Second, we desperately need to improve both obstetrician and obstetric 
anesthesiologist training in CCM worldwide. At present in the United States, 
a 3-year MFM fellowship requires only one month of CCM training. In 2010, 
the American Board of Anesthesiology (ABA) and the American Board of 
Obstetrics and Gynecology (ABOG) began a partnership, so that ABOG dip-
lomats could complete a 1-year anesthesiology CCM fellowship and then 
take the ABA CCM certification exam, and if successful, obtain certification 
in CCM. At the time of writing this foreword, a total of 10 ABOG diplomats 
have obtained CCM certification through this pathway [4]. The ABOG also 
has a partnership with the American Board of Surgery (ABS), and over the 
last three decades, approximately 16 ABOG diplomats have obtained certifi-
cation in surgical critical care (SCC) from the ABS [5]. On the obstetric anes-
thesiology side, the ACGME-accredited obstetric anesthesiology fellowship 
program curriculum currently does not require a single month of CCM expe-
rience. In the future, I hope that more anesthesiology trainees will choose to 
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complete 2 years of fellowship training—1 year in obstetric anesthesia, and 
the second year in CCM. Approval of a pathway for subspecialty certification 
in obstetric anesthesia would then allow those physicians to obtain dual cer-
tification in both obstetric anesthesia and CCM. In the meantime, obstetric 
anesthesiologists and MFM physicians would do well to acquire expertise in 
new bedside diagnostic tools, such as point-of- care echocardiography and 
ultrasonography, whether performed on the Labor and Delivery Unit or in the 
ICU. These and other new assessment tools (e.g., minimally invasive cardiac 
output monitoring) need to be studied, validated, and refined for use in preg-
nant women.

Finally, given the shortage of CCM physicians in many places, consider-
ation may be given to selected use of telemedicine to assist local physicians in 
the care of critically ill obstetric patients who cannot be transferred to a center 
with greater resources. Greater emphasis should be made on identifying those 
pregnant women who are at high risk for critical illness, so that advance prepa-
rations can be made to ensure that they receive peripartum care in centers with 
the resources needed to provide optimal care [6].

Notwithstanding the efforts to provide a higher level of maternal care on 
the Labor and Delivery Unit, it seems likely that an increasing number of 
critically pregnant women will require care from a multidisciplinary team in 
an ICU setting. This book was created with those patients in mind. I 
congratulate the editors and authors for preparing this comprehensive, 
resource-rich text. It should be accessible to all those who provide care for 
critically ill pregnant women.

 David H. Chestnut
Division of Obstetric Anesthesiology
Vanderbilt University Medical Center 

Nashville, TN, USA
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It is a privilege to have been asked to write the foreword for this textbook on 
maternal and obstetric critical care, edited by a leading authority in this field, 
Dr. Sharon Einav, co-edited by two experts in obstetric anesthesiology, Dr. 
Carolyn Weiniger and Dr. Ruth Landau, and written by an international team 
of almost 100 experts.

Maternal/obstetric critical care concerns only a relatively small minor-
ity of critically ill admissions overall although there is some evidence that 
demand for maternal/obstetric critical care is increasing, particularly in 
the developed world, in part related to the increasing numbers of older 
pregnant mothers with higher rates of comorbidities. This is a highly chal-
lenging population of patients, especially as conditions can be life-threat-
ening not only for the mother but also for the child(ren) she carries. 
However, although much has been written about the critically ill neonate, 
there are few articles and even fewer textbooks dedicated to coverage of 
the critically ill mother, making this endeavor all the more impressive and 
important.

This comprehensive volume covers all aspects of maternal/obstetric 
critical care, from complications associated with early pregnancy, 
through to  puerperal sepsis and postpartum hemorrhage. After the first 
section on epidemiology the editors have grouped chapters according to 
seven organ systems: the coagulation  system, cardiovascular system, 
immune system, respiratory  system, neuromuscular system, renal sys-
tem, and endocrine and metabolic  systems. There is a separate section 
on cardiac arrest during pregnancy,  including ethical considerations, 
one on surgical considerations, and one on issues of medication and its 
complications. Importantly, the book includes chapters covering key 
challenges and relevant topics of particular current interest, including 
extracorporeal  membrane oxygenation, viral infection, point-of-care 
ultrasound, and disaster management. The book finishes with a sum-
mary chapter on general aspects of intensive care for all pregnant ICU 
patients.

The topics covered in this comprehensive volume are important for all 
involved in taking care of obstetric patients and all responsible for the 
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management of acutely ill patients. I congratulate Dr. Einav for her initiative 
in drawing together this useful book on a very important subject that is poorly 
covered in the current literature.

 Jean-Louis Vincent
Université Libre de Bruxelles

Brussels Belgium
Department of Intensive Care

Erasme University Hospital
Brussels Belgium
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Pregnancy is viewed as joyous period, a time spent looking forward to good 
things to come. So when things go wrong during pregnancy, a chasm opens 
between expectations and reality. Unfortunately, this gap needs to be bridged 
by the treating physicians, not just the family. Awareness of this cognitive 
dissociation is a major step towards improved medical care of these women. 
Pregnant women can get critically ill. Pregnant women are still dying because 
of suboptimal medical care worldwide. This book, we hope, will be another 
step, among many being made around the world, to make pregnancy safer.

Creating this book was a challenge. Not for lack of willing authors. On the 
contrary—each and every one of the wonderful authors of this book immedi-
ately stepped up to the task and did so professionally and with grace. Creating 
a book is always a challenge, one would think. But creating this book entailed 
more than just the regular challenge of deciding on the table of contents and 
finding outstanding authors. This book on maternal critical care was a chal-
lenge because it required that each and every one of those contributing to this 
book undergo a paradigm shift in terms of how we view critically ill pregnant 
or peripartum women. It required that focus be shifted from the pregnancy to 
the woman carrying the pregnancy. And this was no simple task.

The chapters in this book underwent rigorous screening by the editors to 
ensure that the patient being discussed within always remains the woman, not 
her pregnancy. As a result, some of the chapters were written and then 
rewritten entirely. All of the chapters were revised several times. To our sor-
row, two chapters had to be left out entirely. It was a slow process during 
which all of us, editors and authors together, not only created a book but also 
learned to change the way we think of our pregnant patients. The presence of 
a pregnancy distracts attention away from the woman carrying it, and it was 
our role to return the spotlight to the patient before us.

This book would never have come to fruition without the perseverance and 
constant support of my co-editors. My profound thanks to Carolyn Weiniger. 
Without her professional input, organizational skills, optimism, and tact, this 
book could never have been finished. I could not have chosen a better right- 
hand woman for making this ambitious project a reality. My thanks also go to 
Ruth Landau for her elegant writing, her ability to coax the best out of any text, 
and her ever tactful yet piercingly observant comments. To Nechama Kaufman 
for diligently checking and rechecking the references, dotting the i’s and 
crossing the t’s. Nechama—your hard work, candid comments, insightful 
ideas, and (brilliant) English edits are invaluable. But most invaluable is your 

Preface



xii

friendship. To Liat Lerner-Geva and her team at the Gertner Institute who 
hosted me graciously for the (too brief) sabbatical of 3 months that gave this 
book the initial push it needed. They not only gave me place in their offices but 
also a place on their team. To Andrea Ridolfi from Springer—who proposed 
this textbook after hearing me lecture on maternal intensive care in Brussels. 
To all of the authors, who kindly bore our comments and generously found the 
time and invested the effort required to create this book from nothing.

I also owe my mother—who talked me through the difficult periods that 
occurred during the creation of this book. Dear mom: thanks for telling me 
that I am a scion of generations of midwives many years after I finished my 
medical training and found an interest in this specific topic in intensive care. 
With you a teacher and dad an engineer, I thought my being a doctor (and one 
interested in maternity to boot) is original… Well, it turns out it was in my 
genes all along.

My greatest thanks however to my daughters—who grew up with a mother 
that spends more time with her laptop than with her children. Ron, the best 
feedback I ever received regarding my work was on the day you told me you 
never resented it because you understood its importance. So to my beloved 
Ron, Gal, and Shai—this book is dedicated to you. May you never benefit 
from it in any way other than a means of taking some pride in your mother.

Jerusalem, Israel Sharon Einav
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“But she’s pregnant” is heard so often, when a woman carrying a fetus presents 
for medical care that is not directly related to the pregnancy. This mantra leads 
to refused, reduced, delayed, and even missed care for the critically ill pregnant 
woman. Our concern for the fetus may override our concern for the woman. 
Writing this book was not simple, as all authors and we, the editors too needed 
to reevaluate the standard approach of mother and fetus, and focus on the care 
for the mother. It is my hope that when faced with a critically ill pregnant 
woman, readers of this book will not be drawn magnetically to the uterus and the 
magical life-form growing inside it, but focus instead on the woman herself.

I am grateful to my wonderful and supportive family, Paul, Shahar, Ariel, 
Libi, and Elinor for tolerating my disappearance to work on all those little 
projects that never seem to end. Thank you for your love and laughs.

Tel Aviv, Israel  Carolyn F. Weiniger
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This book is the culminating result of a vision to optimize care for the grow-
ing body of sickest women before, during, and immediately after childbirth.

How could one create recommendations on maternal critical care when 
best practices most often have not yet been established? Each chapter is the 
product of meaningful discussions between us, authors and editors, and 
incorporates evidence-based and expert-opinion tactics. We hope to help save 
one woman at a time, around the world.

I would like to thank my husband, Alex, for his ever support, and Mya, for 
inspiring me to be a better mom every day.

New York, NY, USA  Ruth Landau
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Maternal Deaths in Developed 
Countries: Epidemiology 
and Preventable Causes

Alexander M. Friedman and Cande V. Ananth

1.1  Introduction

The profile of maternal mortality has changed 
substantially over the past three decades in the 
United States, Europe, Australia, and New 
Zealand. Deaths from hemorrhage have declined, 
while risks associated with cardiovascular and 
non-cardiovascular medical complications have 
increased substantially [1–7]. Pregnancy-related 
hypertensive diseases, stroke, sepsis, and venous 
thromboembolism remain the leading causes of 
maternal death. These trends have contributed to 
a maternal mortality rate that in the United States 
is either stable or rising and limited reduction of 
maternal mortality risk in other countries.

This chapter reviews the epidemiology of 
maternal mortality in the United States, the 
United Kingdom and Ireland, France, Australia, 
the Netherlands, Scandinavia, and New Zealand, 
with a description of its incidence, temporal 
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Bullet Points
• Maternal mortality from obstetrical 

hemorrhage and hypertensive diseases 
of pregnancy may be preventable in a 
majority of cases.

• Cardiovascular and non-cardiovascular 
causes are responsible for a growing 
proportion of maternal mortality.

• Reduction of mortality risk from medi-
cal causes may be dependent on multi-

disciplinary coordinated care on an 
outpatient, inpatient, and preconception 
basis.

• Maternal deaths solely attributable to 
complications with anesthesia are rare.

• Early warnings systems may facilitate 
early identification of women with sep-
sis and impending critical illness.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_1&domain=pdf
https://doi.org/10.1007/978-3-030-43477-9_1#DOI
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trends, and risk factors. Included in this review is 
an overview of reported preventable causes of 
maternal deaths from the ten leading causes of 
maternal mortality as identified by the Centers 
for Disease Control and Prevention (CDC) (Box 
1.1). Data from several sources are presented: (1) 
reports from the United Kingdom’s (UK) 
Confidential Enquiry into Maternal Death [2, 4–
7]; (2) findings from United States (US) state- 
level maternal mortality reviews [1, 8], as well as 
the Hospital Corporation of America (HCA) [9, 
10]; and (3) maternal death reviews from France, 
the Netherlands, Australia, Scandinavia, and 
New Zealand [11–14]. The focus of this chapter 
is on maternal death in high-resource settings and 
differs significantly from a global view of pre-
ventable maternal mortality that includes low- 
and medium-resource settings, which can be 
found elsewhere [15].

1.2  Epidemiology of Maternal 
Mortality

Maternal mortality does not have a homogeneous 
definition in the literature. It has been defined as 
death occurring during pregnancy, childbirth, or 
the postpartum period, [16] as well as deaths as 
those occurring within 42 days of the end of preg-
nancy. However, varying maternal death criteria, 
including different time intervals, up to 1  year 
postpartum, may be included, thus affecting 
reported maternal risk. In many reviews, includ-
ing those from the United Kingdom [4], maternal 
deaths are classified as direct versus indirect; the 
former resulting from obstetrical complications 
and the latter resulting from underlying disease 
aggravated by pregnancy. Coincidental maternal 
deaths may be defined as deaths from unrelated 
causes which occur in pregnancy such as trauma. 
Late deaths are often classified as those occurring 
from >42 days up to 1 year after the end of preg-
nancy [17]. The World Health Organization 
(WHO) classifies all deaths occurring within 
42 days of delivery or termination of pregnancy 
as maternal deaths but excludes those attributable 
to incidental causes (i.e., seemingly unrelated to 

the pregnancy such as trauma or non-puerperal 
sepsis). The CDC defines a “pregnancy-related 
death” as the death of a woman while pregnant or 
within 1 year of pregnancy termination—regard-
less of the duration or site of the pregnancy—
from any cause related to or aggravated by the 
pregnancy or its management and also excludes 
accidental or incidental causes [18]. Additionally, 
ascertainment of maternal death differs signifi-
cantly by country which may affect reporting. 
For example, in the United States reporting of 
death by the CDC is based in part on administra-
tive data [1], whereas in the United Kingdom, in- 
depth maternal depth reviews are performed [4]. 
When data is collected by dedicated maternal 
death review systems, the maternal mortality rate 
is generally found to be higher than by using 
administrative data alone [5, 14].

1.2.1  Incidence and Trends 
of Maternal Mortality

The maternal mortality ratio (MMR) per 100,000 
births in developed countries has undergone 
decline since the turn of the twentieth century 
when in the United States close to 1% of births 
resulted in maternal death (Fig. 1.1). However, in 
more recent decades the CDC’s Pregnancy- 
Related Mortality Surveillance System (PMSS) 
demonstrated an increase in the MMR from 
7.2/100,000 live births in 1986, the first year the 
system was implemented, to 17.8/100,000 live 
births in 2009, with consistently high MMRs rang-
ing from 15.9 to 17.4 from 2010 through 2018 
[19]. While some of this increase has been attrib-
uted to improved case identification, a real increase 
in maternal risk in the United States appears likely 
[1, 18–20]. Data from other countries regarding 
increasing risk varies. The United Kingdom simi-
larly demonstrated possible increases in maternal 
mortality from the 1980s to the 2000s followed by 
a recent decline [4]. Other countries such as 
Australia and France have demonstrated stable 
mortality risk over recent years [11, 13]. In the 
Netherlands, maternal mortality appeared to 
increase from 1983–1992 to 1993–2005 [12].

A. M. Friedman and C. V. Ananth
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1.2.2  Risk Factors for Maternal 
Deaths

Disparities based on race, ethnicity, and national 
origin may play an important role in increased 
mortality risk [14, 21]. In the United States, racial 
disparities are likely an important factor in 
increasing maternal mortality rates (Fig. 1.2). In 
a report on maternal deaths from 2006 to 2010, 
the CDC demonstrated an MMR for black women 
40 or older approaching 150/100,000 live births 
[8]. Recent data from the United Kingdom show 
substantial disparities in maternal mortality rates 
across different ethnic, age, and socioeconomic 
groups [22]. For instance, there was a widening 
of the disparity in maternal mortality rates 
between black and white women (RR 2.59  in 

2009–2011 compared with 5.27  in 2015–2017, 
ratio of the relative risks 2.03, 95% CI 1.11, 3.72) 
[22]. In a review of deaths in New Zealand from 
2006 to 2015, Maori and Pacific mothers were 
found to have twice the mortality risk of women 
of European origin [14]. In France, after adjust-
ing for risk factors, odds of maternal death were 
more than 5 times higher for women of sub- 
Saharan African nationality compared to French 
women, and more than 3 times higher for women 
from Asia, North America, and South America 
[11]. In the Netherlands, nonwestern immigrant 
populations had an increased risk for maternal 
mortality [12].

The risk profile for maternal death has changed 
significantly over the last three decades. While 
incidences of direct obstetric conditions such as 
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Fig. 1.1 Maternal mortality rates in the United States 
since the turn of the twentieth century. In the United 
States, the maternal mortality ratio (per 100,000) has 
declined since the turn of the century; it was close to 1000 
per 100,000 births (or 1%) in 1910–1920 and has sharply 
declined since. While the mortality ratio showed a strong 
temporal decline overall, the decline was disproportionate 
between black and white women. Although the maternal 

mortality ratio has been consistently higher among black 
than in white women, the risk ratio of maternal mortality 
among black women actually increased sharply from 
1930 to 1960 (from about 1.6 to 3.0). Thereafter, the risk 
ratio declined to a nadir of 2.1 up to 1990, but more recent 
data shows an increase in the risk ratio. These data under-
score the persistent black-white race disparity in maternal 
mortality ratios in the United States
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obstetrical hemorrhage and preeclampsia—his-
torical leading causes of maternal death—are 
rising, these conditions are resulting in death 
less frequently. In the United Kingdom in the 
1980s, direct maternal deaths due to pregnancy-
specific causes accounted for approximately 
60% of overall maternal deaths. By 2009–2014, 
direct causes accounted for less than one third of 
maternal deaths, with indirect causes accounting 
for the remaining two thirds [4]. These data are 
in sharp contrast to those in the United States: in 
2018, the direct causes accounted for 77.4% of 
all maternal deaths (and 22.6% attributable to 
indirect causes) [19].

In the United States during the most recent 
maternal mortality reporting period 2011–2016, 
hypertensive disorders and hemorrhage 
accounted for 17.9% of maternal deaths 
 combined, with cardiovascular disease (15.7%), 
other medical non-cardiovascular (13.9%), and 
infection/sepsis (12.5%) the three new leading 
causes of maternal death [1, 18, 19]. In compari-
son, from 1987 to 1990 hemorrhage and hyper-

tensive disorders of pregnancy accounted for 
34.1% of maternal deaths with medical condi-
tions accounting for only 18.2% of deaths [23]. 
Maternal death reports from other countries have 
demonstrated indirect maternal deaths to repre-
sent large portions of overall maternal death 
including Denmark (50.0%) [17], France (30.8%) 
[11], New Zealand (61.0%) [14], and Australia 
(47.5%) [13].

1.3  Leading Causes 
of Preventable Maternal 
Deaths

The CDC lists ten leading causes that accounted 
for 93.6% of maternal deaths from 2011 to 
2016  in the United States (Box 1.1) [1, 19]. 
Mortality reviews from other countries catego-
rize maternal deaths similarly. While reports 
vary by country regarding the proportionate role 
of individual causes of maternal mortality, there 
are commonalities with regard to preventability, 
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with hemorrhage deaths most often classified as 
preventable, and deaths from amniotic fluid 
embolism classified as least likely to be 
preventable.

Determining the preventability of maternal 
deaths involves multiple challenges. First, the 
degree to which a death may have been prevent-
able is a qualitative judgment that is to some 
degree subjective [9]. Second, in scenarios where 
preventability of maternal death can be objec-
tively assessed, criteria for what is appropriate 
care are in flux and a matter of debate for many 
leading causes of maternal mortality. For exam-
ple, recommendations for appropriate VTE pro-
phylaxis differ significantly between major 
societies [24, 25]. Third, in-depth maternal mor-
tality reviews involve considerable resource utili-
zation. While some countries have a nationwide 
means of investigating the preventability of 
maternal deaths comparable to the United 
Kingdom’s Confidential Enquiries, others such 
as the CDC’s PMSS rely on vital statistics data 
precluding determining the degree which deaths 
are preventable [1, 26]. Given that city, state, and 
regional maternal death review committees are 
proliferating in the United States, a more granu-
lar national picture of preventability may become 
available in the near future. Overall, reported pre-
ventability ranged from half of French maternal 

deaths [11], up to 49% of deaths in Australia 
[13], up to 30% of deaths in Denmark [17], 38% 
of deaths in California [27], 40% of deaths in 
North Carolina [28], and 21% of deaths in 
New York State [29]. A review of deaths from the 
Netherlands found that in 55% of cases, substan-
dard care was provided [12].

1.3.1  Cardiovascular Disease 
and Cardiomyopathy

Cardiovascular conditions represent an increas-
ing cause of maternal deaths over recent decades 
both absolutely and proportionately [1]. The abil-
ity to improve outcomes for women with these 
conditions will be a major determinant in overall 
maternal mortality trends.

From 2006 to 2008, the 2011 UK Confidential 
Enquiries report found 53 women died of heart 
disease associated with or aggravated by preg-
nancy. Care was substandard in 27 of the 53 
deaths, and in 13 deaths the outcome may have 
been preventable. Substandard care included not 
recognizing symptoms and signs of myocardial 
infarction and aortic dissection, and not optimiz-
ing and coordinating care prepregnancy and early 
in pregnancy [2]. The California Pregnancy- 
Associated Mortality Review found that for 19 
deaths that occurred because of cardiomyopathy 
and other cardiac causes, seven (37%) deaths 
would have had a good chance of being prevented 
with improvements in care [30]. A review of 
pregnancy-related mortality in North Carolina 
found that 22% of deaths related to cardiomyopa-
thy and 40% of deaths related to other cardiovas-
cular conditions were preventable [28]. In 
comparison, none of the ten cardiac deaths in the 
HCA cohort were deemed preventable [9].

To prevent cardiac mortality, the UK 
Confidential Enquiries report includes the fol-
lowing recommendations: (1) co-location of and 
close co-management by obstetric and cardiac 
specialists for women with known cardiac dis-
ease, (2) early involvement of team involving 
cardiac and obstetric specialists particularly 
when a patient presents emergently, and (3) thor-
ough evaluation and diagnostic testing for 

Box 1.1 Leading Causes of Maternal Death in 
the United States 2011–2016

 1. Cardiovascular disease (15.7%)
 2. Other medical non-cardiovascular dis-

ease (13.9%)
 3. Infection/sepsis (12.5%)
 4. Hemorrhage (11.0%)
 5. Cardiomyopathy (11.0%)
 6. Thrombotic pulmonary embolism 

(9.0%)
 7. Cerebrovascular accidents (7.7%)
 8. Hypertensive disorders of pregnancy 

(6.9%)
 9. Amniotic fluid embolism (5.6%)
 10. Anesthesia complications (0.3%)
 11. Unknown cause (6.4%)

1 Maternal Deaths in Developed Countries: Epidemiology and Preventable Causes
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patients with concerning symptoms or physical 
exam findings and abnormal vital sign parame-
ters are present [4].

1.3.2  Other Medical Non- 
cardiovascular Disease

Non-cardiovascular diseases represent a rising, 
heterogeneous, and often preventable cause of 
maternal death. The 2014 UK Confidential 
Enquiries report detailed 10 deaths attributable to 
respiratory disease, 10 deaths due to liver dis-
ease, 10 deaths due to diabetes, 2 deaths due to 
lupus, 4 deaths due to hematological disorders, 
and 3 women who died from intra-abdominal 
aneurysm rupture over a 4-year period [5]. In 
some cases, deaths were preventable either by 
improved, coordinated care early in pregnancy or 
by more timely and appropriate diagnosis of 
acute complications. The preceding 2011 report 
also demonstrated a heterogeneous group of con-
ditions with opportunities for care improvement 
with earlier diagnosis and improvements in care 
coordination [2]. The CDC PMSS demonstrated 
medical non-cardiovascular diseases to be an 
increasing cause of maternal mortality over 
recent decades and a major determinant of over-
all mortality trends [1]. A review of pregnancy- 
related mortality in North Carolina found that 
89% of deaths related to chronic medical condi-
tions were preventable [28]. Many of these deaths 
could have been prevented with appropriate pre-
conception care.

While clinical heterogeneity to some degree 
precludes specific management recommenda-
tions to avoid mortality, the 2017 UK Confidential 
Enquiries makes the following recommendations 
reducing risk from medical complications: (1) 
women with significant medical preexisting con-
ditions should undergo prepregnancy counseling 
by doctors with experience in managing their dis-
order in pregnancy and have access to specialist 
contraceptive services, (2) transfer to facilities 
with critical care capabilities should be expedited 
if indicated, and (3) postpartum care for women 
with medical conditions should be carefully 
coordinated [6].

1.3.3  Infection and Sepsis

A significant proportion of maternal mortality 
from sepsis may be preventable. In a review of 26 
deaths related to sepsis, the 2011 UK Confidential 
Enquiries report found that death might have been 
averted in 12 cases if infection had been diag-
nosed and treated more promptly [2]. The 2014 
iteration of the UK Confidential Enquiries report 
found major concerns with sepsis and infectious 
management to be related to delays in diagnoses, 
prompt administration of appropriate antibiotics, 
timely identification of clinical deterioration, and 
communication shortcomings [5]. The 2017 UK 
Confidential Enquiries role found that maternal 
death from influenza decreased substantially from 
2009 to 2011, and from 2012 to 2015, one woman 
died from influenza. Of the 23 women who died 
from sepsis during this later period (2012–2015), 
4 women died from urinary tract sepsis or wound 
infections following cesarean, 7 from genital tract 
sepsis, and 12 women died from other causes of 
infection, 9 of whom died between 6 weeks and 
1 year after pregnancy. Of the three women who 
died within 6 weeks postpartum, one died from 
pneumococcal meningitis, one from pneumonia, 
and one from clostridium difficile infections [6]. 
The California Pregnancy-Associated Mortality 
Review found that for 8 deaths that occurred 
because of infection/sepsis, 5 (63%) deaths would 
have had a good chance of being prevented with 
improvements in care [27]. Review of deaths 
within the HCA determined that 1 of 14 of deaths 
related to infection were preventable [9]. A review 
of pregnancy- related mortality in North Carolina 
found that 43% of deaths related to infection were 
preventable [28].

Identification of women at risk for critical ill-
ness from sepsis may be possible by evaluating 
abnormal vital signs (maternal early warnings 
scoring systems) and providing timely interven-
tion. The 2017 UK Confidential Enquiries report 
recommends the following to reduce maternal 
risk from infection: (1) evaluate risk based on 
maternal early warnings score; (2) timely initia-
tion of critical care; and (3) identifying patients at 
risk for sepsis such as those with immunosup-
pression or chronic disease [5, 6, 31].
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1.3.4  Obstetrical Hemorrhage

Obstetrical hemorrhage is cited as one of the 
most frequently preventable causes of maternal 
death. Many cases involved inadequate monitor-
ing, failure to escalate care in the setting of 
abnormal vital signs, communication problems, 
suboptimal coordination with consultants, and 
lack of timely involvement of senior clinicians. 
The 2011 UK Confidential Enquiries report sub-
standard care was a factor in 66% of maternal 
deaths from hemorrhage from 2006 to 2008 [2]. 
The following UK Confidential Enquiries report 
(2009–2012) reviewed direct maternal deaths due 
to obstetrical hemorrhage and found that both 
provider and systems issues were implicated in 
maternal deaths [5]. Severity of hemorrhage was 
not recognized in 61% of deaths. The California 
Pregnancy-Associated Mortality Review found 
that for 10 deaths that occurred because of hem-
orrhage, 7 deaths would have had a good chance 
of being prevented with improvements in care 
[27]. Review of deaths within the HCA deter-
mined that 8 of 11 (72.7%) of deaths related to 
hemorrhage were preventable [9]. A review of 
pregnancy-related mortality in North Carolina 
found that 93% of deaths related to hemorrhage 
were preventable [28].

Most surgical and medical strategies for pre-
vention of hemorrhage and optimizing maternal 
outcomes during and after massive hemorrhage 
have yet to be elucidated in the obstetric popula-
tion (see also Chaps. 5 and 6).

1.3.5  Thrombotic Pulmonary 
Embolism

The 2011 Confidential Enquiries reviewed 18 
thrombosis or thromboembolism deaths (2 from 
cerebral vein thrombosis and 16 from pulmo-
nary embolism) from 2006 to 2008 and found 
substandard care in 56% of cases [2]. Poor qual-
ity care involved inadequate risk assessment, 
inadequate thromboprophylaxis (seven women), 
and failure to investigate chest symptoms (six 
women). The California Pregnancy-Associated 
Mortality Review found that for eight deaths 

that occurred because of thromboembolism, 
three deaths would have had a good chance of 
being prevented with improvements in care 
[27]. A review of pregnancy- related mortal-
ity in North Carolina found that 17% of deaths 
related to thromboembolism were preventable 
[28]. Review of deaths within the HCA deter-
mined that zero of nine deaths related to pulmo-
nary embolism were preventable; however, this 
assessment was performed prior to recommen-
dations supporting broader thromboprophylaxis 
strategies [9, 10].

There are two primary means by which death 
from thrombotic pulmonary embolism (PE) can 
be prevented: (1) use of venous thromboembo-
lism (VTE) prophylaxis and (2) timely identifica-
tion and treatment of acute VTE events. Because 
shortness of breath, other respiratory symptoms, 
and tachycardia related to pregnancy are com-
mon and may be difficult to differentiate from 
symptoms related to PE, systematic improvement 
in VTE prophylaxis may represent the best means 
of reducing population-based maternal death risk 
from VTE.  Use of perioperative cesarean 
mechanical prophylaxis is supported by a large 
case series from the HCA in which universal use 
of pneumatic compression devices for all women 
undergoing cesarean delivery resulted in a statis-
tically significant reduction of pulmonary embo-
lism deaths from 7  in 458,097 prior to 
implementation to 1 in 465,880 after implemen-
tation [9, 10].

Data from the United Kingdom demonstrates 
success in reducing deaths from VTE that may be 
related to aggressive pharmacologic thrombopro-
phylaxis advocated by RCOG recommendations 
released in 2004 [26, 32]. Maternal deaths from 
VTE in the United Kingdom decreased by more 
than half, from 1.94 maternal deaths per 100,000 
deliveries in 2003–2005 to 0.79 maternal deaths 
per 100,000 in 2006–2008 [2]. Subsequent itera-
tions of the Confidential Enquiries report have 
also demonstrated decreased risk for death from 
thromboembolism in comparison to triennial 
periods preceding the release of the initial 2004 
thromboembolism guidelines that made recom-
mendations for expanded risk factor-based pro-
phylaxis [4–7].
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1.3.6  Hypertensive Disorders 
of Pregnancy 
and Cerebrovascular 
Accidents

Overall, maternal death reviews support that a 
significant proportion of maternal mortality from 
hypertensive disorders of pregnancy is prevent-
able via timely administration of antihyperten-
sive medications.

In a review of direct maternal deaths due to 
hypertensive diseases of pregnancy, the 2011 UK 
Confidential Enquiries report found that 22 
women died, 14 from intracranial hemorrhage 
and 5 from anoxia following cardiac arrest in 
association with eclamptic seizures [2]. Overall, 
substandard care was present in 20 of 22 cases 
and in 14 cases this was classified as “major.” 
The cases of intracranial deaths were found to be 
secondary to inadequate administration of anti-
hypertensive therapy. Data from California’s 
maternal mortality review found that 60% of 
deaths (9 of 15) had a strong or good chance of 
being averted with improved care [27].

A review of deaths within the HCA from 2000 
to 2006 determined that 5 of 15 (33.3%) deaths 
related to complications of preeclampsia were 
preventable [9, 10]. However, a subsequent post- 
intervention analysis of an antihypertensive pro-
tocol found that only three deaths occurred post 
implementation over a subsequent 6-year period 
suggesting that a larger proportion of 
hypertension- related stroke deaths might be 
averted [9, 10]. A review of pregnancy-related 
mortality in North Carolina found that 60% of 
deaths related to pregnancy-induced hyperten-
sion were preventable, while none of the cases of 
stroke were considered to be preventable [28].

1.3.7  Amniotic Fluid Embolism

Deaths from amniotic fluid embolism (AFE) are 
most difficult to prevent. AFE deaths occur despite 
prompt resuscitation, treatment of cardiac arrhyth-
mias, intensive care unit care, and transfusion to 
counteract coagulopathy. This makes determina-
tion of AFE preventability also challenging [33].

The UK Confidential Enquiries review of 
direct maternal deaths due to amniotic fluid 
embolism from 2006 to 2008 reviewed 13 cases 
of AFE. The authors identified substandard care 
in 8 cases but noted that maternal death may have 
been inevitable even with appropriate care [2]. 
The following report of deaths from AFE occur-
ring from 2009 to 2012 noted that all 11 women 
collapsed either before or within minutes of 
delivery. No women had bleeding prior to col-
lapse, and most women could not be resuscitated 
even by experienced clinical personnel who were 
present at the event [5].

The California Pregnancy-Associated 
Mortality Review found that among the 14 deaths 
that occurred because of AFE, it was improbable 
that any could have been prevented by improving 
care [27]. Similarly, none of the deaths attributed 
to AFE in the North Carolina review were consid-
ered preventable [28], and none of the 13 AFE- 
related deaths in the HCA mortality review 
cohort were considered to be preventable [9, 10].

1.3.8  Anesthesia

The rate of maternal complications and death 
attributed directly to anesthesia varies by country. 
In the UK report, 3 of 253 deaths from 2009 to 
2011 and 4 of 243 deaths from 2010 to 2012 were 
associated with anesthesia causes [7]. A review 
of maternal cardiac collapse in the UK Obstetric 
Surveillance System, identified 17 of 59 cases 
that were associated with an anesthesia-related 
cause; however, while the mortality rate was 
37.3%, none of the 17 women who suffered 
anesthesia- related cardiac collapse died [34]. In 
the Australian cohort, two maternal deaths were 
related to anesthesia [13]. In the CDC PMSS 
report from 2011 to 2013, 3 of 2009 maternal 
deaths were due to anesthesia complications [12]. 
Conversely the New Zealand death review [14] 
and the Danish cohort [17] had no deaths related 
to anesthesia.

While data on preventability of maternal deaths 
related to anesthesia is limited due to the small sam-
ple size available, the 2017 UK Confidential 
Enquiries report includes the following recommen-
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dations for obstetric anesthesia care: (1) medically 
complex obstetric patients should have timely mul-
tidisciplinary planning including an experienced 
obstetric anesthesiologist; (2) in cases of massive 
hemorrhage, resuscitation must be adequate and 
bleeding stopped prior to extubation; and (3) vigi-
lance for pulmonary aspiration is required for 
obstetric patients requiring general anesthesia [6].

1.4  Conclusions

Maternal mortality review data is consistent in 
indicating that some causes of maternal death are 
more preventable than others (e.g., hemorrhage 
compared to AFE). Clinical resources, based in 
part on death review findings, are being developed 
and disseminated with the goal of reducing risk 
from the most preventable causes of maternal 
death. For example, the US National Partnership 
for Maternal Safety’s obstetric hemorrhage bun-
dle centers around improved readiness for and 
recognition and management of large obstetric 
hemorrhage with the goal of addressing short-
comings in care identified in mortality reviews 
[35]. The United States National Partnership’s 
VTE bundle, acknowledging divergent VTE pro-
phylaxis recommendations, makes general rec-
ommendations for risk assessment. A bundle has 
also been released regarding management of 
hypertension [36]. To reduce severe morbidity 
and mortality from cardiovascular and non-car-
diovascular medical conditions, a parallel model 
of regionalized perinatal care for medically com-
plicated mothers has been proposed [37]. The 
degree to which these initiatives will successfully 
reduce preventable mortality in the United States 
or in other countries that follow US recommenda-
tions remains to be seen. In California, which has 
been a leader in implementation of maternal 
safety initiatives, maternal mortality, which his-
torically tracked with the national average, has 
decreased significantly over recent years [27]. 
Data from the United Kingdom’s most recent 
reports supports that overall maternal mortality 
due to some causes may be decreasing [6]. 
Improved granularity and ascertainment of mater-
nal death, development of quality measures to 

assess implementation, and standardized outcome 
measures will be required to measure progress 
and identify important safety gaps.
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2.1  The Modern Parturient: 
A Changing Demographic

In the United States (USA), maternal mortality 
has increased in the last 25 years. Much of this 
increase is likely attributable to a higher burden 
of maternal medical illness [1–6]. Maternal mor-
bidity and “near miss” events have also markedly 
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Bullet Points
• Much of the increased maternal mortal-

ity in the last 25 years in the United 
States is likely attributable to a higher 
burden of maternal medical illness.

• Admission of a pregnant or postpartum 
patient to the intensive care unit (ICU) is 
estimated to occur in 1  in every 300 
deliveries.

• Early identification of those at risk may 
accelerate care, including transfer and 
timely intervention, thereby reversing 
these trends in morbidity and mortality.

• The vital signs of normal pregnancy 
often overlap with abnormal vital signs, 
further challenging the development of 
a physiology-based tool with adequate 
sensitivity and specificity.

• The Modified Obstetric Early Warning 
System (MOEWS), tailored for obstet-
ric vital signs, and obstetric-focused 

Sepsis in Obstetrics Score (SOS) require 
further assessments for improved 
outcomes.

• The Obstetric Comorbidity Index (OCI) 
is a clinical calculator using underlying 
comorbidities to predict need for ICU 
admission and the likelihood of severe 
maternal morbidity at delivery.

• The relatively low absolute rate of critical 
illness among obstetric patients remains a 
significant challenge for achieving valid-
ity with any scoring system.

• Early referral of women with specific 
comorbidities, such as abnormal placen-
tation, severe preeclampsia, and mater-
nal cardiac disease, is encouraged, to 
appropriate facilities.

• Multidisciplinary collaboration consti-
tutes the optimal model for coordinating 
care and delivery planning in high-risk 
pregnant women.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_2&domain=pdf
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increased during the same interval, by as much as 
75% by some estimates [6]. Maternal critical ill-
ness, defined by end organ dysfunction, need for 
advanced treatment (need for ventilation, vaso-
pressor requirement) or diagnostic criteria (see 
Chap. 1), is now relatively common in the obstet-
ric population [7]. Admission of a pregnant or 
postpartum patient to the ICU is estimated to 
occur in 1 in every 300 deliveries [8], accounting 
for 12.1% of all ICU admissions for women aged 
16–50 [9]. Obstetric patients requiring ICU-level 
care are also being treated outside of the formal 
critical care setting, with studies showing that 
1–3% of parturients require ICU-level care or are 
at risk of developing maternal critical illness [10, 
11]. Identifying obstetric patients at risk of clini-
cal deterioration and critical illness, therefore, 
represents an important component of a compre-
hensive strategy to address the needs of increas-
ingly ill pregnant and postpartum women. Early 
identification of those at risk may accelerate 
transfer to high-risk centers and/or allows timely 
intervention, thereby reversing these trends in 
morbidity and mortality.

2.2  Maternal Hemodynamic 
Screening Tools: Balancing 
Sensitivity and Specificity

Many public health organizations recommend 
routine use of validated tools to identify women 
at high-risk of morbidity during pregnancy [4, 
12, 13]. In the United Kingdom, Confidential 
Enquiry into Maternal and Child Health 
(CEMACH) reports have led to the introduction 
and integration of criteria to identify derange-
ments in physiologic parameters in pregnant 
women [13]. In the United States, the multidisci-
plinary National Partnership for Maternal Safety 
has also suggested that tracking several physio-
logical parameters is a key component of identi-
fying morbidity (Table 2.1) [4, 14].

The use of vital signs and other physiologic 
parameters as indicators of critical illness is well 
described in the general medical and surgical 
populations [15]. The ideal screening tool should 
be sufficiently sensitive to predict development 

of critical illness. However, it should also have a 
threshold of specificity that avoids overdiagnosis 
and recurrent false alarms (which lead to clinical 
fatigue) [16]. Therein lies the problem. Critical 
illness is less common in the obstetric population 
than in the general medical and surgical popula-
tions, and infrequent signals are more often 
missed [17]. In addition, the vital signs of normal 
pregnancy often overlap with abnormal vital 
signs. These issues challenge the development of 
a physiology-based tool with adequate sensitivity 
and specificity [18].

2.3  Predicting Adverse 
Outcomes in Infection

Though the etiology of severe maternal morbid-
ity and mortality continues to evolve in the con-
temporary obstetric population, sepsis remains a 
leading cause of obstetric critical illness [19]. 
Early recognition and intervention during sepsis 
improve outcomes [20]. Therefore, the validity of 
many screening tools has been tested in the con-
text of maternal infection (Table 2.2).

The systemic inflammatory response syn-
drome (SIRS) and modified early warning sys-
tem (MEWS) are two physiology-based tools 
commonly used to screen for the presence of sep-

Table 2.1 Maternal early warning criteria from the 
National Partnership for Maternal Safety

Parameter Value
Systolic blood pressure (mmHg) <90 or >160
Diastolic blood pressure (mmHg) >100
Heart rate (beats per minute) <50 or >120
Respiratory rate (breaths per minute) <10 or >30
Oxygen saturation on room air, at sea 
level (%)

<95

Oliguria (mL/h for ≥2 h) <35

Maternal agitation, confusion, or 
unresponsiveness; Patient with 
preeclampsia reporting a non-remitting 
headache or shortness of breath

Present

Mhyre JM, D’Oria R, Hameed AB, Lappen JR, Holley 
SL, Hunter SK, Jones RL, King JC, D’Alton ME.  The 
maternal early warning criteria: a proposal from the 
national partnership for maternal safety. Obstet Gynecol 
2014;124:782–6
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sis. Both lack sensitivity and specificity in an 
obstetric population. In a retrospective study of 
intrapartum patients with chorioamnionitis, both 
SIRS and MEWS failed to accurately identify 
women who were admitted to the ICU, developed 
sepsis, or died [21]. At score thresholds deemed 
appropriate for clinical assessment, the MEWS 
criteria was found to have a positive predictive 
value of 0.05%, meaning only 0.05% of women 
meeting these criteria will have sepsis [21].

The lack of specificity of SIRS and MEWS 
criteria may be attributed to the physiologic dif-
ferences between the obstetric population and the 
general medical/surgical population [21, 22]. 
Pregnant women have lower blood pressure com-
pared to nonpregnant patients, a higher heart rate 
at the time of delivery (intermittent tachycardia 
often occurs during active labor), and an increase 

in respiratory rate related to hormonal changes 
[21]. However, additional confounders may also 
contribute to the lack of specificity. For example, 
fevers associated with neuraxial anesthesia or 
with treatment with prostaglandins (e.g., 
Misoprostol) may lead to overdiagnosis of sepsis. 
All of these factors contribute to the overall lack 
of specificity of standard scores in the obstetric 
population [23].

These challenges have inspired the creation of 
physiology-based surveillance scoring systems 
targeted specifically for use in obstetric patients. 
The Modified Obstetric Early Warning System 
(MOEWS) is routinely used for monitoring preg-
nant women in the UK National Health System. 
This score uses physiologic criteria tailored to 
pregnant women [24]. However, several studies 
have suggested that even the MOEWS has poor 

Table 2.2 Test characteristics of scoring systems for sepsis in an obstetric population

Score Author Population Outcome Components Threshold Characteristics
Maternal 
Early Warning 
System 
(MEWS)

Lappen 
et al., 
2010

Chorioamnionitis 
at single-center in 
the United States

Severe sepsis 
[3]
ICU admission
Death

Temperature
HR
RR
WBC count

≥5 Sensitivity 100%
Specificity 90.4%
NPV 100%
PPV 0.05%

Modified 
Obstetric 
Early Warning 
Scoring 
Systems 
(MOEWS)

Edwards 
et al., 
2015

Chorioamnionitis 
at single-center in 
the United States

Severe Sepsis 
[3]
ICU transfer 
death

Temperature
HR
SBP
DBP
RR
SpO2

Mental state

≥2 Sensitivity 
40–100%
Specificity 
3.6–96.9%
PPV 1.42–15.4
NPV 99.1–100

Sequential 
Organ Failure 
Assessment 
(SOFA)

Jain 
et al., 
2016

Obstetric ICU 
admissions in 
India

Death PaO2/FiO2 
ratio
GCS score
Vasopressors
Creatinine/
urine output
Bilirubin
Platelet count

≥2
≥8

Sensitivity 100%
Specificity 3.3%
Sensitivity 96.7%
Specificity 78.3%

Sepsis in 
Obstetrics 
Score (SOS)

Albright 
et al., 
2017

Pregnant or 
postpartum 
women meeting 
≥2 SIRS criteria 
at single-center in 
the United States

ICU transfer Temperature
SBP
HR
RR
SpO2

WBC count
% immature 
neutrophils
Lactic acid

≥6 Sensitivity 64%
Specificity 88%
PPV 15%
NPV 98.6%

HR heart rate (beats/min), RR respiratory rate (breaths/min), WBC white blood cell (109/L), NPV negative predictive 
value, PPV positive predictive value, SBP systolic blood pressure (mmHg), DBP diastolic blood pressure (mmHg), 
SpO2 peripheral oxygen saturation (%), GCS Glasgow Coma Scale, MAP mean arterial pressure (mmHg), SIRS sys-
temic inflammatory response syndrome

2 Identifying the Critically Ill Parturient
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sensitivity and specificity in pregnant women 
[24, 25], and it remains unclear whether imple-
mentation of MEOWS criteria improves clinical 
outcomes. Similarly, the obstetric-focused Sepsis 
in Obstetrics Score (SOS) offers superior validity 
over SIRS and MEWS for ICU admission, but 
still lacks specificity for predicting severe out-
comes [26].

In addition to the value of an ideal scoring sys-
tem for determining the need for critical care 
admission, it should also predict adverse out-
comes such as severe maternal morbidity and 
mortality. Scoring systems which rely on physi-
ologic parameters to predict mortality in ICU 
patients have also been shown to lack specificity 
in the obstetric population. The Acute Physiology 
and Chronic Health Evaluation II (APACHE II) 
scoring system analyzes 13 physiologic variables 
within 24  h of ICU admission [27]. A recent 
study analyzing the usefulness of the APACHE II 
scores in pregnancy showed that 7 of the 13 phys-
iologic parameters are altered in baseline obstet-
ric physiology, leading to overestimation of 
mortality risk [27].

When compared to organ-based screening 
tools such as the MODS (Multiple Organ 
Dysfunction Score) and SOFA scores, 
physiological- based screening tools such as SOS 
(Sepsis in Obstetrics) and APACHE II scores 
showed inferiority as predictors for sepsis-related 
mortality in obstetric patients [28]. These newer 
sepsis detection scores (SOFA/MODS) are based 
on organ failure rather than on the severity of 
inflammatory response and seem more promising 
for prediction of mortality in critically ill septic 
obstetric patients. However, the data suggesting 
this are still limited [29, 30].

2.4  Beyond Infection

Most of the evidence regarding the utility of 
screening tools in the obstetric population is lim-
ited to the realm of infection. With the evolving 
complexity of the modern parturient, the ideal 
screening tool should also have a high sensitivity 
and specificity for other sources of critical illness 
and adverse outcomes. Furthermore, these 
screening tools should also suggest the first step 

within a pathway to treat those at risk for morbid-
ity and curb its development [14, 31]. The 
Maternal Early Warning Tool (MEWT) is one 
such tool that integrates physiologic screening 
for morbidity with management guidelines to 
address cases of clinical concern. The MEWT is 
comprised of a screening tool coupled with clini-
cal pathways which address four common causes 
of maternal mortality: cardiovascular dysfunc-
tion, infection, hemorrhage, and hypertensive 
disorders of pregnancy (preeclampsia) [12]. A 
prospective study of this screening tool in six US 
hospitals has shown that implementing it led to 
reductions in severe maternal morbidity and 
composite morbidity. Furthermore, only 1 in 50 
women triggered an alert when this tool was 
used. As noted above, the MEWT also incorpo-
rates clinical recommendations regarding treat-
ment of prevailing causes of maternal morbidity. 
Inclusion of these recommendations has been 
shown to lead to high adherence rate to the proto-
cols provided among treating physicians (83.1%) 
[12]. Drawbacks of MEWT include imperfect 
positive predictive values. The positive predictive 
value for all patients requiring ICU admission 
was 12% with a PPV of 7% for patients with sus-
pected sepsis [12]. These limitations suggest that 
improvements in maternal screening are still 
required if women at risk of clinical deterioration 
are to be identified in a timely manner. It is also 
unclear whether the observed reduction in mor-
bidity was due to use of the trigger tool or to bet-
ter adherence to protocols in high-risk patients. 
Despite the limitation of a low positive predictive 
value, data from this study suggest that obstetric- 
specific tools such as this may potentially lower 
severe maternal morbidity through early recogni-
tion coupled with protocolized management.

2.5  The Identification 
and Management of High- 
Risk Pregnant 
and Postpartum Women

Identification of pregnant and postpartum women 
at risk of clinical deterioration requires use of a 
diverse set of strategies. Despite the inherent 
challenges in the available scoring systems, con-

C. Padilla et al.
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sensus guidelines consistently underscore two 
key principles in identifying the high-risk partu-
rient. First, obstetric units should implement and 
consistently utilize a screening system for the 
critically ill mother at risk of severe morbidity, 
however imperfect. Secondly, obstetric hospitals 
should have the protocols or pathways to mobi-
lize available resources when a mother at risk for 
critical illness is identified [14, 31].

The importance of provider education and 
reinforcement in the use of screening tools can-
not be overstated. Barriers to successful imple-
mentation of the MEOWS screening criteria in 
the UK National Health System included poor 
compliance with guidelines and difficulties in 
eliciting a response from physicians [24]. Such 
inconsistent use of screening tools or failure to 
respond can lead to delays in diagnosis that may 
predispose patients to severe morbidity and mor-
tality. Studies show that up to 40% of maternal 
deaths are preventable; these deaths have largely 
been attributed to delays in diagnosis and in 
involvement of critical care [11, 32, 33]. 
Conversely, systemic implementation of screen-
ing tools alongside leadership efforts, manage-
ment, and continual supervision by qualified 
practitioners has a demonstrated impact on the 
staff’s perceived usefulness of screening tools 
when identifying high-risk parturients [24]. 
Therefore, maternal screening tools must be used 
in conjunction with other strategies to identify 
high-risk pregnant and peripartum women.

Once the high-risk women have been identi-
fied, clinician attention should switch quickly to 
management. National guidelines set forth 
evidence- based clinical pathways for common 
obstetric conditions such as postpartum hemor-
rhage, maternal infection, venous thromboembo-
lism, and hypertensive disorders of pregnancies 
in a variety of clinical settings [1, 14, 31, 34]. The 
rising prevalence of chronic disease in pregnancy 
and a concomitant increase in patient complexity 
has underscored the importance of multidisci-
plinary management and maternal critical care in 
combating maternal mortality [7, 35].

Establishing maternal critical care as a formal 
discipline is a central strategy for preventing 
maternal deaths. The UK Intensive Care National 
Audit and Research Centre (ICNARC) recom-

mends education in critical care scenarios perti-
nent to obstetric patients for staff at all levels of 
management (identification of sepsis for staff at 
all levels of training and appropriate anesthetic 
considerations for critically ill obstetric patients 
for anesthesia providers), appropriate staffing 
with multidisciplinary personnel trained in 
maternal critical care, and appropriate triaging of 
critically ill patients for transfer to centers with 
adequate resources [11]. Still, in some centers, 
dependent on the clinical setting, identification of 
an obstetric patient with critical illness may indi-
cate transfer to an intensive care unit while in 
others it may not. Sometimes identification of the 
high-risk parturient may trigger involvement of 
consulting physicians to provide a multidisci-
plinary approach to patient management and 
ongoing assessment. Certain critical care skills, 
such as rapid assessment with transthoracic echo-
cardiography hold promise for reproducible and 
rapid assessment of cardiac function and fluid 
status in pregnancy [36, 37]. Timely assessment 
of complex medical conditions will require 
healthcare professionals comfortable with obstet-
ric physiology and critical care skills. Providing 
these critical care services, independent of loca-
tion, for at risk mothers is central in reducing 
maternal mortality.

2.6  Accounting 
for Comorbidities 
in Screening for the High-
Risk Parturient

Though rates of maternal morbidity are increas-
ing, the relatively low absolute rate of critical ill-
ness in the obstetric patient population remains a 
significant challenge for achieving validity with 
any scoring system. The positive predictive value 
of any screening tool depends on the prevalence 
of the disease in the population of interest. A low 
prevalence of critical illness in an unselected 
patient population will preclude any attempt to 
increase the positive predictive value of 
physiology- based screening tools. Clinical covari-
ates are important components of many disease-
specific risk assessment tools. Screening tools 
incorporating specific comorbidities successfully 

2 Identifying the Critically Ill Parturient
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predict morbidity and mortality in non- obstetric 
patients [38, 39]. Incorporating such clinical 
comorbidities into risk assessment tools for the 
pregnant and critically ill population, therefore, 
offers exciting possibility for improving identifi-
cation of those at risk of critical illness.

The Obstetric Comorbidity Index (OCI) 
(Table  2.3) is a clinical calculator that uses the 
underlying comorbidities of pregnant women to 
predict their need for ICU admission and the likeli-
hood of severe maternal morbidity at delivery. The 
OCI considers 20 weighted maternal comorbid 
conditions in addition to maternal age to produce a 
patient-specific comorbidity index score predictive 

of maternal ICU admission [40]. This scoring 
index has been validated in independent popula-
tions and has demonstrated superiority compared 
to comorbidity indices derived for non-obstetric 
populations [41].

2.7  Antenatal and Early 
Pregnancy Screening

The role of early identification of high-risk preg-
nant women and appropriate referral has been 
underscored in the recent consensus guidelines 
published by the American College of 
Obstetricians and Gynecologists (ACOG) and 
the Society for Maternal-Fetal Medicine (SMFM) 
[35]. In response to increasingly complex patient 
population and rising maternal mortality, the 
guidelines encourage referral of women with 
specific comorbidities, such as those with abnor-
mal placentation, severe preeclampsia and mater-
nal cardiac disease, to appropriate facilities. The 
guidelines also offer a classification for facility 
level of maternal care based on the availability of 
potentially required resources. Among the 
resources outlined are nursing leadership and 
expertise, specialist availability, and critical care 
resources for the highest risk women [35]. In 
addition to listing the components of the hospital 
infrastructure recommended for these high-risk 
cases, the guidelines identify the availability of 
subspecialists and critical care unit capabilities as 
key features of higher-level centers.

The role of early and appropriate referral has 
already been recognized for certain high-risk 
conditions. Though all obstetric hospitals are 
encouraged to recognize and manage obstetric 
hemorrhage, facility-based criteria have been 
outlined for specific high-risk conditions such as 
abnormal placentation [42, 43]. Women with pla-
centa accreta will benefit from antenatal referral 
to hospitals with adequate resources, such as a 
blood bank capable of massive transfusion and 
the availability of subspecialty services such as 
interventional radiology, obstetric anesthesiol-
ogy, and critical care. However, older women and 
those with hypertension, placenta previa, and 
prior cesarean delivery may not be as readily 

Table 2.3 Obstetric comorbidity index

Maternal comorbidity
Odds ratio (95% 
CI) Weight

Preeclampsia with severe 
features or eclampsia

5.10 (4.63–5.60) 5

Chronic congestive heart 
failure

3.93 
(1.35–11.47)

5

Congenital heart disease 3.81 (3.37–4.32) 4
Pulmonary hypertension 3.24 (2.31–4.56) 4
Chronic ischemic heart 
disease

2.72 (2.13–3.46) 3

Sickle cell disease 2.14 (1.63–2.81) 3
Multiple gestation 2.09 (1.86–2.35) 2
Cardiac valvular disease 1.95 (1.67–2.27) 2
Systemic lupus 
erythematosus

1.77 (1.24–2.52) 2

HIV 1.76 (1.37–2.27) 2
Mild or unspecified 
preeclampsia

1.95 (1.67–2.27) 2

Drug abuse 1.63 (1.48–1.79) 2
Placenta previa 1.61 (1.45–1.80) 2
Chronic renal disease 1.54 (1.32–1.80) 1
Previous cesarean delivery 1.45 (1.37–1.54) 1
Gestational hypertension 1.32 (1.14–1.54) 1
Alcohol abuse 1.31 (1.11–1.56) 1
Asthma 1.28 (1.19–1.39) 1
Preexisting diabetes 
mellitus

1.21 (1.1–1.33) 1

Maternal age (years)
  Older than 44 2.25 (1.28–3.95) 3
  40–44 1.72 (1.47–2.02) 2
  35–39 1.52 (1.39–1.66) 1

Bateman BT MJ, Hernandez-Diaz S, Huybrechts KF, 
Fischer MA, Creanga AA, Callaghan WM, Gagne 
JJ. Development of a comorbidity index for use in obstet-
ric patients. Obstet Gynecol. 2013;122 (5):957–965
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identified even though in some cases their risk of 
severe morbidity may be similar.

An increasingly complex obstetric population 
in a background, low rate of severe maternal mor-
bidity and mortality, presents many challenges 
for early and reliable identification of the high- 
risk parturient. Screening women for high-risk 
conditions as a routine part of antenatal care will, 
therefore, likely play an increasingly important 
role in identifying women at risk for critical ill-
ness. Universal clinical comorbidity screening 
may offer an objective way to screen women for 
severe morbidity prior to the development of crit-
ical illness. The majority of the aforementioned 
screening tools and downstream pathways focus 
on assessment and management at the time of 
potential illness. However, the OCI, which has 
shown promise in identifying high-risk parturi-
ents, can be used in the antepartum period. This 
comorbidity index can identify high-risk women 
in the antenatal setting, allowing them to be 
directed to specialized centers equipped with 
adequate resources and personnel. Theoretically, 
such referral allows care coordination and pro-
vides time to plan a delivery strategy [40].

Multidisciplinary collaboration constitutes the 
optimal model for coordinating care and delivery 
planning in high-risk pregnant women [11, 35, 
44, 45]. Early multidisciplinary consultation rep-
resents a valuable strategy in the care of parturi-
ents with multiple comorbidities who may benefit 
from coordination of care [35]. However, it 
remains uncertain whether maternal screening 
tools affect consultation practices and/or lead to 
timely intervention of specialists. Such scores 
continue to be underutilized for identifying high- 
risk women. In one study, only 25% of women 
eligible for an antepartum high-risk consultation 
received this resource [46]. Multidisciplinary 
management has been proclaimed as a vital strat-
egy in the prevention of severe morbidity [47]; 
the impact that maternal screening tools may 
have with timely intervention of consultants rep-
resents potential areas of interest for improving 
clinical outcomes.

Antenatal screening for obstetric comorbidi-
ties coupled with physiology-based intrapartum 
risk assessment is a key complementary strategy 

for identifying mothers at risk for critical illness. 
Once identified, appropriate management path-
ways take priority. Prompt management and 
ongoing risk assessment according to evidence- 
based pathways should also follow early recogni-
tion of women with intrapartum derangements in 
physiology. An important potential confounding 
factor in studies attempting to identify high-risk 
women in the peripartum period may be the het-
erogeneity in delivery volume across hospitals. In 
the United States, one-third of hospitals have 
delivery volumes less than 500 per year and 39% 
of hospital births occurred in these low-volume 
hospitals. Given the prevalence of deliveries 
occurring at smaller hospitals, intrapartum access 
to risk-appropriate care for high-risk women can-
not be assumed [48, 49]. Obstetric complications 
are more likely to occur in hospitals with lower 
delivery volumes, possibly reflecting associated 
experience by healthcare providers [35, 50].

2.8  Maternal Screening Tools: 
A Valuable Tool Looking 
Forward

Identification of high-risk pregnant and peripar-
tum women represents a central strategy for an 
increasingly comorbid patient population. This 
requires a multifaceted approach which includes 
proper “maternal” screening tools and timely 
multidisciplinary management, with the goal of 
minimizing delays of care. Although maternal 
screening tools do have their limitations, imple-
menting them has shown promise in reducing 
morbidity in the clinical setting. Moving forward, 
screening criteria should be optimized. Improving 
the sensitivity and specificity of the existing tools 
and achieving higher predictive values for identi-
fying women at risk of clinical deterioration 
remain essential. Creation of maternal screening 
criteria which incorporate individual patient 
comorbidities represents an important area of 
potential research as this may improve the value 
of physiologic-based screening tools. 
Stratification of women based on their comorbid-
ity indices in the antepartum setting may provide 
clinicians the time to assemble resources and 
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multidisciplinary input and enable timely transfer 
of women at risk to centers capabilities and 
resources that are adequate for their specific clin-
ical needs.
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3.1  Maternal Mortality 
and Maternal Morbidity

Worldwide childbirth is becoming safer, with 
rates of maternal mortality reduced by 44% 
between 1990 and 2015 [1, 2]. A significant 
contribution to this progress has been made by 
programmes of systematic surveillance and 
investigation of maternal deaths. The UK 
Confidential Enquiries into Maternal Deaths 
organized under various mantels over the last 
60  years, currently by MBBRACE-UK 
(Mothers and Babies: Reducing Risk through 
Audits and Confidential Enquiries across the 
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Bullet Points
• Maternal mortality represents the tip of 

the iceberg, with maternal morbidity 
also placing a huge burden on women 
and their families.

• The relationship between maternal mor-
bidity and mortality has been described 
as a ‘continuum of adverse pregnancy 
events’.

• Near miss events occur significantly 
more frequently than maternal death.

• The prevalence of maternal near miss 
varies widely depending on screening 
criteria and geographical location.

• Study of near miss events enables more 
rapid review and reporting of the fea-
tures of a clinical case, thus having a 
quicker impact on clinical practice.

• It is potentially easier for clinical staff to 
engage in the analysis of near miss 
events, as examination of the events 
around the near miss may be perceived 
as less threatening since the woman did 
not die.

• World Health Organization defines 
maternal near miss as ‘a woman who 
nearly died but survived a complication 
that occurred during pregnancy, child-
birth or within 42 days of termination of 
pregnancy’.

• Near miss can be defined by clinical cri-
teria, intervention-based criteria and 
organ-based criteria.

• Worldwide, obstetric haemorrhage, 
hypertensive diseases of pregnancy, sep-
sis and obstructed labour have been 
identified as the major causes of mater-
nal near miss.
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UK) [3], The South African National Committee 
for Confidential Enquiry into Maternal Deaths 
[4] and the French National Experts Committee 
on Maternal Mortality [5] are examples of such 
programmes. These programmes have not only 
contributed to the reduction in maternal deaths 
but have also led to major improvements in the 
overall quality of maternity care.

In the developed world, maternal deaths are 
now rare events and even in low- to middle- 
income countries with more limited resources, 
absolute numbers of maternal deaths may be 
small in individual healthcare settings. As mater-
nal care has improved and maternal mortality has 
fallen, the amount of data that may inform further 
improvements has fallen. However, it is widely 
recognized that maternal mortality only repre-
sents the tip of the iceberg, with maternal mor-
bidity also placing a huge burden on women and 
their families. The relationship between maternal 
morbidity and mortality has been elegantly 
described as a ‘continuum of adverse pregnancy 
events’ [6]. Figure 3.1 in many cases, maternal 
death does not occur as an unexpected sudden 
event but is the endpoint of a clinical trajectory 
encompassing increasingly severe maternal mor-
bidity. Assessment of this trajectory in individual 
cases can highlight features that can complement 
the findings of maternal death enquiries, thereby 
increasing the opportunities for learning and 
improving care.

3.2  The Advantages of Studying 
Maternal Near Miss Events

The advantages of studying maternal morbidity 
‘near miss events’ in addition to mortality are 
numerous. Near miss events occur significantly 
more frequently than maternal death. For exam-
ple, in the UK it has been estimated that around 
1% of births are complicated by a near miss 
event [7], therefore this presents an opportunity 

for examination of approximately 8000 cases per 
year compared to around 80 maternal deaths in 
the same period. This increased sample size 
allows much greater power in identifying factors 
contributing to maternal morbidity and mortality 
and therefore more robust generalizable conclu-
sions to be drawn. Studying near miss events 
also potentially enables more rapid review and 
reporting of the features of a clinical case, thus 
having a quicker impact on clinical practice. 
Near miss events share many of the features of 
maternal deaths, so comparison between near 
miss events and maternal deaths enables map-
ping of the progression from severe disease and 
morbidity to death [8]. This also provides valu-
able insights into how clinical care may have 
failed and how to avoid or overcome potential 
obstacles in the management of acute complica-
tions of pregnancy. In low- to middle-income 
countries with limited resources, where maternal 
mortality and morbidity are at their highest, near 
miss events can be used to the identify women 
who would benefit most from the scarce 
resources available so these can be used to the 
greatest benefit [9].

It is potentially easier for clinical staff to 
engage in the analysis of near miss events, 
because as the women have survived, examina-
tion of the events around the near miss may be 
perceived as less threatening. Although near miss 
events do not result in death, they can result in 
long-term mental and physical sequelae for 
women and their partners [10, 11], and studying 
these events can identify factors associated with 
the development of longer-term morbidity.

Examination of near miss events enables the 
study of rare conditions of pregnancy [12]. This 
has been a major area of research over the last 
15 years with many previously neglected condi-
tions now being objectively studied and 
evaluated.

Maternal near miss events are also associated 
with neonatal morbidity, particularly preterm 

The continuum of adverse pregnancy events

Normal healthy pregnancy→ morbidity → severe morbidity → near miss → death

Fig. 3.1 The continuum 
of maternal morbidity 
and mortality [6]
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delivery [13], and therefore also provide the 
opportunity to reduce the impact of maternal 
morbidity on the neonate.

3.3  Definition and Terminology

The term ‘near miss’ is borrowed from the airline 
industry [14]. Outside of medicine it is used to 
describe an unplanned or unforeseen event that 
has the potential to cause harm but has not actu-
ally resulted in harm or injury.

Various definitions of a near miss in obstetrics 
have been proposed. These have included a 
severe life-threatening obstetric complication 
necessitating an urgent medical intervention in 
order to prevent likely death of the mother; [15] 
any pregnant or recently delivered woman, in 
whom immediate survival is threatened and who 
survives by chance or because of the hospital care 
she received; [16] and a very ill woman who 
would have died had it not been that luck and 
good care was on her side [17].

In 2009 the World Health Organization pub-
lished a paper which provided a now widely 
accepted definition for a maternal near miss as ‘a 
woman who nearly died but survived a complica-
tion that occurred during pregnancy, childbirth or 
within 42 days of termination of pregnancy’ [18]. 
In the past, the term near miss was used inter-
changeably with the term severe acute maternal 
morbidity. It is now recommended by the WHO 
that near miss should be used preferentially as it 
more accurately reflects the clinical scenario of a 
woman almost dying but surviving.

3.4  Identification of Maternal 
Near Miss

A number of methods have been suggested and 
used for the identification of near miss events. 
The various approaches can be broadly classified 
into three major groups, each having its own rela-
tive merits and disadvantages. The three methods 
are summarized in Table 3.1.

Table 3.1 Advantages and disadvantages of three approaches to identify maternal near miss events

Advantages Disadvantages
Clinical 
criteria 
related to a 
specific 
disease entity

Straightforward to interpret
Data can be obtained retrospectively from case 
notes
The quality of care of a particular disease can be 
assessed
Complication rates for a particular disease can be 
calculated

Common causes of maternal mortality may 
be omitted
The criteria used to define morbidity often 
have too low a threshold of morbidity to be 
called maternal near miss
Retrospectively collected information might 
be unreliable due to poor documentation

Intervention- 
based criteria

Simple to identify the cases usually on the basis of 
retrospective analysis of a register in the hospital

Allows the identification of only a proportion 
of all severe morbidity cases, because of 
variation in the availability of different types 
of intervention such as intensive care or 
eligibility criteria for an intervention, e.g. 
intensive care or caesarean hysterectomy

Organ 
system 
dysfunction- 
based criteria

Mimics the confidential enquiries into maternal 
death systems, thus the same system could be used 
to complement maternal death enquiries
Allows for identification of critically ill women 
thereby establishing the pattern of diseases causing 
morbidity and their relative importance
Allows for the identification of new and emerging 
disease priorities, e.g. influenza
Keeps focus on severe diseases that should not 
cause death with appropriate care
Serious events are now routinely examined in 
many hospitals improving the opportunities for 
case identification

Dependent on the existence of a minimum 
level of care including functioning laboratory 
services and basic critical care monitoring
Retrospective identification of cases might be 
difficult because of the inability to identify 
cases from registers

Adapted from Say L et Souza JP, Pattison RC. WHO working group on Maternal Mortality and Morbidity Classifications. 
Maternal near miss–towards a standard tool for monitor- ing quality of maternal healthcare. Best Practice & Research 
Clinical Obstetrics & Gynaecology, 2009,23:287–296
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The clinical criteria based on a specific dis-
ease entity were utilized by Waterstone in a 
UK-based regional study of severe acute obstet-
ric morbidity [7]. The conditions that formed 
inclusion criteria were severe pre-eclampsia, 
eclampsia, HELLP syndrome (haemolysis, ele-
vated liver enzymes and low platelets), severe 
haemorrhage, severe sepsis and uterine rupture. 
Despite being a significant cause of maternal 
mortality and morbidity, pulmonary embolus was 
excluded because of the difficulty of accurate 
diagnosis of pulmonary embolus without patho-
logical evidence. Additionally, early pregnancy 
conditions such as ectopic pregnancy were also 
excluded. Waterstone used definitions selected 
from a Medline search, that were clinically based 
and routinely measurable and that did not include 
management processes. When there was no defi-
nition available for the specific condition (e.g. 
sepsis), a modified definition was used, taking 
into account the physiological changes of preg-
nancy. In this study most events were related to 
obstetric haemorrhage and severe pre-eclampsia; 
disease-specific morbidities per 1000 deliveries 
were 6.7 (6.0–7.5) for severe haemorrhage, 3.9 
(3.3–4.5) for severe pre-eclampsia. The authors 
found that caesarean delivery quadrupled the risk 
of morbidity.

The use of intervention-based criteria, such as 
admission to a critical care unit, is another rela-
tively straightforward approach to identify near 
miss events. However, it relies on a range of vari-
ables that can vary widely even in the developed 
world. For example, critical care services may 
not be immediately available to stand alone 
maternity units. Furthermore, an intervention-
based approach may lead to the omission of 
some near miss cases. A prospective observa-
tional study of severe maternal morbidity related 
to obstetric haemorrhage, found that only one 
20% of women who developed haemorrhage-
related morbidity were admitted to critical care. 
Most probably many of the women who suffered 
postpartum haemorrhage were cared for on 
labour wards rather than being transferred to 
critical care [19]. Other interventions, such as 

the use of hysterectomy to manage postpartum 
haemorrhage, have also been suggested as a 
straightforward binary endpoint [20, 21]. 
However, this again depends on the availability 
of local resources, equipment and personnel and 
is also vulnerable to subjective factors such as 
the decision-making process in postpartum 
haemorrhage.

Organ system dysfunction-based criteria for 
maternal near miss events, recognizes the trajec-
tory of disease from normal healthy pregnancy, 
to pathological insult, to organ dysfunction and 
failure that can culminate in maternal death; to 
have ‘nearly missed’ death, a pregnant woman 
must have experienced organ dysfunction or fail-
ure without dying. This approach was proposed 
by Mantel et  al. who defined markers of dys-
function for each organ system. The authors pro-
posed that specific management options be used 
as markers of potential organ failure, that may 
have occurred if the treatment had not been 
applied promptly [17].

3.5  Development of the Near 
Miss Concept: The WHO 
Approach

In 2008 the WHO established a working group 
intended to develop a maternal death classifica-
tion system and establish a consensus on how to 
define maternal near miss events [22]. The group 
was made up of obstetricians, midwives, epide-
miologists and public health professionals from 
developing and developed countries. The same 
process that was used to develop a maternal death 
classification system was used to reach a consen-
sus on maternal near miss to ensure the same 
principles applied to both in practice. Key prin-
ciples guiding the development of both indicators 
were that the classification of maternal mortality 
and maternal near miss should facilitate compari-
son between healthcare facilities and also be 
practical for use in both high and low- to middle-
income countries. It was recognized that there 
should be a high threshold for case ascertainment 
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so that any surveillance programme is not over-
whelmed by a large number of cases.

The WHO recommended the use of organ sys-
tem dysfunction-based criteria to identify near 
miss cases [18, 23]. However significant organ 
dysfunction is frequently diagnosed in the critical 
care setting. It was also recognized that there is a 
need to use markers of organ dysfunction that do 
not depend on the availability of specific facili-
ties, such as critical care, that may be lacking in a 
low-resource setting. The clinical criteria there-
fore include such markers and are based largely 
on the Sequential Organ Failure Assessment 
(SOFA) score (see Chap. 19), a tool widely used 
to assess and classify critically ill patients and 
validated in the obstetric population [24, 25]. 
Management criteria are also included to facili-
tate case identification. Of note, the WHO work-
ing group also recommended that although these 
are technically not a ‘near miss’, maternal deaths 
should be included in near miss analyses.

In addition to the criteria for identification and 
classification of maternal near misses the WHO 
have described a standardized method, ‘a concep-
tual framework’, for implementing the use of near 
miss analyses into audit and quality improvement 
practices [26]. This framework aims to assist indi-
vidual units and healthcare providers in utilizing 
the analysis of near miss events for the purpose of 
quality improvement. The standardized nature of 
the analysis enables comparison of data between 
different units regionally and internationally.

The framework encompasses a continuous 
cycle of baseline assessment (or reassessment) 
and situation analysis followed by implementa-
tion of interventions to improve the quality of 
healthcare. The main emphasis of this guide is on 
ensuring that all eligible women are identified at 
the baseline assessment, that the results inform 
policy decisions to improve the quality of mater-
nal care and that findings are made public to 
allow the wider community to benefit from the 
lessons learned. This approach should also enable 
organizations such as the WHO to get a better 
large-scale picture of maternal health on a 
national or global scale.

The baseline assessment should consist of 
both near miss criterion-based audit [27] and also 
information from healthcare consumers (women 
who have suffered a maternal near miss event), 
providers and managers views via methods such 
as surveys or interviews. It is crucial that to 
ensure that identification of women who have 
suffered a near miss event is as complete as pos-
sible. Therefore in addition to spontaneous 
reporting, other strategies such as checklists 
included in medical records, regular group dis-
cussions and regular visits to areas where preg-
nant women are cared for must be employed. 
Once appropriate patients have been identified, 
data should be extracted from the case notes. 
Although technically a near miss can only be 
identified retrospectively as the woman, by defi-
nition, must survive the event, contemporaneous 
data collection has the advantage that any uncer-
tainties in the case notes can be clarified by con-
tact with the treating staff during retrospective 
data collection. The data collected should include 
details of the demographics, severe complica-
tions and outcomes of the women identified. It 
should also include the use of any critical inter-
ventions and the details of the woman’s condition 
on arrival and delivery.

Situation analysis involves determining the 
prevalence of maternal near miss and mortality 
within the population evaluated and identifying 
barriers and opportunities for improving care. To 
assess the quality of care delivered in the treat-
ment of individual life-threatening conditions, 
process indicators should be used. These can be 
determined from evidence-based recommenda-
tions applied appropriately to the local popula-
tion [28]. For example, in women who develop 
eclampsia, the use of magnesium sulphate could 
be assessed with the process indicator being the 
number of women who received magnesium sul-
phate as treatment for eclampsia divided by the 
total number of eclamptic patients.

Interventions to improve care should be under-
taken at a local level and include the use of edu-
cation, evidence-based protocols, checklists and 
visual aids for some critical situations [29, 30].
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3.6  Causes and Incidence 
of Near Miss Events

The prevalence of maternal near miss varies 
widely depending on screening criteria and geo-
graphical location. A major WHO systematic 
review of maternal near miss was published in 
2004 [23] and a further review published in 2012 
based on studies conducted between 2004 and 
2010 [31].

The review published in 2004 predates the 
WHO recognized classification of maternal near 
miss and uses the nomenclature ‘severe acute 
maternal morbidity’. The authors identified a 
total of 30 reports of severe acute maternal mor-
bidity for inclusion in the systematic review. The 
definition of severe acute maternal morbidity 
used for the review fell broadly into two catego-
ries: one describing what the authors meant by a 
near miss (14 studies); and the other describing a 
response to an event such as hysterectomy (nine 
studies) or admission to intensive care unit (seven 
studies). The authors highlighted that in the 
included studies there was an ‘intuitive agree-
ment’ on what a near miss means—a woman who 
almost died but survived. The prevalence of 
severe acute maternal morbidity varied between 
0.80 and 8.23% in studies that used disease- 
specific criteria, 0.38–1.09% in the group that 
used organ system-based criteria and 0.01–2.99% 
in studies using management-based criteria.

The 2012 review included 82 studies, a dra-
matic increase on the 2004 review demonstrating 
the growing interest in this area. The prevalence 
rates of maternal near miss varied between 0.6 
and 14.98% for disease-specific criteria, 0.14–
0.92% for organ-based dysfunction (based on 
Mantel criteria) and 0.04–4.54% for management- 
based criteria.

Both reviews highlighted the disparities 
between high-income and low- and middle- 
income countries. In low- and middle-income 
countries: approximately 1% of the women expe-
rienced a near miss event before, during or after 
delivery when using a definition of organ dys-
function criteria, compared to 0.25% in high- 
income countries. Using mixed criteria combining 
different markers, the rate ranges between 2.10 
and 4.43% in low-income and middle-income 

countries and 0.09 and 1.38% in higher-income 
countries.

Worldwide, obstetric haemorrhage, hyperten-
sive diseases of pregnancy, sepsis and obstructed 
labour have been identified as the major causes of 
maternal near miss [32, 33]. Obstetric haemor-
rhage is the leading cause of maternal mortality 
worldwide accounting for two-thirds of all 
deaths. It is also a major cause of near miss events 
in developed and low- to middle-income coun-
tries. A systematic review of maternal near miss 
and mortality due to postpartum haemorrhage 
examined publications from 1995 to 2014 and 
included 26 studies and more than 500,000 deliv-
eries [34]. The near miss ratio (defined as mater-
nal near miss cases per 1000 live births) for 
postpartum haemorrhage was 6 for low-income 
and lower middle-income countries and 2 for 
high and higher middle-income countries.

3.7  Risk Factors

Risk factors for near miss events can vary depend-
ing on the specific cause of the event. Studies 
have consistently identified obesity [8], smoking 
during pregnancy [35] and advanced maternal 
age [36, 37] as risk factors for a range of near 
miss events. Pre-existing maternal medical con-
ditions such as asthma, hypertension, malignant 
disease, cardiac disease and renal disease and 
diabetes mellitus are also associated with an 
increased risk for maternal near miss events and 
mortality [38–41]. Most countries today are 
multi-ethnic societies, and women from ethnic 
minority backgrounds have consistently been 
found to be at increased risk of near miss events, 
regardless of the country examined [42–46]. 
However considerable differences between eth-
nic minority groups in specific populations have 
been noted. In a nationwide population-based 
study in the Netherlands, non-Western immi-
grants showed a 1.3-fold increased risk of mater-
nal morbidity. Within this group, large differences 
were observed among different ethnic minority 
groups; women from Morocco and Turkey had a 
risk equivalent to that seen in the general popula-
tion, whereas women from sub-Saharan Africa 
had a 3.5-fold increased risk [44]. In a 10-year 
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nationwide study in Sweden, immigrant women 
from low-income countries had an increased risk 
of near miss events, whereas women from mid-
dle- and high-income countries showed no 
increased risk of near miss [45].

The role of antenatal care in identifying preg-
nant women with risk factors, thus enabling risk 
modification, has been established for several 
factors including anaemia, diabetes and hyper-
tension. However, the role of antenatal care in 
preventing or contributing to the prevention of 
maternal mortality and serious morbidity remains 
subject to scrutiny, particularly for conditions 
that arise acutely around the time of delivery 
[46]. Underlying the uncertainty about the role of 
antenatal care, is a lack of information about the 
causes and pathophysiology of some of the more 
common complications of pregnancy (e.g. 
pregnancy- induced hypertension). Nevertheless 
inadequate utilization of antenatal care, particu-
larly in women from ethnic minority back-
grounds, has been identified as an additional risk 
factor for maternal morbidity [43, 47].

3.8  Healthcare Organizational 
Factors Contributing 
to Maternal Mortality

The majority of maternal near miss events occur 
around labour, delivery and the 24 h postpartum. 
Even in a patient without risk factors, a near miss 

event can develop precipitously and without 
warning. Studies have demonstrated that in the 
developing world, a significant number of mater-
nal near miss cases have already occurred before 
the women’s arrival at a healthcare facility. For 
example, in Ethiopia and Bolivia, 69 and 74% of 
the women with near miss were critically ill on 
arrival in hospital [48, 49]. Access to and the pro-
vision of emergency obstetric care has been 
described as the ‘keystone in the arch of safe 
motherhood’ [50]. The ‘three delays model’ has 
been described to characterize the different fac-
tors, divided into three ‘phases’, that can affect a 
woman’s ability to access effective medical inter-
ventions in the event of an obstetric emergency 
[51, 52]. These phases are in turn affected by 
socioeconomic and cultural factors, accessibility 
of facilities and quality of care once a woman has 
reached a healthcare facility (Fig. 3.2).

Near miss cases that develop when a woman 
has reached or is in hospital can help to measure 
the quality of obstetric care provided within the 
healthcare facilities. A systematic review exam-
ined the facility-level barriers (the third delay) 
associated with maternal mortality in developing 
countries. This analysis identified 32 barriers to 
the receipt of timely and appropriate obstetric 
care once a patient had arrived in hospital [53]. 
These were categorized into five themes detailed 
in Table 3.2. Within these themes the most com-
monly cited barriers were inadequate training/
skills mix (86%); drug procurement/logistics 

The Three Delays Framework to describe delays in women accessing
emergency obstetric care  

Delay in decision to
seek care due to:

Poor understanding of
complications and risk
factors in pregnancy 

Poor understanding when
to seek medical help 

Previous poor experience
of health care 

Acceptance of maternal
death 

Financial implications

Delay in reaching care
due to: 

Distance to health care
facilities and hospitals 

Availability of and cost of
transportation 

Poor roads and
infrastructure 

Geography e.g.
mountainous terrain,
rivers 

Delay in receiving
adequate health care
due to: 

Poor facilities and lack of
medical supplies 

Inadequately trained and
poorly motivated medical
staff 

Inadequate referral
systems 

Fig. 3.2 The Three 
Delays Model [51, 52]
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problems (65%); staff shortages (60%); lack of 
equipment (51%); and low staff motivation 
(44%). Although this study evaluated the effect 
on maternal mortality, it is a reasonable assump-
tion that the themes identified would also be rel-
evant with regard to prevention of near miss 
events. These themes are not unique to low- to 
middle-income countries with limited resources; 
they have been highlighted in many studies of 
maternal mortality and morbidity in the devel-
oped world also [3, 5].

3.9  Conclusions

Despite the relative success of the United Nation 
Millennium Development Goal for Maternal 
Health with the reduction of the number of mater-
nal deaths worldwide, there remains much to be 
achieved. The maternal mortality ratio in low- to 
middle-income countries developing regions is 
still 14 times higher than in developed regions. If 
the Millennium Sustainable Goal [54] of reduc-
ing the global maternal mortality ratio to less 
than 70/100,000, live births by 2030 is to be 
reached, continuous and rigorous assessment of 
maternal mortality and morbidity must be under-
taken. Evaluation of maternal near miss events 
must be an essential part of this process.
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The Epidemiology of Maternal 
Intensive Care Unit Admissions

Andreea A. Creanga

4.1  Maternal Mortality

Maternal mortality is a key indicator of the func-
tioning of a country’s health system and of the 
quality of care it provides [1]. The World Health 
Organization (WHO) defines a maternal death as 
“the death of a woman while pregnant or within 
42 days of termination of pregnancy, irrespective 
of duration and site of the pregnancy, from any 
cause related to or aggravated by the pregnancy 
or its management, but not from accidental or 
incidental causes.” [2] While globally maternal 
mortality declined by 43% between 1990 and 
2015, developing regions contribute 99% of the 
global burden; the lifetime risk of dying from 
pregnancy complications is 1 in 150 in develop-
ing regions compared to 1 in 4900 in developed 
regions [2].

4.2  Severe Maternal Morbidity 
and Maternal Near Miss 
Definitions

Because maternal deaths are rare events [1], 
especially in high-resource countries, context- 
specific clinical policies to prevent similar future 
deaths are limited. Hence, there is growing global 
interest in reviewing “severe maternal morbidity” 
(SMM) or “maternal near miss” (MNM) events, 
which are recognized as complex entities with a 
wide range of clinical presentations and severity 
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Bullet Points
• Obstetric patients represent a small pro-

portion of patients in intensive care units.
• Threshold levels for obstetric ICU 

admission vary widely.
• The majority of pregnancy-associated 

ICU admissions occur during the deliv-
ery admission and <24 h after delivery.

• Postpartum hemorrhage, preeclampsia/
eclampsia, and sepsis account for the 
majority (75–80%) of obstetric ICU 
admissions across the world.

• Indirect causes of obstetric ICU admis-
sion show geographic variation.

• Most obstetric patients spend <24–48 h 
in the ICU due to rapid reversal of many 
obstetric conditions after delivery.

• Maternal ICU patients tend to have bet-
ter outcomes than other ICU patients, 
but the case fatality rate in these patients 
is a significant concern.
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within a continuum from healthy pregnancy to 
maternal death. Such reviews of SMM or MNM 
offer learning opportunities to improve their rec-
ognition and management and prevent related 
long-term disability and death, Chap. 3 [3, 4].

In 2009, in order to enable systematic data col-
lection on MNM (which is defined as “a woman 
who nearly died but survived a pregnancy com-
plication”), the WHO published criteria based on 
markers of management and of clinical and organ 
dysfunction [5]. These criteria require detailed 
information on MNM cases, thus limiting their 
practical use. Subsequently, in 2016, the WHO’s 
Maternal Morbidity Working Group defined 
maternal morbidity as “any health condition 
attributed to and/or complicating pregnancy and 
childbirth that has a negative impact on the wom-
an’s wellbeing and/or functioning.” [6] Proposed 
identification criteria for maternal morbidity 
include 58 symptoms, 29 signs, 44  investigations, 
and 35 management strategies and are supposed 
to serve as a framework for identifying maternal 
morbidity beyond maternal MNM [6].

In parallel with WHO efforts, in the United 
States (USA), the Centers for Disease Control 
and Prevention (CDC) developed an algorithm 
for identifying SMM using nationwide hospital 
administrative data and International 
Classification of Diseases (ICD) diagnosis and 
procedure codes for 20+ indicators of organ- 
system dysfunction, including maternal mortality 
[7, 8]. The CDC SMM identification algorithm 
has been validated and shown to perform well as 
a surveillance tool at the population level using 
administrative data [9]. For SMM surveillance at 
the facility level, the National Partnership for 
Maternal Safety (NPMS) proposed the use of the 
following two criteria: pregnant or postpartum 
women who have (1) been admitted to the inten-
sive care unit (ICU), or (2) received ≥4 units of 
packed red blood cells for management of hem-
orrhage [10]. A SMM review form was also 
developed to allow standardization of these 
reviews, and use or adaptation for use by hospi-
tals in the USA [11].

In Europe, the EURO-PERISTAT project 
reviewed potential maternal morbidity indicators 
aiming to propose a SMM definition and assess 

the availability of data to construct morbidity 
indicators from hospital systems in participat-
ing countries [12]. The initial SMM definition 
adopted included four indicators: (1) eclampsia, 
(2) hysterectomy, (3) blood transfusion, and (4) 
ICU admission, to which (5) embolization was 
subsequently added as a fifth indicator [12].

Given all these efforts, maternal morbidity has 
become the focus of several research projects in 
Europe, the USA, and elsewhere. An interna-
tional network, the International Network of 
Obstetric Survey Systems (INOSS), now links 
obstetric surveillance data from over 12 countries 
and aims to advance knowledge and contribute to 
the evidence base on serious, rare disorders in 
pregnancy including SMM and MNM events 
through international cooperation and collabora-
tive working [13].

4.3  Prevalence of Critical 
Maternal Events

Most pregnancies and births are uneventful, yet it 
has been estimated that 15% of all pregnant 
women develop potentially life-threatening com-
plications with some in need of major obstetrical 
intervention to survive [14]. For each maternal 
death, it has been suggested that 20–30 women 
suffer from morbidity [6]; however, this figure is 
not based on standardized, well-documented 
methodologies [6].

A 2010 systematic literature review that aimed 
to assess the prevalence of SMM worldwide 
included 82 studies from 46 countries [15]. 
Among these studies, by and large, authors used 
three major approaches to identify SMM: (1) 
disease-specific (e.g., preeclampsia, peripartum 
hemorrhage), (2) management-based (e.g., ICU 
admission, emergency hysterectomy, blood trans-
fusion), and (3) organ-system dysfunction (e.g., 
shock, respiratory distress). Prevalence rates of 
SMM varied widely, ranging between 0.60 and 
14.98% for disease-specific criteria, 0.04 and 
4.54% for management-based criteria, and 0.14 
and 0.92% for organ-based dysfunction [15].

In the USA, SMM is currently estimated to 
occur in up to 1.4% of pregnancies and to affect 
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over 60,000 women every year [7, 8]. Based on 
national hospital discharge data reported by the 
CDC, the overall SMM rate almost tripled over 
the last two decades, driven by an increase in 
blood transfusions, a proxy for hemorrhage [7]. 
If blood transfusions are excluded, the SMM rate 
increased by about 40% over the last two decades 
to 34.3 SMM cases per 10,000 delivery hospital-
izations in 2013–2014 [7].

In 2016, testing of new gold standard clinical 
guidelines to define SMM cases showed that 
while 2% of deliveries screened positive for 
SMM, only 0.9% were true SMM cases [9]. 
Women with true SMM were significantly older 
than women without SMM, 12.7% of them had 
multiple gestation, and about 87% were over-
weight or obese [16]. Preterm delivery was sig-
nificantly more common in women with than 
without SMM, with 32 and 10.7% of them deliv-
ering at <37 and <32  weeks, respectively [16]. 
The most common underlying causes of SMM 
were hemorrhage (71.3%) and preeclampsia/
eclampsia (10.7%), and 78% of women with 
SMM were delivered by cesarean [16]. Notably, 
the opportunity for improvement in care was 
present in 44% of SMM cases [16].

Twenty-two countries or regions in Europe 
provided at least one maternal morbidity indica-
tor for the EURO-PERISTAT project [12]. 
Eclampsia was the most widely recorded condi-
tion in these countries, with prevalence rates 
ranging from 0.1/1000 deliveries in Finland, 
Sweden, and Scotland to 0.9/1000 deliveries in 
Latvia and France [12]. Seventeen countries or 
regions provided data about hysterectomies, with 
corresponding prevalence rates ranging from 
≤0.1/1000 deliveries in Wales and Sweden to 1.2 
and 1.3/1000 deliveries in Latvia and Estonia, 
respectively [12, 13].

National level SMM or MNM studies are less 
readily available in developing countries. Rates 
of SMM or MNM from relatively small studies 
were considerably higher in Asian and African 
countries than the rest of the world [15, 17–19]. 
Of note, across the world, groups of economi-
cally disadvantaged women (e.g., minorities, 
including immigrants) are shown to have higher 
rates of SMM [20, 21]. Severe morbidity is 

many times accompanied by delivery complica-
tions, preterm birth, stillbirth, and neonatal mor-
bidity and mortality and can also have long-term 
health consequences [22–26]. For example, ges-
tational diabetes confers a seven-fold higher 
risk for type 2 diabetes, and preeclampsia con-
fers a 3.4-fold risk increase for hypertension 
later in life [23, 24].

Levels and trends in SMM rates are expected 
to influence utilization of critical care by obstet-
ric patients over time. Trends in SMM appear to 
be increasing in developed countries, with dis-
turbing reports from several countries of increas-
ing incidence of peripartum hemorrhage, one of 
the key contributors to ICU admission in postpar-
tum women [1, 4, 7].

4.4  Maternal Intensive Care 
Admission

4.4.1  General Considerations

Obstetric patients, including pregnant and post-
partum women, may need intensive care to treat 
and/or support failing organs for obstetric or 
medical disorders or after trauma. Multiple organ 
failure may occur in both medical and obstetric 
disorders that occur during preganacy [27, 28]. 
However, the physiological changes occurring 
during pregnancy may cause medical disorders to 
present differently during pregnancy and in the 
immediate postpartum period. Thus, a key prob-
lem in identifying critical illness in obstetric 
patients is the close similarity of manifestations 
of medical and obstetric conditions. Specific 
treatment is available for medical conditions, 
while prompt delivery may be lifesaving in some 
obstetric disorders.

The vast majority of studies examining critical 
care admissions for obstetric patients are single 
center and are mostly conducted in tertiary care 
centers, thus limiting their external validity. 
Population-based studies are mainly available 
from high-resource countries [29–33]. These 
studies demonstrate marked differences between 
North American and Western European countries 
in obstetric ICU admission [34]. No guidelines 
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are available for triaging obstetric patients to 
intensive care anywhere in the world [29, 35, 36]. 
Therefore, there remains wide variability in ICU 
admission thresholds for obstetric patients 
between and within countries and regions. Across 
settings, reasons for this variability include ICU 
bed availability, patient case mix, healthcare sys-
tem organization, and practice patterns. Decisions 
regarding admission of obstetric patients to ICU 
may also be confounded by physiologic changes 
in pregnancy; predisposition to certain conditions 
seen in the nonpregnant population; occurrence 
of epidemics and pandemics that may raise levels 
of illness severity and clinical suspicion of such; 
and, importantly, the accessibility and availabil-
ity of such care, which is especially problematic 
in developing regions.

4.5  Levels, Patterns, and Trends

There is relatively wide geographical variation in 
the proportion of obstetric ICU admissions 
among all ICU cases (Table 4.1). Most of the cur-

rent data has been derived from retrospective 
data. In order to fully capture obstetric ICU 
admissions during retrospective review, the case 
identification strategy should include antepartum 
and postpartum admissions that are distinct from 
the delivery admission [37]. Differences in 
reported obstetric ICU admission rates among all 
deliveries relate both to geographical location 
and available resources and also to careful case 
identification. One study used a strategy to iden-
tify all obstetric ICU admissions not just during 
the delivery admission; there, the overall rate of 
ICU utilization was 419.1/100,000 deliveries, 
among which 162.5, 202.6, and 54.0/100,000 
deliveries were antepartum, during delivery, and 
postpartum, respectively [29].

Some larger obstetric units throughout the 
world have developed “high level” obstetric care. 
These are non-ICU units, usually located in or next 
to the labor and delivery units. They are staffed by 
medical personnel with training in critical care 
medicine. Such units can provide invasive cardio-
vascular monitoring, but they often lack special-
ized ventilation services or advanced life support  

Table 4.1  Key characteristics of osbtetric ICU admissions (NR-not reported)

Country Author
Number of obstetric 
ICU admissions

Incidence of ICU admissions 
(per deliveries) (%)

Obstetric patients among 
all ICU admissions (%)

UK Harrison 1902 NR 0.9
Morocco Mjahed 364 0.6 16
Argentina Rios 242 0.8 3.9
UK Hazelgrove 210 0.2 1.8
Spain Vasquez 161 0.7 10
UK Wheatley 144 0.8 12
Netherlands Keizer 142 0.8 0.7
Turkey Demirkiran 125 0.9 2.2
Saudi Arabia Anwari 99 0.2 1.6
Kingdom of Bahrain Rajab 83 0.2 3.0
South Africa Plateau 80 NR 8.7
Saudi Arabia Al-Jabari 65 NR 0.5
UAE Mirghani 60 0.3 2.4
Israel Lewinsohn 58 NR 0.4
Australia Sriram 56 NR 0.4
Hong Kong Leung 50 0.1 0.7
China Tang 49 0.1 0.6
Israel Cohen 46 2.4 0.2
Singapore Cheng 43 0.3 1.1
Singapore Ng 37 0.2 3.0
England Selo-Oieme 33 0.1 0.8
Pakistan Bibi 30 1.35 1.3
Nigeria Okafor 18 0.3 2.2
Lebanon Richa 15 0.2 0.4
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techniques such as ECMO that are available in 
general ICUs [38]. Such units have been coined 
“obstetric intensive care,” “obstetric intermediate 
care,” and “obstetric high-dependency units.” 
Between 0.9 and 1.7% of all obstetric patients in 
three studies conducted in the late 1980s and early 
1990s were reported to receive “high level” care, 
and only 5–11% of the women were transferred to 
a general ICU [39–41].

Admission to a general ICU occurs with var-
ied frequency [39–41] among obstetric patients 
[28, 42]. A recent report of ICU admissions 
among obstetric patients (2001–2010 statewide 
data from Texas) documented the highest inci-
dence of ICU utilization in obstetric patients in 
the USA to date; 1  in 25 pregnancy-associated 
hospitalizations and 1 in 30 pregnancies involved 
an ICU admission [28]. This translates to an 
overall incidence of ICU admission of 39.0/1000 
pregnancy-associated hospitalizations-years, 
ranging between 32.1/1000 delivery 
hospitalizations- years and 144.8/1000 postpar-
tum hospitalizations-years [28]. Approximately 
1% of women who deliver are readmitted within 
6  weeks [42]. The majority of pregnancy- 
associated ICU admissions occur during the 
delivery admission; however, proportionately, 
more obstetric-related admissions occur among 
those admitted postpartum [43]. This is not sur-
prising given obstetric providers’ reluctance to 
transfer mothers until the infant is delivered. 
Postpartum ICU admission in the Texas series 
was accompanied by 14-times higher rates of 
SMM and 32-times higher rates of hospital mor-
tality than women admitted for delivery [28]. 
Pregnancy-associated ICU admission rates were 
highly variable by pregnancy outcome, ranging 
between 0.6/1000 abortions-years and 85.9/1000 
stillbirths-years [28]. During the study period, 
the rates of postpartum admission with severe 
complications more than doubled, and the overall 
mortality of women admitted postpartum to the 
ICU increased by 66% [28].

Previously reported US state-level incidence 
of ICU admission were considerably lower; 
1.5/1000 deliveries during 1984–1997 [31], 
4.2/1000 deliveries during 1998–2008  in 
Maryland [29], and 15.4/1000 deliveries during 

1997–2005  in New Jersey [32]. Between 2009 
and 2012, the rate of ICU admission was 2.9/1000 
maternities in the UK [43]. The much lower 
availability of surgical and medical ICUs in the 
developing regions of the world limits the rele-
vance of ICU admission frequencies between 
developed and developing regions [14, 15].

The rate of emergency cesarean delivery is 
one of the criteria used by the WHO for assessing 
the quality of obstetric care [14]. Cesarean deliv-
ery rates are high among ICU-admitted pregnant 
and postpartum women, ranging between 50.0 
and 87.4% with an average of about 65% in a 
recent literature review [38]. Of note, however, in 
most cases, cesarean delivery was not the pri-
mary cause of ICU admission but was performed 
because of SMM and the clinical condition of the 
woman [38].

Early identification and management of SMM 
is expected to reduce the number of women who 
need ICU care and to restrict its use to the most 
severe cases and those with unexpected compli-
cations among women with low-risk pregnan-
cies. However, given increases in maternal age 
and the higher burden of chronic medical condi-
tions that women carry into pregnancy, current 
levels of need for ICU admission may persist.

4.6  Key Characteristics 
of Women Admitted to ICUs 
During Pregnancy and/or 
Peripartum

Several cohort and case-control studies identified 
key characteristics and risk factors for ICU 
admission in obstetric patients. In the 1984–1997 
Maryland study [31], age >35 years, non-white 
race, treatment in small teaching hospitals, and 
transfer to a higher-level hospital were predictors 
of pregnancy-associated ICU admission. In a 
French cohort [44], higher order parity, multiple 
pregnancy, non-European nationality, and having 
a consultation (which is mandatory at 36 weeks 
in France) at a hospital other than the one where 
the woman delivered were key predictors of ICU 
admission in pregnant women. The odds ratio of 
requiring ICU care was 2.5 (95% CI 0.3–4.6) in 
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the study from France [44], and 3.3 (95% CI 1.5–
7.0) in a tertiary hospital in Canada among 
women with multiple pregnancies compared to 
those with singleton pregnancies [45].

More women in developed countries are 
increasingly delaying childbearing. As a result, 
more are expected to enter pregnancy with a 
burden of chronic medical conditions and other 
risk factors. These women are more likely to 
require not only heightened clinical vigilance, 
but also complex care, including cesarean deliv-
ery. For example, almost 15% of the pregnant 
women admitted to an ICU in the Texas series 
were over 35 years of age, 9.7% of them had a 
chronic medical condition, and 6.2% had organ 
dysfunction [28].

4.7  Causes of ICU Admission

Conditions that may result in ICU admission dur-
ing pregnancy and the postpartum period can be 
categorized as: (1) pregnancy-related, (2) pre- 
existing comorbidities that may worsen during 
pregnancy (e.g., epilepsy, myasthenia gravis, val-
vular disease, congenital heart disease, primary 
pulmonary hypertension, diabetes mellitus, 
chronic kidney disease), (3) diseases for which 
the woman has an increased risk during preg-
nancy (e.g., infection/sepsis, pulmonary embo-
lism, deep venous thrombosis, acute kidney 
injury, renal failure), and (4) acute diagnoses that 
may be coincidental to pregnancy (e.g., trauma, 
ruptured intracranial aneurysm, appendicitis, 
cholecystitis).

Direct, pregnancy-related conditions that most 
often lead to ICU admission include obstetric 
complications such as postpartum hemorrhage, 
hypertensive disorders of pregnancy, amniotic 
fluid embolism, and complications of cesarean 
delivery. Postpartum hemorrhage, preeclampsia/
eclampsia, and sepsis account for the vast major-
ity (75–80%) of ICU admissions in pregnant 
women across the world [17, 29, 31, 39, 40, 43, 
46–55]. Preeclampsia/eclampsia and postpartum 
hemorrhage were, indeed, the most common 
causes of pregnancy-associated ICU admission 
in the recent Texas series [28]. Yet, only a minor-

ity of women diagnosed with each of these condi-
tions (12.0% and 8.9%, respectively) were 
admitted to the ICU.  Conversely, two-thirds of 
those with status epilepticus received care in the 
ICU [28]. Indirect causes of morbidity leading to 
maternal ICU admission show more of a geo-
graphic variation [38], with conditions like 
asthma, pneumonia, pulmonary thromboembo-
lism, collagen vascular disorders, and injuries 
(e.g., motor vehicle accidents, drug overdoses) 
being common in the developed world, while 
viral and parasitic infections being more preva-
lent in developing regions [56–59]. For example, 
a study from one center in New Jersey noted that 
80% of antepartum ICU admissions were for 
medical conditions, whereas 77% of postpartum 
admission were for obstetric conditions [60]. By 
comparison, a study in India found that 45% of 
antepartum admissions and 19% of postpartum 
admissions were for medical disorders [57]. 
Community-acquired infections are the most 
common conditions requiring ICU admission in 
the antepartum period, especially in developing 
countries [17].

Obstetric disorders appear to be more com-
mon causes for pregnancy-associated ICU 
admission in western European and some Asian 
countries than they are in the USA [17, 61, 62]. 
A lower incidence of serious respiratory infec-
tions and fewer women requiring mechanical 
ventilation were reported in Spain, for example, 
than in the USA [62]. Studies from Asia also 
contrast with those from Europe and the USA in 
that no ICU-admitted obstetric patients had deep 
venous thrombosis [63, 64]. Also of note, mas-
sive postpartum hemorrhage was responsible for 
73% of pregnancy-associated ICU admissions in 
a study in Finland, yet all of the 22 obstetric ICU 
admissions were women with low risk [65]. This 
is likely the result of early identification and 
management of complications in women with 
high- risk pregnancies in many developed coun-
tries. Thus, there appear to be differences in 
causes of ICU admission both within and 
between countries, as well as differences depen-
dent on the time of admission in relation to preg-
nancy in different reports. Such differences may 
stem from different threshold for admitting a 

A. A. Creanga



39

pregnant or postpartum woman to an ICU or the 
different phases of obstetric transition in various 
countries.

Of note, anesthesia complications were 
responsible for maternal ICU admissions in up to 
26% of cases reported in studies throughout the 
1980s and 1990s [31, 54, 66–70], but their contri-
bution to this subpopulation has declined in 
recent times, in parallel with a documented 
decline in their contribution to maternal mortality 
in developed regions [71].

Finally, studies conducted in the early 2000s 
suggest that about 65% of pregnant and postpar-
tum women admitted to the ICU experience fail-
ure of one or more organ systems [17, 43, 61]. 
The respiratory and hematological systems are 
most commonly affected [17, 28, 57, 61]—the 
former especially so in antepartum patients admit-
ted to an ICU—while the latter is most common 
in postpartum cases [50, 57]. As of the time of this 
writing, more contemporary data are lacking.

4.8  Severity of Cases Admitted 
to ICU

Obstetric patients tend to have better outcomes 
than other intensive care patients [17], with 2% 
versus 11% ICU mortality rates respectively 
reported in the UK in 2007 [72]. Studies have 
shown that many obstetric patients spend less 
than 24–48 h in the ICU, likely due to the rapid 
reversal of many obstetric conditions after deliv-
ery [73, 74]. While some argue that many obstet-
ric patients could be managed in a 
high-dependency unit (HDU) rather than an 
intensive care unit [74, 75], these HDUs gener-
ally have capabilities that in other centers are 
only available in ICUs. That a certain proportion 
of patients admitted to intensive care may be 
managed successfully outside the ICU is proba-
bly true for any group of patients, since a certain 
margin of safely is desirable if resources permit. 
The threshold for ICU admission has not been 
delineated for most patient populations, and 
obstetric patients are no different in this sense. 
The relative prevalence of “high level” units for 
obstetric patients compared to other patient 

groups may suggest a reluctance to refer or admit 
pregnant or peripartum women to intensive care 
units. Considerations potentially leading to such 
reluctance include the high likelihood of rapid 
maternal recuperation and a desire to encourage 
maternal-neonatal bonding.

Severity of illness is usually ascertained by 
using physiological information to derive sever-
ity scores [51]. Commonly used prognostic sys-
tems (e.g., APACHE II) have not been accurate in 
predicting outcomes of ICU-admitted obstetric 
patients [51]. This is likely because most scoring 
systems do not include adjustments for normal 
obstetric physiologic changes, such as decreased 
blood pressure and increased respiratory rate. As 
a result, high scores may be given to normal score 
parameter values for pregnant women that are 
outside the normal range in nonpregnant 
individuals.

Case severity potentially meeting indications 
for ICU admission can be defined by the number 
of organ dysfunctions or the All Patients Refined 
Diagnosis-Related Groups (APR-DRG) codes 
routinely reported in administrative data [38]. 
ICU admissions can be categorized into minor, 
moderate, high, and extreme case severity by 
integrating patients’ demographics, principal and 
secondary diagnoses, and procedure codes [28]. 
Using APR-DRG categorization, more than one- 
quarter (26.5%) of ICU-admitted pregnancy- 
associated cases in the Texas series, for example, 
was classified as “highly severe” and 3.6% as 
“extremely severe.” [28] Severity of illness mea-
sured by mean APR-DRG scored showed an 
annual decrease of 1.1% per year in the same 
report [28].

The case fatality rate, defined as the number of 
ICU-admitted pregnant or postpartum women 
who died in hospital divided by the total number 
of pregnancy-associated ICU admissions, is not 
negligible. Over 400 pregnant or postpartum 
women died in an ICU as reported in the Texas 
series (2001–2010), yielding a 0.3% case fatality 
rate, which did not change significantly over time 
[28]. Case fatality rates for obstetric cases admit-
ted to an ICU are significantly higher in develop-
ing countries than they are in developed countries 
[55, 58]. This can be explained by case severity at 
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the time of hospital and ICU admission which 
likely reflects the poor functionality of health 
systems in developing regions of the world.

Another measure of case severity reported 
in the literature is the death to ICU transfer 
ratio, which in a recent literature review ranged 
widely between 1:5 and 1:126 [38]. For exam-
ple, a majority (58.6%) of maternal deaths in the 
earlier Maryland report occurred without ICU 
admission, potentially suggesting ICU unde-
rutilization in this state [29]. By comparison, 
in Texas, only 26% of deaths in pregnancy-
associated hospitalizations did not involve ICU 
admission [28]. The distribution of antepartum, 
intrapartum, and postpartum ICU admissions 
closely matches the timing of maternal deaths 
with about 25% occurring antepartum, 28% 
intrapartum/immediately postpartum, and 36% 
subacute/delayed postpartum [76]. Over time, a 
decrease occurred mainly in intrapartum mater-
nal deaths worldwide [76].

4.9  Surveillance and Future 
Research Considerations

SMM and MNM are promising indicators for 
monitoring the quality of obstetric care through-
out the world. Reductions in adverse maternal 
outcomes should translate into improvements in 
these indicators. For surveillance purposes, rou-
tine administrative hospital data can provide 
valuable information about SMM and ICU 
admissions, yet efforts should be made to vali-
date the data and improve their quality. ICU 
admission has long been considered a proxy for 
SMM; this is now considered one of two criteria 
recommended for facility-level SMM surveil-
lance in the USA, for example [5, 10]. Notably, 
audits of SMM have shown that about two-thirds 
of cases will be missed if ICU admission is the 
only indicator of SMM [77]. Moreover, the 2017 
Texas series documented the highest incidence of 
ICU admission in obstetric patients in a high- 
resource country to date [28], demonstrating a 
relatively low threshold for admitting pregnant 
and postpartum women to an ICU and raising 
questions regarding the use of ICU admission as 

a proxy or marker for SMM. The USA has one of 
the highest population-indexed number of adult 
ICU beds in high-resources settings [33], and the 
increasing number of ICU beds may be a driver 
for rising ICU utilization in the general popula-
tion [78]. Yet, when looking at settings with simi-
lar levels of ICU bed availability, the incidence of 
general obstetric ICU admission is considerably 
higher in the USA [33]. Thus, international com-
parisons of SMM, MNM, or just maternal ICU 
admission are even more difficult to make than 
country-level comparisons.

Is there a model in SMM or MNM surveil-
lance? The UK Obstetric Surveillance System 
(UKOSS) is a national system for research into 
MNM. The conditions studied through UKOSS 
change over time, according to the key questions 
and challenges identified from within UK 
 maternity services. The recent addition of a pro-
gram for MNM case reviews, called the 
Confidential Enquiries into Maternal Morbidity 
(CEMM), permits a complete examination of the 
incidence, risk factors, care, and outcomes of the 
most severe complications in pregnancy [79]. A 
different near miss condition is chosen each year 
for the CEMM on the basis of an open call for 
topic proposals. Of note, however, no attempt has 
been made in the UK to define SMM as an entity 
and conduct surveillance for a list of SMM indi-
cators. The topic-based approach to study MNM 
conditions allows for new studies to be intro-
duced when there are specific clinical questions 
to be addressed and minimizes the data collection 
burden and fatigue [79, 80].

Studies are needed to assess the avoidable 
variability in ICU utilization by pregnant and 
postpartum women in order to inform planning 
and resource allocation as well as to assess ICU 
utilization as a proxy measure for SMM at state, 
regional and national levels, and for international 
comparisons.

Future studies reporting data on pregnancy- 
associated ICU admissions should use specific 
denominators (i.e., deliveries or postpartum hos-
pitalizations) for deriving ICU admission inci-
dence to facilitate comparisons between studies. 
When examining antepartum or postpartum 
hospitalizations separately, using delivery hos-
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pitalizations as the denominator underestimates 
the demand for ICU services. More specific data 
on utilization of ICU services by women with 
specific maternal morbidities can inform the 
development of triage and management guide-
lines for pregnant and postpartum women who 
need critical care. Since the association between 
ICU admission and preventable maternal death 
or long-term disability cannot be examined 
through a randomized experimental approach, 
there is need for observational studies that 
include sufficient detailed clinical and temporal 
information to help develop prognostic markers 
of maternal death or long-term disability, which 
in turn provide a sufficient window for clinical 
intervention.
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5

Bullet Points
• About 7.6% of healthy pregnant women 

have platelet counts less than 150,000/
mm3.

• Fibrinogen (factor I) levels increase 
steadily from 28  weeks’ gestation and 
are doubled by the time of delivery.

• Lupus anticoagulant has no in vivo antico-
agulation effect; a laboratory artifact affects 
phospholipid binding assays, including 
aPTT, without effect on prothrombin time.

• Antiphospholipid syndrome in preg-
nancy is highly associated with throm-
bosis, including cerebral infarction, deep 
vein thrombosis, myocardial infarction, 
and pulmonary embolism.

• Without anticoagulation therapy, preg-
nant and postpartum women with pro-
tein C deficiency will suffer thrombosis 
25% of the time; most events will occur 
postpartum.

• Pregnant women with factor V Leiden 
mutation should be treated with low 
molecular weight heparin (LMWH) 
from the first trimester of pregnancy.

• DIC may be caused by massive hemor-
rhage, preeclampsia, sepsis, retained 
dead fetus, placental abruption, and 
amniotic fluid embolus.

• If warfarin is administered during preg-
nancy, it is usually discontinued in favor of 
heparin 1–4 weeks prior to the estimated 
delivery date/critical care admission.

• Prophylactic treatment during labor is 
recommended for pregnant women with 
factor VIII levels below 25%.

• Thrombocytopenic purpura (TTP) is 
challenging to distinguish from hemo-
lytic uremic syndrome (HUS), DIC, 
sepsis, transient ischemic attack, and 
even some types of gastroenteritis.

• Contrary to HUS, TTP is accompanied 
by a severe deficiency of a von 
Willebrand factor (vWF) cleaving pro-
tease called ADAMTS 13 which cleaves 
vWF multimers.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_5&domain=pdf
https://doi.org/10.1007/978-3-030-43477-9_5#DOI
mailto:Aryeh.Shander@EHMCHEALTH.org
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5.1  Normal Physiology 
of Coagulation in Pregnancy

Clot formation occurs through the endothelial wall 
(extrinsic) and platelet surface (intrinsic) pathways 
with intricate feedback systems interconnecting 
both [1]. Complicating matters is the change in 
blood volume occurring during pregnancy. Total 
blood volume steadily increases to 45% above non-
pregnant levels by term. Plasma volume begins to 
expand at 6 weeks gestation and steadily rises until 
it peaks to a total increase approximating 50% at 
34  weeks of gestation. Red blood cell volume 
decreases during the first 8  weeks of gestation, 
rises to prepregnancy levels by 16 weeks of gesta-
tion, and finally increases to 30% above prepreg-
nancy levels by term. The relative dilution of 
clotting factors caused by these changes determines 
the delicate balance between bleeding and clotting 
as pregnancy progresses (see Fig. 5.1) [2, 3].

Platelet turnover is enhanced during preg-
nancy. Increases in platelet factor 4 and beta- 
thromboglobulin signal, elevated platelet 
activation, and an increase in platelet distribution 
lead to increased platelet consumption during 
pregnancy. However, platelet levels tend to either 
remain normal or slightly decrease (~20%) dur-

ing pregnancy, suggesting a parallel compensa-
tory increase in platelet production. About 7.6% 
of healthy pregnant women have platelet counts 
less than 150,000/mm3, and another 0.9% have 
platelet counts less than 100,000/mm3, which is 
termed gestational thrombocytopenia. Gestational 
thrombocytopenia is generally not associated 
with increased risk of bleeding [4, 5].

The blood levels of many coagulation factors 
increase in pregnancy. Factor II may increase by 
up to 1000%, and factors I, VIII, IX, X, and XII 
and von Willebrand factor all increase by more 
than 100% [6]. Factors VII, VIII, IX, and X all 
steadily increase during pregnancy. Factor XII 
remains stable at a slightly higher than normal 
level throughout pregnancy [7]. Previously, fac-
tor XI was thought to decrease during pregnancy. 
However, recent studies show that this is only 
found in women with a preexisting factor XI defi-
ciency. For women with normal prepregnancy 
factor XI levels, the levels stay stable throughout 
gestation. Conversely, the concentrations of fac-
tors II, V, X, and XI remain unchanged, and fac-
tor XIII and protein S may decrease by 50% (see 
Table  5.1). Prothrombin time (PT) and partial 
thromboplastin time (PTT) are shortened by 
approximately 20%.
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Fig. 5.1 Changes in blood 
volume during pregnancy. 
Changes in plasma volume, 
RBC volume, and 
hematocrit during 
pregnancy. The increase in 
plasma volume is greater 
than the increase in RBC 
volume, causing the 
“physiological anemia of 
pregnancy,” which can be 
partially corrected with iron 
supplements. (With 
permission from Bonow, 
R. O., Mann, D. L., Zipes, 
D. P., & Libby, P. (2011). 
Braunwald’s Heart Disease: 
A Textbook of 
Cardiovascular Medicine. 
9th edition. Philadelphia: 
Elsevier Science)
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Fibrinogen (factor I) levels stay close to pre-
pregnancy values until 28  weeks’ gestation, at 
which point levels begin to increase steadily to 
double the prepregnancy values by the time of 
delivery. D-dimer levels equal or exceed 0.5 mg/L 
(cutoff for thromboembolism) in 25% of parturi-
ents by weeks 13–20 gestation. By 36–42 weeks 
of gestation, almost all pregnant women have 
D-dimer levels above 0.5 mg/L.

At delivery and during postpartum day 1, 
platelet counts decline rapidly, while fibrinogen, 
factor VIII, plasminogen, and antifibrinolytic 
activity increase. The levels of both fibrinogen 
and D-dimer start to decrease by the second post-
partum day. At postpartum days 3–5, fibrinogen 
concentration and platelet count increase coin-
ciding with a higher incidence of thrombotic 
complications during this period. Coagulation 
dynamics return to the nonpregnant state approx-
imately 2 weeks postpartum.

5.2  Hypercoagulable Conditions 
and Pregnancy

5.2.1  Antiphospholipid Syndrome

Hughes’ syndrome, which was first recognized in 
the early 1980s, is a prothrombotic disorder char-
acterized by the presence of two autoantibodies, 

lupus anticoagulant and anticardiolipin antibody. 
Hughes’ syndrome was initially considered rare, 
but this perception has changed with recent diag-
nostic advances. Although these two autoanti-
bodies are also prevalent in systemic lupus 
erythematosus (SLE), antiphospholipid syn-
drome is distinct from SLE (Chap. 15). Only 8% 
of patients with antiphospholipid syndrome also 
have concomitant SLE [8], and the two are quite 
distinct in their clinical manifestations. Women 
with Hughes’ syndrome may suffer both arterial 
and venous thrombosis. The two antiphospho-
lipid antibodies bind to beta-2-glycoprotein-1, 
which in turn binds to glycoprotein-1ba on plate-
lets and causes platelet adhesion and complement 
activation. Conversely, lupus anticoagulant has 
no in vivo anticoagulation effect. Its anticoagu-
lant effect is a result of a laboratory artifact that 
affects phospholipid binding assays, including 
aPTT. aPTT is prolonged in the presence of lupus 
anticoagulant even when repeated with a 1:1 
mixture of the patient’s plasma and control. 
However, it has little to no effect on prothrombin 
time. In this sense the terminology “anticoagu-
lant” is a misnomer.

Diagnosis of Hughes’ syndrome is made by 
clinical evidence of recurrent venous and/or arte-
rial thrombosis and/or pregnancy loss along with 
laboratory evidence of anticardiolipin antibody 
and lupus anticoagulant. Laboratory evidence 
includes (a) elevated aPTT, (b) evidence that 
abnormal aPTT is caused by inhibitor rather than 
factor deficiency based on results of mixing stud-
ies (elevated aPTT with 1:1 mix of patient plasma 
and control), and (c) proof that inhibitor is directed 
specifically against phospholipid factors. For 
example, the antiphospholipid antibodies present 
in syphilis (diagnosed using the VDRL and 
Wasserman tests) may be falsely positive in 
patients with antiphospholipid syndrome [9, 10].

As noted above, pregnant women with 
antiphospholipid syndrome may suffer from arte-
rial and/or venous thrombosis, including cerebral 
infarction, deep vein thrombosis, myocardial 
infarction, and pulmonary embolism. Silver et al. 
studied 130 women with antiphospholipid syn-
drome for a median period of approximately 
3 years. Forty eight percent of these women expe-

Table 5.1 Changes in coagulation elements in pregnancy 
at term gestation

Coagulation element Change at term gestation
Factor 1 (fibrinogen) Increased
Factor II (prothrombin) Unchanged
Factor V Unchanged
Factor VII Increased
Factor VIII Increased
Factor IX Increased
Factor X Increased
Factor XI Decreased or unchanged
Factor XII Increased
Factor XIII Decreased
Protein C Unchanged
Protein S Decreased
Antithrombin III Unchanged
Plasminogen Increased
D-dimer Increased

5 Physiology and Pathology of Coagulation in Pregnancy
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rienced one or more transient ischemic attacks, 
peripheral thrombosis, stroke, amaurosis fugax, 
and other clinically significant findings/events. 
Among these women, 24% had experienced these 
events during pregnancy [11]. Catastrophic 
antiphospholipid syndrome is a rare syndrome 
causing multisystem organ thrombosis and failure 
and is also linked to pregnancy in 4% of cases [12].

Antiphospholipid antibodies also endanger 
the fetus. Death often occurs in utero due to pla-
cental infarction, mostly at mid- to late preg-
nancy. Fetal mortality is high in antiphospholipid 
pregnancies and seems to relate to the antibody 
profile. In one study of 750 pregnancies of 
women with positive antiphospholipid profiles, it 
was shown that 7% had only lupus anticoagulant, 
61% had only anticardiolipin, and 17% had only 
anti-beta-2-glycoprotein-1; additionally, 12% of 
women had two positive antibodies and 3% had 
all 3 antibodies. Live birth rates were related to 
the specific antiphospholipid antibodies: 80% for 
lupus anticoagulant, 56% for anticardiolipin, 
48% for anti-beta-2-glycoprotein-1, 43% for 
double positive women, and 30% for triple posi-
tive women [13]. A reduction in maternal throm-
botic events and improved fetal survival has been 
evaluated with use of combined treatment with 
acetylsalicylic acid and heparin [14].

The American College of Obstetrics and 
Gynecologists recommends that women with 
recurrent unexplained pregnancy loss (including 
fetal loss after 10 weeks’ gestation or 3 or more 
unexplained embryonic losses) or vascular 
thrombosis undergo investigation. Diagnosis is 
confirmed if lupus anticoagulant, anticardiolipin, 
anti-beta- 2-glycoprotein-1 antibodies are posi-
tive on two occasions 12  weeks apart. Women 
with antiphospholipid syndrome and no history 
of thrombosis should receive prophylactic doses 
of heparin and low-dose acetylsalicylic acid 
throughout pregnancy and 6–8  weeks postpar-
tum. Women with antiphospholipid syndrome 
and a previous history of thrombosis should 
receive full anticoagulation throughout the same 
period. The risk-benefit ratio of treatment with 
prednisone, with or without intravenous immu-
noglobulin, remains unclear. These are therefore 
not recommended as primary therapy [9].

5.2.2  Protein C Deficiency

Protein C is a vitamin K-dependent protein (anti-
coagulant) produced in the liver. It normally acts 
by inhibiting activated factors V and VIII.  In 
pregnancy, protein C levels increase gradually by 
35%. This increase is lessened in women with 
protein C deficiency. The incidence of protein C 
deficiency is about 1:15,000. Without anticoagu-
lation therapy (i.e., heparin, warfarin), pregnant 
and postpartum women with protein C deficiency 
will suffer thrombosis 25% of the time with 66% 
of these thrombotic events occurring in postpar-
tum [15]. Heparin is usually administered in the 
first trimester, and either heparin or warfarin is 
administered from the second trimester to the 
postpartum period. Since protein C is a vitamin 
K-dependent anticoagulant with a very short 
half-life (~7 h), heparin anticoagulation must be 
administered prior to warfarin since protein C 
levels would otherwise drop faster than levels of 
factors II, VII, IX, and X. This could potentially 
result in thrombosis. Direct oral anticoagulants, 
such as factor Xa inhibitors (e.g., apixaban, edox-
aban, and rivaroxaban) and direct thrombin 
inhibitors (dabigatran), are not used routinely in 
pregnant women due to concerns regarding tera-
togenicity, although these concerns are based 
only on limited animal and human studies [16].

5.2.3  Protein S Deficiency

Protein S is an anticoagulant produced by the 
liver and depends on vitamin K for synthesis. 
Protein S acts as a cofactor for protein C. Protein 
S deficiency has an autosomal dominant inheri-
tance and is therefore relatively rare with a 
population- based disease prevalence ranging 
from 1 in 500–3000 [13]. The treatment for pro-
tein S deficiency is identical to that of protein C 
deficiency.

5.2.4  Factor V Leiden Mutation

The mutation of factor V Leiden is displacement 
of a single amino acid. This mutation results in a 
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factor V variant that persists in the plasma longer 
than usual due to decreased degradation by acti-
vated protein C. This effective increase in plasma 
levels of factor V leads to a propensity for hyper-
coagulability. The prevalence of heterozygous 
factor V Leiden mutation is about 5–8%. Pregnant 
and postpartum women with the heterozygous 
mutation have the double the risk of thrombosis 
compared to those without the mutation. The 
prevalence of a homozygous mutation is 1:6000. 
This mutation may increase the risk of thrombosis 
by as much as 80-fold in the obstetric population.

Pregnant women with factor V Leiden muta-
tion should be treated with low molecular weight 
heparin (LMWH) from the first trimester of preg-
nancy. Treatment should be continued until 
approximately 2 weeks before the estimated date 
of delivery. At this point, LMWH treatment 
should be transitioned to unfractionated heparin. 
Following delivery, LMWH is restarted and con-
tinued for an additional 6 weeks [14].

5.2.5  Antithrombin III Deficiency

Antithrombin III (ATIII) is a non-vitamin 
K-dependent protease that is produced in the liver 
and endothelial cells. It inhibits coagulation by 
inactivating the enzymatic activity of thrombin 
via factors IXa, Xa, and XIIa. Heparin increases 
the binding of ATIII to these factors, thereby 
potentiating its effect. For this reason, heparin is 
less effective in patients with ATIII deficiency. 
ATIII has an overall prevalence approximating 
1:5000 in the general population. The congenital 
form of ATIII is rarely seen in adults. The acquired 
form, which is most commonly seen in adult 
women, has both quantitative (type I) and qualita-
tive (type II) variants. Type 1 deficiency is caused 
by a decrease in antithrombin activity and antigen 
levels, while type 2 deficiency results from pro-
duction of a variant antithrombin protein with 
decreased function [17].

Increased consumption is the form of ATIII 
most likely to be encountered by clinicians treat-
ing pregnant and postpartum women in the acute 
care setting, as it occurs during abnormal coagu-
lation system activation. Conditions that typi-
cally induce ATIII deficiency include massive 

hemorrhage with disseminated intravascular 
coagulation (DIC), microangiopathic-hemolytic 
and veno-occlusive diseases, as well as nephrotic 
syndrome. However, use of heparin has also been 
associated with antithrombin III deficiency, 
which is important in the context of prolonged 
acute critical illness. Treatment is discussed 
below (see DIC).

Contrary to other coagulopathies which may 
often be diagnosed by the presence of a specific 
antigen, diagnosing the specific type of ATIII 
deficiency requires both functional and immuno-
logic assays. In other words, during acute hemor-
rhage a definite diagnosis is not possible.

The risk of thrombosis during pregnancy in 
women with untreated ATIII deficiency is 
55–68% (compared to 0.1% in pregnant women 
without this condition) [18]. LMWH heparin 
(40–60  mg QD-BID) is the anticoagulant of 
choice for the first and third trimester. In the sec-
ond trimester and postpartum, women may be 
treated with LMWH or warfarin. LMWH dosing 
may need to be increased substantially or admin-
istered concomitantly with antithrombin III con-
centrate (20–40 mg/kg) [19].

5.3  Acquired Hypocoagulable 
Conditions and Pregnancy

A hypocoagulated state may be aquired during 
pregnancy for several reasons. Disseminated intra-
vascular coagulation is a common complication of 
several conditions that arise in pregnancy. Treatment 
administered for hypercoagulable conditions may 
also cause hypocoagulation. Medications com-
monly used in pregnancy can cause drug-related 
coagulopathy. These are hereby discussed.

5.3.1  Disseminated Intravascular 
Coagulation

Disseminated intravascular coagulation (DIC) is 
an acquired, diffuse, intravascular, pathological 
form of activation of the coagulation cascade. 
DIC is characterized on the one hand by forma-
tion of large amounts of thrombin and consump-
tion of coagulation factors and on the other hand 
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by activation of the fibrinolytic system. In the 
process of activation, microvascular thromboses 
are created that obstruct the microvasculature, 
eventually producing end organ dysfunction and 
failure.

In pregnant women, DIC may be caused by 
massive hemorrhage, preeclampsia, sepsis, 
retained dead fetus, placental abruption, and 
amniotic fluid embolus [20]. In the setting of 
DIC, laboratory tests reveal a rapid decrease in 
platelet count, fibrinogen, and ATIII concentra-
tions. Concomitantly, there are varying increases 
in PT, PTT, D-dimer, fibrin monomer, and fibrin 
degradation products.

Management of the pregnant or peripartum 
woman with DIC is multifaceted. The underlying 
cause must be removed and/or treated rapidly. In 
addition, coagulation factors must be replaced 
(see Table 5.2). Hemodynamic resuscitation with 
fluids and vasopressors may also be indicated. 
Finally, ongoing fibrinolysis should be halted.

The use of antifibrinolytic agents in the setting 
of DIC remains controversial. Inhibition of fibri-
nolysis may cause widespread fibrin formation 
and deposition leading to small and midsize 
blood vessel thromboses.

Heparin has been used by some physicians for 
patients with DIC who do not have severe hemor-
rhage but have evidence of peripheral deposition 
of fibrin and resulting multiorgan failure. If a 
decision is made that administration of unfrac-
tionated heparin is justified, it may be adminis-

tered either intravenously or subcutaneously at a 
dose of 300–700  units/h. Alternatively, low 
molecular weight heparin (LMWH) can be given 
at a dose of 75 UN/kg/day [20, 21]. Heparin is 
only effective if ATIII levels are not low; thus 
concomitant administration of fresh frozen 
plasma (which contains ATIII) or ATIII concen-
trate may also be required. Some evidence also 
exists for improved organ function and patient 
outcomes with the use of ATIII concentrate alone 
in the presence of DIC [22]. Since use of both 
antifibrinolytic agents and heparin in DIC 
remains controversial, it is of paramount impor-
tance to determine treatment case by case after 
multidisciplinary consultation.

5.3.2  Therapeutic Anticoagulation

The anticoagulant most commonly used in preg-
nant women who require long-term anticoagula-
tion is heparin, either as unfractionated or 
LMWH.

Unfractionated heparin is a short-acting drug 
with a half-life of 1.5 h if given subcutaneously 
and 30  min if given intravenously [23]. When 
administered either intravenously or subcutane-
ously, normalization of hemostasis will occur 
4–6  h after discontinuation [24]. Therapeutic 
dosing via the subcutaneous route requires 
administration 2–3 times daily. The degree of 
anticoagulation with heparin is monitored by fol-
lowing the aPTT or activated coagulation time 
(ACT).

Low molecular weight heparins (e.g., enoxa-
parin) are longer-acting drugs with a half-life of 
3–4 h if administered subcutaneously or intrave-
nously [25]. In women treated with either unfrac-
tionated or low molecular weight heparin, if 
immediate reversal is required, protamine 
(50  mg) may be given intravenously. However, 
there is considerable variance in the response to 
protamine in terms of reversal effectiveness. 
Therefore, this treatment is not recommended 
unless ACT may be followed after dosing.

If warfarin has been administered during preg-
nancy, it is usually discontinued in favor of hepa-
rin 1–4 weeks prior to the estimated delivery date 

Table 5.2 Plasma half-life of coagulation factors and 
minimum plasma concentration needed for hemostasis

Factor
Plasma 
half-life

Minimum plasma 
concentration needed for 
hemostasis (mg/dL)

Fibrinogen 
(factor I)

2–4 days 50–75

Prothrombin 
(factor II)

3–4 days 25–30

Factor V 36 h 15–20
Factor VII 4–6 h 15–20
Factor VIII 10–12 h 15–20
Factor IX 18–24 h 15–20
Factor X 40–60 h 15–20
Factor XI 40–70 h 15–20
Factor XIII 11–14 days 2–5
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or at the time of critical care admission. Women 
who go into labor or require surgery while on 
warfarin will require reversal of anticoagulation. 
Options for reversal include prothrombin com-
plex concentrate (PCC) dosed at 25–50 units/kg 
intravenously (rapid and complete correction, 
within 10–15 min, although controversial due to 
concerns over thrombogenicity and DIC), FFP at 
10–20  mL/kg (fast but partial correction), and 
10  mg intravenous/intramuscular vitamin K 
(quick correction, within 4–6  h depending on 
starting INR; effect can last 1–2 weeks; may be 
repeated every 6–8 h) [26].

5.3.3  Drug-Related Coagulopathy

Many medications that are commonly used in 
obstetric populations can cause platelet dysfunc-
tion. Low-dose aspirin is often used as prophy-
lactic therapy for conditions such as preeclampsia 
and antiphospholipid syndrome. Aspirin irrevers-
ibly inactivates cyclooxygenase and may prolong 
bleeding time by a factor of 1.5–2 for 1–4 days, 
while in vitro platelet function tests may remain 
abnormal for up to 7 days [27]. Although there is 
concern for both maternal and neonatal hemor-
rhage in pregnant women treated with aspirin, 
studies have shown that prolonged bleeding time 
from aspirin ingestion does not necessarily cor-
relate to prolonged bleeding [28]. In the absence 
of other preexisting coagulopathy, treatment with 
low-dose aspirin does not clinically correlate to 
an increased risk of fetal or maternal bleeding 
complications during/after pregnancy [29].

Nonsteroidal anti-inflammatory drugs 
(NSAIDS) reversibly inhibit cyclooxygenase 
(COX) and are either selective (COX-2 only) or 
nonselective (COX-1 and COX-2). COX-1 is 
expressed in platelets and leads to production of 
thromboxane A2, which is responsible for platelet 
aggregation. Therefore, selective COX-2 inhibi-
tors (e.g., celecoxib and rofecoxib) do not affect 
platelet aggregation. In addition, nonselective 
NSAIDS depress platelet thromboxane forma-
tion transiently and unpredictably; platelet func-
tion is impaired for an unpredictable part of their 
dosing interval [30]. These medications should 

be used cautiously in patients at high risk for 
bleeding complications.

Increases in cyclic adenosine monophosphate 
(cAMP) cause a decrease in platelet function. 
This can happen with drugs that cause an increase 
in cAMP by stimulation of adenylyl cyclase (e.g., 
prostaglandin E1) or through phosphodiesterase 
inhibitors that prevent destruction of cAMP (e.g., 
theophylline, aminophylline, caffeine).

Hydroxyethyl starch solutions and dextran are 
taken up by platelet membranes and may impede 
platelet aggregation [31]. Dextran-40 at doses as 
low as 100  mL enhances fibrinolysis, reduces 
platelet binding to von Willebrand factor (vWF), 
and prevents platelet activation by thrombin [32].

5.4  Non-acquired 
Hypocoagulable Conditions 
and Pregnancy

5.4.1  von Willebrand’s  
Disease (vWD)

The vWF is produced by megakaryocytes and 
endothelial cells lining blood vessels. The vWF 
has two important functions in the coagulation 
cascade: it forms a complex with factor VIII, 
thereby stabilizing it and preventing its removal, 
and it facilitates platelet adhesion by binding to 
collagen through a reaction that is boosted by ris-
tocetin [33].

The inheritance of vWD is autosomal domi-
nant. The milder (heterozygous) form of this dis-
ease has a prevalence of 1:100–2500, while the 
more severe (homozygous) form has a prevalence 
of 1:200,000–2,000,000 [34]. Variability in the 
levels of both vWF and factor VIII in those with 
vWD explains why some patients remain asymp-
tomatic. Patients with vWD usually have less 
than 50% of normal vWF in their plasma.

Severe vWD disease can present like hemo-
philia A with muscle and joint hemorrhages. 
However, unlike classic hemophilia, platelet 
function is affected, and bleeding time is pro-
longed in severe vWD.  In patients with hemo-
philia, infusing small amounts of normal serum 
has a negligible effect on factor VIII levels, 
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whereas in a patient with vWD, factor VIII levels 
are greatly increased after infusing a small 
amount of normal plasma. A platelet aggregation 
assay will show an abnormal response to ristoce-
tin (ristocetin cofactor test) with normal responses 
to the other agonists used [35].

von Willebrand’s disease is divided into three 
types: type 1, type 2, and type 3. Type 1 accounts 
for 60–80% of all cases and is typically a mild 
quantitative defect which is heterozygous for the 
defective gene. Patients with type 1 vWD have 
vWF levels ranging from 20 to 50% of normal 
and are often asymptomatic.

Type 2 (20–30% of cases) is a qualitative 
defect and is further divided into four subtypes 
(see Table 5.3).

Type 3 is the most rare form of the disease 
(5–10% of cases). In this form of vWD, the 
patient is homozygous for the defective gene, and 
the clinical manifestations of the disease are 
severe. As vWF is completely absent, leading 
also to a low factor VIII level, the clinical presen-
tation is identical to severe hemophilia A [36].

In pregnant women, prophylactic treatment is 
used for patients with factor VIII levels below 
25%. For type 1 and type 2a vWD, 0.3 μg/kg of 
1-deamino-8-D-arginine vasopressin (DDAVP) 
should be administered as labor begins and given 
every subsequent 12 h [37]. DDAVP stimulates 

the release of vWF from endothelial cells and 
increases plasma levels of vWF, factor VIII, and 
tissue plasminogen activator (t-PA) [38]. For 
patients with no response to DDAVP, or when 
DDAVP is contraindicated/ineffective (type 2b 
and type 3 vWD), fresh frozen plasma or cryo-
precipitate should be given. Factor VIII concen-
trates may also be used, but care must be taken to 
use formulations that contain vWF as well [39].

5.4.2  Thrombotic 
Thrombocytopenic Purpura

Thrombotic thrombocytopenic purpura (TTP) is 
a rare syndrome, defined by the presence of blood 
clots in small vessels throughout the body due to 
widespread platelet aggregation. Signs and symp-
toms are often nonspecific and include nausea, 
vomiting, abdominal pain, and malaise. The syn-
drome includes six findings that may be present 
alone or in combination. These include thrombo-
cytopenia, hemolytic anemia, petechiae and pur-
pura, fever, neurologic symptoms (including 
headache), and renal failure.

TTP may be inherited or acquired, and 
acquired TTP is more common. The triggers for 
developing TTP are not clear but have been 
described to include pregnancy, cancer, lupus, 
infections, chemotherapy, clopidogrel, hormone 
therapy, quinine, and oral contraceptives. The 
acute disease usually lasts days to weeks but can 
last for months, with relapses occurring in up to 
50% of cases [40].

It is challenging to distinguish TTP from dis-
eases with similar manifestations. Examples 
include hemolytic uremic syndrome, DIC, sepsis, 
transient ischemic attack, and even some types of 
gastroenteritis. Contrary to hemolytic uremic 
symdrome, TTP is accompanied by a severe defi-
ciency of a vWF cleaving protease called 
ADAMTS 13 which cleaves vWF multimers. 
Lacking this protease, there is an increase in vWF 
multimers in the circulation which leads to 
increased platelet aggregation [41]. TTP is distin-
guishable from DIC by the presence of vWF and 
lack of fibrinogen in platelet aggregates. The 
exact opposite is true in DIC [42].

Table 5.3 Subtypes of type 2 von Willebrand’s disease

1.  Type 2A: Quantitatively normal (low normal to 
normal) vWF levels but qualitatively defective 
since the ability of abnormal vWFs to form large 
multimers needed for platelet aggregation is 
impaired

2.  Type 2B: Qualitatively defective vWF that has 
abnormally enhanced binding to glycoprotein-1b 
receptor on platelets, leading to increased 
clearance of platelets bound to vWF multimers 
which may lead to thrombocytopenia. DDAVP 
cannot be used as treatment in this subtype 
because it can lead to unwanted platelet 
aggregation and aggravation of thrombocytopenia

3.  Type 2M: Qualitative defect in vWF characterized 
by a decreased ability to bind to glycoprotein-1b 
receptor on platelets with a normal capacity for 
forming vWF multimers

4.  Type 2N: Deficiency in binding of vWF to factor 
VIII leading to a quantitative decrease in factor 
VIII levels with normal vWF levels
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Scully et al. showed in a cohort of 47 pregnant 
women that careful monitoring and treatment of 
both acquired and congenital TTP results in posi-
tive pregnancy outcomes [43]. Treatment includes 
plasmapheresis with approximately 75% plasma 
exchange, high-dose plasma (25–30  mL/kg), 
intravenous immumoglobulin infusion (400 mg/
kg/day), and oral prednisone [44, 45]. Platelet 
transfusion, in contrast, may cause more throm-
bosis and is controversial [46, 47]. Development 
of TTP in one pregnancy does not predict relapse 
during subsequent pregnancies [48].

5.4.3  Autoimmune 
Thrombocytopenic Purpura 
(ATP)

ATP, previously known as idiopathic thrombocy-
topenic purpura (ITP), is an autoimmune- 
mediated thrombocytopenia that is caused by the 
development of an IgG antiplatelet antibody fol-
lowing environmental exposure to an antigen. 
IgG antibodies directed toward platelets lead to 
clearance by the reticuloendothelial system 
(spleen). In addition, binding of IgG antibodies 
to megakaryocytes injures them, leading to 
decreased platelet formation [49].

Gingival bleeding, easy bruising, epistaxis, 
petechiae, and purpura are the most common ini-
tial clinical symptoms. Usually the diagnosis of 
ATP requires a platelet count lower than 100,000/
mm3 and a normal (or higher than normal) num-
ber of megakaryocytes shown in a parallel bone 
marrow aspirate. However, bone marrow biopsy 
is rarely conducted in obstetric practice. 
Therefore, in many cases, a presumptive diagno-
sis is often made based on response to treatment. 
Obstetric management of ATP is dictated by the 
platelet count as well as the stage of pregnancy. 
However, there is no absolute correlation between 
the platelet count and risk of perinatal hemor-
rhage [50, 51]. In fact, in ATP, the platelet func-
tion may be normal or enhanced despite having 
the low number of platelets [52].

Corticosteroids are used if the platelet count is 
less than 20,000/mm3 before labor ensues or less 
than 50,000/mm3 at time of delivery [53]. 

Prednisone is most commonly used at a dose of 
0.5  mg/kg daily, and the platelet count should 
increase to greater than 50,000/mm3 in respond-
ers within a few days. Intravenous immunoglobu-
lin is used in cases that are refractory to 
corticosteroid therapy with 65–80% of patients 
responding to treatment. However, the increase in 
platelet count seen is often transient (10–14 days). 
The usual dosing regimen of intravenous immu-
noglobulin is 1 g/kg daily for 1–2 days. Chronic 
ATP that is refractory to corticosteroids or intra-
venous immunoglobulin may benefit from throm-
bopoietin mimetics, such as romiplostim and 
eltrombopag, which stimulate platelet production 
[54]. Splenectomy is often a last resort in patients 
who do not respond to any treatment modality.

5.5  Blood Management 
Strategies in Pregnant 
Women

Administration of blood components should be 
guided by laboratory testing including PT, PTT, 
complete blood count, fibrinogen, and point-of-
care viscoelastic tests such as ROTEM® or 
TEG®. Fibrinogen testing is of special impor-
tance in the obstetric population since a low 
fibrinogen level (<2 g/dL) has been found to be 
an independent predictor of severe postpartum 
hemorrhage (PPH) [55]. This suggests that a 
decrease in plasma fibrinogen from prepartum 
to postpartum levels, even if within a normal 
range, may be the earliest laboratory indicator 
of potential PPH.  Cryoprecipitate (which con-
tains 15 g/dL of fibrinogen) and human fibrino-
gen concentrate can be used to correct 
hypofibrinogenemia concomitantly with antifi-
brinolytics, such as aminocaproic acid and 
tranexamic acid. ROTEM® can also be used to 
identify hypofibrinogenemia as well as hyperfi-
brinolysis in this setting.

Cell saver has been used successfully and 
safely in obstetric patients despite perceived fears 
of amniotic fluid embolism [56]. A common 
practice in many institutions is to have a double 
suction setup for patients at risk for post partum 
hemorrhage undergoing cesarean delivery; one 
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suction is used immediately after uterine incision 
for amniotic fluid (~250  mL volume), and the 
second suction is employed for cell saver use.

Massive transfusion protocols in obstetrics 
employ blood component ratios ranging between 
1:1:1 to 2:1:1 of RBC/FFP/platelets, respectively. 
Cryoprecipitate is a key initial component that is 
unique to the protocol in this patient population 
due to the role of hypofibrinogenemia in post par-
tum hemorrhage. Despite being a recommended 
practice, ratio-based transfusion has not been 
validated in the obstetric patient when laboratory- 
guided resuscitation is an option.

5.6  Conclusion

The physiological changes that occur in coagula-
tion processes and the pathologies that may be 
encountered during pregnancy are complex and 
dynamic and may differ between individual 
women. Understanding the different pathways 
and presentations will help the clinician make 
cogent decisions when faced with coagulation 
abnormalities at the bedside.
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Bullet Points
• Obstetric hemorrhage may be ante-, 

intra-, or postpartum.
• It is associated with significant maternal 

and fetal morbidity and mortality.
• Peripartum hemorrhage may be difficult 

to diagnose, with a high frequency of 
concealed bleeding.

• Optimal maternal management usually 
results in the best outcome for the fetus.

• Management requires a multidisci-
plinary approach.

• Antepartum hemorrhage requires rapid 
decision-making regarding the need for 
and timing of delivery.

• Resuscitate with fluid and blood prod-
ucts, including using a massive transfu-
sion protocol as necessary.

• Correct coagulopathy and liaise with a 
hematologist and the blood bank.

• There should be rapid definitive treat-
ment of the bleeding source.

• Tranexamic acid (TXA) has been shown 
to reduce maternal mortality in postpar-
tum hemorrhage in the developing 
world.

6.1  Introduction

Hemorrhage associated with pregnancy and 
childbirth is a global issue associated with both 
maternal and fetal morbidity and mortality [1]. In 
healthcare settings with access to intensive care 
(ICU) services, obstetric hemorrhage and hyper-
tensive disorders constitute the leading causes of 
maternal ICU admission, while in low-income 
countries, postpartum hemorrhage (PPH) is the 
leading cause of maternal mortality (Chaps. 1 
and 4) [2, 3]. Globally, PPH is the primary cause 
of nearly one-quarter of all maternal deaths [1, 
4–6].

For the critical care physician, obstetric hem-
orrhage and its complications are frequently the 
cause of ICU admission following identification 
by emergency or obstetric staff or as the result of 
a rapid response call (see also Chap. 4). However, 
pregnant women who are being cared for within 
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the ICU for other reasons may also have their 
stay complicated by obstetric hemorrhage. This 
may be antepartum, intrapartum, or postpartum 
(Table 6.1). Obstetric hemorrhage constitutes an 
obstetric emergency, and recognition and correct 
management are vital to prevent adverse mater-
nal and/or fetal outcomes [7, 8].

6.2  Diagnostic Considerations 
for Obstetric Hemorrhage

Pregnancy is associated with altered maternal 
physiology. There is the potential for hidden and 
high-volume hemorrhage which can be obscured 
by the body’s compensatory mechanisms and 
lead to rapid clinical deterioration [9, 10]. Close 
monitoring of maternal vital signs (pulse, respira-
tory rate, temperature and blood pressure) and 
symptoms is critical in the early evaluation and 
ongoing assessment of the pregnant or postpar-
tum woman with hemorrhage. Significant hemor-
rhage may have occurred even in the absence of 
overt hemodynamic  compromise and may lead to 
rapid decline if appropriate management steps 
are delayed. Maternal well-being will have a 

direct impact on fetal well-being. Unless simulta-
neous assessment can be performed, always 
assess the mother first and evaluate the fetus 
promptly afterward.

Flowchart 6.1 summarizes the important con-
siderations in the diagnosis of obstetric 
hemorrhage.

6.3  Management Considerations 
for Obstetric Hemorrhage

The pregnant or postpartum woman with hem-
orrhage requires immediate and coordinated 
assessment and management, including a 
focused history, physical examination and 
investigation, as well as prompt resuscitation 
with specific and supportive measures while 
giving immediate attention to potentially life-
threatening features [10–12]. The first priority 
is maternal resuscitation, which may also result 
in improved fetal status. Depending on the 
cause and severity of obstetric hemorrhage, the 
possible management strategies will likely 
include immediate delivery, continued labor, or 
expectant management. Management strate-
gies are based on the etiology of the bleeding, 
maternal hemodynamic stability, fetal well-
being, and gestational age [13–15]. Early 
obstetric input is essential, especially in the 
antepartum setting, where the decision regard-
ing the need for urgent delivery should be 
made as early as possible.

Flowchart 6.2 summarizes the important con-
siderations in the management of obstetric 
hemorrhage.

6.3.1  Antepartum  
Hemorrhage (APH)

Several conditions with differing presentations 
may complicate the antepartum course. With a 
high index of suspicion in women with risk fac-
tors, many of these can be diagnosed early. Risk 
factors for obstetric hemorrhage in the antepar-
tum period are presented in Table 6.2. Flowcharts 
6.1 and 6.2 summarize the important consider-

Table 6.1 Causes of obstetric hemorrhage

Antepartum/intrapartum
• Placenta previa
• Placental abruption
• Placenta accreta, increta and percreta
• Vasa previa
• Uterine rupture
• Cervical incompetence
• Splenic artery rupture
• Lower genital tract trauma
• Cervical infection, inflammation, carcinoma
Post-partum
• Uterine atony
• Retained placenta
• Genital tract trauma
• Placenta accreta, increta, and percreta
• Uterine inversion
• Bleeding disorders
    –  Inherited, e.g., von Willebrand disease, 

coagulation factor deficiencies
    –  Acquired coagulopathy, e.g., placental 

abruption, amniotic fluid embolism, sepsis, 
anticoagulation therapy

N. M. Dobos et al.



61

ations for assessment and management of risk 
factors for PPH [14].

Placenta previa occurs when placental tissue 
extends over the internal cervical os, or is in prox-
imity to it. Placenta previa may be complete, where 
the placenta completely covers the internal os; it 
may also be incomplete or low-lying. In these 
cases, the placental edge lies within 2  cm of the 
internal os but does not cover it. It may partially 
cover or approach the internal os. There is an 
increased risk of bleeding if the inferior margin of 
the placenta is less than 2 cm from the internal os. 
This bleeding is the result of marginal separation of 
the placenta from the lower uterine segment [16].

Clinical features: Placenta previa is often 
diagnosed in early pregnancy, however it should 
be suspected when a woman presents with sud-
den and painless vaginal bleeding after 20 weeks’ 
gestation. The risk factors for placenta previa are 
presented in Table 6.2.

Diagnosis: Immediate sonographic examina-
tion can determine the location of the placenta in 
the lower uterine segment either partially or com-
pletely covering the internal cervical os. Avoid 
digital examination of the cervix if placenta pre-
via is suspected, as it may precipitate severe 
hemorrhage.

Management considerations are determined 
in the acute phase by maternal stability, fetal 
well-being and gestational age (Flowchart 6.2). 
Angiography or hysterectomy may be indicated 
for massive uncontrollable hemorrhage [17].

Placenta accreta spectrum (PAS) refers to 
invasive placentation that may present as accreta/
increta/percreta. This occurs when placental villi 
directly adhere to the myometrium rather than the 
decidua. In placenta increta, placental villi invade 
the myometrium. In placenta percreta, placental 
villi penetrate the full thickness of the myome-
trium into the uterine serosa and may involve peri-

History (where possible to communicate with the pregnant woman)

• Take a thorough maternal history including past medical, surgical, obstetric, prenatal and social history, including drug use

• Ask about previous ultrasound examinations, location of placenta, antenatal complications and expected delivery date 
• Attempt to establish gestational age via last menstrual period and fundal height 
• Ask about any preceding trauma including domestic violence, intercourse, presence of contractions and fetal movements,
  presence of and/or description of pain 

Examination
• Abdominal examination for tenderness, examination of gravid uterus, presence of uterine contractions and fetal movements,
  fetal lie 

• Obtain expert obstetric consultation and avoid digital examination of the cervix until placenta previa excluded

• In the setting of trauma, the woman should be managed as per Advanced Trauma Life Support (ATLS) guidelines, with primary
  survey and resuscitation, paying specific attention to life-threatening injuries, secondary survey, definitive management and
  tertiary survey

Investigations
• Urgent laboratory tests: full blood count, coagulation profile, urea and electrolytes, lactate, group and hold, crossmatch up to 6
   units depending on hemodynamic status
• Early assessment of coagulation status is essential as early coagulopathy is common in major obstetric hemorrhage.
  Depending on the center, thromboelastography (TEG) may be available
• Ultrasound examination to evaluate the location of the placenta 
• Vaginal examination by expert obstetric staff once placenta previa has been excluded – evaluate labour or non-obstetric
  cause of bleeding
• Kleihauer test to assess for feto-maternal hemorrhage
• Confirm gestational age with ultrasound if doubts exist
• Fetal evaluation, including assessment of fetal viability and fetal heart rate via Doppler/ultrasound and
  cardiotocodynamometry to confirm presence and character of uterine contractions
• Urgent consultation with specialist obstetrician and preparation for urgent delivery if required. Prepare for immediate delivery if
  the woman is too unstable for transfer
• Continuously evaluate hemodynamic status as this can change after initial patient assessment
• Early and frequent measurement of temperature, acid-base status, ionized calcium, hemoglobin platelet count and
  coagulation profile

Flowchart 6.1 Diagnosis of obstetric hemorrhage

6 Peripartum Hemorrhage
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Monitoring
• Escalate monitoring and lines in case of rapid deterioration
• Monitoring must include: ECG monitoring, respiratory monitoring, oxygen saturation monitoring, temperature probe and
  indwelling catheter
• Assess fetal viability via Doppler or ultrasound once mother is stabilized
• Fetal heart rate monitor may alert to maternal compromise

Lines
• Insert 2 large bore intravenous cannulae (14G) and an intra-arterial line 
• Consider additional invasive hemodynamic monitoring
• Consider rapid infuser systems and cell saver
• If vasoactive support is considered imminent or likely, insert a central line to help guide management

Environment
• Manage the patient in a suitably equipped area, such as an emergency department resuscitation cubicle or the intensive care
  unit
• Consider transfer to a tertiary facility with neonatal intensive care services in cases of maternal stability and if time permits

Multidisciplinary Team
• Early involvement of specialist obstetric staff
• Early involvement of senior anesthetic staff, operating room, interventional radiology and hematology/transfusion specialists
• If the fetus is viable, early pediatric/neonatal notification should take place., including preparation for potential fetal resuscitation

Early recognition and control of hemorrhage
• Assess severity of hemorrhage. Blood loss may be underestimated and hemorrhage may be concealed
• Frequent monitoring of maternal vital signs to assess for signs of shock, including restlessness, anxiety, pallor, tachycardia,
  tachypnea, hypotension, cold and clammy skin, poor capillary refill, oliguria and altered mental state
• Interpret normal vital signs with caution
• Avoid vaginal examination until placenta previa excluded
• Use ultrasound to confirm location of placenta
• Control of hemorrhage may include local pressure, operative exploration, uterotonics or removal of retained placenta
• Consider the need for massive transfusion and activate protocol early. Ensure availability of appropriately cross-matched blood

Maternal resuscitation and stabilization
• ABCDE approach, including securing of the airway and maintenance of adequate oxygenation and ventilation
• Trendelenburg position in the setting of hypotension. Position patient in left lateral tilt (30 –45 degrees) or perform manual
  displacement of the uterus if antepartum. Take care if suspecting a uterine rupture
• Urgent investigations as detailed in Flow chart 1
• Rapid and appropriate fluid replacement to correct hypovolemia
• Restore circulating (intravascular) volume with crystalloids (normal saline or Hartman’s solution)
• Give blood early in massive obstetric hemorrhage – O negative blood in the event of catastrophic hemorrhage and/or if
  cross matched blood is unavailable
• Correct coagulopathy -Ensure adequate replacement of clotting factors and other blood products as guided by laboratory
  hematology specialist, including tranexamic acid
• Early and frequent measurement and correction of temperature, acid-base status, electrolytes, ionized calcium, hemoglobin,
  platelet count and coagulation profile. With successful treatment, values should trend towards normal
• Maintain urine output
• Consider vasopressors for persistent hypotension only in the setting of adequate fluid resuscitation
• Monitor for evidence of end-organ dysfunction, including oliguria, altered mentation and lactic acidosis

Seek and treat cause of obstetric hemorrhage and prevent complications
• Prevent and treat late or delayed complications of shock and hypotension, including renal, hepatic, lung, and central nervous
  system injury
• Avoid iatrogenic volume overload
• Once stabilized, assess for presence and quantity of feto-maternal hemorrhage in the antepartum setting and consider Rh
  immune globulin for Rh-negative patients as per local guidelines
• Consider steroids for lung maturity if less than 34 weeks gestation and delivery can be delayed

Ongoing ICU supportive care
• Including appropriate nutritional support, analgesia, antibiotics, stress ulcer prophylaxis, thromboprophylaxis, glycemic control,
  bowel management, psychological and social support, lactation support and mother baby contact where possible

Flowchart 6.2 Management of obstetric hemorrhage
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toneal structures and adjacent organs. The risk 
factors for PAS are presented in Table 6.2.

Clinical features: Many pregnant women 
with PAS are asymptomatic. However, women 
with an associated placental previa may present 
with vaginal bleeding in, or prior to labor. Other 
presentation features include abdominal pain or 
hematuria.

Diagnosis: A high index of suspicion is impor-
tant for the antenatal diagnosis of PAS, although 
some cases may not be diagnosed until hemor-
rhage occurs [18]. Pregnant women at risk should 
undergo a detailed assessment, including ultra-
sound examination looking for abnormal blood 
flow within the myometrium and magnetic reso-
nance imaging (MRI).

Table 6.2 Risk factors for obstetric hemorrhage

Antepartum/intrapartum hemorrhage Postpartum hemorrhage
Placenta previa
• Previous placenta previa
•  Previous intrauterine surgical procedures 

(caesarean section, fibroid surgery, and 
dilatation and curettage)

• Multiparity
• Multiple gestation
• Advanced maternal age
• Smoking and drug use during pregnancy
• Breech or transverse lying fetus

Uterine etiology
(Atonic uterus, overdistended uterus, uterine inversion)
• Induction of labor
• Prolonged and/or precipitous labor
• Vaginal birth after previous cesarean section
• Instrumental birth
• Episiotomy
• Grand multiparity, multiple gestation, fetal macrosomia
• Polyhydraminios
• Chorioamnionitis

Placental abruption
• Maternal hypertension
• Blunt abdominal trauma
•  Motor vehicle accidents where there is rapid 

acceleration- deceleration and uterine 
decompression

• Uterine abnormalities
• Smoking and cocaine use

Genital tract trauma
(Episiotomy, cervical/vaginal/perineal lacerations, uterine 
rupture)
• Precipitous labor
• Instrumental birth

Uterine rupture
•  Preexisting uterine scar (previous classical 

caesarean or lower uterine caesarean section, 
myomectomy, metroplasty, corneal resection)

•  Trauma (motor vehicle accidents, instrumental 
delivery)

•  Uterine overdistension (multiple gestation, 
polyhydramnios, macrosomia)

• Uterine anomalies
•  Placental implantation abnormalities (placenta 

accreta, increta, percreta)
• Choriocarcinoma

Placental etiology
(Retained placenta/membranes, abnormal placentation, e.g., 
placenta previa or suspected morbidly adherent, placenta 
accreta)
• Previous uterine surgery
• Incomplete placenta at delivery
• Succenturiate placenta

Placenta accreta/increta/percreta
• Placenta previa
•  Prior uterine surgery (cesarean section, 

myomectomy, suction curettage, corneal 
resection, hysteroscopy)

• Advanced maternal age
• Multiparity
• Ultrasound with suspicious features

Coagulation etiology—Inherited and acquired
• Placental abruption
• Amniotic fluid embolism
• Severe preeclampsia, eclampsia
• Sepsis
• Dilutional coagulopathy secondary to massive transfusion
• Anticoagulation therapy
•  Inherited bleeding disorders such as von Willebrand 

disease and other bleeding disorders
Vasa previa
• Velamentous umbilical cord insertion
•  Accessory placental lobes (succenturiate or 

bilobate placenta)
• Multiple gestation
• IVF pregnancy

6 Peripartum Hemorrhage



64

Management considerations: Women should 
be transferred prior to labor to a tertiary setting 
with availability of a multidisciplinary team and 
blood management capabilities. The 
 recommendation is to perform early cesarean 
delivery at 35–36  weeks to avoid APH [17]. 
Women with invasive placentation frequently 
require hysterectomy, although conservative 
management with uterine sparing may be per-
formed [17, 18]. Women who undergo conser-
vative management are at particular risk of 
delayed hemorrhage in the ICU or in the post-
partum period. In some cases of invasive pla-
centation, adjacent organs may require resection 
or repair (e.g., a full or partial cystectomy), 
which may increase the risk of bladder, ureteral, 
or bowel injury, as well as postoperative compli-
cations such as pelvic infection and abscess. 
Severe cases of invasive placental implantation 
may require preoperative pelvic artery emboli-
zation to minimize blood loss during hysterec-
tomy [18]. Women should be monitored 
postpartum to identify re-bleeding; in these 
cases, laparotomy or angiography may be 
required [19].

Placental abruption (abruptio placentae) 
is defined as bleeding associated with the pre-
mature separation (complete or partial) of the 
placenta from the uterine wall after 20 weeks’ 
gestation and prior to the delivery of the fetus. 
The severity of placental abruption depends 
on the amount of bleeding and on whether it 
is accompanied by uterine contractions and/
or fetal compromise. The cause of placental 
abruption is unknown in most cases. The risk 
factors for placental abruption are presented in 
Table 6.2.

Clinical features: Placental abruption usually 
presents as painful vaginal bleeding associated 
with uterine contractions, uterine tenderness and 
a non-reassuring fetal heart rate pattern [20–23]. 
Placental abruption can present as overt (present-
ing as vaginal bleeding), concealed (abdominal 
pain only and no vaginal bleeding) or mixed 
(where the amount of vaginal bleeding does not 
accurately reflect the extent of abruption).

Diagnosis: Abruption is usually diagnosed 
clinically, as hemorrhage may be concealed and 
associated with disseminated intravascular coag-

ulation (DIC), and ultrasound is usually only use-
ful in large abruptions.

Management is largely expectant, with ongo-
ing evaluation of fetal and maternal well-being. 
Treatment depends on the severity of the abrup-
tion and the presence of complications (Flowchart 
6.2), such as severe hemorrhage, coagulopathy 
and shock. Abruption of more than 50% of the 
placenta is frequently associated with fetal death. 
All women with abruption should be admitted to 
the hospital and ICU/HDU admission must be 
considered. DIC is a concern for women with 
abruption, particularly when the fetal condition is 
poor or intrauterine fetal death (IUFD) occurs. 
Flowchart 6.2 summarizes important consider-
ations in the management of placental abruption 
[24, 25].

Uterine rupture can be complete or incom-
plete. Complete uterine rupture involves the 
entire thickness of the uterine wall and results in 
communication between the uterine and perito-
neal cavities. Incomplete uterine rupture refers to 
dehiscence of a previous uterine surgical scar 
where the uterine serosa remains intact [6, 25].

Clinical features: Uterine rupture can occur 
due to uterine wall weakness or raised intrauter-
ine pressure. Uterine rupture usually occurs in 
labor at the site of a previous lower cervical scar. 
In the setting of previous classical cesarean scar, 
uterine rupture can also occur in the third trimes-
ter. Any pregnant patient with sudden onset of 
abdominal pain and tenderness, vaginal bleeding, 
uterine contraction abnormalities, hematuria, 
maternal hemodynamic instability, and FHR 
abnormalities either preceding or during labor 
may have uterine rupture. The clinical presenta-
tion is variable and depends on the extent of the 
uterine rupture. If the rupture in incomplete, it is 
possible for women to be totally asymptomatic. 
The risk factors for uterine rupture are presented 
in Table 6.2.

Diagnosis: Uterine rupture is usually diag-
nosed clinically. Obtaining sonographic confir-
mation increases the risk of delayed treatment. A 
high index of suspicion is required in women 
with risk factors for uterine rupture who present 
with suggestive signs and symptoms.

Management considerations: Uterine rupture 
is a life-threatening pregnancy complication for 
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both mother and fetus. Management involves 
urgent specialist obstetric and anesthesia con-
sultation with emergency delivery of the fetus 
(Flowchart 6.2). Ongoing management depends 
on the extent of rupture and can range from 
simple surgical repair of the defect to subtotal 
or total hysterectomy, depending on the site 
of rupture and the patient’s clinical stability. 
If the uterine artery is involved in the rupture, 
massive bleeding with shock may occur. Other 
adverse outcomes include amniotic fluid embo-
lism due to exposure of compartments usually 
not exposed to amniotic fluid, bladder or ureter 
damage, DIC, postoperative infection, and neo-
natal morbidity and mortality due to hypoxic 
ischemic damage [6, 24].

Vasa previa can cause hemorrhage when fetal 
blood vessels in the fetal membranes cross the 
internal cervical os and present in advance of the 
fetus. The vessels may arise from a velamentous 
insertion of the umbilical cord into the placenta 
or from a smaller, accessory (succenturiate) lobe 
of the placenta [25].

Clinical features: Vasa previa presents as 
painless vaginal bleeding and sudden-onset fetal 
tachycardia in the setting of labor and ruptured 
placental membranes. The risk factors for vasa 
previa are presented in Table 6.2 [26].

Diagnosis: Transvaginal ultrasound combined 
with color Doppler can exclude fetal vessels 
close to or crossing the internal os. Pulsating fetal 
vessels may be occasionally be palpated  overlying 
the presenting part via digital vaginal examina-
tion [27–29].

Management considerations: Vasa previa is a 
medical emergency that will rapidly result in an 
unstable patient and will usually require simulta-
neous maternal resuscitation and immediate 
delivery of the neonate (Flowchart 6.2) [27–30].

6.3.2  Postpartum  
Hemorrhage (PPH)

PPH is the leading cause of maternal mortality in 
low-income countries and contributes to almost 
one-quarter of maternal deaths around the world 
[1, 4–6, 31]. PPH contributes to significant mater-
nal morbidity, including shock and multi-organ 

failure. The causes of PPH relate to the “4 Ts” 
(Table  6.3), with uterine atony being the most 
common cause [32–34].

Table 6.2 presents the risk factors for PPH by 
etiology. While many risk factors for PPH have 
been identified, most women who develop PPH 
have no identifiable risk factors [35–37]. This 
has important ramifications, as women may 
present suddenly. An institutional strategy must 
be in place to identify and rapidly resuscitate 
these women [38]. Most deaths resulting from 
PPH occur during the first 24 hours after birth, 
with 90% occurring in the first 4 hours [39, 40]. 
Most of the deaths associated with PPH could be 
avoided with appropriate antenatal care, treat-

Table 6.3 Management of PPH by etiology

Tone (uterine atony)
Mechanical
• Uterine massage or bimanual uterine compression
• Ensure empty bladder
Pharmacological
• First-line uterotonic: Oxytocin
•  Secondary uterotonics: Methylergometrine, 

15-methyl-prostaglandin F2α, misoprostol
•  Uterotonic agents can be given in combination in 

the event of severe ongoing atonic bleeding
Trauma (lacerations)
•  Thorough inspection of the entire genital tract, in 

either the labor ward or operating theater, with 
pressure applied to bleeding areas and repair of 
lacerations as required

• Cover the patient with broad-spectrum antibiotics
•  Consider concealed source of bleeding in a 

clinically unstable patient with apparently small 
amount of vaginal bleeding

•  Other sources: uterine inversion, intra-abdominal 
(uterine rupture), broad ligament hematoma, 
subscapular liver rupture, rupture of aneurysmal 
visceral artery, i.e., splenic artery

Tissue (retained placenta, abnormally adherent 
placenta)
• Inspect placenta for missing tissue
•  Thoroughly inspect the vagina for retained 

placental tissue
•  Return to the theater for examination under 

anesthetic and manual removal of the placenta
• Cover the patient with broad-spectrum antibiotics
Thrombin (inherited or acquired coagulation defects)
•  Maternal coagulation disorders are a less common 

cause of PPH; however coagulopathies can develop 
in the setting of massive hemorrhage or other 
events, such as amniotic fluid embolism, placental 
abruption, or severe preeclampsia

•  Check coagulation profiles and replace blood 
product components as necessary
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ment of antenatal anemia, skilled attendance in 
labor and prophylactic use of uterotonics during 
the third stage of labor.

6.4  Definitions

There is no globally agreed definition of PPH 
[41]. Below are some recent classifications.

The World Health Organization (WHO), 
2013, define PPH as a blood loss of 500 mL or 
greater within 24 hours of birth, independent of 
the mode of delivery [42].

The American College of Obstetricians and 
Gynecologists (ACOG), 2017, define PPH as 
cumulative blood loss of greater than or equal to 
1000 mL, or blood loss accompanied by signs or 
symptoms of hypovolemia within 24  hours of 
birth (including intrapartum loss), regardless of 
the mode of delivery [39].

This differed to previous definitions of PPH, 
2015: estimated blood loss ≥500 mL after vaginal 
birth or ≥1000 mL after cesarean delivery [43].

The Royal College of Obstetricians and 
Gynaecologists (RCOG), 2016, define PPH as 
minor (500–1000  mL) or major (>1000  mL), 
with further subdivisions of major hemorrhage as 
moderate (1001–2000 mL) or severe (>2000 mL) 
[44]. An international expert panel in obstetrics, 
gynecology, hematology, transfusion, and anes-
thesiology defined PPH at a meeting in November 
2011 as “active bleeding >1000  mL within the 
24  h following birth that continues despite the 
use of initial measures, including first-line utero-
tonic agents and uterine massage” [35].

Primary (or early) PPH occurs in the first 
24 hours after delivery, and secondary (or late or 
delayed) PPH occurs 24 hours to 6 weeks after 
delivery [40].

6.5  Prevention

All women with risk factors for PPH must be 
assessed by a multidisciplinary team (including 
obstetric, anesthesia, and intensive care special-
ists) in the antenatal period, as well as recording of 
placental location prior to delivery. Women with 
significant risk factors for PPH should have ane-

mia corrected in the antenatal period and should 
plan to deliver in an obstetric unit with rapid access 
to blood and blood products [45]. On the day of 
delivery, women at risk should have adequate 
large-bore IV access and have their blood typed 
and cross-matched. Active management of the 
third stage of labor is essential for PPH prevention 
and must include the administration of prophylac-
tic uterotonics (oxytocin) after the baby is deliv-
ered, as well as uterine massage [39, 44, 46, 47]. 
There is minimal evidence that early cord clamp-
ing and cutting, or controlled umbilical cord trac-
tion has a significant effect on the incidence or 
volume of PPH [43, 48]. After delivery of the pla-
centa, the genital tract should be examined for evi-
dence of lacerations and repaired as necessary.

6.6  Identification

One of the key management strategies for PPH 
is early recognition. This enables early escala-
tion to a coordinated multidisciplinary team 
(senior obstetric staff, anesthetic staff, operating 
room, hematology/transfusion specialists, inter-
ventional radiology, and ICU/HDU services). 
In the setting of abnormal maternal vital signs 
in the postpartum period, always consider and 
exclude PPH as a cause [40, 49]. When no obvi-
ous bleeding is seen, an intraperitoneal or retro-
peritoneal hemorrhage must be excluded. Visual 
estimation of blood loss is often unreliable and 
can lead to underestimation; however an attempt 
to quantify blood loss is still recommended 
[50–53]. Consider the patient’s prior hemoglo-
bin and total blood volume when assessing the 
severity of PPH, as well as any ongoing losses 
[54]. It is also important to note that vital signs 
can be both variable and misleading in relation 
to the volume of hemorrhage, and even slight 
tachycardia in young, otherwise healthy women 
may indicate blood losses of 1–2 L [55].

6.7  Management of PPH

All obstetric care facilities should have site- 
specific institutional guidelines for the manage-
ment of PPH.  Early recognition and control of 
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hemorrhage with blood or blood products, and, if 
available, the timely involvement of a multidisci-
plinary team of specialists is vital to avoid mater-
nal morbidity and mortality [56, 57]. These 
guidelines must be familiar to the treating teams 
and must take into account the resources avail-
able [58]. Practice drills can ensure timely and 
efficient management and coordination in such 
events [46]. In rural hospitals or smaller centers 
with less resources, a comprehensive plan for the 
management of PPH, including guidelines for 
anticipating and initiating early transfer to a 
higher level facility, is essential [39, 59]. 
Resuscitative efforts should occur in tandem with 
escalation of monitoring and investigations, and 
targeted treatment [56, 59–64].

Flowchart 6.2 outlines the management of 
obstetric hemorrhage. Additional steps to pro-
mote uterine contraction may include bimanual 
uterine massage, intrauterine balloon tamponade 
(Bakri balloon), vaginal packing and uterine 
packing [11, 39, 46, 65–68].

For all causes, consider early transfer to the 
operating room for examination under anesthesia 
and potential advanced surgical management. 
For those too unstable for transfer, urgent  surgical 
exploration may be required in the intensive care 
unit [69].

Surgical techniques include the following: 
evaluation under anesthetic looking for genital 
tract lacerations and placental fragments in the 
uterine cavity, laparotomy for persistent bleeding 
(including uterine artery ligation, internal iliac 
artery ligation and B-lynch brace suture), pelvic 
packing, aortic compression and hysterectomy 
(subtotal or total). Interventional radiology may 
be useful for selective arterial embolization [19, 
32, 70–73].

6.8  Pharmacological 
Management

6.8.1  Uterotonics

Together with uterine massage and compression, 
uterotonics should be used as the first-line treat-
ment for PPH caused by uterine atony [39, 41, 

57]. The decision to use one uterotonic over 
another is at the discretion of the clinician, as 
none have been found to be more efficacious than 
another [39]. Rapid administration of uterotonics 
followed by ongoing assessment of their effect is 
critical in the management of PPH due to uterine 
atony. Often, multiple uterotonics are used and 
the priority is prompt initiation and assessment of 
effect, rather than the type and sequence, which 
may vary between institutions. Effect should be 
evident within 30  minutes of pharmacological 
administration. If there is delay to uterotonic 
administration or if therapy is ineffective or par-
tially effective, management with balloon tam-
ponade, interventional radiology, and/or surgery 
must all be expediently explored with the relevant 
expert teams [60].

Table 6.4 describes common uterotonics used 
in the setting of PPH due to uterine atony, includ-
ing their doses, contraindications and adverse 
effects [34, 39, 47, 74].

6.9  Tranexamic Acid (TXA)

Previous evidence for the use of TXA in obstetric 
hemorrhage and PPH was scarce and most insti-
tutional guidelines did not advocate for its use 
[75–77]. In the recent World Maternal 
Antifibrinolytic (WOMAN) Trial, patients with 
PPH were administered TXA at an intravenous 
dose of 1 g over 10 minutes, with a second 1 g 
dose administered at 30 minutes if the bleeding 
persisted. Death due to bleeding was statistically 
significantly reduced in the TXA group com-
pared to the placebo group (1.5% versus 1.9%). 
The trial reported that TXA reduced death due to 
bleeding in women with PPH by nearly one-third, 
with no evidence of adverse effects or complica-
tions if administered within 3 hours of birth [78]. 
There is a strong suggestion that when TXA is 
used as an adjunct to early resuscitation, adminis-
tration of uterotonics, management of coagulopa-
thy and other surgical management strategies for 
PPH, the most effective timing of TXA treatment 
is soon after the onset of PPH, whereas late treat-
ment is unlikely to be beneficial. The trial sug-
gests that further research is needed as to the 
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dosing and time course of the changes in coagu-
lation and fibrinolysis after childbirth. Given the 
mortality reduction findings, TXA (initially 1 g 
intravenously and repeated if required) should be 
considered in the setting of obstetric hemorrhage 
when initial medical therapy fails, while factor-
ing in  local institutional guidelines and expert 
obstetric and hematological advice [46].

6.10  Recombinant Factor VIIa 
(rFVIIa)

rFVIIa is not licensed for use in the management 
of major PPH.  In the setting of catastrophic 
obstetric hemorrhage not controlled by other 
methods, recommendations for its use remain 
largely expert in nature and based on anecdotal 
evidence [34, 79, 80]. While rFVIIa has been 
reported to show significant hemostatic improve-
ment in hemorrhaging obstetric patients, it also 
poses the risk of life-threatening thrombosis [81–
83]. After consultation with a hematology/trans-
fusion specialist, administration should be 
considered in women with life-threatening 
obstetric hemorrhage, where standard obstetric, 
surgical and transfusion approaches have failed. 
If administering rFVIIa, ensure it is given with 
strict attention to the control of bleeding, physi-
ological and metabolic parameters, coagulation 

status and temperature maintenance. The effec-
tiveness of rFVIIa is significantly reduced by 
hypothermia, acidosis and low platelets, so 
directed resuscitation towards normal physiology 
is imperative prior to its use. There is no agreed 
recommended dose of rFVIIA in obstetric hem-
orrhage, but generally doses of 60–90  mcg/kg 
have been given in published cohorts [34, 83]. 
When effective, an improvement in bleeding 
should be seen within 10–15 minutes of rFVIIa 
administration [83]. If ineffective, a second dose 
may be given, but further doses are not recom-
mended [84, 85].

6.11 Blood Component Therapy

Initial fluid management and workup: In the set-
ting of obstetric hemorrhage, inadequate early 
resuscitation and hypoperfusion may lead to lac-
tic acidosis and multi-organ failure. Rapid fluid 
resuscitation with crystalloids up to 30  mL/kg 
may be initiated while awaiting blood. 
Simultaneously, blood should be sent for urgent 
full blood count, coagulation profile and cross- 
match, and the cause of hemorrhage should be 
sought and treated (Table 6.3). In order to avoid 
dilutional coagulopathy, continuous resuscitation 
with crystalloid or another volume expander 
should be avoided, and replacement with blood 

Table 6.4 Uterotonics for PPH due to uterine atony

Drug Dose and route Frequency Contraindications/adverse effects
Oxytocin 40 units in 1 L normal 

saline as a continuous 
IV infusion
10 units IM

Maximum 3 L of 
IV fluids 
containing 
oxytocin

Hypotension and cardiovascular collapse 
can result from rapid IV bolus, which is not 
recommended

15-methyl- 
prostaglandin F2α

250 mcg IM or 
intramyometrial

Every 15–90 min 
as required (up to 
8 doses, total 
2 mg)

Contraindicated in asthma
Adverse effects include nausea, vomiting, 
diarrhea, headache, chills, and 
bronchospasm

Methylergometrine 200 mcg IM or 
intramyometrial

Every 2–4 h (5 
doses, maximum 
1 mg)

Contraindicated in preeclampsia, 
hypertension, and coronary or cerebral 
artery disease
Adverse effects include nausea, vomiting, 
and severe hypertension

Misoprostal 400 mcg–1 mg 
sublingual, oral, or rectal

Once Adverse effects include nausea, vomiting, 
diarrhea, fever, and headache

IV intravenously, IM intramuscularly
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and blood products should be prioritized [86–89]. 
There is evidence from the hemorrhaging trauma 
population that crystalloid resuscitation at a ratio 
of greater than 1.5:1 per unit of RBC transfused 
is associated with higher rates of multiple organ 
failure [88–90].

Red blood cell transfusion: The aim of trans-
fusion in severe hemorrhage is restoration of cir-
culating blood volume to prevent hypoperfusion, 
lactic acidosis, multi-organ failure and coagu-
lopathy. Early hemostatic resuscitation with 
type-specific or O Rh-negative blood is recom-
mended [88, 91]. There are no firm criteria for 
initiating red blood cell (RBC) transfusion; how-
ever, in the setting of PPH, changes to hemoglo-
bin and hematocrit are often a poor reflection of 
the extent of bleeding and maternal vital signs 
often remain normal until significant blood loss 
has occurred [92]. Hemodynamic compromise 
may not occur until blood loss of up 1.5–2 L has 
occurred. Packed RBCs should therefore be given 
in response to hemodynamic compromise, esti-
mated blood loss and ongoing bleeding, rather 
than a hemoglobin trigger [54, 59, 93]. Timing 
and indications for initiation of a massive trans-
fusion protocol should be part of institutional 
guidelines for the management of PPH [94–96].

Blood products: Blood products, including 
platelets, fresh frozen plasma (FFP), and cryo-
precipitate or fibrinogen concentrate, are used to 
reverse or prevent coagulopathy. Provision of 
coagulation factors during massive hemorrhage 
should ideally be guided by protocol and consul-
tation with a transfusion/hematology specialist, 
followed by point-of-care coagulation tests, such 
as thromboelastography (TEG®) or rotational 
thrombolestometry (ROTEM®)  [64, 97–102].

Multicomponent therapy with a fixed ratio of 
transfusion of RBCs, FFP and platelets should be 
administered as guided by individual institutional 
protocols. The recommended initial transfusion 
ratio for packed RBCs/FFP/platelets is 1:1:1 [40]. 
While fixed ratio transfusion approaches exist in 
the trauma setting, it is currently uncertain if such 
approaches improve outcomes in the obstetric set-
ting. Further research into optimal timing and 
ratios is required in this area [35, 89, 90, 103].

Administration of fibrinogen replacement 
with cryoprecipitate or fibrinogen concentrate 
should be considered in the setting of consump-
tive coagulopathy and/or low fibrinogen [94, 
98, 104–106]. Fibrinogen levels are typically 
higher in pregnancy (normal range 4–6 g/L), so 
fibrinogen levels <2.0 g/L, or those rapidly fall-
ing in the context of obstetric hemorrhage, 
should prompt consideration of fibrinogen 
replacement.

Triggers of coagulopathy (hypothermia and 
acidosis) and electrolyte imbalances caused by 
transfusion (hypocalcemia, hyperkalemia) should 
be treated in parallel to blood component admin-
istration [107].

Values indicative of critical physiologic 
derangement include temperature <35  °C, 
pH  <  7.2, base excess worse than −6, lactate 
>4 mmol/L, ionized calcium <1.1 mmol/L, plate-
let count <50 × 109 mmol/L, PT 1.5 × normal, 
INR >1.5, APTT >1.5 × normal, and fibrinogen 
level <2.0 g/L [95].

It is worth noting that the PT and APTT may 
often remain normal despite massive obstetric 
hemorrhage [87, 103].

6.12  Pitfalls

• Bleeding that is concealed.
• Delay in diagnosis, with deterioration of vital 

signs prior to recognition of PPH.
• Underestimated blood loss—signs or symp-

toms of significant blood loss (e.g., tachycar-
dia and hypotension) may be absent or only 
appear once blood loss is substantial [55].

• Delay in request for senior multidisciplinary 
team involvement.

• Inadequate resuscitation (fluid and blood).
• Delay in transfer to operating room.
• Inadequate correction of coagulopathy.
• Ongoing care - Once hemorrhage is controlled 

and the woman is stabilized, attention should 
be given to preempting and managing the 
potential complications of PPH and massive 
transfusion, including ongoing supportive 
intensive care.
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6.13  Transfusion-Related Lung 
Injury and Transfusion-
Associated Circulatory 
Overload

Massive transfusion in the setting of massive 
obstetric hemorrhage can be complicated by 
both transfusion-related lung injury (TRALI) 
and transfusion-associated circulatory overload 
(TACO). TRALI is an uncommon but poten-
tially fatal complication following transfusion 
of blood products and is characterized by an 
acute onset (within 6  hours of transfusion) of 
non-cardiogenic pulmonary edema [108]. Other 
diagnostic criteria include hypoxemia, defined 
as a PaO2/FiO2 ratio of ≤300 or oxygen satura-
tion of <90% on room air and bilateral pulmo-
nary infiltrates seen on chest radiograph 
[108–111]. Hypotension may also occur. 
Treatment is supportive [108, 111].

TACO is a transfusion reaction characterized 
by respiratory distress and/or pulmonary edema 
due to volume overload in the setting of transfu-
sion (within 6 hours) [112, 113]. TACO may be 
differentiated from TRALI by the existence of 
hypertension, but the distinction may be chal-
lenging [111]. Management includes supporting 
the airway, providing supplemental oxygen and/
or ventilation and the use of diuretics to remove 
fluid [113].

Women receiving multiple transfusions should 
be monitored carefully. The diagnosis of TRALI 
or TACO should be considered in any woman 
showing symptoms of cardiovascular or respira-
tory compromise within 6 hours of transfusion, 
especially those with additional risk factors, such 
as underlying cardiac disease or a positive fluid 
balance [111].

6.14  Further Hemorrhage 
and Venous 
Thromboembolism

Monitor for evidence of further hemorrhage and 
correct abnormal coagulation parameters. 
Infection due to retained products of conception 
or postoperative surgical site infection may be a 

cause of delayed hemorrhage. Also consider 
recanalization of previously embolized arteries 
as a source of potential bleeding [19].

Women with major PPH are also at an increased 
risk of venous thromboembolism [114, 115]. 
Thromboprophylaxis with mechanical devices 
such as intermittent compression devices should 
be used until there are no clinical concerns with 
ongoing bleeding, at which point pharmacological 
thromboprophylaxis should be initiated.

6.15  Other Complications 
of Global Hypoperfusion/
Post-circulatory Arrest

Massive obstetric hemorrhage may lead to circu-
latory collapse and cardiac arrest from hypovole-
mia. Even with prompt and successful 
resuscitation efforts, significant end-organ dam-
age may occur resulting in multiple organ system 
failure. These may include pulmonary edema and 
acute respiratory distress syndrome (ARDS), 
acute myocardial infarction, acute (prerenal) kid-
ney injury, ischemic hepatitis, hepatic infarction 
or hepatic failure, splanchnic ischemia accompa-
nied by bowel sloughing, gastrointestinal hemor-
rhage, bacterial translocation and bowel 
infarction, ischemic pituitary necrosis (i.e., 
Sheehan’s syndrome), global hypoxic ischemic 
encephalopathy resulting in varying degrees of 
ongoing neurological impairment, and even brain 
death [116]. Detailed discussion and manage-
ment of the above conditions plus other related 
complications is described elsewhere in this 
book.
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7.1  Normal Maternal Physiology

Fluid resuscitation is a pivotal part of manage-
ment of some critically ill pregnant women. As 
fluid therapy of these patients differs somewhat 
from critically ill patients in general, clinicians 
need to be familiar with the altered physiology in 
pregnant women.

K. Ekelund · A. Afshari (*) 
Department of Anaesthesia, Copenhagen University 
Hospital Rigshospitalet, Juliane Marie Centret, 
Copenhagen, Denmark
e-mail: kim.ekelund@regionh.dk;  
arash.afshari@regionh.dk 

M. H. Møller 
Department of Intensive Care, Copenhagen 
University Hospital Rigshospitalet,  
Copenhagen, Denmark
e-mail: morten.hylander.moeller@regionh.dk

7

Bullet Points
• Fluid resuscitation remains a mainstay 

of therapy for noncardiac causes of 
acute circulatory failure in all critically 
ill adult patients, including patients with 
sepsis, trauma and burns, and is there-
fore an important aspect of treatment of 
critically ill pregnant women as well.

• Pregnancy is a dynamic state.
• During pregnancy, osmoregulation is 

adjusted to a lower “set point”.
• Decisions regarding the choice of fluids 

for pregnant women should adhere to 
international guidelines for resuscita-
tion of adult critically ill patients.

• Synthetic colloids have been associated 
with an increased risk of renal dysfunc-
tion in septic populations and have not 

been evaluated for treatment of pregnant 
women.

• As there is little to no evidence to guide 
fluid administration in pregnant women, 
treatment should be individually 
targeted.

• Fluid administration should be guided 
by frequent reassessment of haemody-
namic status and the specific maternal 
and foetal physiology of each case.

• In acute but controlled bleeding, trans-
fusions can be guided by viscoelastic 
haemostatic assays (i.e. TEG® or 
ROTEM®).

• Plasma volume is reduced in women 
with pre-eclampsia; fluid restriction 
(conservative fluid management) is 
recommended.
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7.1.1  Gain in Weight, Total Water 
and Plasma Volume During 
Pregnancy

Healthy pregnant women gain an average 12 kg 
(range 1–21  kg) during pregnancy [1]. 
Approximately 60% of the weight gain is due to 
excess water, less than 10% is due to protein, and 
accumulation of fat will account for the remain-
ing 30% [2]. The increase in water during preg-
nancy is almost equally distributed between 
maternal and foetal-placental compartments, and 
more than 75% of the maternal fluid increment is 
retained within the ECF space [3].

Total body water (TBW) normally constitutes 
45–65% of the total body weight. Two-thirds of 
this water is sequestrated in the intracellular 
fluid (ICF) space, and the remaining is in the 
extracellular fluid (ECF) space. The ECF space 
includes intravascular and interstitial volumes 
with a ratio between the two of 1:3. The clinical 
relevance of this distribution is in that the excess 
interstitial water can be difficult to mobilize by 
diuretics.

During pregnancy, total blood volume also 
gradually increases by approximately 1.5–2.0 L 
from 4.0 to 5.5–6 L. This increase is secondary to 
an increase in plasma volume (from 2.7–4.0 L) 
[4]. At the same time, the erythrocyte volume 
increases by only 0.4 L [4]. This disproportional 
increase leads to a physiological drop in haema-
tocrit and haemoglobin concentration. The physi-
ological increase in plasma volume also leads to 
decreased concentrations of plasma albumin 
(−20%) and plasma protein (−10 to 15%). The 
increment in interstitial fluid is only partly 
explained by the decrease in plasma albumin (i.e. 
oncotic pressure). Oestrogen-induced hydration 
of the mucopolysaccharide ground substance in 
connective tissue leading to potential absorption 
of water is thought to be another part of the expla-
nation [5].

Contrary to normal physiology, women with 
pre-eclampsia often have a reduced plasma vol-
ume (see below) [6].

7.1.2  The Urogenital and Renin- 
Angiotensin System 
and Plasma Osmolality During 
Pregnancy

Renal plasma flow and glomerular filtration rate 
(GFR) rise in early pregnancy; this increase per-
sists until term [7]. Creatinine clearance typically 
increases compared to non-pregnant women, ris-
ing from 120 to 200  mL/min (+50%) [8]. The 
reference level of serum creatinine remains 
unchanged, whereas the blood urea nitrogen con-
centration falls from 2.5–7 to 1–4 mmol/L [9].

The renin-angiotensin-aldosterone system, 
progesterone, oestrogen, prostaglandin and 
deoxycorticosterone are all thought to play a role 
in electrolyte homeostasis during pregnancy and 
the postpartum period. The interaction of these 
regulatory system components is not yet fully 
understood [3, 10, 11]. Daily sodium filtration is 
increased by 50% [3], resulting in reabsorption 
of 3–4 mmols of sodium daily and overall reab-
sorption of around 900–1000  mmol of sodium 
during pregnancy [3]. The net result is a minor 
decrease in the reference level of sodium during 
pregnancy from 136–146 to 130–148 mmol/L. In 
comparison, the total body potassium stores 
increase by approximately 320  mmol, leaving 
the reference level of potassium unaltered during 
pregnancy.

Total protein excretion (including albumin 
excretion) exceeds pre-pregnant levels [12].

As almost half of the total calcium is bound to 
serum protein (mostly albumin), augmented 
absorption of calcium from the small intestine 
counteracts the increased demand during preg-
nancy. The level of unbound ionized calcium (the 
physiological active form) is not affected by the 
increased excretion of albumin. Therefore the 
level of ionized calcium during pregnancy 
remains stable between 1.1 and 1.3  mmol/L, 
which is comparable to non-pregnant levels.

Plasma osmolality (Posm) decreases during 
normal pregnancy to values approximately 
10 mOsmol/kg below the norm for non-pregnant 
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women [13]. In non-pregnant subjects, a similar 
decrement in Posm would halt secretion of the 
antidiuretic hormone AVP (arginine vasopressin), 
resulting in a state of continuous diuresis. During 
pregnancy, even at the lower basal Posm, urine can 
still undergo concentration and dilution. Therefore 
the osmoregulatory system must be reset (i.e. the 
threshold for AVP secretion is adapted to the lower 
Posm) [13, 14] (Figs. 7.1 and 7.2).

7.1.3  Maternal Haemodynamic 
and Uteroplacental Blood 
Flow During Pregnancy

Cardiac output is increased by approximately 
50% due to an increase in heart rate (+25%) and 
stroke volume (+25%) throughout pregnancy 
[15, 16]. There is an equal rise in ejection fraction 
secondary to increased left ventricular end- 
diastolic volume and unchanged end-systolic 
volume [16]. The increase in cardiac output cor-
responds to an increased demand for perfusion of 
several organs, namely, the uterus, the kidneys 
and the skin [17, 18].

The blood pressure drops approximately 
10 mmHg by the second trimester despite the rise 
in cardiac output as a consequence of decreased 
systemic vascular resistance [19, 20]. For a 
detailed description of the physiological cardio-
vascular changes in pregnancy, see Chap. 9.

Placental circulation is characterized by a lack 
of capillary microcirculation and a high-flow 
low-resistance system of spiral arteries. The 
uteroplacental vascular bed is usually maximally 
dilated. This vascular bed is characterized and 
has a potent alpha-adrenergic receptor system, 
which is highly sensitive towards endogenous or 
exogenous stimulation. It is this characteristic 
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that can lead to a marked decrease in uteropla-
cental blood flow in critically ill mothers, partic-
ularly in the presence of severe hypotension [21, 
22]. The uteroplacental blood flow is responsible 
for the delivery of oxygen and nutrients to the 
foetus. Hence an acute reduction in uteroplacen-
tal blood flow may rapidly threaten foetal viabil-
ity. Such a drop may occur due to sympathetic 
blockade during neuraxial anaesthesia, hypovo-
laemia, haemorrhage and/or supine positioning 
with aortocaval compression.

7.2  Fluid Management

7.2.1  State-of-the- Art Care 
Regarding Fluid Therapy 
in Critically Ill Adult Patients 
in General

Given the lack of evidence for fluid management 
specifically in critically ill pregnant patients, 
fluid management should currently be guided by 
existing recommendations for adult critically ill 
patients in general. Fluid resuscitation is a main-

stay therapy for noncardiac causes of acute circu-
latory failure in critically ill adult patients, 
including patients with sepsis, trauma and burn 
injury [23]. Fluid resuscitation is given with the 
specific aim of improving the circulation, i.e. 
increasing cardiac output thereby reducing 
hypoperfusion.

Restrictive versus liberal fluid administra-
tion: A common approach to fluid therapy in 
critically ill adult patients suffering from hypo-
tension is to give 250–500 mL boluses followed 
by regular reassessments of the circulation [23]. 
If the patient has suffered fluid loss, a fixed vol-
ume may be given to replace this loss. Many 
patients improve their circulation after bolus 
fluid administration. However, some are at par-
ticular risk of harm from excess fluid resuscita-
tion [24–26]. For ongoing fluid therapy, 
increasing evidence suggests that a more restric-
tive approach is probably more beneficial than a 
more liberal one [27].

Type of fluid: Crystalloid solutions are gener-
ally the preferred type of fluid for critically ill 
patients and should therefore be used as the first 
line of therapy (Table 7.1). Synthetic colloid solu-

Table 7.1 Composition of intravenous fluids, including normal plasma reference values for pregnant and non- pregnant 
adult

Solute

Plasma, 
non-
pregnanta

Plasma, 
third 
trimestera

Crystalloid Colloidb

NaCl 
0.9%

Ringer’s 
lactate

Hartmann’s 
solution

Plasma-
lyte

4% 
Humanc 
albumin

5% 
Humanc 
albumin

20% 
Humanc 
albumin

Sodium 136–146 130–148 154 130 131 140 130–160 130–160 48–160
Potassium 3.5–5.0 3.3–5.1 – 4.0 5.4 5.0 – –
Calcium 1.13–1.33 1.13–1.33 – 1.5 1.8 – – –
Magnesium 0.63–0.95 0.46–0.92 – – – 1.5 – –
Chloride 102–109 97–109 154 109 112 98 128 100–160 48–160
Acetate 0 0 – – – 27 – –
Lactate <2d <2d – 28 28 – – –
Bicarbonate 22–30 18–26 – – – – – –
Osmolarity 275–295 278–280 308 273 277 294 250–260 265–330 210–260

Osmolarity (mOsm/L), all other solutes (mmol/L)
Similarly gelatin should not be used in critically ill patients
aLewis SR, Pritchard MW, Evans DJW, Butler AR, Alderson P, Smith AF, Roberts I. Colloids versus crystalloids for 
fluid resuscitation in critically ill people. Cochrane Database of Systematic Reviews 2018, Issue 8. Art. No.: CD000567. 
https://doi.org/10.1002/14651858.CD000567. pub7.
bThe European Medicine Agency (EMA) and the US Food and Drug Administration (FDA) both endorse that hydroxy-
ethyl starch solutions should NOT to be used in critically ill patients:EMA: http://www.ema.europa.eu/ema/index.
jsp?curl=pages/medicines/human/referrals/Hydroxyethyl_starch-containing_solutions/human_referral_prac_000012.
jsp&mid=WC0b01ac05805c516fFDA: https://wayback.archive-it.org/7993/20170112164508/http://www.fda.gov/
Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm358349.htm
cHuman albumin is produced by different companies with different concentration of the registered solutes
dSinger M, Deutschman C, Seymour C, Shankar-Hari M, Annane D, Bauer M, et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801–10
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tions are associated with adverse outcomes in 
critically ill patients in general [28–31]. Albumin 
is probably safe, but has no obvious benefits and 
is an expensive and limited resource [32].

As for crystalloid solutions, isotonic saline 
and buffered solutions can be used, as they appear 
equally safe [33]. It may be rational to give 
patients with severe acidosis buffered solutions 
and those at risk of severe hyponatraemia iso-
tonic solutions [34]. However, overcorrection 
should be avoided, since baseline sodium is lower 
during pregnancy.

7.2.2  Fluid Management During 
Massive Transfusion

Pregnant women have a particular ability to com-
pensate for hypovolaemia, including obstetric 
haemorrhage. This compensation is a potential 
source of errors when assessing pregnant women, 
as the normal monitored values belie the volume 
of loss. For example, blood pressure may remain 
stable even during acute haemorrhage. 
Furthermore, as noted above, pregnancy is 
accompanied by a physiological increase in heart 
rate, which may mask impending collapse. When 
uncontrolled bleeding occurs, it is a life- 
threatening condition which requires prompt 
intervention, including some fluid resuscitation 
[35]. Therefore the threshold of suspicion for 
haemorrhage should be lower than usual in preg-
nant women.

There are currently no high-quality data on the 
optimal transfusion strategy in obstetric haemor-
rhage. Instead, lessons learned from trauma set-
tings apply for the management of uncontrolled 
haemorrhage [36, 37]. The initial treatment of 
uncontrolled haemorrhage includes administra-
tion of intravenous crystalloids, since anaemia is 
better tolerated than hypovolaemia regardless of 
the cause of fluid loss [38]. However, fluid resus-
citation is a short-lived temporizing measure, 
since coagulopathy can develop as a consequence 
of dilution and exhaustion of clotting factors if 
these are not replaced.

Transfusion with O rhesus (D)-negative blood 
must be prioritized. O-negative blood may be 

transfused even prior to obtaining either the ini-
tial haemoglobin count or any other standard 
laboratory tests in case of massive bleeding. 
Transfusion of packed red blood cells (PRBC), 
fresh frozen plasma (FFP) and platelets should 
follow a balanced transfusion protocol in accor-
dance with national or international transfusion 
guidelines [39, 40].

In the setting of acute but controlled bleeding, 
implementation of haemostatic control strategies 
based on the use of transfusion packages with 
PRBCs, FFPs and platelets guided by viscoelas-
tic haemostatic assays (i.e. TEG® or ROTEM®) 
appear to be associated with reduced transfusion 
requirements in the peri- and postoperative 
period, with reduced mortality [41]. Early 
replacement of coagulation factors and platelets 
may be of particular importance in the manage-
ment of bleeding maternal patients [42, 43].

Fibrinogen and tranexamic acid may also have 
a central role in the treatment of postpartum 
haemorrhage supplementing uterotonics (oxyto-
cin, methergine and prostaglandin F2a (carbo-
prost), prostaglandin E1 (misoprostol)) and 
surgical intervention including ligation of arter-
ies, B-Lynch sutures and implementing of a Bakri 
balloon [44–51]. These are detailed in Chap. 6.

7.2.3  Fluid Management During 
Pre-Eclampsia/Eclampsia

Plasma volume is reduced in women with pre- 
eclampsia [6]. This association has led to the sug-
gestion that plasma volume expansion with fluids 
might improve maternal and uteroplacental cir-
culation, thereby improving outcome for both the 
woman and the foetus. However, not all women 
with pre-eclampsia are fluid responders [52]. A 
Cochrane review comprising three trials of 
women with pre-eclampsia and no acute kidney 
injury who required volume expansion concluded 
that the quantity and quality of evidence support-
ing fluid resuscitation in woman with pre- 
eclampsia remain very low with no firm evidence 
for either benefit or harm [53]. The three included 
trials had an overall high risk of bias and included 
very few women (altogether 61), which may lead 
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to imprecision. Furthermore, not all of the women 
included had hypertension. Women with hyper-
tension often require less volume expansion. 
Therefore the external validity of the findings of 
these studies may be low. These trials also only 
evaluated colloid solutions and did not examine 
relevant clinical outcomes such as acute kidney 
injury, renal placement therapy, acute pulmonary 
oedema, coagulopathy, admission to lCU or peri-
natal morbidity.

Intravenous fluid transfusion decreases the 
colloid oncotic pressure [54]. Redundant fluid 
administration may therefore potentially increase 
the risk of cerebral and pulmonary oedema in 
patients with pre-eclampsia [55]. Consequently, 
fluid restriction (conservative fluid management) 
is recommended internationally [56, 57], includ-
ing limiting maintenance fluids to 80 mL/h [56].

While colloids—compared with crystal-
loids—theoretically may result in less decrease 
in the colloid oncotic pressure, there is no evi-
dence of any clinical relevant benefit of colloids 
over crystalloids for the pregnant woman [58].

7.2.4  Fluid Management During 
Severe Sepsis

Around 15–30% of maternal admissions to the 
ICU are due to sepsis. Sepsis also remains a lead-
ing cause of maternal morbidity and mortality, 
accounting for up to 28% of maternal deaths [59–
63]. Furthermore, recent reports show a rising 
incidence of pregnancy-associated sepsis and 
septic shock and a rise in sepsis-associated mor-
bidity and mortality in the pregnant population 
[64, 65].

Unfortunately, septic pregnant women are 
rarely included in clinical trials. The causes for 
their exclusion are many, including concerns for 
the developing foetus and the marked physiologic 
alternations associated with pregnancy [66].

Until recently, the treatment of sepsis included 
early goal-directed therapy (EGDT) with early 
initiation and continuation of haemodynamic 
resuscitation. The primary goal of EGDT is cor-
rection of the physiological abnormalities associ-
ated with sepsis (i.e. hypotension, hypoxaemia, 

reduced tissue oxygenation). The “therapeutic 
bundle” recommended in the early stages of 
treatment to achieve this goal was initially based 
on a publication by Rivers et al. [67]. In this land-
mark single-centre study, the authors randomized 
263 patients at a US emergency department to a 
6-h protocol of intravenous fluid optimization, 
use of vasopressors, inotropes and red blood cell 
transfusions to achieve predefined targets of arte-
rial blood pressure, haemoglobin level, central 
venous pressure and central venous oxygen satu-
ration vs standard care. EGDT resulted in a sig-
nificant in-hospital mortality reduction from 46.5 
to 30.5% [67].

The findings of the Rivers study prompted ini-
tiation of subsequent large multicentre RCTs: 
ProCESS (Protocolized Care for Early Septic 
Shock), ARISE (Australasian Resuscitation in 
Sepsis Evaluation) and ProMISe (Protocolized 
Management in Sepsis) [68–70]. In the ProCESS 
study, 1341 septic patients across 31 US emer-
gency departments were randomized, of whom 
439 were assigned to protocol-based EGDT, 446 
were allocated to a protocol-based standard ther-
apy and 456 to usual care. The authors failed to 
demonstrate a beneficial effect of EGDT [67]. The 
ARISE study enrolled 1600 patients with early 
septic shock presenting at emergency departments 
across 51 centres mostly in Australia and New 
Zealand. The patients were assigned to be treated 
by either usual care or an EGDT protocol. The use 
of EGDT resulted in administration of more intra-
venous fluids, use of vasopressors and inotropes 
and red blood cell transfusions but failed to show 
any survival benefit at 90  days [68]. In the 
ProMISe study, 1260 patients with septic shock 
were included at 56 hospitals across England to 
receive either EGDT (a 6-h resuscitation proto-
col) or usual care. As indicated by findings of the 
ARISE study, the authors found that EGDT 
resulted in increased use of intravenous fluids, 
vasoactive drugs and red blood cell transfusions. 
However, there was no survival benefit (90 days 
mortality), and EGDT resulted in significantly 
worse organ failure scores, more days receiving 
advanced cardiovascular support and longer stays 
in the intensive care unit [69]. These studies were 
followed by a comprehensive patient-level meta-
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analysis of EGDT that similarly failed to demon-
strate better outcomes than usual care but showed 
an association with higher hospitalization costs in 
patients with sepsis and septic shock [71]. Finally, 
a more recent assessment of the impact of rapid 
implementation of sepsis bundles in emergency 
departments within 3  h (i.e. fluid resuscitation, 
blood cultures, broad- spectrum antibiotic agents 
and lactate measurement) also showed no associa-
tion with lower risk-adjusted in-hospital mortality 
[72]. These later findings demonstrating a lack of 
effect of EGDT are often attributed to the changes 
in “usual care” that have occurred since publica-
tion of the original Rivers study; aggressive initial 
fluid resuscitation, rapid administration of antibi-
otics and measurement of lactate and intravascu-
lar volume assessment have become mainstays of 
care [66].

Currently, no trial has been published on the 
benefits of EGDT among pregnant women. As a 
consequence, a great deal of uncertainty exists 
about the timing and amount of fluids needed in 
pregnant women. Lacking available data in this 
population, one can only extrapolate from the gen-
eral septic population (i.e. Surviving Sepsis 
Campaign (SSC) guidelines). Summarized in brief, 
the most recent guidelines as of the time of this 
writing suggest crystalloids (balanced crystalloids 
or saline) should be used for initial resuscitation 
and subsequent intravascular volume replacement. 
Crystalloids are preferred over gelatins, and admin-
istration of hydroxyethyl starches is not recom-
mended. Within 3  h of the first manifestation of 
hypoperfusion, at least 30  mL/kg of intravenous 
crystalloid fluid should be administered. Additional 
fluid administration (including fluid challenges) 
should be guided by haemodynamic measure-
ments, and albumin may be added when large vol-
umes of crystalloids are required [73].

Increased lactate seems to be as strongly asso-
ciated with adverse outcomes in septic pregnant 
patients as in the general septic population [73]. 
However, one must bear in mind that no single 
clinical or physiological parameter can accu-
rately provide information on the intravascular 
volume of the septic mother, emphasizing the 
importance of close monitoring and early assess-
ment and treatment of this population [74, 75].

Blood pressure, pulse rate, capillary refill 
time, mental status evaluation, urinary output, 
central venous oxygen saturation, arterial- and 
central venous gas measurements, lactate, respi-
ratory variables and foetal status should all guide 
the assessment of fluid responsiveness [76].

Serum lactate values above 2  mmol/L in 
absence of hypovolaemia may indicate septic 
shock, and in septic patients, isolated hyperlacta-
temia is associated with worse adjusted 90-day 
mortality than those with isolated refractory 
hypotension [76–78]. Serum lactate values above 
four are associated with increased mortality in 
the general population with sepsis [76, 77]. 
However, like in any other patient, isolated 
increased lactate values among pregnant criti-
cally ill patient may also indicate other condi-
tions such as tissue hypoxia, adverse effects of 
drugs and toxins and metabolic diseases [75].

In contrast, central venous pressure (CVP) or 
pulmonary artery wedge pressure monitoring has 
been shown to lack measurement reproducibility 
and has poor diagnostic accuracy in the pregnant 
septic patient [76, 77]. Additionally, uncertainty 
still surrounds the reliability of fluid responsive-
ness measurement in spontaneously breathing 
patients and during low-tidal volume ventilation. 
The reliability of such measurements has been 
contested in studies comparing these measure-
ments to other measurement strategies based on 
cardiac output monitoring, pulse pressure or 
stroke volume variation, interior vena cava diam-
eter measurements and even stroke volume 
assessment by echocardiography and veno- 
arterial CO2 difference calculations [79].

A pragmatic approach to treatment of sepsis 
with compensated shock in pregnant patients 
would be to use fluid boluses with caution, bear-
ing in mind that all fluids cause interstitial 
oedema in septic patients. Fluid challenges (i.e. 
20–30 mL/kg of crystalloids or less) have been 
proposed to diagnose fluid responsiveness [80]. 
However, clinicians should ultimately use the 
smallest bolus volume necessary to treat hypovo-
laemia; fluids may cause more harm than benefit 
if an excessive amount is administered.

Regardless of intravascular volume measure-
ments, clinicians should consider early initiation 
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of inotropes in maternal sepsis if the pregnant 
patient fails to respond to a fluid challenge. The 
choice of inotropes should adhere to general rec-
ommendations from Surviving Sepsis Guidelines 
as in the general septic population.

Clinicians should consider both serum osmo-
lality and acid-base status when selecting a resus-
citation fluid for the septic pregnant patient. 
International fluid administration guidelines may 
be adapted to local settings based on evidence- 
based practices and knowledge about maternal 
and foetal physiology. A balanced crystalloid 
should be the first choice of fluids for resuscita-
tion of the pregnant woman with sepsis. 
Crystalloid solutions have been associated with 
improved outcomes in critically ill patients 
despite conflicting evidence [33, 81]. When con-
sidering normal saline, one should be aware of 
the potential (albeit debated) risk of hyperchlor-
aemic acidosis and renal dysfunction due to 
decreased glomerular filtration and immune 
dysfunction.

Colloids should only be considered the second 
line of fluids for resuscitation. If a decision is 
made to use colloids, only albumin should be 
used during pregnancy. Synthetic colloids have 
not been evaluated in the pregnant population and 
are associated with increased risk of renal dys-
function in the general septic population [32, 82].

7.2.5  Fluid Management 
and Potential Impact 
on the Foetus

In general, resuscitation of the critically ill 
mother is bound to affect the well-being of the 
foetus. Not only does the outcome of the mother 
affect the unborn child, but one may also argue 
that whatever intervention is deemed beneficial 
for the mother will inherently be beneficial for 
the child. Maternal physiological responses to 
hypotension and shock favour maternal vital 
organs (i.e. heart, kidney, brain and liver) rather 
than the foetus. This response may be deleterious 
for placental circulation and foetal oxygen deliv-
ery, as cardiac output may be shifted away from 
the uteroplacental vasculature. Thus, adequate 

maternal resuscitation and treatment may directly 
benefit the child not only by postponing delivery 
but also by reducing the risk of postnatal compli-
cations [e.g. respiratory distress syndrome 
(RDS), mechanical ventilation, intraventricular 
haemorrhage (IVH), systemic infections, necro-
tizing enterocolitis] and demise [60, 83, 84].

There is very limited knowledge about the fac-
tors related to foetal and neonatal outcomes in 
critically ill mothers admitted to the 
ICU. However, it is clear that not only the choice 
and amount of fluid administered will affect this 
outcome. Therapies such as inotropes and vaso-
pressors, mechanical ventilation and drugs (e.g. 
sedatives) may all affect placental perfusion. The 
outcome of the child depends on placental perfu-
sion, drug migration across the placenta, serum 
foetal concentration of drugs, foetal electrolyte 
disturbances, glycaemic status, acid-base bal-
ance, anaemia and coagulation status [85].

Little is also known about the specific effect of 
maternal fluid treatment during critical maternal 
illness on the foetus/neonate. As a consequence, 
decisions in regard to appropriate choice of fluids 
should adhere to international guidelines for 
resuscitation of adult critically ill patients [32, 
73, 86]. Of note, caution should be exerted when 
considering synthetic colloids since the risk of 
adverse events is not only applicable to the 
mother. Theoretically, the foetus, who a priori 
has a reduced kidney function and an immature 
coagulation system, may also be affected.

Routine foetal monitoring by the obstetric 
team is highly recommended during the maternal 
stay in the ICU [87]. Such monitoring not only 
provides valuable information about foetal well- 
being but may add information regarding the 
adequacy of maternal resuscitation. The ade-
quacy of resuscitation should be assessed peri-
odically or continuously depending on maternal 
status and on a case-by-case basis.

7.3 Summary

The general principles guiding fluid management 
in critically ill adult patients should also guide 
fluid therapy during maternal fluid resuscitation. 
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Improving maternal condition will ultimately 
also optimize the likelihood of foetal survival. 
Lack of evidence requires that the treating team 
make individualized decisions based on in-depth 
knowledge of the details of the case at hand.
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of Thrombotic and Embolic 
Phenomena During Pregnancy: 
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8.1  Introduction

Venous thromboembolic (VTE) phenomena, spe-
cifically deep venous thrombosis (DVT) and pul-
monary embolism (PE), are a significant cause of 
maternal morbidity and mortality worldwide. 
The World Health Organization (WHO) esti-
mates that VTE accounted for 3.2% of maternal 
deaths between 2003 and 2012 [1].

Widespread attention to thromboprophylaxis 
has reduced the rate of maternal death from throm-
boembolic complications during pregnancy and the 
peripartum period in developed countries. Data 
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Bullet Points
• Compression ultrasound (CUS) is the 

initial test of choice for pregnant women 
who present with symptoms of deep 
vein thrombosis (DVT).

• Chest x-ray is the initial test of choice 
for pregnant women who present with 
symptoms of pulmonary embolism in 
the absence of symptoms of DVT.

• D-dimer levels should not be used as an 
initial screening tool for VTE.

• Empiric anticoagulation is recom-
mended in pregnant women with high 
suspicion of PE.

• Pregnant/postpartum women with pul-
monary embolism should receive thera-
peutic doses of unfractionated (UFH) or 
low-molecular-weight heparin (LMWH).

• In pregnant/postpartum women treated 
with LMWH, antifactor Xa levels 
should be monitored.

• For pregnant/postpartum women with 
massive pulmonary embolism, treat-
ment should proceed as in nonpregnant 
patients.

• Pregnant/postpartum women with sub-
massive pulmonary embolism should be 
treated on an individual basis with mul-
tidisciplinary specialist consultation 
(e.g., cardiology, pulmonology, cardio-
thoracic surgery, interventional 
radiology).
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from the 1990s suggested that VTE surpassed hem-
orrhage and hypertension as a leading cause of 
maternal mortality in the United States and parts of 
Western Europe [2]. In the subsequent decade, rec-
ommendations for thromboprophylaxis from the 
professional societies of obstetricians and gyne-
cologists in both the United Kingdom and the 
United States were followed by significant reduc-
tions in the incidence of morbidity and mortality 
from VTE in both countries [3–5]. The corner-
stones of addressing VTE in obstetric patients are a 
high index of suspicion, early treatment, and sys-
tems-based strategies for prevention.

In contrast to the well-defined entity of VTE and 
the progress that has been made in decreasing the 
burden of VTE, amniotic fluid embolism (AFE) 
remains a rare but potentially catastrophic compli-
cation of pregnancy. The mortality rate of AFE 
approximates 50%, and there is potential for sig-
nificant morbidity. It is difficult to estimate the true 
incidence of AFE because the diagnosis is clinical 
and there are as yet no consensus criteria to classify 
this condition [6]. There are also no screening tests 
or definitive diagnostic tests for AFE, and the man-
agement of this condition is entirely supportive.

This chapter will review the diagnosis and 
management of DVT, PE, and AFE and will spe-
cifically address the clinical approach to criti-
cally ill pregnant and peripartum women with 
these conditions.

8.2  Venous Thromboembolism

8.2.1  Physiologic Changes 
Associated with Pregnancy: 
Hypercoagulable State

Changes in the maternal hemostatic system begin 
with conception and persist for at least 12 weeks 
postpartum. Procoagulant factors I (fibrinogen), 
VII, VIII, and X, von Willebrand factor, and plas-
minogen activator inhibitor-1 and -2 are 
increased, and the anticoagulant free protein S is 
decreased [5]. The net result is a hypercoagulable 
state manifested in a rate of VTE that is increased 
at least fourfold during pregnancy and the post-
partum period (see also Chap. 5) [7–10].

8.2.2  Prevention

A VTE (DVT and PE) risk assessment should be 
performed multiple times during pregnancy. 
Assessments should be performed during prena-
tal visits, upon hospitalization for antepartum 
indications and delivery, and during the postpar-
tum period, from the time immediately following 
delivery through the 6-week follow-up visit. 
Administration of prophylactic anticoagulation 
for prevention of VTE is indicated during most 
obstetric admissions. Pregnant women admitted 
antepartum for 72  h or more for any reason 
should be given pharmacologic prophylactic 
anticoagulation. For women at high risk of bleed-
ing, mechanical prophylaxis with sequential 
compression devices (SCDs) should be used as 
an alternative. The American College of 
Obstetricians and Gynecologists (ACOG) recom-
mends use of SCDs for all women undergoing 
cesarean delivery [5]. Pharmacologic prophylac-
tic anticoagulation should be added postopera-
tively for women with risk factors such as obesity, 
postpartum infection, prolonged bedrest, throm-
bophilia, or other pregnancy complications.

The need for antenatal pharmacologic prophy-
lactic anticoagulation for VTE prevention is 
determined by a woman’s history of prior VTE 
and the presence of thrombophilia [11]. The low- 
risk thrombophilias include factor V Leiden 
 heterozygosity, prothrombin G20210A heterozy-
gosity, and protein C and protein S deficiencies 
[11]. The high-risk thrombophilias include anti-
thrombin deficiency, double heterozygosity for 
prothrombin G20210A mutation and factor V 
Leiden mutation, factor V Leiden mutation homo-
zygosity, and prothrombin G20210A mutation 
homozygosity. Pregnant women with a personal 
history of VTE or a high-risk thrombophilia 
should receive prophylactic anticoagulation 
throughout pregnancy [5, 11]. At this time, should 
other risk factors arise during pregnancy (e.g., 
prolonged hospitalization or critical illness), there 
is no evidence to support increasing the dose of 
anticoagulation drugs to a therapeutic range.

Women with a history of two or more episodes 
of VTE should receive therapeutic anticoagula-
tion throughout pregnancy regardless of whether 
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they were receiving long-term anticoagulation 
therapy before pregnancy or not [11]. In such 
cases, anticoagulation should be continued for at 
least 6 weeks postpartum.

8.3  Thromboembolic Events

8.3.1  Clinical Presentation

Clinicians caring for pregnant and postpartum 
women must maintain a high index of suspicion 
for DVT because many of the classic presenting 
symptoms of this condition, such as lower 
extremity pain and swelling, overlap with 
 common symptoms of pregnancy. Other symp-
toms may include erythema, warmth, and lower 
abdominal, flank, buttock, or back pain.

8.3.2  Diagnosis

The screening tools used in nonpregnant patients 
(e.g., the Wells and modified Wells scores) often 
perform best in populations in which the fre-
quency of the disease is low. These risk assess-
ment scores have not been validated in pregnancy 
when the pretest probability of VTE is higher 
[12]. The LEFt clinical prediction rule (presence 
of left leg symptoms, calf circumference differ-
ence of ≥2 cm, and first trimester presentation) is 
a risk assessment tool that has been studied in 
pregnant patients, but it performs poorly as a 
stand-alone test for ruling out DVT [13].

D-dimer levels often play a role in screening 
nonpregnant patients for DVT. However, D-dimer 
levels increase physiologically during pregnancy 
[14]. Higher cutoff levels may improve specific-
ity, but the adjustment required for this labora-
tory parameter has not been clarified for pregnant 
women [15–17]. D-dimer levels are therefore not 
recommended as an initial screening tool in preg-
nancy [5].

The primary modality for diagnosing DVT 
during pregnancy is compression ultrasonogra-
phy (CUS) of the proximal veins. Visualization 
of material with mixed echogenicity within the 
vessel lumen, a noncompressibile segment, and 
absent Doppler flow indicates the presence of a 
thrombus [18]. Both ACOG and the American 
College of Chest Physicians (ACCP) currently 
recommend that when a pregnant woman has 
signs or symptoms of DVT, CUS should be the 
initial diagnostic test [5, 19]. Depending on the 
results of the initial CUS, additional imaging, 
either with serial CUS, iliac Doppler US, or 
venous magnetic resonance imaging (MRI), may 
be considered (Fig. 8.1) [20].

In women presenting with postpartum pain or 
fever, the performance of a venous MRI or a pel-
vic computed tomography (CT) may reveal the 
presence of an ovarian or pelvic vein thrombosis. 
In such cases, the diagnosis is usually made while 
seeking other etiologies for the presenting symp-
toms (e.g., workup for VTE or sepsis). In some 
severe cases of septic pelvic thrombophlebitis 
(SPT), the thrombosed vein may be seeded with 
bacteria, and the woman may present with symp-
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Fig. 8.1 Clinical flow chart for evaluation of obstetric patients with symptoms of DVT
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toms of distributive shock. Therefore, although 
pelvic vein thrombosis and SPT are uncommon, 
clinicians should remember to include these 
options in the differential diagnosis [21–23]. 
Radiology should be consulted prior to imaging 
with CT, as the intravenous administration of 
contrast may be timed to evaluate the pelvic vas-
culature for evidence of thrombosis. In rare cases, 
organ infarction has been reported, particularly in 
women with a diagnosis of antiphospholipid syn-
drome (APS). Evidence of clotting and/or shower 
emboli may be seen on CT with appropriately 
timed contrast administration and possibly on 
MRI.  Lactate may be elevated due to systemic 
sepsis or specific organ ischemia.

Myocardial infarction (MI) is exceedingly 
rare during pregnancy. The initial evaluation for 
all patients in whom a diagnosis of MI is consid-
ered includes sampling of the blood for cardiac 
enzymes and performance of an electrocardio-
gram. This practice should be adhered to regard-
less of pregnancy. Because of the hemodynamic 
changes occurring during pregnancy and the 
potential for undiagnosed structural heart disease 
in these relatively young patients, the threshold 
for obtaining an echocardiogram should be low.

While women with isolated DVT do not 
require ICU admission, those with bacterial seed-
ing of clot (as in septic pelvic thrombophlebitis) 
or organ infarction (as in the anti-phospolipid 
syndrome) may present with signs and symptoms 
of shock. In women diagnosed with DVT, careful 
attention should be given to the clinical presenta-
tion as this will determine when additional test-
ing is indicated. Hemodynamic changes, 
laboratory abnormalities, symptoms not directly 
related to the DVT, and pain disproportionate to 
the diagnosis require further evaluation.

8.4  Pulmonary Embolism

8.4.1  Clinical Presentation

Pregnant women with PE may present with dys-
pnea, tachycardia, pleuritic chest pain, and, in 
cases of large proximal clots, syncope and evi-
dence of hemodynamic instability. As is the case 

for DVT, the use of clinical decision aids for 
evaluating pregnant patients with symptoms of 
PE is complicated by the higher incidence of 
VTE during pregnancy, which may affect test 
performance. The Wells score for PE, the simpli-
fied revised Geneva score (RGS) for PE, and the 
pulmonary embolism rule-out criteria (PERC 
rule) have not been validated in pregnant patients 
[24–26].

As noted above, D-dimer levels should not be 
used as an initial screening tool in pregnancy due 
to the alterations in levels throughout pregnancy 
[5]. As in nonpregnant patients, PaO2 is not a reli-
able indicator of PE. Electrocardiographic (ECG) 
changes are nonspecific and may include atrial 
fibrillation, T-wave inversion in the anterior chest 
leads, right bundle-branch block, or the S1-Q3-T3 
pattern (large S wave in lead I, a pathologic 
Q-wave and T-wave inversion in lead III). 
Furthermore, the ECG has a poor sensitivity for 
diagnosing PE since these changes tend to occur 
only with large pulmonary artery occlusions.

Computed tomographic pulmonary angiogra-
phy (CTPA) and ventilation-perfusion (VQ) scan 
are the primary modalities employed in diagnosis 
of PE [5, 27, 28]. Chest x-ray (CXR) imaging 
should not be used for screening because 25% of 
patients with PE may have a normal CXR [29]. 
However, a negative CXR decreases the likeli-
hood of nondiagnostic results from VQ and 
CTPA scanning. Radiographic findings sugges-
tive of PE include an enlarged pulmonary artery, 
dilation of pulmonary vessels proximal to the 
embolus and collapse of distal vessels 
(Westermark’s sign), a wedge-shaped peripheral 
airspace opacity (Hampton hump), and pleural 
effusion. A homogenous perfusion scan is very 
accurate for ruling out PE [30]. If the perfusion 
scan is not normal and a ventilation study is per-
formed, the study results may be positive or inde-
terminate, which is a limitation of this imaging 
modality. Conversely, in the general patient pop-
ulation, the sensitivity and specificity of CTPA 
approximate 90% regardless of pretest probabil-
ity [31], and the main advantage of CTPA is that 
it can also demonstrate other pulmonary patholo-
gies with symptoms similar to PE that may be in 
the differential diagnosis.
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Figure 8.2 outlines a systematic approach to 
the evaluation of a pregnant patient with sus-
pected PE supported by the American Thoracic 
Society/Society of Thoracic Radiology and 
ACOG [5, 28]. Proximal vein CUS can be used to 
minimize the risk of radiation exposure since 
management will include anticoagulation 
whether the diagnosis is a DVT or PE [32, 33]. 
The amount of radiation from CXR, VQ scan-
ning, and CTPA is low (0.001, 0.031, and 
0.013 rad, respectively, versus an increased risk 
for miscarriage, teratogenicity, and perinatal 
complications at 5 rads), and all modalities are 
appropriate for pregnant patients with possible 
PE [34].

8.4.2  Anticoagulation Management 
of Thromboembolic Events

Anticoagulation with low-molecular-weight 
heparin (LMWH) or unfractionated heparin 
(UFH) is the mainstay of treatment for acute 
VTE [5, 35]. Anticoagulation should be started 
promptly upon diagnosis and, in cases of a high 
suspicion for PE, may also be initiated empiri-
cally [5].

For UFH, therapeutic anticoagulation should 
be achieved with an activated partial thrombo-
plastin time (aPTT) 1.5–2.5 times the control 
[36, 37]. Heparin dosing during pregnancy can 
be challenging because procoagulant plasma 
levels are increased. An intravenous infusion 
will allow rapid achievement of therapeutic lev-
els while preserving the option of reversing 

anticoagulation on short notice [38]. After 
achievement of steady state, the total 24-h 
intravenous heparin dose can be calculated and 
divided into two to three doses to be adminis-
tered subcutaneously every 12 or 8  h, 
accordingly.

LMWH is usually the therapy of choice as it 
provides more reliable anticoagulation. Antifactor 
Xa levels should be monitored periodically and 
maintained between 0.6 and 1.2 U/mL. Antifactor 
Xa levels are first checked 4  h after the fourth 
dose following initiation or titration [5].

Oral anticoagulation with warfarin is gener-
ally not recommended for management of VTE 
during pregnancy, all the more so during a criti-
cal illness. From the maternal perspective, long- 
acting anticoagulants should not be used until 
systemic stability has been ensured. Among 
other issues, warfarin has been associated with 
an increased risk for maternal and fetal hemor-
rhage during pregnancy. From the fetal perspec-
tive, warfarin crosses the placenta and has been 
associated with embryopathy when exposure 
occurs during the period of organogenesis 
between 7 and 12  weeks gestation [39]. 
However, conversion to warfarin should be con-
sidered in the postpartum period [5]. Warfarin is 
not concentrated in breast milk and is safe to use 
during lactation.

Pregnancy is considered a transient nonsurgi-
cal risk factor for VTE. The recommended dura-
tion of anticoagulation treatment is 3 months for 
DVT and PE that have been diagnosed during 
pregnancy [40]. For patients with recurrent VTE, 
extended anticoagulation may be appropriate.
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8.4.3  Management of Massive 
Pulmonary Embolism

In addition to the specific anticoagulation con-
siderations and treatment presented above, the 
management of acute PE depends on clot bur-
den and hemodynamic stability. The American 
Heart Association (AHA) characterizes the 
presentation of a massive PE as persistent 
hypotension, profound bradycardia, or pulsel-
essness. Submassive PE is characterized by 
evidence of right ventricular dysfunction or 
myocardial necrosis in the absence of hemody-
namic changes. In the absence of markers of 
massive and  submassive PE, the PE may be 
classified as low-risk [41]. In addition to care-
ful assessment of hemodynamic status, an 
echocardiogram can guide risk assessment and 
treatment [42, 43].

Multidisciplinary care with involvement of 
specialists in critical care, cardiology, pulmonol-
ogy, interventional radiology, and thoracic sur-
gery is essential for the timely delivery of optimal 
therapy (including surgery when required) for 
submassive and massive PE.

Critical care management of acute PE 
focuses on restoring circulatory perfusion and 
oxygen delivery before organ dysfunction 
worsens. Perfusing and resuscitating the right 
ventricle are an important treatment goals. 
After administration of oxygen (with appro-
priate airway management) and heparin, the 
initial hemodynamic treatment should include 
expansion of the circulating volume with fluid 
boluses and recurrent assessment of fluid 
responsiveness. Fluid resuscitation without 
assessment of fluid responsiveness should be 
avoided because aggressive fluid administra-
tion to a non fluid-responsive patient increases 
cardiac filling pressures, which can worsen 
right ventricular failure. If hemodynamic 
instability persists after fluid administration, 
vasoconstricting agents such as norepineph-
rine and vasopressin should be administered to 
increase coronary (and specifically right coro-

nary) artery perfusion, and an echocardiogram 
should be obtained. Continued right ventricu-
lar failure is managed by inotropes such as 
dobutamine, milrinone, or epinephrine and 
pulmonary vasodilators such as nitric oxide 
[44]. See Fig. 8.3.

Pregnant women with massive PE, and some 
with submassive PE, may be candidates for sys-
temic thrombolysis. Such women may also require 
invasive interventions such as catheter- based intra-
arterial thrombolytic infusion, mechanical clot 
disruption, or surgical embolectomy.

Systemic thrombolytic therapy (e.g., tissue- 
type plasminogen activator [tPA]) during preg-
nancy poses a risk for hemorrhage. A 
retrospective study of tPA use during preg-
nancy reported a mortality rate of 1.2% and a 
rate of hemorrhagic complications of 8% [45]. 
There are no controlled studies examining the 
efficacy and safety of thrombolytic therapy in 
pregnancy. Obstetric outcomes following cath-
eter-directed procedures and embolectomy are 
based on case reports. There is therefore insuf-
ficient evidence to recommend a management 
strategy applicable to all pregnant and peripar-
tum women with massive PE.  The risks and 
benefits of the various treatment options must 
be weighed per individual case by a multidisci-
plinary care team. Patient presentation and the 
resources and expertise available should all be 
considered. However, reports of massive PE 
treated with thrombolysis, surgical embolec-
tomy, percutaneous embolectomy, and extra-
corporeal membrane oxygenation (ECMO) 
describe high rates of maternal and fetal sur-
vival (i.e., 86–100% and 75–100%, respec-
tively) in selected cases [46, 47]. Management 
of ECMO in pregnant and postpartum patients 
may be complex, particularly during the peri-
operative period [48, 49]. Consideration of this 
treatment option requires prompt evaluation by 
an experienced ECMO team (see Fig. 8.3). For 
further details regarding.

ECMO treatment during pregnancy and the 
peripartum period, see Chap. 14.
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8.5  Amniotic Fluid Embolism

8.5.1  Clinical Presentation 
and Diagnosis

Clinically, AFE presents as rapid onset of hypoxia 
and hypotension, followed in most cases by evi-
dence of coagulopathy such as bleeding from 
venipuncture and surgical sites. The diagnosis of 
AFE is based on the triad of (1) respiratory failure, 
(2) cardiogenic shock, and (3) disseminated intra-
vascular coagulation (DIC) in the absence of other 
likely causes (e.g., massive hemorrhage) [6].

AFE usually presents with few or no early 
warning signs and symptoms. The woman may 
exhibit altered mental status or agitation, and 
fetal monitoring may demonstrate loss of vari-
ability or decelerations. In most cases AFE occurs 

during labor, particularly following rupture of 
fetal membranes. However, presentation during 
vaginal delivery, cesarean delivery, and in the 
immediate postpartum period is also possible 
[50]. Cases of severe maternal morbidity and 
mortality have also been attributed to AFE during 
dilation and evacuation in the midtrimester, as 
well as during external cephalic version [51].

The pathophysiology of AFE is thought to be 
related to the maternal response to either placen-
tal thromboplastin, fetal antigens, or both. 
Historically, AFE was thought to be an accumu-
lation of fetal cells in the maternal pulmonary 
vasculature that resulted in acute pulmonary 
hypertension and right ventricular failure. 
However, the hemodynamic changes observed 
with central monitoring and echocardiogram are 
more complex. More recent studies have shown 
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that initial systemic and pulmonary hypertension 
is followed by left ventricular dysfunction [51]. 
The mechanism for depressed cardiac function is 
unknown; some studies have proposed myocar-
dial hypoxia due to pulmonary injury, while oth-
ers have proposed coronary artery spasm [50].

Evidence to support the diagnosis of AFE 
may include laboratory results suggesting a con-
sumptive coagulopathy, i.e., prolonged PT and 
aPTT, hypofibrinogenemia (normal values in 
the third trimester of pregnancy >350 mg/dL), 
and thrombocytopenia. However, lacking spe-
cific diagnostic tests, AFE remains a clinical 
diagnosis [52].

8.5.2  Management of Amniotic 
Fluid Embolism

Management of suspected AFE is supportive. 
High-quality cardiopulmonary resuscitation 
(CPR) should be initiated immediately in women 
who develop cardiac arrest due to suspected 
AFE. Basic life support (BLS) and advanced car-
diac life support (ACLS) should be implemented 
if required [52]. Chest compression,  defibrillation, 
ventilator support, and vasoactive drugs should 
be utilized as indicated for nonpregnant patients. 
Defibrillation and medication doses are similar to 
those administered to nonpregnant individuals 
[52]. Failure to obtain spontaneous circulation 
after 4 min of CPR is an indication for cesarean 
delivery of a fetus ≥20  weeks gestation to 
improve resuscitative efforts for the mother. 
Communication with the blood bank is essential 
as massive hemorrhage may occur with or with-
out surgery. If hemorrhage does occur, a massive 
transfusion protocol should be activated to ensure 
that adequate blood products are available for 
resuscitation. For additional information regard-
ing maternal cardiopulmonary resuscitation, see 
Chap. 28.

AFE is an unpredictable and rare complica-
tion. As such, the resources immediately avail-
able to deal with this situation on the labor and 
delivery unit may be limited. In responding to 
such events, it is important to anticipate the need 

to obtain vasopressors and inotropes and poten-
tially to involve cardiologists with expertise in 
mechanical cardiac support devices. In centers 
with the requisite expertise, ECMO with venoar-
terial cannulation may be required for cardiore-
spiratory support. However, in this specific 
condition, several unique difficulties may arise. 
These include questions regarding systemic anti-
coagulation with profound coagulopathy and the 
potential for circuit obstruction by embolic mate-
rial [53].

For patients who have not undergone cardiac 
arrest or those who have been successfully resus-
citated, management should be guided by a care-
ful assessment of hemodynamics, preferably 
guided by echocardiogram. Central venous 
access may be required to facilitate ongoing 
hemodynamic support. One management strat-
egy that has been proposed is the combination of 
anti-serotonin, antithromboxane, and vagolytic 
therapy, for example, with atropine, ondansetron, 
and ketorolac. At least one case report describing 
the use of this protocol has been described in the 
literature. However, in this case, patient presenta-
tion did not meet the criteria for AFE as proposed 
by Clark et al. [6, 54] At the time of this publica-
tion, there is therefore insufficient evidence to 
recommend this management strategy for women 
with suspected AFE.

8.5.3  Prevention

At present, there are no strategies for prevention 
of AFE. The risk of AFE is increased in those cir-
cumstances in which the maternal and fetal com-
partments are more likely to come into 
communication, e.g., cesarean or operative vagi-
nal delivery, placental abruption, and placenta 
accreta [50]. While other associations have been 
described, these have been reported inconsis-
tently, and the literature may be complicated by a 
tendency to overdiagnose AFE in cases involving 
other causes of obstetric hemorrhage [52]. There 
are no data to indicate that altering obstetric man-
agement would impact the diagnosis or outcomes 
of AFE [52].
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8.6  Conclusion

Pregnancy places women at increased risk for 
venous thromboembolic events, and clinicians 
must maintain a high index of suspicion for such 
events. Rare forms of thromboembolic disease 
should be considered in pregnant women with 
atypical clinical presentations and those who are 
critically ill. Anticoagulation treatment should be 
administered to pregnant patients with acute 
thromboembolic events as in nonpregnant 
patients. When LMWH is used, antifactor Xa lev-
els should be monitored to ensure adequate anti-
coagulation. Pregnant women presenting with 
hemodynamic instability attributed to massive 
PE should be managed with thrombolytics 
regardless of pregnancy status. Multidisciplinary 
collaboration is essential for optimizing the man-
agement of cases of submassive and massive 
PE. These cases typically differ, and the circum-
stances of each case require that each be carefully 
considered individually. In emergency situations, 
circulatory support should be directed toward 
optimizing the likelihood of maternal survival.

The mechanism of amniotic fluid embolism 
remains poorly understood, which limits current 
ability to predict this catastrophic event. 
Diagnosis is based on clinical circumstances 
combined with the findings of respiratory failure, 
cardiogenic shock, and DIC.  Supportive care 
includes hemodynamic and respiratory optimiza-
tion and correction of coagulopathy.
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Bullet Points
• The maternal system undergoes signifi-

cant physiologic changes during preg-
nancy to allow the body to adapt to 
increased metabolic demands and to 
support a growing fetus.

• Blood volume increases during preg-
nancy to approximately 50% above 
baseline values. Higher increase in 
blood volume compared to red blood 
cell mass leads to the physiological ane-
mia of pregnancy.

• Mean arterial pressure decreases in 
pregnancy, paralleling a decrease in dia-
stolic blood pressure. Systolic blood 
pressure remains relatively unchanged.

• Heart rate increases during pregnancy 
and can be 10–20 beats per minute 
above prepregnancy values.

• Stroke volume increases during preg-
nancy by 20–30% above baseline values 
due to an increase in preload and 
decrease in afterload.

• Cardiac output increases during preg-
nancy and peaks at 40–60% higher than 
prepregnancy values and can be as high 
as 6.2–7.6 L/min.

• Systemic vascular resistance decreases 
during pregnancy to a nadir of 30–35% 
less than baseline.

• During labor, cardiac output rises, along 
with heart rate and blood pressure. 
Within minutes after delivery, stroke 
volume and cardiac output increase fur-
ther. These physiologic changes may 
take 24 weeks to normalize.

• Brain natriuretic peptide and N-terminal 
pro-brain natriuretic peptide levels are 
higher in pregnant than nonpregnant 
females; however, they are constant 
throughout gestation. Abnormally high 
levels are associated with disease 
processes.
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9.1  Introduction

The maternal cardiovascular system undergoes 
significant physiologic changes during pregnancy 
to adapt to increased metabolic demands and to 
support a growing fetus. Although the magnitude 
of these changes can vary depending on underly-
ing maternal and fetal characteristics, there are 
several common key features. To accurately 
detect disease states in pregnancy, a firm under-
standing of normal physiologic changes is impor-
tant. This chapter reviews the physiologic 
changes that occur during pregnancy, labor, 
delivery, and the postpartum period.

9.2  Physiologic Changes During 
Pregnancy

9.2.1  Blood Volume

In pregnancy, activation of the renal-angiotensin- 
aldosterone system (RAAS) and the placenta act-
ing as an arteriovenous fistula [1] cause higher 
levels of aldosterone and sodium retention [2]. 
The RAAS plays a major role in the increase of 
blood volume in pregnancy. This increase can be 
as high as 10% at 7 weeks and 20% at 15 weeks 
(Table 9.1) [3, 4]. It continues gradually until the 

third trimester, at which time blood volume pla-
teaus at 4700–5200  mL (Table  9.2), approxi-
mately 50% above baseline values [4–11]. This 
physiological increase in blood volume is impor-
tant, as lack of an increase has been associated 
with poor outcomes such as intrauterine growth 
restriction and preeclampsia [12, 13].

In the last trimester, blood volume may start 
to decrease [7, 8, 10]. Although both blood vol-
ume and red blood cell (RBC) mass increase 
during pregnancy, blood volume tends to 
increase more than RBC mass [8]. This discrep-
ancy leads to the physiologic anemia of preg-
nancy whereby individuals demonstrate a low 
hemoglobin, hematocrit, and RBC count [8, 14]. 
In addition to the extra blood volume in preg-
nancy, colloid oncotic pressure decreases during 
the first and second trimester, with a nadir at 
30–34  weeks before it starts to rise [15]. 
Collectively, Starling forces favor a narrowing 
of the oncotic pressure-wedge pressure gradient 
which increases the tendency for pregnant 
women to develop pulmonary edema [16].

9.2.2  Blood Pressure

The systolic blood pressure (BP) remains rela-
tively unchanged throughout pregnancy, until the 

Table 9.1 Normal physiologic changes during pregnancy, labor, delivery, and postpartum

Parameter
First trimester

Second 
trimester Third trimester

Labor Delivery
Immediately 
postdelivery PostpartumWeek 1–12 Week 13–27 Week 28–birth

Blood 
volume, mL

+10% +20 to 50% Decrease/
unchanged

Unchanged Unchanged Decrease Decrease

SBP, mmHg Unchanged −5%/
unchanged

+5 to 10% Increase Increase Unchanged Decrease

DBP, mmHg −5% −5 to 10% +10 to 15% 
or unchanged

Increase Increase Unchanged Decrease

HR, bpm +10 to 15% +15 to 20% +15 to 20% Increase Increase Decrease Decrease
SV, mL +5 to 20% +25 to 30% +25 to 30% Increase Increase Increase Decrease
CO, L/min +10 to 30% +30 to 40% +40 to 60% Increase Increase Increase Decrease
SVR, dynes/
sec/cm-5

−10 to 20% −30 to 35% −30 to 35% – – – Increase

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, SV stroke volume, CO cardiac output, SVR 
systemic vascular resistance
Adapted from the following sources: Refs. [6, 18]
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36th week of gestation, when there can be a slight 
increase (Tables 9.1 and 9.2) [18]. On the other 
hand, the diastolic BP starts to decrease as early 
as 7  weeks of gestation [18–20] and reaches a 
nadir by the 20th week, before starting to increase 
again until term [18, 21]. The lower diastolic BP 
results in a fall of the mean arterial pressure in 
early pregnancy, with a decrease by nearly 10% 
(Table 9.1) [3, 22]. After the 20th–24th week of 
gestation, the mean arterial pressure increases 
parallel to the diastolic BP [23, 24].

9.2.3  Heart Rate

Heart rate (HR) increases gradually during preg-
nancy, starting at 5 weeks of gestation (Table 9.1) 
[18, 25]. In early pregnancy (up to 15 weeks), the 
HR can increase by approximately 20% [3, 26]. 
HR continues to increase until the third trimester 
when it plateaus. At 32 weeks of gestation, the 
HR can be 10–20 beats per minute above pre-
pregnancy values (Table 9.2) [6, 21, 27].

9.2.4  Stroke Volume

Stroke volume (SV) represents the amount of 
blood ejected from the heart with each beat. It is 

dependent on preload and afterload. Preload is 
increased during pregnancy due to an increase in 
plasma volume. Afterload is reduced due to a 
decrease in peripheral vascular resistance. These 
changes lead to an increase in SV during preg-
nancy, approximately 20–30% above baseline val-
ues (Table 9.1) [28, 29]. This increase in SV starts 
as early as 8 weeks gestation, peaks at 20 weeks, 
and is maintained until the 38th week when it 
begins to decrease (Tables 9.1 and 9.2) [18, 23].

9.2.5  Cardiac Output

Cardiac output (CO) is the product of SV and 
HR. Due to an increase in both SV and HR, CO 
increases accordingly during pregnancy. Toward 
the end of the first trimester (10–13 weeks), the 
CO increases sharply up to 20–40% above pre-
pregnancy values (Table  9.1) [18, 30, 31]. This 
continues during the second trimester, and CO 
tends to peak by the beginning of the third trimes-
ter (24–29 weeks) [30, 32, 33]. Studies have dem-
onstrated that CO can be 40–60% higher than 
baseline values [18, 20, 30, 32, 34] and as high as 
6.2–7.6 L/min during pregnancy (Table 9.2) [20, 
23, 26, 35]. Initially, the increase in SV, rather 
than HR, contributes more to the increase in CO 
in pregnancy [33, 36]. However, in late pregnancy, 

Table 9.2 Normal physiologic changes during pregnancy, labor, delivery, and postpartum

Parameter

First 
trimester

Second 
trimester

Third 
trimester

Labor Delivery
Immediately 
postdelivery PostpartumWeek 1–12 Week 13–27

Week 
28–birth

Blood volume, 
mL

2768 2820–3751 3730–4022 Unchanged Unchanged 3530 2699–3525

SBP, mmHg 92–98 90–98 96–100 115 Increase Unchanged Decrease
DBP, mmHg 50–53 52–55 55–60 71 Increase Unchanged Decrease
HR, bpm 70–77 77–80 78–85 80 Increase 75 66–71
SV, mL 90–91 79–86 78–82 75 Increase 96 80–81
CO, L/min 6.8–7.01 6.55–7.2 5.6–6.67 6.3 Increase 7.22 5.27–5.71
SVR, dynes/
sec/cm-5

1069–1270 912–1070 880–1027 – – – 1228–1423

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, SV stroke volume, CO cardiac output, SVR 
systemic vascular resistance
Adapted from the following sources: Refs. [6, 17, 18]
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the increase in HR plays a larger role in CO [18, 
20]. Throughout the third trimester, the rise in CO 
starts to slow down [30, 32] .

The increased CO associated with pregnancy 
is unevenly distributed throughout the organ sys-
tems. During the first trimester, there is a signifi-
cant increase in blood flow to the kidneys and 
uterus [37–40]. With advanced gestational age, 
the blood flow to the skin and breasts are also 
increased [41, 42]. Regional blood flow to the 
uterus is increased with uterine arterial flow 
recorded as high as 600–1000 mL/min at term [6, 
21, 43], representing 15–20% of the overall 
maternal cardiac output.

9.2.6  Systematic Vascular 
Resistance

An increase in prostacyclin and nitric oxide lev-
els during pregnancy leads to a significant 
decrease in systemic vascular resistance (SVR) 
[44]. SVR decreases during the first trimester by 
approximately 10% [19] and reaches a nadir of 
30–35% less than baseline by weeks 10–24 
(Tables 9.1 and 9.2) [6, 18, 26, 45, 46].

9.2.7  Cardiac Structural Changes

Several cardiac structures remodel during preg-
nancy. Left ventricular (LV) mass increases dur-
ing pregnancy, from a baseline of 110–120 g to 
183 g at term [18, 35, 47]. This declines to nor-
mal values by 3 months postpartum [35]. While 
LV end-systolic dimension remains relatively 
stable, LV end-diastolic dimension increases 
 during pregnancy from baseline values of 45 mm 
to 52–55 mm by the third trimester [35]. Cardiac 
magnetic imaging studies have shown that both 
right ventricular end-diastolic dimension and 
volume increase with pregnancy [35]. Pulmonary 
artery pressure appears to remain unaffected 
[35]. Left atrial and right atrial volumes are both 
higher than baseline during pregnancy [35, 48]. 
LV systolic function is unchanged and the LV 
ejection fraction can remain constant or increase 
slightly during pregnancy [18, 35, 47, 48]. LV 

diastolic function remains within the normal 
range throughout pregnancy due to a shift from 
early to late diastolic filling [47, 49, 50].

9.2.8  Aortocaval Compression

Aortocaval compression was traditionally 
believed to occur when a woman in late preg-
nancy lies supine, leading to a decrease in 
CO. However, studies have shown that this can 
occur as early as 20 gestational weeks [48]. 
Initially, aortocaval compression is due mainly 
to the gravid uterus compressing on the inferior 
vena cava [51, 52], and the aorta is less affected. 
However, ongoing compression of the aorta 
eventually leads to an increase in afterload 
which compromises cardiac performance. This 
results in hypotension and tachycardia, a 
decrease in SV, and a decrease in CO by 17–25% 
[48, 53–57]. Aortocaval compression has been 
associated with supine hypotensive syndrome 
[58, 59] and symptoms including sweating, nau-
sea, and dizziness. Given these findings, it is 
important to consider positioning particularly in 
hemodynamically unstable pregnant patients, as 
supine positioning may contribute to worsening 
hypotension. Lateral decubitus positioning can 
help correct the hemodynamic instability by 
increasing overall CO [60].

9.3  Physiologic Changes During 
Labor and Delivery

Significant hemodynamic changes can occur dur-
ing labor and delivery. CO increases during labor. 
This increase may be as great as 1 L/min, rising 
from 6.99 L/min pre-labor to 7.88 L/min when 
≥8 cm cervical dilatation is reached (Tables 9.1 
and 9.2) [61]. Several mechanisms are responsi-
ble for this increase, including uterine contrac-
tions, elevated HR, and elevated BP from 
increased sympathetic tone. With each uterine 
contraction, an additional 300–500 mL of blood 
from the uterus enters the maternal circulation 
[21, 62–64]. This increase in SV leads to an 
increase in CO [53]. There is a progressive 
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increase of CO with ongoing contractions, with 
an average increase of 1.14  L/min at ≤3  cm, 
1.75 L/min at 4–7 cm, and 2.69 L/min at ≥8 cm 
of cervical dilatation [61].

During the second stage of labor, maternal 
pushing efforts can increase CO by a further 50% 
[64]. Due to the increased sympathetic tone asso-
ciated with pain and anxiety, both HR and BP 
increase, contributing to the higher CO [65]. BP 
increases during delivery, especially with con-
tractions [6, 61]. The degree of increase varies 
with patient position, duration and frequency of 
contractions, and the amount of pain and anxiety 
the pregnant woman experiences. During labor, 
pregnant women are hemodynamically more sta-
ble (SV and CO) between contractions in the lat-
eral recumbent position than in the supine 
position [53, 64]. The increase in CO is more pro-
nounced in patients with local anesthesia (e.g., 
paracervical block, pudendal block) than in 
patients with regional analgesia [64]. It is likely 
that the increase in HR, which is more significant 
in patients with local anesthesia, contributes to 
the higher CO [64]. While cesarean delivery can 
mitigate some of these hemodynamic fluctua-
tions, surgery carries additional risks unto itself 
[21, 64]. Vaginal delivery is therefore still 
favored. Therefore, in the setting of cardiopulmo-
nary disease, the route of delivery should be indi-
vidualized for each pregnant woman.

9.4  Physiologic Changes 
Postpartum

Mean arterial pressure is often unchanged until 
24–48 h after delivery [23, 24]. However, within 
minutes after delivery, the SV and CO increase 
rapidly by 60–80%. This occurs due to transfer of 
uterine blood back into the systemic circulation, 
decreased compression of the inferior vena cava, 
and movement of extravascular fluid into intra-
vascular spaces (Tables 9.1 and 9.2) [28, 64, 66, 
67]. At 1 h postpartum, SV and CO remain ele-
vated by 50–60%, while the HR decreases and 
BP remains unchanged [68]. This effect can last 
1–2 h after delivery, during which time women 
may be susceptible to pulmonary edema [18]. 

Conversely, the hypervolemia associated with 
pregnancy appears to have a protective effect 
with regard to potential hemorrhage; the usual 
amount of blood loss associated with delivery 
does not cause significant hemodynamic compro-
mise [14]. Healthy pregnant women can lose up 
to 30% of blood volume at delivery without a 
decrease in the hematocrit [14, 69, 70].

The maternal cardiovascular system contin-
ues to change in the weeks following delivery. 
At 6  weeks postpartum, the CO and HR con-
tinue to decrease [71] while the SVR increases 
[23]. Mean arterial pressure and SV begin to 
return to baseline values by 12 weeks postpar-
tum [23], but this process can take as long as 
24 weeks [24, 28].

9.5  Brain Natriuretic Peptide

Brain natriuretic peptide (BNP) is a hormone 
released from the heart due to increased transmu-
ral ventricular wall stress [72]. Increased values 
of plasma BNP have been identified in heart fail-
ure [73]. The BNP levels found in pregnancy are 
higher than baseline BNP levels (12 pg/mL pre-
pregnancy vs. 16–18  pg/mL during pregnancy) 
[74], but these high levels are fairly constant 
throughout gestation [75]. During the early post-
partum period (4 days postpartum), the measured 
values of BNP can be even higher (up to 43 pg/
mL) [74]. They decrease over the next month but 
still remain elevated 1 month postpartum (16 pg/
mL) [74]. N-terminal pro-BNP (NT-proBNP) 
levels are also elevated during pregnancy, increas-
ing by up to 31% compared to nonpregnant levels 
[76]. Abnormally high levels of BNP are associ-
ated with preeclampsia, gestational hypertension, 
and gestational diabetes. There appears to be a 
spectrum of BNP elevation with higher plasma 
values in more severe preeclampsia [75]. Elevated 
levels of serum NT-proBNP are also associated 
with these maternal conditions [76] (65 pg/mL in 
patients with gestational hypertension and 
89–190 pg/mL in patients with preeclampsia in 
comparison to 37–59 pg/mL) [76, 77].

The role of BNP in diagnosing heart failure 
and cardiomyopathy in pregnancy is not well- 
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established. However, BNP has been shown to 
be higher during pregnancy in patients with 
underlying heart disease. Plasma BNP levels 
>100 pg/mL have been associated with adverse 
cardiovascular outcomes, whereas plasma 
BNP  ≤  100  pg/mL had a negative predictive 
value of 100% for adverse events during preg-
nancy in patients with heart disease [78]. 
Similarly, NT-proBNP >128  pg/mL have been 
associated with adverse cardiovascular events in 
pregnant patients with underlying congenital 
heart disease [79].

9.6  Conclusion

It is important to understand cardiovascular 
changes in pregnancy, labor, and delivery in order 
to appropriately recognize and treat disease 
states.
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Bullet Points
• Heart disease is present in 1–4% of all 

pregnancies and is emerging as the lead-
ing indirect cause of obstetric morbidity 
and mortality.

• The risk for complications during preg-
nancy in women with congenital and 
acquired heart disease can be estimated 
using several models.

• While most lesions carry a small risk, 
pregnancy carries a prohibitory risk in 
selected situations.

• Main anticipated complications are 
decompensated heart failure due to vol-
ume overload and severe arrhythmias. 
Therefore, pregnant women with high-
risk CHD should be monitored and 
managed in high care units pre-, during, 
and postdelivery.

• Pregnancy in women with high-risk 
congenital heart disease (CHD) is a life-
threatening event that should be care-
fully planned including preconception 
evaluation and decision-making by a 
multidisciplinary team of obstetricians, 
cardiologists, and anesthesiologists.

• Risk assessment and close follow-up 
and cooperation between multidisci-
plinary teams for the management of 
pregnancy and delivery are required in 
these patients.

• Risks should be discussed with the 
mother at the time of  preconception 
evaluation and during all stages of preg-
nancy and delivery.

• Valvular heart disease is a leading cause 
of pregnancy-related maternal morbid-
ity and mortality.

• Regurgitant left-sided valvular lesions 
are better tolerated in pregnancy than 
stenotic lesions due to the reduction in 
afterload during pregnancy.

• Women with prosthetic mechanical 
valves pose a special high risk in view of 
the anticoagulation required to avoid 
stuck valve and thromboembolic com-
plications and minimize fetal risks.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_10&domain=pdf
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10.1  Epidemiology of Preexisting 
Heart Disease

Heart disease is present in 1–4% of all pregnan-
cies [1] and is emerging as the leading cause of 
obstetric mortality, overtaking traditional direct 
causes of hemorrhage and thromboembolism in 
some countries [2]. Hospitalizations due to con-
genital heart disease, arrhythmias, cardiomyopa-
thy, and congestive heart failure in pregnancy 
have been noted to be steadily increasing in both 
the United States and the United Kingdom [2–5]. 
The overall rate of mortality from cardiac disease 
has risen from 7.3/million births in 1982–1984 to 
22.7/million births in 2003–2005 [5].

The causes of heart disease in pregnant women 
vary geographically. In the last decades, congeni-
tal heart disease (CHD) has become the leading 
cause of cardiac problems in pregnancy as 
women reach childbearing age in countries with 
facilities for advanced care [6, 7]. CHD now 
comprises more than 50% of cardiac lesions 
observed during pregnancy in developed coun-
tries [8], including 74% of the pregnancies among 
women with preexisting heart disease in Canada 
[9] and 66% in a European registry [10]. In 
Brazil, however, rheumatic heart disease remains 
the leading cause of preexisting heart disease 
(56%) with only 19% having CHD [11]. In China, 
among women with preexisting heart disease, 
only 30% of the women have CHD, 9% have 
rheumatic heart disease, and arrhythmias (38%) 
have been described as the most prevalent com-
plication [12].

Using delivery-related discharge records in 
US community hospitals, Kuklina et  al. [13] 
reported a significant linear increase in the preva-
lence of CHD from 6.4 to 9.0 per 10,000 delivery 
hospitalizations from 2000 to 2010. Importantly, 
most women had simple cardiac lesions. 
However, the prevalence of severe heart disease 
in the United States may have been underesti-
mated in this study as it only examined commu-
nity hospitals, and many of the women were 
referred to deliver in tertiary hospitals. The same 
study reported an in-hospital mortality rate of 
17.8 per 10,000 deliveries among women with a 
history of CHD, 22 times higher than in women 
without CHD [13]. There was a significantly 

increased need for mechanical ventilation, trans-
fusions, and treatment of deep vein thrombosis 
for women with CHD, and the risk for myocar-
dial infarction was 35 times higher [3].

Peripartum complications account for a con-
siderable number of intensive care unit (ICU) 
admissions. Among 765,598 admissions for ante-
partum, delivery, or postpartum conditions in 
Maryland, United States (1999–2008), cardiac 
disease was present in 18.3% of the 2927 women 
admitted to the ICU (ICU admission rate of 419.1 
per 100,000 deliveries) [14]. A literature review 
from 2007 suggested that 11% of all pregnant 
women with a history of CHD have pregnancy or 
peripartum cardiac complications [15]. Heart 
failure accounted for 4.8% of this patient group, 
and arrhythmias, especially supraventricular, 
were present in 4.5% of CHD cases [15, 16].

10.2  Infertility and Complicated 
Valvular Lesions

Pregnant women with complicated valvular 
lesions are rarely seen in developed countries. 
Complicated valvular lesions have traditionally 
been associated with an increased rate of primary 
infertility [17, 18] and miscarriage [19]. However, 
assisted reproductive techniques have facilitated 
pregnancies in these women at a greater preva-
lence [20].

10.3  Risk Assessment for Heart 
Disease

The complexity of CHD pathologies varies con-
siderably, ranging from simple septal defects that 
result in left to right shunt to valvular pathologies 
with significant pressure and/or volume overload. 
More complex types of CHD include Tetralogy 
of Fallot (TOF); even after repair, these patients 
may exhibit significant pulmonary valve regurgi-
tation and right ventricular pressure and volume 
load [21]. Complex lesions, such as congenitally 
corrected transposition or atrial repair of transpo-
sition of the great arteries, result in a right ven-
tricle that serves as the systemic pumping 
chamber. This anatomic right ventricle may fail 
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to sustain the hemodynamic challenges of late 
pregnancy. Women with one functional ventricle 
or “univentricular heart” may be cyanotic due to 
mixing of oxygenated and unoxygenated blood. 
Many women with a univentricular heart have 
undergone the Fontan palliation, which directs 
systemic venous return directly to the pulmonary 
arteries, thus alleviating cyanosis. This unique 
hemodynamic state may be compatible with 
pregnancy but is associated with a significant risk 
for maternal morbidity, as well as for fetal loss 
and early delivery [7, 22–24]. This great variabil-
ity in physiology demands that standard tools be 
used to assess the risk and severity of the mater-
nal condition prior to and during pregnancy and 
the peripartum period in women with CHD.

Several tools have been developed for predict-
ing the risk for complications during pregnancy in 
women with congenital and preconception 
acquired heart disease, including cardiomyopa-
thies [1]. The CARPREG, developed from 599 
pregnancies [9], assigns a score according to the 
presence of risk factors: 1 point for prior cardiac 
events or arrhythmia, 1 point for NYHA >2 or 
cyanosis, 1 point for left ventricular outflow tract 
obstruction (gradient >30 mmHg or aortic valve 
area < 1.5  cm2), or mitral valve stenosis (mitral 
valve area < 2 cm2), and 1 point for reduced sys-
temic ventricular systolic function (EF  <  40%). 
The final score is the sum of points assigned. The 
risk for maternal cardiac complications during 
pregnancy has been described as 27% for women 
assigned 1 point and 75% for those with more 
than 1 point [9]. This score was recently updated 
to include ten additional predictors [25]. The 
ZAHARA model was developed from 1302 preg-
nancies in women with congenital heart disease 
[26]. It assigns different weights to the risk fac-
tors: 0.75 points to NYHA ≥ II before pregnancy, 
and moderate or severe systemic or pulmonary 
atrioventricular valve regurgitation; 1 point to cor-
rected or uncorrected cyanotic heart disease; 1.5 
points to history of arrhythmia and cardiac medi-
cations before pregnancy; 2.5 points to left ven-
tricular outflow tract gradient >50 mmHg or aortic 
valve area <1 cm2, and 4.5 points to mechanical 
valves. In the ZAHARA model, the risk for cardio-
vascular complications is 43% if the sum of points 
was >2.5 and 70% if it is greater than 3.5 [26].

The WHO classification integrates all known 
maternal cardiovascular risk factors into a single 
score estimating the pregnancy risk for women 
with congenital heart disease (Table  10.1). 
Importantly, this classification includes pulmo-
nary hypertension, which is not included in the 

Table 10.1 Modified WHO classification of maternal 
cardiovascular risk [1, 27]

WHO I
Uncomplicated, small or mild
– Pulmonary stenosis
– Patent ductus arteriosus
– Mitral valve prolapse
Successfully repaired simple lesions
– Atrial septal defect
– Ventricular septal defect
– Patent ductus arteriosus
– Anomalous pulmonary venous drainage
Isolated atrial or ventricular ectopic beats
WHO II
Unoperated atrial or ventricular septal defect
Repaired Tetralogy of Fallot
Most arrhythmias (if otherwise well and 
uncomplicated)
WHO II–III
Mild left ventricular impairment
Hypertrophic cardiomyopathy
Native or tissue valvular heart disease not considered 
WHO I or IV
Marfan syndrome without aortic dilatation
Aorta <45 mm in aortic disease associated with 
bicuspid aortic valve
Repaired coarctation
WHO III
Mechanical prosthetic valve
Systemic right ventricle
Fontan circulation
Cyanotic heart disease (unrepaired)
Other complex congenital heart disease
Aortic dilatation 40–45 mm in Marfan syndrome
Aortic dilatation 45–50 mm in aortic disease 
associated with bicuspid aortic valve
WHO IV
Pulmonary arterial hypertension of any cause
Previous peripartum cardiomyopathy with any residual 
impairment of left ventricular function
Severe mitral stenosis, severe symptomatic aortic 
stenosis
Marfan syndrome with aorta dilated >45 mm
Aortic dilatation >50 mm in aortic disease associated 
with bicuspid aortic valve
Native severe coarctation

LVEF left ventricular ejection fraction, NYHA New York 
Heart Association, WHO World Health Organization
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other scores [7, 28]. The WHO classification 
divides the severity of maternal condition into 
four categories: Women in class I have no detect-
able increased risk of maternal mortality and 
either no or a mild increase in morbidity; women 
in class II might have a slight increase in maternal 
mortality or a moderate increase in morbidity 
with pregnancy; class III carries a significant 
increased risk for maternal mortality or severe 
morbidity; and women in class IV have an 
extremely high risk for mortality or severe mor-
bidity. Women who have been assessed as belong-
ing to class IV should be advised that pregnancy 
is contraindicated. If pregnancy occurs, termina-
tion of pregnancy should be discussed [7].

A recent study compared these three risk pre-
diction scores on a cohort of 190 women with 
CHD who had 268 pregnancies and 6.7% had 
cardiac complications [29]. The c-statistics were 
comparable for all three scores, with slightly 
higher area under the curve (0.827) for the WHO 
classification compared to the other two risk pre-
diction scores.

Table 10.2 summarizes the maternal risk fac-
tors for pregnancy in patients with congenital 
heart disease.

A number of tools for early detection of mater-
nal cardiovascular deterioration during labor and 
delivery have been designed: In Great Britain, the 
modified early obstetric warning system 
(MEOWS) [30], which was adopted from the 
CEMACH (Confidential Enquiry into Maternal 
and Child Health) report and in the United States, 
the Maternal Early Warning Criteria (MERC) 
[31]. Both systems monitor maternal respiratory 
rate, pulse rate, blood pressure, temperature, and 
mental state. Individual parameters of the 
MEOWS chart were correlated with obstetric 
morbidity. The MERC score uses a HR  >  110/
min, mean arterial pressure < 65 mmHg, oxygen 
saturation ≤ 93%, respiratory rate > 24/min, and 
altered mental status as warning signs for cardio-
vascular compromise. Using the MERC system 
in more than 36,000 deliveries, Shields et  al. 
showed a significant reduction in maternal mor-
bidity as compared to close to 145,000 deliveries 
not using the system. It is recommended that 
these scores be used as assessment tools to detect 
maternal deterioration [31].

10.4  Management Strategies 
in Specific Lesions

The risk for cardiac complications during preg-
nancy is relatively low for conditions in WHO 
classes I and II. This chapter will therefore focus 
on the risk for critical illness and complications 
in women with higher-risk lesions (congenital 
and acquired) during pregnancy and the peripar-
tum period. Recent comprehensive guidelines 
from the European Society of Cardiology discuss 
these in detail [27].

Pregnant women with preexisting heart dis-
ease require an individualized plan that consid-
ers their specific lesion, as discussed below. 
This plan should outline the physiologic goals 
required to maintain optimal cardiac function 
throughout pregnancy, labor, and the postpar-
tum period [32]. A detailed history includes 
family history, genetic counselling, and car-
diac symptomatology. Medications may 
require adjustment for teratogenic drugs, as 
outlined in Chap. 38. Physical examination and 
additional investigations such as 12-lead ECG, 
echocardiography, stress testing, and Holter 

Table 10.2 Maternal risk factors for pregnancy in 
women with congenital heart disease

Systemic right ventricle—risk factors for severe 
disease pregnancy and delivery risk
•  NYHA class III or IV should be advised against 

becoming pregnant
• Valvular dysfunction
• Arrhythmias, atrial ventricular, and AV block
Cyanotic heart disease without pulmonary 
hypertension—risk factors for complications during 
pregnancy and delivery
•  Degree of maternal hypoxemia is the most 

important predictor of fetal outcome. If resting 
oxygen saturation is less than 85%, a substantial 
maternal and fetal mortality risk is expected, and 
pregnancy is contraindicated

•  Prothrombotic state, thrombosis, or bleeding in the 
past

Single-ventricle physiology/Fontan palliation—risk 
factors for severe disease pregnancy and delivery risk
• Ventricular dysfunction
• Arrhythmia (atrial reentry, flutter)
• Hypoxia at rest <85% saturation
• High pulmonary artery (Fontan) pressures
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monitoring may be indicated in women with 
palpitations and suspected arrhythmias. The 
detailed plan should include management rec-
ommendations such as peripartum bacterial 
endocarditis prophylaxis, anticoagulation, sur-
gical or angiographic interventions or repair as 
required, labor analgesia plans, recommended 

timing of delivery, optimal delivery mode, 
indications for postpartum hospitalization in a 
monitored bed and postpartum recommenda-
tions [2, 7, 27, 32]. Table 10.3 summarizes the 
drugs most commonly used during pregnancy 
and the peripartum period in women with heart 
disease.

Table 10.3 Drugs commonly used in women with heart disease during pregnancy and the peripartum period

Drug category Drug name
FDA pregnancy 
category Risk for mother Risk for fetus

Vasopressors/
inotropes [1]

Norepinephrine C Increased PVR [4] Target MAP to 70 mmHg to 
maintain adequate placenta 
perfusion pressure

Epinephrine C Tachycardia
Phenylephrine C Increased PVR Possible association with 

gastroschisis and hemifacial 
macrosomia

Dopamine C Tachyarrhythmias
Cardiac 
glycosides

Digoxin C Can be used 
throughout 
pregnancy

Anticoagulants Low molecular 
weight heparin

C Possible maternal 
osteoporosis [1], 
maternal bleeding

Heparin C Possible maternal 
osteoporosis, monitor 
coagulation, 
bleeding, and signs 
of heparin-induced 
thrombocytopenia [1]

Warfarina D Complicated dosing. 
Preferable dose 
≤5 mg daily [33]

Coumarin embryopathy, 
bleeding
Teratogenic during first 
trimester [1]

Fondaparinux B
Antiarrhythmic Metoprolol C Bradycardia and 

hypoglycemia in fetus [33]
Carvedilol C Bradycardia and 

hypoglycemia in fetus [33]
Atenolol D Hypospadias (first trimester), 

bradycardia and 
hypoglycemia, in fetus. Risk 
of IUGR mainly at second 
and third trimesters [1, 27]
Serial fetal sonography 
recommended. Monitor for 
neonatal bradycardia

Labetalol C Intrauterine growth 
retardation, neonatal 
bradycardia, and hypotension 
[34]

Adenosine C No adverse effects reported 
[33]

(continued)
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10.4.1  WHO III Congenital Heart 
Diseases

Systemic right ventricle—there are two main 
subtypes of systemic right ventricle [2, 7].

 1. In dextro-transposition of the great arteries 
(D-TGA): the aorta arises from the right ven-
tricle outflow tract, and the pulmonary artery 
arises from the left ventricle outflow tract. 
Without correction, most patients die during 
the first months of life. Until the mid-1980s, 
atrial switch operation (Mustard or Senning 
repair, Fig. 10.1) was the preferred repair pro-
cedure, where blood from the pulmonary 
veins was directed to the right ventricle which 
pumps it to the systemic vasculature, and 
blood from the vena cavae was directed to the 
left ventricle and the pulmonary arteries. This 
approach has been subsequently changed to 
arterial repair (late 1980s and 1990s); there-
fore, women younger than 30 years may have 
undergone the arterial repair where the arter-

ies are switched to give rise to a normal 
circulation.

 2. In congenitally corrected transposition of the 
great arteries (Levo-TGA or ccTGA): the ventri-
cles are transposed; the left atrium is connected 
to the right ventricle which gives rise to the aorta. 
The right atrium is connected to the left ventricle 
which gives rise to the pulmonary arteries.

In both D-TGA postatrial switch or L-TGA, 
the right ventricle serves as the systemic pumping 
chamber. This puts the right ventricle under con-
siderable strain, which may result in cardiac fail-
ure [33]. Arrhythmias are a major concern. These 
include sinus node and AV node dysfunction, 
tachyarrhythmias and brady-arrhythmias [28].

During pregnancy and childbirth, the systemic 
ventricle is exposed to considerable strain due to 
dramatic alterations in intravascular volume [7, 
36]. The systemic vascular resistance falls, and 
cardiac output increases secondary to an increased 
heart rate and stroke volume. A systemic right 
ventricle may not adequately respond to the 

Table 10.3 (continued)

Drug category Drug name
FDA pregnancy 
category Risk for mother Risk for fetus

Amiodarone D Thyroid 
insufficiency, 
hyperthyroidism

Premature birth [33]

Lidocaine C Fetal bradycardia, acidosis, 
central nervous system 
toxicity [1]

Vasodilators Sildenafil B
Nitroglycerine B

Diuretics Furosemide C Oligohydramnion.
Can result in uteroplacental 
hypoperfusion [35]

Amiloride B
Antihypertensives Acetylcholine 

Esterase inhibitors 
and Angiotensin II 
receptor blockers

D Renal or tubular dysplasia, 
oligohydramnion, growth 
retardation, ossification 
disorders of skull, lung 
hypoplasia, contractures, 
large joints, anemia, 
intrauterine fetal death [1, 33]

Hydralazine C Risk of hypotension, 
lupus-like symptoms

Fetal tachyarrhythmias [1]

MAP mean arterial pressure, IUGR intrauterine growth retardation, FDA Class: A—controlled studies showed no risk, 
B—no evidence of risk in controlled studies, C—risk cannot be ruled out, D—positive evidence of risk
aSee recommended anticoagulation protocols, Table 10.5
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demands placed upon it during pregnancy, result-
ing in symptomatic cardiac failure. Importantly, a 
“healthy” left ventricle may tolerate high pulmo-
nary pressures, and a high pressured left ventricle 
may be beneficial to the adjacent systemic right 
ventricle. In a multicenter study, Canobbio et al. 
[23] reported cardiac complications among 36% 
of 70 pregnancies in women who had undergone 
atrial switch operations. The main complications 
were arrhythmias, heart failure, and hemoptysis.

10.4.2  Management of Pregnancy 
with Systemic Right Ventricle

Preconception. Evaluation of the patient with 
surgically corrected D-TGA or with L-TGA 

should include echocardiogram, cardiopulmo-
nary exercise testing, and Holter monitoring for 
evaluation of the ventricular and valvular func-
tion and to assess the presence of arrhythmias [7, 
23]. Pregnancy is not advised in women with 
moderate-to-severe ventricular dysfunction 
(NYHA class III or IV).

During pregnancy. Baseline BNP may be use-
ful as an indicator of ventricular overload. In 
women with a history of arrhythmias, Holter 
monitoring should be performed in cases of symp-
tomatic palpitations. Asymptomatic stable women 
may be followed up every 4–6 weeks in the sec-
ond trimester and every 2–4  weeks in the third 
trimester. They should be discouraged from per-
forming strenuous exercise, should restrict their 
dietary sodium, and should report increasing 

Systemic venous
atrium

Surgical

Route of systemic
venous blood

Route of pulmonary
venous blood

Aorta Pulmonary
artery

Pulmonary
venous atrium

Mitral valve

Tricuspidvalve

Subpulmonary
left ventricleSystemic

right ventricle

Repair for simple transposition of
the great arteries.

• Schematic representation post-Mustard or
 Senning repair for simple transposition of the
 great arteries (atrioventricular concordance,
 ventriculo-arterial discordance). Pulmonary
 venous blood is directed to the aorta via a 
 morphological tricuspid valve and a systemic 
 right ventricle, and systemic venous blood is
 directed to the pulmonary artery via a
 morphological left ventricle.

• *Adapted from SA Thorne. Heart 2004;90:
 450-456. With permission from the BMJ
 Publishing Group Ltd.

Fig. 10.1 Repair for simple transposition of the great 
arteries. Schematic representation post-Mustard or 
Senning repair for simple transposition of the great arter-
ies (atrioventricular concordance, ventriculo-arterial dis-
cordance). Pulmonary venous blood is directed to the 

aorta via a morphological tricuspid valve and a systemic 
right ventricle, and systemic venous blood is directed to 
the pulmonary artery via a morphological left ventricle. 
(*Adapted from SA Thorne. Heart 2004;90:450–456. 
With permission from the BMJ Publishing Group Ltd.)
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peripheral edema or dyspnea [7]. Due to an 
increased risk of brady-arrhythmias and AV nodal 
block, beta-blockers should be used very care-
fully if at all. In the event of symptomatic heart 
failure or life-threatening arrhythmias, induction 
of labor should be strongly recommended, espe-
cially if gestational age is greater than 37 weeks. 
At a lower gestational age, risk benefit assessment 
should guide decision-making by prioritizing the 
mother’s health. Delivery planning should include 
an anesthetic regimen in the event of Cesarean 
section and regional anesthesia for pain relief.

Intrapartum. Recommendations for monitor-
ing during active labor include pulse oximetry 
and cardiac rhythm monitoring, usually with a 
3-lead ECG.  Vaginal delivery with a facilitated 
second stage of labor and neuraxial anesthesia is 
the preferred delivery approach. Neuraxial anes-
thesia is recommended to minimize hemody-
namic changes during labor. Women with a 
history of arrhythmias or who have had docu-
mented arrhythmias during pregnancy should be 
placed on continuous cardiac monitoring (direct 
or telemonitoring) throughout labor, delivery, 
and the postpartum period.

Postpartum. Increased postpartum maternal 
blood volume (autotransfusion) may result in 
clinical heart failure even if there were no signs 
of heart failure during pregnancy. Stroke volume 
and cardiac output increase immediately by up to 
80% after vaginal delivery [7]. For that reason, 
close cardiac monitoring for the first 48 h postde-
livery is warranted [28, 33], with increased vigi-
lance for the requirement of diuretic treatment, 
followed by observation for another 3–5  days 
postdelivery, due to the likelihood of volume 
overload or arrhythmias. Women with signs of 
significant heart failure or predisposition to 
arrhythmias will require monitoring in the ICU, 
with continuous pulse oximetry and telemetric 
cardiac monitoring. Invasive hemodynamic mon-
itoring is rarely required. High-risk patients will 
require monitoring and management in an inten-
sive care unit for the first 24–48 h after delivery. 
Filtered vascular lines should be used in order to 
prevent paradoxical air embolism. The hemody-
namic effects of pregnancy typically resolve 
within 6–12  weeks postpartum but may persist 

for up to 6  months [37]; therefore, discharge 
planning should include follow-up visits with 
routine postpartum and cardiac evaluation.

See below for the treatment of heart failure 
and arrhythmias during pregnancy and 
postpartum.

In conclusion, pregnancy in women with a 
systemic right ventricle carries a risk of both 
maternal and neonatal complications. The long-
term effect of pregnancy on the systemic right 
ventricle is unclear, although there are studies 
suggesting damaging effects. One study recom-
mended discouraging multiple pregnancies in 
women with a systemic right ventricle due to the 
potential deleterious effects of pregnancy [28].

10.4.3  Cyanotic Heart Disease 
Without Pulmonary 
Hypertension

Cyanosis in CHD patients usually indicates the 
presence of right-to-left shunt at the atrial, ven-
tricular, or arterial level. As pregnancy pro-
gresses, the systemic vascular resistance 
decreases, thereby causing an increase in the 
right-to-left shunt and worsening hypoxemia 
[38]. In cases of documented right-left shunt, as 
in cases with septal defects and pulmonary hyper-
tension or stenosis in the pulmonary outflow or 
arteries, systemic pressures must be maintained. 
It is important to remember that right-to-left 
shunting may increase if the systemic vascular 
resistance decreases or the pulmonary vascular 
resistance increases. This can occur, for example, 
during the use of prostaglandin analogues, thus 
leading to worsening hypoxemia and an increase 
in the risk of maternal and fetal death [7]. 
Cyanotic CHD is usually corrected during child-
hood, but some women with uncorrected or palli-
ated lesions reach childbearing age. Most patients 
have compensatory polycythemia and coagula-
tion abnormalities. The main maternal pregnancy 
complications anticipated are heart failure, pul-
monary or systemic thrombosis, arrhythmias, and 
infective endocarditis [38]. These complications 
have been reported to occur in 30% of cyanotic 
pregnant patients [33]. In a recent study, 

S. Sviri et al.



117

Ladouceur et al. reviewed 71 pregnancies in 31 
cyanotic women without pulmonary hyperten-
sion and with oxygen saturation of 89  ±  2%. 
There were no patient deaths during pregnancy or 
the postpartum period. Cardiovascular complica-
tions occurred in 27% of completed pregnancies. 
These included heart failure, supraventricular 
tachycardia, and worsening hypoxemia. No 
maternal baseline characteristic was predictive of 
cardiovascular complications [39].

10.4.4  Management of Pregnancy 
with Cyanotic Heart Disease 
Without Pulmonary 
Hypertension

Preconception. Detailed knowledge of the spe-
cific cardiac lesion, surgical procedures, and other 
interventions, and most recent cardiac evaluations 
should be examined. The degree of maternal 
hypoxemia is the most important predictor of 
maternal and fetal outcome. If resting oxygen 
saturation is below 85%, the risk of maternal and 
fetal mortality is expected to be substantial, and 
pregnancy is contraindicated. When resting 
maternal blood saturation is 90% or higher, fetal 
outcome is acceptable (10% fetal loss), and mater-
nal risk is lower. If resting oxygen saturation is 
85–90%, it is advisable to measure oxygen satura-
tion during exercise. If the saturation decreases 
significantly and early, pregnancy carries a poor 
prognosis for the mother and fetus, and patients 
should be advised to avoid pregnancy [7, 38].

During pregnancy. Recommendations include 
restriction of physical activity that will lead to 
dyspnea or hypoxia and use of supplemental oxy-
gen as necessary [40]. Supplemental oxygen is 
unlikely to significantly improve saturations or 
maternal outcomes due to shunting, but it may 
slightly increase oxygen delivery to the placenta. 
Red blood cell mass is increased as a compensa-
tory response to cyanosis, causing increased 
blood viscosity; in addition, the prothrombotic 
state of pregnancy enhances the risk of clot form-
ing and thrombosis. As a result, these women 
have a particularly increased risk of both throm-
bosis and hemorrhage [40]. The reduced resis-

tance on the systemic vasculature poses an 
increased risk of paradoxical embolism. Unless 
specifically contraindicated, prophylactic treat-
ment with heparin or low molecular weight hepa-
rin [7, 33] should be prescribed. This is 
particularly important for women assigned to 
prolonged bed rest or suffering from arrhythmias. 
See below for anticoagulation protocols.

Delivery. Anesthesia should be planned care-
fully in view of the elevated risks in this particular 
population. Ideally, an obstetric anesthesiologist 
should be consulted at the beginning of preg-
nancy  as in all cases of complex CHD.  Vaginal 
delivery is advised in most cases [7] with neuraxial 
anesthesia techniques that have the advantage of 
blunting the hemodynamic response to labor, espe-
cially during the second stage [41]. In planned elec-
tive cesarean delivery, a neuraxial anesthesia 
technique with monitored incremental induction 
may be associated with better maternal outcomes 
[33, 34]. Particular attention should be given to pre-
vention of venous air embolism. Right-to-left shunt-
ing makes air embolism a life-threatening 
complication from intravenous infusions [42]; spe-
cial attention and care should be given to prevent air 
bubble entrance to the circulation through any line. 
Volume status should be carefully monitored during 
labor and postpartum, taking into consideration the 
cardiac lesion present, as these patients are at risk of 
both volume depletion and volume overload. An 
emergency plan should be made for early cesarean 
delivery should maternal decompensation occur or 
if there are signs of fetal distress. For anesthesia 
choice, the impacts of changes in venous return, 
myocardial function, heart rate, and afterload on the 
specific lesion should be clearly understood in order 
to create a suitable anesthesia plan.

Postpartum. The critical period for major car-
diovascular events postpartum is the first 24–48 h 
after delivery, as a result of the increase in mater-
nal blood volume following delivery, which may 
lead to worsening heart failure. Therefore, close 
cardiac monitoring and follow-up in the intensive 
care setting are advised. Ideally, this should con-
tinue for up to 3–5 days postdelivery, as signs of 
heart failure may take time to develop [33]. Close 
monitoring for postpartum hemorrhage is 
advised, as anemia may reduce oxygen delivery. 
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Cyanotic patients need higher hemoglobin con-
centration; a “normal” hemoglobin level may not 
provide the required oxygen-carrying capacity. 
Early mobilization with support stockings may 
reduce the risk of thromboembolism. Cardiology 
follow-up should be scheduled within 1–2 weeks 
from discharge [7].

10.4.5  Single-Ventricle Physiology/
Fontan Palliation

The “Fontan procedure” is a palliative surgical 
procedure used in patients with univentricular 
hearts. To date, this operation is performed in 
children 2–4 years of age. Women in their late 
20s and 30s may have undergone the Fontan 
procedure at an older age. In the Fontan proce-
dure, systemic venous blood is routed to the 

pulmonary arteries either by connecting the 
right atrium to the pulmonary arteries (in older 
patients) or via a tube inserted into the right 
atrium or via an extracardiac tube (in younger 
patients) [43]. Either way, the end result is that 
deoxygenated systemic venous flow is directed 
to the pulmonary arterial circulation, thus alle-
viating cyanosis (Fig.  10.2). As there is no 
sub-pulmonary pumping chamber, pulmonary 
flow stems from the small pressure gradient 
between the systemic veins and the pulmonary 
veins [2]. There is limited capacity to increase 
cardiac output on demand, thus relying on ele-
vated central venous pressures. This unique 
hemodynamic setup leads to long-term 
sequelae related to chronically elevated sys-
temic venous pressure, diminished cardiac 
output, and cardiac reserve [43, 44]. Years 
after the procedure, the main complications 

Right atrium

Surgical

Systemic venous blood

Pulmonary venous blood

Aorta

Pulmonary
artery

Mitral valve
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Fig. 10.2 Fontan 
procedure for tricuspid 
atresia. Schematic 
representation of Fontan 
operation 
(atriopulmonary 
connection). The atrial 
septal defect is closed, 
thus separating the 
systemic and pulmonary 
circulations, the 
pulmonary artery is 
ligated and an 
anastomosis is formed 
between the right atrium 
and the pulmonary 
artery. (*Adapted from 
SA Thorne. Heart 
2004;90:450–456. With 
permission from the 
BMJ Publishing Group 
Ltd.)
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are arrhythmias, reduced functional capacity 
resulting from impaired ventricular function 
or atrioventricular valve regurgitation, pro-
tein-losing enteropathy, thromboembolism, 
portal hypertension, and liver dysfunction 
[45]. Compared to pediatric Fontan patients, 
adults with symptomatic heart failure demon-
strate higher central venous pressures but 
lower systemic vascular resistance, as well as 
pathological signs of liver disease suggestive 
of portal hypertension [46].

In single-ventricle physiology, the response to 
manipulation of preload, afterload, and contractility 
is abnormal. These patients are very sensitive to 
changes in preload, as hypovolemia can result in 
severe hypotension. One of the most difficult 
aspects of treatment in a patient with single ventri-
cle and shock is fluid management. It is critical to 
maintain venous return. Hypovolemia and decreased 
venous tone during critical illness may cause severe 
hypotension, as high venous pressures are required 
to maintain cardiac output. On the other hand, 

hypervolemia from overzealous fluid resuscitation 
can result in a decreased pressure gradient between 
systemic arterial and venous systems, thus reducing 
cardiac output. Similarly, the effect of increased 
afterload due to vasoconstriction may reduce car-
diac output. Resuscitation to very specific targets 
like CVP or right atrial pressure and continuous 
hemodynamic monitoring are often required [42].

Single-ventricle physiology presents a unique 
challenge in the setting of pregnancy given the 
obligatory increase in heart rate, cardiac output, 
and plasma volume. Initially, the fixed low cardiac 
output and decreased blood flow to the uterus and 
placenta could result in intrauterine growth retarda-
tion and a compromised fetal status [47]. Later on, 
increased plasma volume may lead to heart failure, 
arrhythmias, and ascites. The thrombogenic state in 
pregnancy may lead to Fontan pathway and pulmo-
nary artery thrombosis and stroke [48].

Figure 10.3 Summarizes the evaluation 
required for patients with Fontan physiology and 
low cardiac output.

Treat
Arrhythmia /

anemia 

Low CVP < 14
mmHg 

IV fluids

High CVP >18
mmHg

Echo

Reduced VF

Inotropes

Significant 
AVV reg

Cautious 
diuretics

Better?

Yes No

Good VF,
no AVV reg

CXR

Pneumothorax / pleural 
effusion

Treat

No

CTPE

PE

Anticoagulation, reduce
PVR

No PE

Reduce 
PVR

CVP

Fig. 10.3 Management guidelines for pregnant women 
following Fontan procedure presenting with low cardiac 
output. CVP central venous pressure = pulmonary artery 
pressure in Fontan. Extrapolated from non-pregnant 
Fontan patients. (** As there may be preferential flow 

from IVC to one lung and SVC to the other, hand injection 
of contrast may give a false diagnosis of pulmonary 
embolism.) VF ventricular function, AV valve reg atrio 
ventricular valve regurgitation, PE pulmonary embolism, 
PVR pulmonary vascular resistance

10 Preexisting Heart Disease in Pregnancy



120

10.4.6  Management of Pregnancy 
with Single-Ventricle 
Physiology/Fontan Palliation

Preconception. The patient planning to conceive 
must be informed that pregnancy and delivery 
are not without risk, fetal loss is high, and that 
early delivery may be necessary if maternal 
decompensation occurs [18, 48]. The preconcep-
tion evaluation should address ventricular func-
tion, valve function, the risk for arrhythmia, O2 
saturation, and pulmonary artery pressures. In 
clinically stable women with good ventricular 
function and no arrhythmia, the risk of preg-
nancy in the setting of Fontan physiology is not 
very high and may be well tolerated, including 
normal vaginal delivery [28]. However, the risk 
for fetal loss (30%) and early delivery are sig-
nificantly greater in women after the Fontan pal-
liation. BNP may be a signal for cardiac failure, 
and an elevated level is correlated with NYHA 
stage of cardiac function.

During pregnancy. Follow-up is recom-
mended every 4  weeks to assess ventricular 
function and signs of congestive heart failure 
[33]. Treatment with  Acetylcholine  Esterase 
inhibitors should be stopped. If anticoagulation 
is indicated in these patients, substituting hepa-
rin for warfarin in the first trimester is a good 
option. Atrial and ventricular arrhythmias are a 
special area of concern in patients with Fontan 
circulation, mainly in those with the right atrial 
to pulmonary artery connections (see below). 
Other cardiac events to be prepared for are 
venous or arterial thromboembolic events and 
heart failure [17].

Delivery. A detailed delivery plan should be 
developed with a multidisciplinary team includ-
ing both surgical and anesthetic regimens. 
Because of the vasoplegic effect of anesthesia, 
blood pressure monitoring is crucial, and vaso-
constrictive drugs (e.g., phenylephrine) should be 
prepared. If the patient has become symptomatic, 
induction of labor should be considered after 
week 38 or earlier as indicated by clinical presen-
tation. Both neuraxial and general anesthesia 
techniques have been described for these patients. 
One case report presented emergency general 

anesthesia for cesarean in one pregnancy fol-
lowed by neuraxial anesthesia for a subsequent 
elective cesarean delivery [49]. Cesarean deliv-
ery should be performed in cases of severe car-
diac insufficiency or uncontrolled arrhythmias 
[28]. Cardiac function and filling pressures 
should be assessed using a central venous cathe-
ter, which acts as a pulmonary artery catheter in 
women with Fontan [47]. During delivery, cen-
tral venous pressure increases, and cardiac output 
decreases. Fluid shifts that may cause systemic 
congestion should be anticipated [50, 51]. 
Therefore, treatment of volume overload should 
be considered, using drugs such as furosemide. 
However, it is important to maintain adequate 
preload for passive pulmonary blood flow, as 
patients with Fontan physiology poorly tolerate 
hypovolemia and low central venous pressure. 
The balance between prevention of heart failure 
due to volume overload and suppression of car-
diac output because of low preload is very diffi-
cult to maintain [47]. Patients with poor 
ventricular function or arrhythmia may not toler-
ate labor well. Peripartum ICU admission is rec-
ommended for these women. Hypercarbia, 
hypoxia, and acidosis should be avoided, and the 
use of a noninvasive cardiac output monitoring 
device should be considered.

Postpartum. Guidelines suggest 24–48 hours 
of postpartum ICU observation for all Fontan 
circulation women after delivery [7]. 
Mechanical ventilation may increase pulmo-
nary pressure and be deleterious for Fontan 
patients; however, some form of ventilator sup-
port may be required in severe cases of heart 
failure. In such cases, noninvasive positive 
pressure ventilation may be preferred, and 
pulse contour cardiac output monitoring should 
be considered.

10.4.7  Valvular Heart Disease 
in Pregnancy

10.4.7.1  Rheumatic Heart Disease
Rheumatic heart disease is still encountered in 
developing countries and in disadvantaged popu-
lations in developed countries [52–54]. Acute 
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rheumatic fever causes mainly mitral and aortic 
regurgitation. Mitral stenosis may ensue years 
after the acute attack, causing secondary pulmo-
nary hypertension. Although it may have signifi-
cant implications for maternal health, maternal 
and fetal death is low [35]. Other causes of valvu-
lar heart disease during childbearing age include 
mitral valve prolapse, prior endocarditis, Marfan 
syndrome, and autoimmune diseases involving 
the heart [20]. In the developed world, valvular 
heart disease accounts for 25% of pregnant 
women with heart disease and is second only to 
congenital heart disease [10]. More women reach 
childbearing age following valve replacement 
surgery, which poses further pregnancy-related 
risks, including prosthetic valve malfunction, the 
need for anticoagulation, and thrombotic compli-
cations [54].

Ideally, diagnosis and risk assessment 
should be performed prior to pregnancy, based 
on functional capacity, severity and type of 
valve disease, left ventricular function, and 
pulmonary pressures. Moderate and high-risk 
women should be referred to high-risk obstet-
rics centers with a Pregnancy Heart Team 
where pregnancy outcomes may be optimized 
by care throughout the pregnancy [1, 20, 27, 
28, 55].

Because of the decline in systemic resis-
tance which occurs during pregnancy, regurgi-
tant lesions are usually better tolerated than 
stenotic lesions during pregnancy and labor [4, 
56]. Because left-sided pressure differences 
are higher and therefore more prone to acute 
decompensation, severe left-sided stenotic 
lesions are the most important lesions to diag-
nose, evaluate, and treat before conception, 
during pregnancy, and peripartum. Table 10.4 
summarizes the maternal risk classification of 
pregnancy in women with valvular heart 
disease.

10.4.7.2  Simple Valvular Lesions
The most commonly observed valve lesions in 
pregnant women are simple valvular lesions such 
as mitral or aortic stenosis or regurgitation [57]. 
With proper preventive management and treat-
ment during pregnancy, many of the women with 

such lesions are not seen in the ICU. However, 
ongoing neglect based on a single pre-pregnancy 
assessment suggesting low risk may ultimately 
endanger the life of the mother and, secondarily, 
that of the unborn child [55].

10.4.7.3  Mitral Stenosis
Mitral stenosis (MS) is the most common 
acquired valvular lesion in pregnant women [55, 
56] and is a leading cause of maternal morbidity. 
Maternal mortality in women with mitral steno-
sis is estimated between 0 and 3% [5].

Symptoms are more likely to occur in women 
with  moderate-to-severe stenosis, with a valve 
area of less than 1.5 cm2. Reported rates of pul-
monary edema in pregnant women with mild, 
moderate, and severe MS range between 11 and 
24%, 34 and 61%, and 56 and 78%, respectively 
[1, 58]. The increased stroke volume and tachy-
cardia during pregnancy cause decreased ven-
tricular filling duration and increased left atrial 
pressure, which result in pulmonary congestion 
leading to pulmonary edema [2, 28, 55]. Cardiac 
function may further deteriorate if atrial fibrilla-
tion or other tachyarrhythmias occur; this occurs 
due to the additional decrease in filling time, thus 
reducing preload and cardiac output. Due to the 
increase in blood volume during pregnancy, dia-
stolic dysfunction worsens [56, 57]. Symptoms 
peak at 20–30  weeks gestation, but the risk of 

Table 10.4 Maternal risk classification of pregnancy in 
women with valvular heart disease

Low risk
Mitral stenosis: mean gradient <5 mmHg, valve 
area > 1.5 cm2, no pulmonary hypertension
Mitral or aortic regurgitation: asymptomatic
Aortic stenosis: mean gradient <25 mmHg, valve 
area > 1.5 cm2, ejection fraction >50%, asymptomatic
Bioprosthetic valve: asymptomatic
High risk
Mitral stenosis: mean gradient >10 mmHg, valve 
area < 1 cm2, NYHA II–IV
Mitral or aortic regurgitation: NYHA III–IV
Aortic Stenosis: mean gradient >40 mmHg, valve 
area < 1 cm2

Marfan syndrome: aortic diameter > 4 cm
Prosthetic mechanical valve
Severe pulmonary hypertension
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decompensation and pulmonary edema continues 
throughout the third trimester leading up to the 
time of delivery[54, 58]. NYHA class has been 
reported to deteriorate during pregnancy by 1–2 
levels in 74% and 40% of women, respectively 
[54]. During labor and delivery, cardiac output 
increases due to pain-induced catecholamine 
release and uterine contractions. These can be 
alleviated with epidural anesthesia [57]. Volume 
shifts are also expected, as some blood loss is 
usual (500 mL with vaginal delivery and 1000 mL 
with cesarean delivery). However, immediately 
after delivery, there is a dramatic increase in car-
diac output (as high as 80%) because of massive 
autotransfusion of uterine blood volume and 
increased vascular resistance. These may lead to 
decompensated cardiac failure and may last for 
2 weeks to even 6 months postpartum [57].

Preconception. Risk assessment should be 
performed (Table  10.4). Low maternal risk is 
associated with a mean gradient of less than 
5 mmHg and a valve area of greater than 1.5 cm2 
with no evidence of pulmonary hypertension. 
High risk is associated with a mean gradient 
>10 mmHg a valve area < 1 cm2 and NYHA II–
IV [54]. A careful history should be taken look-
ing for symptoms such as resting dyspnea, cough, 
chest pain, or palpitations [20]. Physical exami-
nation may reveal a diastolic murmur and signs 
of heart failure, and electrocardiography may 
show signs of left atrial enlargement, ventricular 
hypertrophy, and arrhythmias. Echocardiography 
is indicated to assess valvular and cardiac func-
tion, as well as pulmonary artery pressures. 
Procedural interventions such as mitral valvulo-
plasty are indicated in patients with moderate-to-
severe stenosis and valve area < 1.0 cm2 and in 
those with signs of significant pulmonary hyper-
tension; these should be performed prior to a 
planned pregnancy [27, 33, 54].

During Pregnancy. High-risk women should 
be followed up in specialized centers with a 
Pregnancy Heart Team [27]. Clinical and echo-
cardiographic follow-up is indicated at close 
intervals. In cases of moderate-to-severe stenosis, 
monthly or bimonthly follow-up is indicated. In 
patients with mild stenosis, evaluation is recom-
mended every trimester and prior to delivery 

[33]. Treatment goals are primarily to diagnose 
and treat any condition that may worsen the 
mother’s clinical status such as fever, infection, 
or anemia, to decrease the heart rate in order to 
prolong filling times, to reduce preload, and to 
maintain perfusion [20, 59]. When symptoms of 
heart failure or pulmonary hypertension appear, 
treatment includes restriction of physical activity, 
oxygen supplementation, rate control with selec-
tive beta-blockers or digoxin (targeting about 
60–80 bpm), diuretics, and antibiotics as required. 
Women with pulmonary edema should be admit-
ted and treated with intravenous beta-blockers 
and diuretic agents. In cases of arrhythmias, anti-
arrhythmics are indicated in order to avoid car-
diac decompensation, and DC cardioversion may 
be used if arrhythmias cause hemodynamic com-
promise. Transesophageal echocardiography 
should be used in order to rule out left atrial 
thrombosis prior to cardioversion, as this is a 
contraindication [1, 54]. Anticoagulation with 
low molecular weight heparin or intravenous 
unfractionated heparin may be required in the 
presence of arrhythmias, an enlarged left atrium, 
left atrial thrombosis, low cardiac output, or prior 
embolism [33].

See below for the treatment of heart failure, 
arrhythmias, and anticoagulation.

Balloon mitral valvuloplasty should be con-
sidered when the mother cannot proceed to term 
because of hemodynamic instability and severe 
symptoms, despite medical therapy, usually if the 
valve area is less than 1.5  cm2 or pulmonary 
artery pressures are more than 50 mmHg [1, 2, 
33, 55]. This procedure is preferably performed 
after 20 weeks gestation in patients with NYHA 
class III–IV [2, 36, 60]. Optimized radiation dose 
with short screening times and abdominal lead 
shields should be used. Overall results have been 
favorable [61]; mitral regurgitation may develop 
following valvotomy, but this is usually well tol-
erated [55].

Delivery. Vaginal delivery is preferred among 
patients with mild disease and those without pul-
monary hypertension. The second stage of labor 
should be assisted using forceps or vacuum in 
order to minimize valsalva maneuvers [54]. 
Patients with severe disease (NYHA III–IV) and 
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pulmonary hypertension, as well as those requir-
ing mechanical ventilation or have obstetric indi-
cations, should be referred to Cesarean section 
[57]. The need for monitoring depends on the 
severity of the disease. In cases of significant 
stenosis and arrhythmias, telemetric monitoring 
during delivery is required, as well as blood 
pressure monitoring, pulse oximetry, and fetal 
monitoring [20]. Occasionally, a pulmonary 
artery catheter may need to be inserted in order 
to measure cardiac output and pulmonary artery 
pressures. During labor and delivery, heart rate 
should be targeted at 90–100  bpm using pain 
management and beta-blockers. Optimal fluid 
balance is challenging, as preload is required for 
cardiac function, but fluid overload may exacer-
bate heart failure. The administration of antibi-
otic prophylaxis is debatable, but most opinions 
are supportive, as the risk of antibiotic prophy-
laxis is smaller than the complications of endo-
carditis [20, 59].

Postpartum. High-risk women should be 
monitored in intensive care or cardiac care units 
for at least 24  h due to expected fluid shifts. 
Anticoagulation may be resumed where indi-
cated if there is no evidence of postpartum 
hemorrhage. Cardiac follow-up should be per-
formed at 4–6  weeks postpartum in order to 
assess cardiac function and to adjust medical 
treatment.

10.4.7.4 Aortic Stenosis
The most common cause of aortic stenosis in 
women of childbearing age is congenital bicus-
pid aortic valve, which occurs in about 2% of the 
population [54, 55]. Women may be asymptom-
atic even with severe disease, with signs appear-
ing only during pregnancy. The stenotic valve 
obstructs blood flow into the aorta; thus cardiac 
output is fixed and depends on preload. The bal-
ance between reduced filling causing under-per-
fusion and hypervolemia causing pulmonary 
edema is therefore very fragile. Complications of 
aortic stenosis include angina, syncope, and con-
gestive heart failure [20, 54]. Further risks for the 
mother include arrhythmias and cardiovascular 
events such as myocardial infarction and stroke. 
Mortality is estimated at 2.5% [15]. Fetal risk 

includes preterm birth, intrauterine growth retar-
dation, and low birth weight in up to 25% of 
cases with moderate and severe stenosis [33, 62].

Preconception. All women with known aortic 
stenosis should undergo assessment of aortic 
valve dimension using echocardiography prior to 
conception [33]. Exercise testing can be used to 
evaluate exercise tolerance, blood pressure 
changes, arrhythmias, and the need for interven-
tion [63]. Low maternal pregnancy risk includes 
patients with a good exercise tolerance, a normal 
blood pressure rise, mean gradient of less than 
25  mmHg, valve area greater than 1.5  cm2, an 
ejection fraction >50%, and asymptomatic 
patients. High-risk patients include those with an 
ejection fraction <40%, mean gradient greater 
than 40  mmHg and a valve area  <  1  cm2 [55] 
(Table 10.4). Patients with bicuspid aortic valves 
may occasionally also suffer from dilatation of 
the ascending aorta, thus predisposing these 
women to increased aortic stress during preg-
nancy and an increased risk for aortic dilatation 
and dissection, especially in the third trimester. 
An aortic root diameter of greater than 40 mm is 
a risk factor for dissection [54]. Asymptomatic 
women with severe stenosis may tolerate preg-
nancy with conservative treatment and close fol-
low-up. Women who are high risk, who have a 
reduced LV ejection fraction of less than 50%, 
and/or who are symptomatic before pregnancy 
should be discouraged from pregnancy until they 
undergo valvuloplasty or surgery prior to concep-
tion [27]. Aortic root repair is indicated in women 
who have an aortic diameter greater than 50 mm 
[54, 63].

During pregnancy. Follow-up of pregnant 
women with significant aortic stenosis requires 
the coordination between a congenital heart 
disease specialist, an obstetric anesthesiolo-
gist and a high-risk obstetrician in a specialized 
center. Pregnant women with asymptomatic or 
minimally symptomatic aortic stenosis may be 
managed conservatively with recommendation 
for reduced exertion, beta-blockers, and oxygen 
if required. Follow-up should include monthly 
or bimonthly echocardiographic evaluation of 
the ascending aorta and aortic valve until deliv-
ery [54]. It is recommended that women with 
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an aortic diameter larger than 40  mm receive 
beta-blockers. Symptomatic aortic stenosis 
during pregnancy often requires prompt medi-
cal and occasionally interventional therapy [1, 
40, 57]. Medical management includes bed 
rest, rate control with beta-blockers or non-
dihydropyridine calcium channel antagonists, 
treatment of aggravating conditions, and cau-
tious diuresis if indicated. Afterload-reducing 
agents may be hazardous, due to the fixed car-
diac output through the aortic valve. Pulmonary 
edema should be treated with diuretic agents; 
however, hypovolemia, which may cause hypo-
tension and decreased maternal organ perfusion 
due to a fixed cardiac output, should be avoided. 
Sinus rhythm should be restored in women who 
develop arrhythmia. In stable patients, medi-
cal therapy of the arrhythmia is an option (see 
Table  10.3). In hemodynamically unstable 
patients, cardioversion should be performed 
[64]. In patients who are symptomatic despite 
medical management, percutaneous valvulot-
omy may be indicated in non-calcified valves 
with minimal regurgitation, preferably prior to 
delivery [61, 65]. This procedure is associated 
with maternal and fetal morbidity, and the rate 
of restenosis and aortic regurgitation is not neg-
ligible. Surgical valve replacement is reserved 
for women in critical condition, such as shock 
with reduced cardiac output and signs of organ 
decompensation or intractable pulmonary 
edema who cannot undergo percutaneous val-
vulotomy. This should preferably be performed 
immediately post-cesarean delivery, as this pro-
cedure is associated with significant fetal death 
[20, 66]. Care should be taken to minimize 
post-surgical hemorrhage associated with full 
anticoagulation.

Delivery. Labor and delivery should be 
planned in advance with a multidisciplinary team 
of cardiologists, obstetricians, and anesthesiolo-
gists. In mild to moderate disease, vaginal deliv-
ery is preferred, with minimal reduction in 
systemic vascular resistance during anesthesia 
and assisted second stage. It has been recom-
mended that severe, symptomatic cases undergo 
cesarean delivery with general anesthesia, 
although neuraxial anesthesia has also been 
reported [33, 67].

10.4.8  Mitral and Aortic 
Regurgitation

In the childbearing age, these valve disorders are 
most commonly due to rheumatic or congenital 
lesions but may also be associated with infective 
or autoimmune diseases [33]. Mitral valve pro-
lapse is a leading cause of mitral regurgitation in 
this age group and is associated with connective 
tissue weakening [54]. Previous valvulotomy may 
occasionally be a causative factor. As stated ear-
lier, as a result of reduced systemic vascular resis-
tance during pregnancy, left-sided regurgitant 
lesions are usually less symptomatic than stenotic 
lesions and have good clinical outcomes [1, 54]. 
Complication rate is small and is usually due to 
severe regurgitation or the development of dilated 
cardiomyopathy and congestive heart failure.

Preconception. A thorough medical history 
and physical examination is required, together 
with an electrocardiogram and transthoracic 
echocardiography, to assess valvular and cardiac 
function. In moderate-to-severe regurgitation, 
exercise testing is recommended [33]. In severe 
cases of mitral valve regurgitation, surgery may 
be required; however repair is usually preferred in 
order to avoid the need for anticoagulation [61].

During pregnancy. Women with regurgitant 
left-sided valves should be followed up by a mul-
tidisciplinary team of cardiologists, anesthesiolo-
gists high-risk obstetricians. As long as left 
ventricular function is maintained, only follow-up 
is required: every trimester in mild to moderate 
regurgitation and more often in severe regurgita-
tion [33]. Once signs of ventricular failure appear, 
medical treatment is usually indicated, as preg-
nancy-related volume overload may exacerbate 
pulmonary congestion (Table 10.3). This includes 
diuretics, beta-blockers, and vasodilators such as 
nitrates and hydralazine. Angiotensin-converting 
enzyme inhibitors and angiotensin receptor block-
ers are contraindicated in pregnancy due to terato-
genicity [57]. Physical activity should be restricted 
as well as sodium intake. In cases of severe 
chronic mitral regurgitation, left atrial enlarge-
ment may occur, and predispose women to 
arrhythmias, in which case antiarrhythmics and 
anticoagulation, may be indicated (see below) 
[54]. In cases of severely reduced left ventricular 
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failure, inotropic support may be required. Acute 
valvular regurgitation is poorly tolerated; acute 
mitral regurgitation, as a result of a ruptured chor-
dae, will present with cardiogenic shock and pul-
monary edema. In such cases, initial stabilization 
may require intra-aortic balloon pump placement 
and referral for urgent surgery [20]. Acute aortic 
valve regurgitation, as may occur in cases of 
infective endocarditis or aortic dissection, is a sur-
gical emergency [20, 57]. Maternal morbidity and 
mortality during cardiopulmonary bypass may be 
higher than in nonpregnant women, depending on 
the type of surgery and severity of disease; fetal 
morbidity and mortality remain high as well [68]. 
At 26  weeks gestation, both fetal mortality and 
neurological impairment are estimated at 20% 
[33, 68]. It is therefore recommended that beyond 
26 weeks, cesarean delivery is performed prior to 
cardiac surgery.

Delivery. Vaginal delivery is preferable with 
epidural anesthesia, and a shortened second stage 
is advisable [33]. As in all cases of clinically sig-
nificant heart disease, the obstetric anesthsiologist 
should be part of the team following the patient 
from the outset. Severe cases of decompensated 
heart failure may require cesarean delivery.

10.5  Marfan Syndrome

This autosomal dominant hereditary connective 
tissue disease has an estimated prevalence of 
1:5000. Most patients have cardiovascular 
involvement, including aortic regurgitation, dila-
tation, and mitral and tricuspid involvement [69]. 
Aortic disease, mostly involving the thoracic 
aorta, predisposes to aortic aneurysm and dissec-
tion, which leads to a high risk for morbidity and 
mortality [69, 70]. See Table 10.4.

Preconception. Pregnancy poses a high risk for 
worsening of diseases of the aorta due to hemody-
namic changes, such as increased blood volume 
and heart rate as well as hormonal changes, lead-
ing to increased maternal mortality [33, 70, 71]. 
Therefore, all women with diagnosed Marfan 
syndrome or dilated aortic root are at risk during 
pregnancy and should be counselled accordingly 
prior to conception. Imaging of the entire aorta 

using magnetic resonance imaging (MRI) or com-
puterized tomography (CT) scans should be per-
formed. Echocardiography (transthoracic or 
transesophageal) should enable assessment of left 
ventricular function, diameter of the aortic root, 
and the ascending and descending aorta [69].

The risk of dissection is about 1% in the 
absence of aortic root dilatation [55]. An aortic 
root diameter of 4 cm and over, or an increasing 
aortic root diameter during pregnancy, carries up 
to 10% risk of dissection [55, 69]. With an aortic 
root diameter of over 4.5 cm, pregnancy without 
prior repair should be discouraged [20, 27]. Aortic 
dissection occurs mostly in the third trimester or in 
the early postpartum period [70]. Repair of aortic 
dissection during pregnancy carries a significant 
risk for fetal loss; therefore aortic root replacement 
should ideally be conducted electively before 
pregnancy if indicated [61, 70]. Women with an 
aortic root diameter of more than 4.5 cm should be 
considered for surgical correction prior to preg-
nancy [33, 61, 72]. Pregnancy in women with 
Marfan syndrome is associated with a high rate of 
obstetric complications, such as premature deliv-
ery, premature rupture of membranes, intrauterine 
growth retardation, and neonatal mortality [69, 
72]. Maternal and fetal risk should be evaluated by 
a multidisciplinary team including a cardiologist, 
obstetrician, and genetic specialist. The woman 
needs to be informed of the risk of dissection 
throughout pregnancy and the peripartum period, 
and that even a normal aortic root diameter does 
not guarantee an uneventful pregnancy.

During pregnancy. Women should be fol-
lowed up by a cardiologist, an anesthsiologist 
and a  high-risk obstetrician. Echocardiography 
should be performed at 4 to 8-week intervals dur-
ing pregnancy according to aortic diameter and at 
3–6  months postpartum [69]. Women who had 
surgical correction of the aortic dilatation are still 
at higher risk for dissection and should be moni-
tored as well. Treatment with selective beta-
blockers such as metoprolol is indicated 
throughout pregnancy as they reduce the shear 
forces acting on the aortic root, thereby decreas-
ing the rate of aortic dilatation and dissection [27, 
33, 69, 70]. Beta-blocker dose should be titrated 
to reduce heart rate by at least 20 bpm with close 
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follow-up of intrauterine growth. Hypertension 
should be prevented using vasodilative drugs 
(Table 10.3). In cases of increasing aortic diame-
ter during pregnancy, aortic repair should be per-
formed either with the fetus in utero or following 
Cesarean delivery. Because of their high morbid-
ity and the risk for postoperative bleeding, these 
procedures should be performed in specialized 
centers with adult  cardiothoracic and neonatal 
intensive care facilities [69]. There has been a 
decrease in maternal and fetal mortality in these 
cases, with reported maternal mortality decreas-
ing from 30% in the 1990s to 0% in 2004 [36]. 
Aortic dissection during pregnancy is a surgical 
emergency and requires the cooperation of a mul-
tidisciplinary team, including urgent Cesarean 
delivery by specialist anesthesiologists, obstetri-
cians, and neonatologists, followed by urgent 
aortic repair by cardiothoracic surgeons [69].

Delivery. Vaginal delivery is recommended in 
women with an aortic diameter of less than 4 cm. 
This should ideally be performed under beta-
blocker treatment and epidural anesthesia in order 
to reduce hypertension, pain, and stress during 
labor. Assisted shortening of the second stage of 
labor is also recommended. In cases where the 
aortic diameter exceeds 4.5 cm, or with progres-
sive dilatation of the aorta, the risk of dissection is 
high, and Cesarean delivery should be performed 
[55]. Elective surgery with epidural anesthesia is a 
good option in order to minimize hemodynamic 
changes during vaginal delivery. It should be noted 
that patients with Marfan syndrome sometimes 
have dural ectasia precluding regional anesthesia 
[33]. As stated above, in case of aortic dissection, 
urgent aortic repair is indicated. Postoperative 
hemorrhage is a reported complication and should 
be anticipated [72]. Postpartum women should be 
followed up closely by a cardiologist: weekly for 
high risk and monthly for low risk until 4–6 months 
postdelivery [69].

10.6  Antiarrhythmic Treatment 
in Pregnancy

Ectopic beats often occur during pregnancy and 
do not require specific treatment. However, 
patients with congenital heart disease, cardiomy-

opathy and valvular heart disease are often prone 
to clinically  significant  supraventricular tachy-
cardia (SVT), atrial fibrillation, and ventricular 
arrhythmias [73, 74]. The incidence of SVTs in 
pregnancy has been reported to be 24/100,000, 
ventricular arrhythmias 2/100,000, and AV block 
1.5/100,000 [75]. The incidence is higher in 
women with a previous history of arrhythmias.

Supraventricular tachyarrhythmias such as AV 
nodal reentrant tachycardia without hemody-
namic decompensation may be treated with anti-
arrhythmic drugs or AV nodal blocking drugs, 
such as adenosine, beta-blockers, calcium chan-
nel blockers, or digoxin (Table  10.3) [33, 76]. 
Initially, adenosine is the agent of choice at a 
dose of 6–12  mg. Cases of atrial tachycardia 
(non-AV nodal reentrant tachycardia) and fibril-
lation should be treated with antiarrhythmics or 
DC cardioversion. DC cardioversion is safe in all 
stages of pregnancy, but fetal monitoring is 
required [73, 74]. Rate control can be achieved 
using selective beta-blockers such as metoprolol 
(starting dose 5  mg intravenously over 5  min), 
digoxin, or verapamil. Care must be taken to 
avoid hypotension. For rhythm control, sotalol is 
the antiarrhythmic of choice, but flecainide is a 
second-line option [76]. In cases of refractory or 
poorly tolerated SVT, catheter ablation should be 
considered in experienced centers [27].

Ventricular arrhythmias with hemodynamic 
instability require prompt DC cardioversion. In 
stable patients, wide complex tachycardia should 
be presumed to be ventricular tachycardia, and 
verapamil should not be used. Lidocaine and 
sotalol are considered safe during pregnancy; 
however amiodarone has considerable fetal tox-
icity and should be used with caution [73].

Anticoagulation is indicated for at least 
3 weeks before and 4 weeks after elective cardio-
version of atrial fibrillation. In cases of docu-
mented atrial fibrillation lasting less than 48  h, 
pre-conversion intravenous heparin or subcutane-
ous low molecular weight heparin may be suffi-
cient. Women with risk factors for recurrent 
arrhythmias and stroke require prolonged antico-
agulation and rhythm control [33].

Women with asymptomatic bradycardia usu-
ally tolerate pregnancy and delivery well. 
However, pacemaker insertion may be required 
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in severe cases of AV block, ideally after the first 
trimester [76]. Delivery requires monitoring; spi-
nal anesthesia during delivery may precipitate 
bradycardia and is therefore not recommended 
[74].

Insertion of implantable electronic devices, 
such as cardioverter-defibrillators, pacemakers, 
or cardiac re-synchronization devices may be 
indicated before pregnancy in high-risk arrhyth-
mia cases (such as long QT syndrome, dilated 
and hypertrophic cardiomyopathy, etc.) and is 
not a contraindication for pregnancy [73, 77]. 
Delivery requires a joint obstetric, cardiologic, 
and anesthetic monitoring and treatment plan, 
aiming at minimizing hemodynamic compromise 
and exacerbation of arrhythmias. Monitoring 
includes cardiac heart rate and ECG monitoring, 
pulse oximetry, and intra-arterial catheter in 
higher-risk patients. If indicated, transcutaneous 
or transvenous pacing and external defibrillators 
should be available. Vaginal delivery with a neur-
axial analgesia and assisted second stage is pre-
ferred [77]. If surgery is indicated, bipolar 
diathermy is safer than unipolar diathermy to 
limit electrical interference. Occasionally, repro-
gramming of certain devices may be indicated to 
reduce electromagnetic interference [77]. 
Postpartum monitoring in a high dependency unit 
with the ability to provide pacing or defibrillation 
is required.

10.7  Management of Heart 
Failure in Pregnant Women 
with Preexisting Heart 
Disease

Thorough knowledge of patient anatomy and 
physiology should be obtained and treated 
accordingly. In case of ICU admission because 
of heart decompensation, one has to remember 
that most patients with congenital heart diseases 
do not tolerate well either increases in pulmo-
nary vascular resistance (PVR) or rises in sys-
temic vascular resistance. Physiologic influences 
of hypoxemia, hypercapnia, acidosis, positive 
pressure ventilation, and high PEEP will 
increase the PVR and should be avoided and 

corrected if possible. Low tidal volumes and 
low PEEP may be indicated. Pharmacologic 
treatments frequently given in ICU like phenyl-
ephrine, norepinephrine, and dopamine may 
result in increased PVR and should be adminis-
tered carefully. Drugs such as dobutamine, mil-
rinone, and inhaled NO are pulmonary artery 
vasodilators which reduce PVR and are there-
fore better tolerated [42].

Management of postpartum decompensation 
of heart failure in the intesive care setting includes 
the following [78]:

 – Diagnosis and correction of any exacerbating 
factors such as infection, anemia, and arrhyth-
mias. Saturation should be kept above 90%, 
and supplemental oxygen may be required.

 – Monitoring includes arterial blood pressure 
(invasive or noninvasive), telemetric cardiac 
monitoring, and occasionally central venous 
pressure measurement. Echocardiogram is 
important to determine volume status, ventricu-
lar function, and valve stenosis or regurgitation.

 – Fluid balance should be carefully optimized. 
In cases of fluid overload, which may worsen 
left ventricular failure, preload may be reduced 
by administering intravenous diuretics. Fluid 
administration is indicated in cases of sus-
pected hypovolemia.

 – Pharmacologic reduction of pulmonary vas-
cular resistance (PVR) in cases of pulmo-
nary hypertension by using drugs such as 
prostaglandins, PDE-5 inhibitors or inhaled 
NO, or systemic vasodilators in cases of left 
ventricular failure may improve ventricular 
function.

 – Ventricular contractility may be improved by 
using dobutamine targeting a ScvO2 > 70% or 
a cardiac index >2.0 L/min/m2. However, this 
drug may cause tachyarrhythmias. Alternatives 
are levosimendan or milrinone.

 – If there is significant hypotension, adding nor-
adrenaline may be necessary  to achieve  a 
MAP >65 mmHg in order to optimize perfu-
sion pressure. This should be done with cau-
tion, as vasoconstriction may increase 
afterload, causing further deterioration of ven-
tricular function. The alternative to noradrena-
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lin, vasopressin, has the advantage of not 
increasing pulmonary vascular resistance.

 – In extreme measures, if all of the above fails, 
consider extracorporeal support.

10.8  Prosthetic Valves

Prosthetic valves are used to treat severe congeni-
tal and acquired valve lesions. The two types of 
valves in use are mechanical and biological pros-
theses [79]. Valve selection is challenging in 
women of childbearing age, which is why both 
mechanical and biological valves may be encoun-
tered in this age group [80]. It is therefore recom-
mended that valve selection be performed in 
consultation with a Pregnancy Heart Team. 
Mechanical valves have better long-term durabil-
ity, but the need for full anticoagulation is associ-
ated with increased maternal and fetal morbidity 
and mortality. Bioprosthetic valves are less 
thrombogenic and have reasonable hemodynamic 
performance. However, their long-term durabil-
ity is decreased due to structural changes over 
time [1]. Accelerated valve degeneration has 
been associated with younger age [20] and 
reaches 80% of cases at 10  years follow-up. 
Mitral valves are more vulnerable than aortic 
valves [79]. Early mortality may reach 4.5% in 
patients undergoing redo aortic valve surgery and 
4.7–7.4% in those undergoing redo mitral valve 
surgery [1].

Patients with bioprosthetic valves are usually 
treated similarly to patients with native valve 
pathologies. Pregnancy is well tolerated in 
patients with well-functioning bioprosthetic 
valves [33]. Lawley et al. [81] studied the prog-
nosis of pregnancies of mothers with both 
mechanical and tissue prosthetic heart valves 
during the years 2000–2011  in Australia. They 
found 136 cases (1 per 10,000 pregnancies). The 
relative risk for severe maternal cardiovascular 
events was 34.6, preterm birth 2.77 and small for 
gestational age infants 2.03. There were no cases 
of maternal mortality. There was a tendency 
toward higher morbidity in mothers with mechan-
ical prosthetic valves. The higher rate of compli-
cations in patients with mechanical prosthetic 

valves was mostly related to the mandatory use of 
anticoagulation [1, 82].

Women with mechanical prosthetic valves 
carry a higher rate of morbidity and mortality. As 
pregnancy induces thrombogenesis, these women 
have an increased risk of thromboembolic events 
(13%), heart failure (7.5%), and arrhythmias 
(3.3%) [79, 82]. Anticoagulation, which is 
required with mechanical valves, is associated 
with a higher risk of peripartum hemorrhage 
(10.4%) [79]. Maternal mortality ranges between 
1 and 15% in different series [79]. Perinatal com-
plications include fetal loss, preterm delivery, 
low birth weight, and teratogenicity from antico-
agulants [82]. These maternal and fetal risk fac-
tors mandate management in tertiary medical 
centers, as well as very close follow-up of such 
patients during pregnancy, labor and delivery, 
and the postpartum period.

10.8.1  Anticoagulation

Women with mechanical valves require continu-
ous anticoagulation throughout pregnancy. This 
requires close monitoring and adjustment, 
depending on the anticoagulation dosing, moni-
toring, and effectiveness [33, 57]. Finding the 
safest anticoagulation regimen for the mother 
and fetus is challenging; most regimens require 
conversion from one drug to the other, requiring 
careful observation and extra vigilance. Some 
even indicate admission for intravenous adminis-
tration and monitoring. At this time, there is no 
consensus regarding the ideal treatment protocol; 
therefore different medical centers use different 
protocols [57] (Table 10.5).

Valve thrombosis risk has been found to be 
lowest with the use of oral anticoagulants such as 
warfarin throughout pregnancy (2.4–3.9%) and 
highest with the use of unfractionated heparin 
(9.2–10.3%) [56, 79]. Warfarin dosing is similar 
to that of nonpregnant women and is targeted to 
an INR of 2.5 (range 2.0–3.0) [83]. Warfarin, 
however, crosses the placenta and is teratogenic 
when taken in the first trimester (5–10% risk of 
fetal defects); this condition is termed warfarin 
embryopathy [84]. Its use is associated with an 
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increased risk of fetal intracerebral hemorrhage 
in the third trimester [20, 54] A reduced rate of 
fetal complications has been reported with doses 
less than 5 mg a day [1, 55]. Fetal risk has been 
found to be similar between a warfarin dose of 
5  mg daily or lower and low molecular weight 
heparin [85].

Heparin does not cross the placenta and is a 
safer option for the mother  and the fetus. 
However, administration and monitoring of ade-
quate anticoagulation is difficult. Intravenous 
administration is required, using devices that can 
target specific doses,  as well as frequent aPTT 
measurements, which usually require admission. 
A target of aPTT which is twice that of the con-
trol value  is required [83]. There are also con-
cerns about associated infections, osteoporosis, 

and thrombocytopenia. Subcutaneous heparin 
administration is not recommended by the 2014 
American Heart Association/American College 
of Cardiology guidelines, as it is associated with 
a high risk of thromboembolic phenomena [83]. 
Admission to hospital and conversion to treat-
ment with intravenous heparin is generally rec-
ommended from week 36 onward unless delivery 
is planned for an earlier date. A review of 1234 
pregnancies with mechanical valve prostheses 
compared three anticoagulation regimens: oral 
anticoagulation throughout pregnancy, oral anti-
coagulation substituted with heparin in the first 
trimester, and heparin throughout pregnancy 
[84]. The lowest thromboembolic complications 
were found in the oral coagulation group (3.9%), 
but this group also demonstrated the highest rates 
of teratogenic complications (6.4%) in live births 
and 21.1% spontaneous abortions. The rate of 
thromboembolic complications was the highest: 
33.3% in the heparin regimen and only 9.2% 
using the combined oral anticoagulation and hep-
arin regimen [84]. Combination therapy reduced 
the risk of teratogenic complications to zero if 
heparin was used before week 6 and to 11.1% if 
heparin was used after week 6. Overall maternal 
mortality was 2.9%; 1.8% in the group using the 
oral anticoagulation regimen; 4.2% in those using 
the combined regimen; and 15% in the group 
using the heparin regimen.

Low molecular weight heparin is an alterna-
tive to unfractionated heparin; its use in preg-
nancy is becoming more common, as it is 
associated with a more predictable dose 
response [1, 79, 86]. However, pregnancy is 
associated with an increase in dosing require-
ments, and maternal and fetal complications 
still occur depending on dosing, compliance, 
and monitoring [33, 79, 87] In one report, 34 
pregnancies of women with mechanical valves 
treated with enoxaparin were followed up. 
Thrombotic complications were reported in 
10.6% patients. More women experienced live 
births than those treated with warfarin [86]. In a 
meta-analysis of studies looking at the risk of 
postpartum hemorrhage with the use of low 
molecular weight heparin, 1320 women were 
included [88]. The risk for postpartum hemor-

Table 10.5 Anticoagulation protocols for pregnant 
women with a mechanical valve prosthesisa

First trimester
1.  Warfarin dose ≤5 mg daily, close INR monitoring, 

targeting 2.0–3.0 IU
Or
2.  Low molecular weight heparin, twice daily, 

targeting anti-Xa levels 0.8–1.2 U/mL, 4–6 h post 
dosing, trough levels >0.6 IU/mL

Or
3.  Continuous infusion of unfractionated heparin, 

targeting aPTT of >2 controls
Second and third trimester
1. Aspirin 75–100 mg daily plus
Warfarin targeted to INR 2.0–3.0 IU
2 weeks before planned delivery
Continuous infusion of unfractionated heparin, 
targeting aPTT of >2 controls
Or
2.  Low molecular weight heparin, twice daily, 

targeting anti-Xa levels 0.8–1.2 U/mL, 4–6 h post 
dosing, trough levels >0.6 IU/mL

36 h before planned delivery
Continuous infusion of unfractionated heparin, 
targeting aPTT of >2 controlsb

aPTT activated partial thromboplastin time, INR interna-
tional normalized ratio, LMWH low molecular weight 
heparin
aPregnant women on LMWH or unfractionated heparin 
should perform weekly anti-Xa level monitoring or aPTT 
monitoring with dose adjustment
bHeparin infusion should be withheld 4–6 h prior to antici-
pated delivery, and aPTT should be normal before neur-
axial anesthesia is performed
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rhage was higher in this group of women (RR 
1.45), but there was no difference in blood loss 
during delivery. Dosing and level monitoring of 
low molecular weight heparin has also been 
studied. The American College of Cardiology 
recommends monitoring peak plasma anti-Xa 
levels with a target of 0.8–1.2 U/mL–6 h post-
dose delivery [83]. In a study by Goland et al., 
trough levels were found to be subtherapeutic 
(<0.6 U/mL) in 80% of 123 women with thera-
peutic peak levels. They recommend measuring 
trough anti-Xa levels as well in this patient pop-
ulation [89]. There is currently not enough evi-
dence to support the use of novel oral 
anticoagulants during pregnancy [90].

10.8.2  Anticoagulation Protocols

There are several options for anticoagulation reg-
imens in pregnant women with mechanical valve 
prostheses, and there is no one preferred regimen 
[33, 79, 83] (Table 10.5).

The American College of Cardiology and the 
European Society of Cardiology recommend 
continuing warfarin in the first trimester if the 
dose required to reach INR targets is less than 
5 mg a day. However, if a larger dose is required, 
it may be replaced with intravenous heparin 
titrated by weight (1 mg/kg) and anti-Xa adjusted 
enoxaparin during weeks 6–12. Subsequently, 
oral anticoagulants may be continued until 
36  weeks gestation, or until 2  weeks before a 
planned or expected delivery, whereupon the reg-
imen should be changed to unfractionated or low 
molecular weight heparin [79]. Alternatively, low 
molecular weight heparin can be continued until 
the third trimester under close monitoring [33, 
79, 83]. Aspirin, at a dose of 75–100 mg, is given 
together with anticoagulants in the second and 
third trimesters.

Taking all these considerations into account, it 
is very important to discuss treatment options 
with the parents including risks for the mother 
and fetus, previous and potential treatment com-
pliance, and required monitoring. A multidisci-
plinary team of cardiologists, obstetricians, and 
anesthesiologists should be involved in planning 

these women’s follow-up, monitoring, and 
delivery.

During Pregnancy. Follow-up is individual-
ized according to valve and cardiac function, type 
of valve replaced, and the type of anticoagulation 
and compliance. Women with bioprosthetic 
valves and good cardiac function may be fol-
lowed by a cardiologist and echocardiography 
every trimester. Patients with mechanical valves 
should be monitored more closely, including 
physical and echocardiographic examinations 
and weekly monitoring and dose adjustments of 
anticoagulation protocols as necessary [79]. 
Changes of anticoagulation should be performed 
under observation in hospital. Women should be 
educated regarding anticoagulant dosing and 
monitoring, and a high level of compliance 
should be encouraged [33].

Delivery. A planned vaginal delivery requires 
prior changing to intravenous heparin targeting 
an aPTT of more than two times control. Cesarean 
section may also be planned or performed in 
cases where labor begins while still on oral anti-
coagulants [33]. Oral anticoagulants or LMWH 
should be stopped and replaced by intravenous 
unfractionated heparin at least 36 h prior to deliv-
ery. The heparin infusion should be held 4–6 h 
prior to anticipated delivery, and aPTT should be 
normal before neuraxial anesthesia is performed 
[27]. Unfractionated heparin can usually be 
recommenced 4–6 h postpartum provided there is 
no bleeding [79].

10.8.3  Valve Thrombosis (“Stuck 
Valve”)

Pregnancy presents a considerable risk of pros-
thetic valve thrombosis, due to a prothrombotic 
tendency, especially in artificial mitral valves 
[91]. Prosthetic valve thrombosis is a life-threat-
ening complication [79]. Symptoms of a throm-
botic artificial valve include dyspnea, signs of 
heart failure, arrhythmias, hemodynamic insta-
bility, and embolic phenomena. Urgent echocar-
diography should be performed in all pregnant 
women with mechanical valves presenting with 
dyspnea and/or an embolic event [33]. Physical 
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examination may demonstrate absent valvular 
click sounds and a new murmur [83]. A transtho-
racic or transesophageal echocardiography and/
or fluoroscopy examination with abdominal 
shielding is indicated and should be performed 
urgently. If the diagnosis is confirmed, the 
thrombus is small (<10 mm), and the mother is 
clinically stable; intravenous unfractionated 
heparin is a good option. If the patient is clini-
cally unstable and has an obstructing thrombus, 
surgical intervention may be required; however, 
this is associated with a 20–30% risk of fetal loss 
[79, 91].

Fibrinolytic therapy is also an option. 
Fibrinolytics (e.g., tPA, streptokinase) do not 
cross the placenta and are the preferred therapeu-
tic option for right-sided valvular thrombosis [1]. 
There is an increased risk of subplacental bleed-
ing, however, and the options should be discussed 
with the parents [33]. Usual dosing is 10 mg IV 
bolus of tPA followed by 90 mg infused IV over 
2 h while holding heparin infusion. Alternatively, 
a lower dose of 20  mg IV bolus followed by 
10 mg per hour for 3 h may be used. A streptoki-
nase regimen includes a loading dose of 
500,000 IU in 20 min followed by 1,500,000 IU 
over 10  h [83]. In a prospective, single center 
study, low-dose tPA (25 mg over 6 h) was admin-
istered to 28 prosthetic valve episodes (mitral 
valve) under transesophageal echocardiography 
guidance [92]. Complete thrombus lysis was 
accomplished in all cases, and one case had pla-
cental bleeding. Fibrinolysis may be associated 
with bleeding and thromboembolic phenomena. 
Large thrombi (>1 cm in diameter) are associated 
with a higher rate of complications, especially if 
the thrombus is mobile or there have been previ-
ous thromboembolic events. High risk of bleed-
ing is associated with a history of hemorrhagic 
stroke, hypertension (systolic BP >200 mmHg), 
intracranial trauma, or neoplasm or NYHA class 
III and IV symptoms [83]. Fibrinolysis may 
therefore be a reasonable option in order to avoid 
surgery in patients with a small thrombus and 
NYHA class I or II symptoms. In more severe 
cases, surgery is indicated [79, 83]. Thrombolysis 
treatment is followed by intravenous heparin and 
oral anticoagulants with a target INR of 3.0–4.0 

for aortic prosthetic valves and 3.5 to 4.5 for 
mitral prosthetic valves.

10.9  Conclusion

Due to advances in diagnostics and treatment 
options, women with complex preexisting heart 
disease often survive to childbearing age, and 
their desire for pregnancy poses a challenge to 
obstetricians, cardiologists anesthesiologists, and 
intensivists [1]. Heart failure, arrhythmias, and 
pulmonary hypertension continue to account for 
most maternal deaths. Preconception evaluation 
and counselling is extremely important, and risk 
assessment should be performed according to 
available risk prediction scores. Appropriate 
monitoring during pregnancy and planned deliv-
ery should be performed according to risk assess-
ment and treatment options. Early collaboration 
between cardiologists, anesthesiologists, inten-
sivists, neonatologists, pulmonologists, and 
obstetricians is recommended to optimize mater-
nal outcomes for women with preexisting heart 
disease who become pregnant [32, 93].
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11.1  Introduction

Up to 25% of pregnancy-related deaths may be 
attributed to cardiovascular conditions, and car-
diomyopathy may account for 10% of these 
maternal deaths [1]. In addition to an increased 
rate of maternal death, women with cardiomy-
opathy are at risk for an array of complications 
including dysrhythmia and venous thromboem-
bolism (VTE). Pregnant and peripartum women 
with cardiomyopathy may require intensive care 
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Bullet Points
• Cardiomyopathy in pregnancy is associ-

ated with increased maternal/neonatal 
morbidity and mortality.

• The symptoms of heart failure that are 
typical of cardiomyopathy may be 
masked by the physiologic changes of 
pregnancy, particularly in the late sec-
ond and third trimesters.

• Cardiomyopathy may be further catego-
rized into multiple subtypes that may 
warrant individual treatment 
modifications.

• A thorough physical examination and 
echocardiogram are the primary diag-
nostic modalities in the woman present-
ing with symptoms suggestive of heart 
failure during or after pregnancy.

• The treatment goals of congestive heart 
failure in pregnancy are similar to those 
of the nonpregnant population.

• In the setting of decompensated mater-
nal heart failure, stabilization of the 
pregnant/peripartum woman is a 
priority.

• Careful selection of pharmacologic 
therapy and titration of heart failure 
medications may assist in minimizing 
the risks of fetal teratogenicity while 
optimizing uterine perfusion. However, 
the risks and benefits of each medication 
should primarily take into consideration 
maternal well-being.

• In the setting of cardiomyopathy with 
maternal decompensation, the manage-
ment and timing of delivery should be 
weighed by a multidisciplinary team.

• Refractory decompensated heart failure 
may require support with cardiac assist 
devices and/or cardiac transplantation in 
severe cases.
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unit (ICU) admission for monitoring and/or treat-
ment of congestive heart failure as well as for 
other complications.

11.2  Cardiomyopathy

11.2.1  Definition

Cardiomyopathy is defined as “heart muscle disor-
ders, associated with various degree of anatomic 
(thickening, dilatation, and stiffness), histological 
(disarray, fibrosis, fibrofatty dysplasia), and func-
tional (reduced diastolic or systolic function) 
abnormalities of the myocardium” [2, 3]. 
Cardiomyopathy in pregnancy may be categorized 
into subtypes according to these attributes, with 
both genetic and nongenetic inheritance patterns. 
The subtypes described in pregnancy include 
hypertrophic cardiomyopathy, dilated cardiomy-
opathy, peripartum cardiomyopathy, and other rare 
types including arrhythmogenic right ventricular 
cardiomyopathy, left ventricular non-compaction 
cardiomyopathy, and restrictive cardiomyopathy 
(Table 11.1). Hypertrophic cardiomyopathy is the 
most common subtype, followed by dilated car-
diomyopathy. In a cross-sectional study of preg-
nancy hospitalizations in the United States 
between 2004 and 2006, the rate of cardiomyopa-
thy was 0.46 per 1000 deliveries, 0.18 for apparent 
peripartum cardiomyopathy, and 0.28 for other 
cardiomyopathies [4].

11.2.2  Subtypes

The most common inherited cardiomyopathy, 
hypertrophic cardiomyopathy (HCM), has a prev-
alence as high as 1 in 500 in the general population 
[5–7]. HCM is distinguished by myocyte disarray 
and subsequent fibrosis that lead to a characteristic 
thickening of the septum. This structural abnor-
mality may contribute to noncompliance of the 
ventricle(s) or “dynamic obstruction of the left 
ventricular outflow tract” [5]. During pregnancy, 
cardiac output (CO) increases by an average of 
20–40%, but in some cases this increase may actu-
ally be higher at term. This increase in CO may 

compromise flow across a potentially obstructed 
left heart outflow tract (LVOT). While most 
women with HCM are asymptomatic, severe cases 
may present with shortness of breath, palpitations, 
syncope, or sudden death [5]. In pregnant women 
with HCM preceding pregnancy, NYHA func-
tional class is related to maternal morbidity. 
Asymptomatic women and those without LVOT 
obstruction (i.e., most pregnant women with 
HCM) tend to have a favorable prognosis and tol-
erate pregnancy well [8–10].

Table 11.1 Cardiomyopathy subtypes observed in 
pregnancy

Type of 
cardiomyopathy Pathophysiology Symptoms
Hypertrophic Cardiac septal 

thickening, 
leading to 
dynamic left 
ventricular 
outflow tract 
obstruction

Shortness of 
breath, 
palpitations, 
syncope, or 
sudden death

Dilated Impaired systolic 
function from 
dilated left 
ventricle

Shortness of 
breath, fatigue, 
impaired 
functional 
status, 
palpitations, 
and 
generalized 
edema

Peripartum " "
Arrhythmogenic 
right ventricular

Fibrofatty 
replacement of 
myocardium, 
predisposing to 
arrhythmias

Palpitations, 
shortness of 
breath, chest 
pain, 
dizziness, 
syncope, 
sudden death

Left ventricular 
non-compaction

Increased left 
ventricular 
myocardial 
trabeculation

Shortness of 
breath, fatigue, 
impaired 
functional 
status, 
palpitations, 
and 
generalized 
edema

Restrictive Rigid cardiac 
walls, potentially 
leading to 
impaired systolic 
and diastolic 
function

"
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Dilated cardiomyopathy (DCM) is either pri-
mary or secondary. About 50% of cases are clas-
sified as idiopathic or primary [11]. Secondary 
causes may include, but are not limited to, myo-
carditis, toxins, and autoimmune disorders. The 
characteristic structural defect is that of a dilated 
left ventricle, leading to impaired systolic func-
tion. Decreased systolic function or heart failure 
is typically unmasked in the late second trimester 
when maternal circulating blood volume peaks. 
When symptomatic, pregnant women present 
with characteristic symptoms of heart failure 
such as shortness of breath, fatigue, impaired 
functional status, palpitations, and generalized 
edema, this disease process may be subject to 
rapid deterioration [5]. Pregnancy complicated 
by DCM is more commonly severe than most 
other types of cardiomyopathy, affecting both 
maternal and fetal outcomes. Grewal et  al. 
reported heart failure and dysrhythmia in more 
than one-third of pregnant women with DCM [5, 
12]. The presence and severity of heart failure 
symptoms are associated with the prevalence of 
adverse events in pregnancy [12–14].

Peripartum cardiomyopathy (PPCM) is 
described as “a relatively rare [idiopathic] form 
of heart failure with left ventricular (LV) systolic 
dysfunction that occurs during the [peripartum 
period]” [15]. While specific diagnostic criteria 
vary, the 2006 American Heart Association 
Scientific Statement uses the following defini-
tion: “a rare and dilated form associated with [left 
ventricular] dysfunction and heart failure of 
unknown cause that manifests clinically in the 
third trimester of pregnancy or the first 5 months 
postpartum” [16]. In the developed world, PPCM 
is diagnosed in approximately 1:3000 pregnan-
cies, but this condition may be much more preva-
lent in developing countries [5, 17, 18]. The 
cause and mechanism of PPCM remain unknown. 
Patten et  al. [19] reported cardiac angiogenic 
imbalances similar to those observed in pre-
eclampsia among women who developed 
PPCM. However later meta-analyses of the rela-
tionship between preeclampsia and peripartum 
cardiomyopathy found no association between 
the two [5, 19, 20]. Known risk factors for PPCM 
include multiparity, multigravidity, advanced 

maternal age, and prolonged tocolysis [15]. The 
characteristic signs and symptoms of acute heart 
failure observed in women with PPCM are simi-
lar to those of DCM, which is unsurprising given 
the similar underlying pathology of dilated con-
gested ventricle(s). Adverse events in PPCM are 
more likely among women with worse New York 
Heart Association functional class, reduced ejec-
tion fraction (<25%), African-American ethnic-
ity, indigent status, multiparity, and advanced 
maternal age (>30–35 years of age) [21–26]. Up 
to 10% of women with PPCM may develop 
severe heart failure requiring transplantation; 
however, almost half may recover fully within 
6 months of delivery. Recurrence in a subsequent 
pregnancy has been reported to carry a mortality 
of up to 19% in women with persistent postpar-
tum systolic dysfunction (LVEF <50%) [2, 
27–29].

Arrhythmogenic right ventricular cardiomy-
opathy (ARVC) is rare in pregnancy. ARVC is 
characterized by fibrofatty replacement of the 
myocardium. Pathological coexistence of 
fibrous and fatty tissues alongside normal myo-
cardium has been suggested to be “a substrate 
for arrhythmia and sudden death” [5]. Late 
stages of the disease may include dilatation of 
the ventricle and/or aneurysmal defects of the 
myocardium. The stages of this condition 
include a concealed phase, when the patient is 
asymptomatic but is still at risk for sudden 
death, and a more progressed electrical phase, 
with symptomatic arrhythmias [5]. Although 
only 11 cases of ARVC in pregnancy have been 
reported, Krul et  al. describe favorable out-
comes in asymptomatic women with optimized 
antiarrhythmic therapy [8].

Another rare subtype of cardiomyopathy seen 
in pregnant women is left ventricular non- 
compaction cardiomyopathy (LVNC). This sub-
type results from abnormal embryonic 
development, where the trabeculae in the left 
ventricle fail to recede, leaving an inner lining of 
increased myocardial trabeculation. In addition 
to the potential to form thrombi in the trabeculae, 
pregnant women with LVNC who are symptom-
atic are likely to present with symptoms of heart 
failure (e.g., shortness of breath, fatigue, palpita-
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tions, edema) [5]. Of note, trabeculation of the 
myocardium is more frequently being demon-
strated as imaging modalities improve. In asymp-
tomatic patients, the clinical significance of this 
finding remains uncertain.

The final rare subtype of cardiomyopathy 
seen in pregnant women is restrictive cardiomy-
opathy (RCM). Underlying etiologies include 
both infiltrative processes and non-infiltrative 
processes (i.e., deposition of abnormal mate-
rial). These cases too present with signs and 
symptoms characteristic of heart failure (e.g., 
fatigue, shortness of breath, generalized edema, 
palpitations) [5]. In restrictive cardiomyopathy, 
ventricular contractility is preserved, but relax-
ation is impaired. Restricted ventricular filling 
and diastolic dysfunction, which are typical of 
this condition, may be diagnosed using echocar-
diography. Both ventricles may be affected. The 
prognosis of both LVNC and RCM is largely 
unknown, as both are very rare. Therefore it is 
most logical to assume that the prognosis of 
pregnant/peripartum women presenting with 
either condition will mostly depend on the 
severity of clinical presentation [8].

11.3  Diagnosis

11.3.1  Signs and Symptoms

Heart failure may be masked by symptoms com-
monly observed in the late second and third tri-
mesters of pregnancy. Shortness of breath, the 
inability to lie supine, and generalized edema 
are frequently present in late gestation, even in 
healthy pregnant women. Further contributing 
to the diagnostic challenge are the presence of a 
physiological increase in the resting heart rate 
(approximately 20%), changes in blood pres-
sure dependent on the week of gestation (see 
Chap. 9), respiratory alkalosis, and a dilutional 
anemia from an increase in the circulating blood 
volume. Palpitations attributed to premature 
atrial or ventricular beats have also been 
reported in pregnancy, but in the absence of 
structural heart disease, these are generally con-
sidered benign [30, 31].

Given the overlap between the signs and 
symptoms of heart failure and the physiology of 
late pregnancy, clinicians should maintain a high 
index of suspicion when a pregnant/peripartum 
woman presents with symptoms reminiscent of 
heart failure. Furthermore, women of childbear-
ing age who present with symptoms of heart fail-
ure should always be screened for pregnancy by 
history, physical exam, and lab testing. Diagnostic 
imaging is mostly noninvasive and may be life-
saving in these cases. Timely diagnosis of cardio-
myopathy in pregnancy may facilitate early 
treatment of heart failure and referral to multidis-
ciplinary management, thereby improving both 
maternal and fetal prognoses [32].

11.3.2  Imaging and Procedural 
Diagnostic Modalities

Pregnant women who present with nonspecific 
symptoms such as shortness of breath and fatigue 
in the second and third trimester of pregnancy 
should undergo a thorough physical exam, an 
electrocardiogram (ECG), chest radiography, and 
an echocardiography.

The presence of a normal ECG is reassuring, 
as it has a high negative predictive value for 
severe systolic dysfunction [33]. However, a nor-
mal ECG does not counteract the need to perform 
an echocardiography. Furthermore, if there is an 
abnormal finding, information regarding the 
degree and type of myocardial dysfunction is cru-
cial for optimization of management as well as 
for prognostic insight. Chest radiography may 
reveal cardiomegaly in women with cardiomy-
opathy and may also reduce the likelihood of 
alternative etiologies of clinical decompensation 
(e.g., pneumonia, pulmonary embolism, or other 
causes of non-cardiogenic pulmonary edema). 
Echocardiography confirming any abnormal ven-
tricular function or size should raise a red flag. 
Left ventricular dysfunction (ejection fraction 
<50%, fractional shortening <30%, and end dia-
stolic dimension >2.7 cm/m2 body surface area) 
confirms the diagnosis of the more common 
types of cardiomyopathy seen in pregnancy [34–
37]. Echocardiography may also determine the 
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subset and severity of cardiomyopathy, thereby 
directing management. Additional testing should 
include 24 h of cardiac telemetry. In the setting of 
ARVC (concealed phase), telemetry may be the 
most sensitive diagnostic modality, surpassing 
imaging techniques [5]. Telemetric identification 
of underlying arrhythmias may also guide inter-
ventions such as anticoagulation and/or anti- 
arrhythmic therapies. Cardiovascular magnetic 
resonance (CMR) may be useful in characteriz-
ing cardiac anatomies but is rarely required in 
cardiomyopathy, as it is not likely to change 
treatment [5]. Additional invasive diagnostic 
tools that should be discussed on a case-by-case 
basis with an expert cardiologist include coro-
nary catheterization and endomyocardial biopsy 
(EMB). EMB may be useful in suspected cases 
of myocarditis or infiltrative cardiomyopathy. 
However, routine use of EMB as a primary diag-
nostic modality remains controversial given the 
invasiveness of the procedure and improvements 
in noninvasive imaging. In addition, classifica-
tion of myocarditis in cases of PPCM may remain 
indeterminate even in cases where EMB is per-
formed [38].

11.3.3  Laboratory Investigations

Serum laboratory testing may be useful in the 
evaluation of pregnant women with 
cardiomyopathy- induced heart failure. 
Electrolyte screening may facilitate early identi-
fication of common electrolyte abnormalities 
accompanying heart failure (e.g., hyponatremia) 
and may also direct correction of electrolyte 
abnormalities that could lead to dysrhythmias 
(e.g., hypokalemia, which is commonly seen dur-
ing treatment with loop diuretics).

Serum brain natriuretic peptide (BNP) levels 
may promote identification of cardiac causes of 
clinical deterioration in pregnancy [39]. In a 
small study by Hameed et al. (29 pregnant women 
compared to 25 nonpregnant controls), median 
BNP levels were approximately twofold higher 
in pregnant women (10–143  pg/mL) compared 
with nonpregnant controls (10–37  pg/mL) but 
remained stable throughout pregnancy [39]. Low 

BNP levels, below 128 pg/mL [40] or 100 pg/mL 
[41]), have a very high negative predictive value 
for cardiac events in pregnant women with struc-
tural or congenital cardiac disease. In other 
words, BNP levels may indicate the potential for 
cardiac events during pregnancy in these women 
[40, 41]. Of note, elevated BNP levels have also 
been found in pregnant women with preeclamp-
sia [2, 42].

11.4  Pharmacologic 
Considerations

11.4.1  Intravascular Volume 
Reduction

Salt and water restriction as well as diuretics may 
be useful in managing intravascular volume in 
pregnant and peripartum women with cardiomy-
opathy. Furosemide and hydrochlorothiazide 
have been safely utilized in pregnancy. However, 
care must be taken to monitor placental perfusion 
and amniotic fluid volume, as both may be com-
promised with dehydration [8, 43].

11.4.2  Afterload-Reducing 
Medications

Angiotensin converting enzyme (ACE) inhibitors 
and angiotensin receptor blockers (ARBs) are 
widely utilized to reduce afterload in nonpreg-
nant patients with heart failure/cardiomyopathy 
in both acute and chronic settings (with a mortal-
ity benefit) [44–47]. However, thoughtful consid-
eration should be given to treatment with ACE 
inhibitors during pregnancy given their risk- 
benefit ratio. While these drugs are normally not 
considered for use in pregnancy due to concerns 
over fetal teratogenicity, the balance between 
maternal well-being and the risk of fetal teratoge-
nicity requires that such decisions be made at an 
individual level [32, 48]. The European Registry 
on Pregnancy and Cardiac disease (ROPAC) 
associated maternal treatment with ACE inhibi-
tors with an 8% rate of fetal malformations [49]. 
Severe neonatal complications have also been 
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described in the literature, including anuric renal 
failure and death [50, 51]. However, others claim 
that the risk profile of ACE inhibitors is similar to 
that of other antihypertensives, even when admin-
istered during the first trimester, suggesting that 
any increased risk is likely due to the underlying 
disease rather than to the treating drugs [52]. 
Therefore, if a severely ill pregnant woman has 
not responded to other treatment options, these 
drugs should be given consideration. Given the 
low levels found in breast milk, the American 
Academy of Pediatrics and the NIH do not abso-
lutely contraindicate the use of ACE inhibitors in 
breastfeeding women [5, 32, 53]. ACE inhibitors 
may certainly be useful in the postpartum period 
for afterload reduction.

Spironolactone should also be avoided if pos-
sible during pregnancy given its potential anti- 
androgenic effects [54, 55]. Hydralazine may be 
a frequently used drug to manage hypertensive 
emergencies in the setting of preeclampsia with 
severe features. However, hydralazine use has 
rarely been described in the published literature 
for afterload reduction in the setting of heart fail-
ure [56, 57]. Similarly, nitrate administration has 
been described for antihypertensive treatment in 
the setting of preeclampsia, but its use in the 
 setting of heart failure has not been described 
[58]. Both hydralazine and nitrate medications 
should be used with caution in order to avoid 
hypotension and compromised uteroplacental 
blood flow [59–61]. Calcium channel blockers 
are recommended for afterload reduction in heart 
failure in pregnancy and have been safely utilized 
in pregnancy [62, 63]. Nitroprusside is best 
avoided due to the potential for neonatal cyanide 
poisoning [32, 64].

Beta blockers have been widely utilized in 
pregnancy as antihypertensives and may be used 
in heart failure and/or for the management of 
arrhythmias [65, 66]. Atenolol is generally 
avoided, as it has been associated with an 
increased risk of intrauterine growth restriction 
compared with other selective beta-blocking 
agents [8]. Of note, in acute symptomatic heart 
failure, beta blocker therapy may have to be 
decreased or stopped to maintain hemodynamic 
stability, particularly in severe cases. In such 

cases, heart rate should be carefully monitored, 
as rebound arrhythmias may occur.

11.4.3  Vasopressors and Inotropes

While heart failure is typically accompanied by 
hypertension, severe cases may present with 
hemodynamic instability. The choice of vasoactive 
medications in such cases should be based on the 
underlying pathology contributing to clinical 
decompensation. Cardiac output should be opti-
mized while minimizing the risk of dysrhythmia. 
The safety and efficacy of specific vasoactive med-
ications in pregnancy remain poorly categorized 
[2]. However, given that these medications are 
usually administered in extreme maternal decom-
pensation often as a lifesaving measure, the rele-
vance of their effect on the fetus is questionable. 
For additional information regarding vasoactive 
drugs during pregnancy, see Chaps. 10 and 38.

11.4.4  Anti-arrhythmic Agents

Severe arrhythmias may occur in the pregnant 
woman with cardiomyopathy, warranting treat-
ment. Maternal survival should remain a priority 
when administering any medications during 
pregnancy; this approach is even more crucial 
when treating maternal arrhythmias. Unstable 
arrhythmias should therefore be managed accord-
ing to advanced cardiac life support guidelines, 
without concern for teratogenicity. This is also 
true with regard to direct cardioversion for unsta-
ble dysrhythmias. Implantation of an internal car-
diac defibrillator (ICD) and/or cardiac 
catheterization and ablation may be required in 
severe cases. Both of these are lifesaving proce-
dures and should therefore be performed as indi-
cated regardless of pregnancy [8].

Treatment with some anti-arrhythmic agents 
is accompanied by more side effects and risk than 
others. Beta blockers are frequently used for 
treatment of hypertensive disorders of pregnancy; 
however, their utilization as anti-arrhythmics are 
limited to case reports/series in the published lit-
erature [67–69]. Beta-1 selective agents such as 

B. Cobb and E. Harker



141

metoprolol are preferred over drugs with beta-2 
blockade (given the potential deleterious effect 
on uterine tone). Beta-1 selective agents are gen-
erally considered first-line pharmacologic treat-
ment for acute stable arrhythmias in pregnancy 
[70]. Digoxin has also been widely used in preg-
nancy for the treatment of fetal arrhythmias in 
utero [71]. Given its extensive use in pregnancy, 
digoxin may be a useful adjunct to beta blockers 
for managing maternal arrhythmias and/or acute 
symptomatic heart failure (although it is no lon-
ger considered the medication of choice for these 
indications). Calcium channel blockers have 
been described in pregnancy for treatment of 
supraventricular tachycardia (SVT) [72–74]. 
Nicardipine, given by infusion, has also been 
safely described for treatment of refractory 
hypertension in the setting of preeclampsia with 
severe features, with no apparent deleterious 
maternal or fetal effects [75–77]. Similar to cal-
cium channel blockers, adenosine has been 
administered to treat maternal SVT refractory to 
vagal maneuvers, with transient effects on the 
fetus [74, 78–80]. Amiodarone should be used as 
a temporizing measure for refractory life- 
threatening ventricular dysrhythmias. Its effect 
on fetal thyroid function may be important in 
longer-term use [70].

11.4.5  Targeted Therapy 
for Cardiomyopathy

Bromocriptine, a prolactin secretion inhibitor, 
showed early promise in improving left ventricu-
lar function and survival in acute PPCM [81–83]. 
These preliminary reports were supported by a 
systematic review by Desplanntie et  al. that 
included two prospective randomized controlled 
trials evaluating the effects of bromocriptine in 
PPCM [84]. However, the authors acknowledged 
that the existing prospective data was limited in 
size and called for additional multicenter pro-
spective studies [84]. Others have cautioned that 
postpartum administration of bromocriptine may 
suppress prolactin, which should be weighed 
against the potential benefits seen in limited pro-
spective datasets [85]. Recent studies have also 

attempted to establish the doses required to opti-
mize maternal outcomes in PPCM. One week of 
therapy has been suggested to equate to an 
8-week treatment protocol [86].

11.4.6  Medications for Prevention 
of Thromboembolism

Pregnancy and heart failure are both risk factors 
for venous thromboembolism (VTE). The indica-
tions for therapeutic anticoagulation in pregnant 
women with heart failure stemming from cardio-
myopathy remain unclear and treatment guide-
lines are lacking. Therefore, consistent with 
nonpregnant heart failure guidelines, the indica-
tions for therapeutic anticoagulation in the preg-
nant population with heart failure should probably 
include the presence of a known systemic/intra-
cardiac thrombus or atrial fibrillation. Usually, 
therapeutic anticoagulation is not recommended 
for severely impaired ventricular function alone 
[87, 88]. However, compared with other cardio-
myopathy subtypes, PPCM is associated with an 
increased risk of VTE (incidence as high as 6.6–
6.8%). Therefore, the 2016 American Heart 
Association guidelines recommend anticoagula-
tion during pregnancy and for 2 months postpar-
tum for this specific type of cardiomyopathy [35, 
89–91]. Regardless of cardiomyopathy type, 
pharmacologic thromboembolism prophylaxis is 
indicated in hospitalized nonpregnant heart fail-
ure patients and should therefore be given to most 
pregnant women admitted to hospital due to heart 
failure [87].

The optimal anticoagulant in pregnancy is 
low-molecular-weight heparin, as it does not 
cross the placental barrier. Low-molecular- 
weight heparin also requires less frequent dosing 
than unfractionated heparin and has a more pre-
dictable pharmacodynamic profile [2, 92]. 
Pregnant women may be transitioned to unfrac-
tionated heparin when nearing term in order to 
minimize the risk of postpartum hemorrhage and/
or to enable the use of neuraxial analgesia/anes-
thesia when appropriate. Intravenous heparin 
may also be utilized during maternal inpatient 
admissions (e.g., when surgery may be indicated 
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and/or there is an increased risk of bleeding), as 
this mode of therapy allows rapid dosing titra-
tion. Vitamin K antagonists (warfarin) are gener-
ally contraindicated in the first trimester of 
pregnancy due to reported fetal anomalies (nasal 
hypoplasia, fetal bleeding, and more severe 
abnormalities). However, these too may be uti-
lized when justified for maternal benefit, despite 
their potential effect on the fetus [8, 93].

11.5  Management 
of Decompensated Heart 
Failure

The pregnant woman with decompensated 
heart failure may require both noninvasive and 
invasive monitoring to guide treatment. 
Continuous electrocardiography may be used 
to monitor for dysrhythmias. Arterial catheter-
ization may also prove helpful for beat-to-beat 
blood pressure assessment and for intravascu-
lar volume assessment. Depending on clinical 
circumstances, transthoracic/transesophageal 
echo and catheterization may provide detailed 
information about cardiac function. Foley 
catheterization may be indicated to closely 
monitor urine output in the setting of acute 
heart failure with ongoing diuresis goals. 
Central venous access may be required for 
sampling of mixed venous blood gases and/or 
administration of vasoactive medications. 
Although it is used much less frequently today 
than in the past, pulmonary artery catheteriza-
tion may also be required in specific cases. 
Fetal monitoring requirements depend on fetal 
viability (i.e., gestational age) and the clinical 
circumstances. Fetal well-being generally 
reflects maternal well-being.

The management goals of acute symptomatic 
heart failure in the inpatient setting are similar in 
pregnant and nonpregnant populations. A careful 
examination of potential triggering factors should 
be undertaken in any pregnant woman presenting 
with acute heart failure. Interventions should be 
guided by intravascular volume assessments and 
the underlying cause of maternal decompensa-
tion. Salt restriction and diuretics are frequently 

employed to maintain euvolemia in systolic heart 
failure. Decompensated heart failure may require 
aggressive diuresis [92] . Cardiac afterload 
should be reduced, facilitating forward flow, in 
order to decrease the myocardial workload. Less 
commonly, heart rate or rhythm control may 
increase cardiac output in symptomatic heart fail-
ure. If maternal arterial saturation is <94%, sup-
plemental oxygen may be administered to 
facilitate adequate oxygenation. Noninvasive 
ventilator support or intubation with mechanical 
ventilation may be warranted in severe heart fail-
ure with pulmonary edema. If the acute presenta-
tion also manifests with pulmonary hypertension, 
nitric oxide may be used. Nitric oxide dilates the 
pulmonary vascular bed in aerated lung zones, 
thereby reducing ventilation-perfusion mismatch 
and increasing oxygenation and flow from the 
right to the left heart.

If hypoxemia and hemodynamic instability 
persist despite optimization of supportive and 
medical care, a bridging therapy may be required. 
There are reports on the use of left ventricular 
assist devices, extracorporeal membranous oxy-
genation, and intra-aortic balloon pumps in cases 
of decompensated maternal heart failure in the 
literature [2, 94]. For severe cases of maternal 
cardiomyopathy refractory to conventional care, 
cardiac transplantation may be the only means of 
survival. See Fig. 11.1 for an algorithm of symp-
tomatic heart failure management in the parturi-
ent with peripartum cardiomyopathy.

11.6  Management of Delivery

When severe hemodynamic compromise occurs 
during pregnancy, the most complex therapeutic 
decision that the treating clinician may be 
required to make is regarding delivery.

Whether the woman presents to labor and 
delivery, the emergency department, or via the 
intensive care unit, the first priority is hemody-
namic stabilization. Ideally this should take 
place in the intensive care unit. Following initial 
stabilization, early delivery or termination of 
pregnancy should be considered; increased cir-
culating blood volume may be the primary con-
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tributor to decompensation. Generally, in the 
setting of maternal cardiomyopathy, the mode 
(vaginal or cesarean) and timing of delivery are 
determined primarily by obstetric indications. 
However, following hemodynamic optimization, 
these women should be managed by a multidis-
ciplinary team. The 2016 MBRRACE report 
pointed to disintegration of expertise and ser-
vices as a major determinant of maternal out-
come, particularly in heart disease [95]. The 
team should consist of obstetricians/maternal 
fetal medicine, obstetric anesthesiology, cardiac 
anesthesiology, cardiology, cardiothoracic sur-
gery, intensivists, neonatology, representation 
from labor and delivery and intensive care nurs-
ing, and inpatient pharmacy.

The multidisciplinary team may determine 
that vaginal delivery or induction of labor is 
unsafe and that cesarean delivery is preferred 
after initial maternal stabilization. Such surgery 
should ideally take place in an operating room 
and be planned in advance. The choice of operat-
ing room (main, labor and delivery, or cardiac) 
should be tailored to the requirements of the indi-
vidual woman, as well as to local capabilities and 
equipment. Individual risk assessment should 
guide the choice of monitoring. Some cases may 
benefit from early neuraxial analgesia; this may 
blunt the sympathetic surge associated with pain-
ful contractions and facilitate assisted delivery in 

cases counseled against valsalva pushing in the 
second stage of labor.

Delivery (both vaginal and cesarean) may pre-
cipitate or worsen heart failure as it is accompa-
nied by substantial fluid shifts and may also 
involve hemorrhage (see also Chap. 9). In severe 
cases, extracorporeal membrane oxygenation 
(ECMO) support may be required to optimize 
maternal condition (e.g., in persistent maternal 
hemodynamic compromise or cardiac arrest, see 
also Chap. 14). In such cases delivery should 
occur in situ [70]. Admission of a pregnant 
woman with severe heart failure to the ICU there-
fore requires that equipment and personnel for 
both vaginal and cesarean delivery be immedi-
ately available on location at all times. If delivery 
does take place in the ICU, an obstetric anesthe-
siologist should ideally be present on location to 
assist with analgesia, anesthesia, and/or peripar-
tum resuscitation.

In the event of cesarean delivery, slow and 
careful titration of anesthesia is required to main-
tain maternal preload thus minimizing cardiac 
stress and/or dysrhythmias. Successful titration 
may be achieved using incremental epidural, 
low-dose combined spinal epidural with epidural 
volume extension or general anesthesia [96]. 
Pregnant women with cardiomyopathy may be 
treated with anticoagulants for many reasons. 
Therefore, if selected, neuraxial anesthesia 
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should be carefully timed with anticoagulant 
administration to minimize the risk of spinal 
hematoma and/or postpartum bleeding. Current 
recommended intervals for neuraxial anesthesia 
following anticoagulant dosing include 24 h for 
therapeutic unfractionated or 
 low-molecular- weight heparin (LMWH) (with a 
normal PTT for unfractionated). Intravenous (IV) 
heparin should be held 4–6 h prior to neuraxial 
block with documented normalization of coagu-
lation studies [97]. Therapeutic anticoagulation 
may be restarted >1 h after neuraxial block with 
IV heparin or after 24  h with LMWH, but the 
time interval should also take into consideration 
the potential for postpartum hemorrhage [97].

The benefit of uterotonics for treatment of 
uterine atony must be weighed against the poten-
tial for a decrease in preload (oxytocin, dose- 
dependent) or an increase in afterload 
(methylergonovine and carboprost) [98]. Careful 
dosing and/or avoidance may be indicated (in 
particular with methylergonovine), depending on 
the clinical circumstances. Oxytocin administra-
tion may be concentrated to minimize fluid 
administration and can be delivered by an infu-
sion to minimize decreases in preload. Non- 
pharmacologic treatment of uterine atony may be 
beneficial in this population, as discussed in 
Chap. 6. Close monitoring in the ICU should be 
continued for a minimum of 48–72 h given the 
risk for postpartum heart failure exacerbation and 
or arrhythmias.

11.7  Conclusion

Cardiomyopathy may lead to decompensated 
heart failure during or after pregnancy. While 
intensive care treatment strategies are similar in 
both the pregnant and nonpregnant parturient, 
there are important distinctions in the diagnosis, 
management, and care coordination for the preg-
nant and postpartum women. A multidisciplinary 
approach to the critically ill parturient with severe 
decompensated heart failure may contribute to a 
decrease in maternal mortality.
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Bullet Points
• Women with severe PH, and particularly 

those with pulmonary arterial hyperten-
sion (PAH) and Eisenmenger syndrome, 
should be counseled to avoid pregnancy 
(or consider termination). Although 
more recent studies suggest improved 
outcomes, maternal morbidity and mor-
tality remain very high despite advanced 
therapies.

• The medical management for chronic 
and acute management of PH during 
pregnancy is targeted toward vasodila-
tion of the maternal pulmonary circula-
tion. Treatment includes (1) parenteral 
and inhaled prostacyclin, as well as 
phosphodiesterase inhibitors, (2) con-
tinuous supplemental oxygen, (3) 
inhaled nitric oxide around the time of 
delivery, and (4) inotropes such as dobu-
tamine, milrinone, and epinephrine, to 
improve maternal cardiac output.

• Since PH causes a hypercoagulable 
state, compounded with the hypercoag-
ulable state of pregnancy, women with 

PH should receive pharmacological 
thromboembolic prophylaxis through-
out pregnancy and the postpartum 
period.

• Thrombocytopenia is often present in 
these patients; therefore, thrombocyto-
penia monitoring is needed.

• Balancing adequate anticoagulation and 
possible thrombocytopenia poses a real 
challenge in terms of weighing the ben-
efits versus risks associated with neur-
axial labor analgesia or anesthesia for 
cesarean delivery.

• The available literature does not cur-
rently support one mode of delivery 
over the other. The choice of vaginal 
versus cesarean delivery should be 
based on a case-by-case multidisci-
plinary discussion.

• Neuraxial labor analgesia is highly rec-
ommended for an attempted trial of 
labor with vaginal delivery. Neuraxial 
analgesia modulates the excess cate-
cholamine release seen with prolonged 
maternal labor pain and enables vaginal- 
assisted delivery or an intrapartum 
cesarean delivery if a vaginal delivery is 
not achieved. Forceps or vacuum may 
be used to reduce bearing down and 
Vlasalva manuevers during vaginal-
assisted delivery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_12&domain=pdf
https://doi.org/10.1007/978-3-030-43477-9_12#DOI
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12.1  Overview of the Disease

Pulmonary hypertension (PH) is a condition 
characterized by chronic elevation of mean pul-
monary arterial pressure > 25 mmHg at rest [1]. 
PH may be idiopathic, familial, or associated 
with multiple other diseases. The revised World 
Health Organization (WHO) classification sys-
tem describes five categories of PH [2]. Patients 
in the first group are considered to have pulmo-
nary arterial hypertension (PAH), whereas 
patients in the remaining four groups are consid-
ered to have pulmonary hypertension (PH) 
(Table 12.1). When all five groups are discussed 
collectively, the term PH is generally used.

Historically, high rates of maternal and fetal 
death have been reported for pregnant women 
with PH (30–56% and 11–28%, respectively) [3, 
4]. The causes of poor maternal outcomes are 
varied and include right heart failure, arrhythmia, 
and/or stroke from intracardiac shunting [5]. 
Furthermore, the prevalence of maternal peri- 
and postpartum right heart failure is high, proba-
bly due to both hemodynamic stress and bleeding 
complications [6, 7]. The most common risk to 

the fetus is death; however, premature birth and 
growth restriction are also common [8, 9].

Current guidelines unequivocally recommend 
avoidance of pregnancy in women with PH, and 
termination when pregnancy does occur [10]. 
However, if a woman is already pregnant and 
chooses to continue her pregnancy, she should be 
informed by a multidisciplinary team including 
her obstetrician and cardiologist of the estimated 
risk of continuing this pregnancy. These discus-
sions should be tailored to each woman’s specific 
etiology and severity of PH, as both maternal and 
fetal risks vary from case to case [9]. Women 
should be referred to specialized PH centers with 
cardiologists trained in treatment of PH, maternal 
fetal medicine specialists, and cardiothoracic and 
obstetric anesthesiologists familiar with the man-
agement of PH in pregnancy, neonatal and mater-
nal ICUs, and extracorporeal membrane 
oxygenation (ECMO) capabilities as both termi-
nation and continuation of pregnancy require 
advanced cardiopulmonary care [11].

Table 12.1 World Health Organization (WHO) classifi-
cation of pulmonary hypertension [2]

Group

Etiology of 
pulmonary 
hypertension Example

1 Pulmonary 
arterial 
hypertension

Idiopathic
Heritable
Drug and toxin induced
Congenital heart disease
Connective tissue diseases

2 Left heart 
disease

Systolic or diastolic 
failure
Valvular disease

3 Chronic lung 
disease or 
hypoxemia

Chronic obstructive 
pulmonary disease 
(COPD)
Interstitial lung disease
Obstructive sleep apnea

4 Chronic 
thrombotic 
disease

Chronic thromboembolic 
pulmonary hypertension 
(CTEPH)

5 Unclear 
multifactorial 
mechanisms

Hematologic disorders
Systemic disorders
Metabolic disorders
Tumor obstruction

• Urgent cesarean delivery should abso-
lutely be avoided whenever possible.

• For a planned cesarean delivery, neur-
axial (epidural or combined spinal- 
epidural) anesthesia is recommended 
over general anesthesia. General anes-
thesia is known to depress cardiac con-
tractility and increase pulmonary 
vascular resistance via positive pressure 
ventilation.

• The periods of highest risk for maternal 
mortality are the peripartum period and 
immediate postpartum period (up to 
2 months). This is probably due to the 
rapid fluid shifts during these periods 
and peak hypercoagulable state.
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12.2  Pulmonary Arterial 
Hypertension (WHO 
Classification Group 1)

The estimated incidence of PAH in pregnancy is 
1.1 per 100,000 pregnancies [12]. For reasons 
still unknown, PAH affects women 3–4 times 
more than men [2, 13, 14].

PAH is characterized by a primary elevation in 
pulmonary vascular resistance (PVR) accompa-
nied by an increase pulmonary arterial pressure 
(PAP) leading to right ventricular failure. With 
this type of pathology, pulmonary artery occlu-
sion (or wedge) pressure typically remains nor-
mal throughout pregnancy and in the postpartum.

The pathologic appearance of the small pul-
monary arteries and arterioles is qualitatively 
similar in all patients with PAH. PAH typically 
involves worsening structural changes in the pul-
monary vasculature, including intimal prolifera-
tion, smooth muscle hypertrophy, atheromatous 
changes, narrowing of the arterial bed, and in situ 
thrombosis [15]. The process may also involve 
increased endothelin levels (endothelin is a vaso-
constrictor and mitogen), estrogen-induced 
growth, decreased nitric oxide levels (nitric oxide 
is a vasodilator and is antiproliferative), and/or 
decreased prostacyclin levels (prostacyclin is a 
vasodilator, is antiproliferative, and inhibits 
platelet function) [11].

The small vessel arteriopathy in PAH leads to 
a progressive rise in RV afterload and PVR. As a 
result, the RV undergoes stereotypical changes 
including hypertrophy, dilatation, and ultimately 
dysfunction. If PAH is left untreated, RV failure 
will ensue.

The development of PAH has been associated 
with multiple factors including human immuno-
deficiency virus infection, liver disease, sickle 
cell disease, connective tissue disorders, congen-
ital heart disease, and drugs or toxins [16]. Rarely, 
there is no identifiable cause or associated under-
lying disease. In such cases, PAH is referred to as 
idiopathic (IPAH) or primary PAH (PPH). A 
familial form of IPAH (FPAH) accounts for about 

6% of cases [2]. The proliferative nature of PAH 
has led some to consider it analogous to cancer 
leading to emergence of a multiple hit theory for 
explaining the development of the disease [11]. 
In other words, patients with PAH are thought to 
have an underlying genetic predisposition to pul-
monary vascular disease, and a superimposed 
“second hit” or modifying factor then activates 
the disease process [17–19].

12.3  Pulmonary Hypertension 
(WHO Classification 
Groups 2–5)

The pathophysiology of all other PH classifica-
tion (WHO Group 2–5) is less understood than 
PAH (WHO Group 1). However, it is clear that 
some overlap exists since vascular remodeling 
and increased PVR are present in all groups.

• Group 2 includes PH with conditions that 
affect the left side of the heart, such as mitral 
valve disease [20].

• Group 3 includes PH associated with lung dis-
eases, such as chronic obstructive pulmonary 
disease (COPD), interstitial lung diseases, and 
sleep apnea. This group is very uncommon in 
young women [9].

• Group 4 includes PH caused by blood clots in 
the lungs or blood clotting disorders in women 
with a venous thromboembolic (VTE) dis-
ease. This cause of PH is of particular impor-
tance in pregnant woman since the 
hypercoagulable status of pregnancy increases 
the risk of pulmonary emboli and pulmonary 
arterial thrombosis [4, 7].

• Group 5 includes PH caused by various other 
diseases or conditions such as blood disorders 
(e.g., polycythemia vera, essential thrombocy-
themia), systemic disorders, (e.g., sarcoidosis, 
vasculitis), metabolic disorders (e.g., thyroid 
disease, glycogen storage disease), renal dis-
ease, and other conditions (tumors that press 
on the pulmonary arteries) [21].
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12.4  Failure of the Physiologic 
Adaptation to Pregnancy 
in Women with Pulmonary 
Hypertension

Pregnancy is associated with an increase in blood 
volume. In the healthy pregnant woman, the pul-
monary vasculature adapts to this increase in vol-
ume by vasodilation, thereby preventing increases 
in pulmonary pressure [11]. In women with PH, 
the pulmonary vasculature is unable to adapt to 
the increase in flow and volume, leading to an 
acute increase in pulmonary pressure [11]. This 
rapid increase in flow and volume can precipitate 
right heart failure. As right ventricular function 
deteriorates, the preload of the left heart is com-
promised and cardiac output decreases.

Specifically in women with shunt lesions 
(intra or extracardiac defects), PH may also cause 
right to left shunting resulting in Eisenmenger 
syndrome. The combination of pregnancy- 
induced systemic vascular resistance (SVR) 
reduction and increasing pulmonary pressures 
will cause blood to flow preferentially through a 
shunt bypassing the lungs (Eisenmenger syn-
drome) [22]. Right to left shunting may therefore 
increase during pregnancy resulting in increased 
systemic hypoxia.

12.5  Clinical Presentation of PH 
During Pregnancy

Fatigue and exertional dyspnea are the most fre-
quent presenting symptoms of PH. Both of these 
symptoms indicate reduced cardiac output and 
impaired oxygen transport. However, since these 
symptoms are nonspecific and commonly occur 
in healthy pregnant women, this may result in a 
critical delay in diagnosis of PH or right heart 
failure.

In women with undiagnosed PH, the expecta-
tion is that these symptoms will dramatically 
worsen during the course of pregnancy with dys-
pnea eventually occurring even at rest. During 
second trimester particularly, increases in plasma 
volume are a common trigger for maternal 
decompensation in the context of known or undi-

agnosed PH.  Therefore with a medical history 
indicating precipitous and consistent deteriora-
tion in a previously healthy woman, the diagnosis 
of PH should be strongly considered.

Most signs of right heart failure, such as hepa-
tomegaly, ascites, and ankle edema, result from 
poor right heart forward flow. These signs are 
often difficult to identify during pregnancy or 
resemble normal pregnancy. On physical exam, 
elevated jugular venous pressure and a loud pul-
monary component of the second heart sound are 
useful signs that point to the diagnosis.

If the condition of the woman enables this at 
the time of presentation, functional capacity 
needs to be evaluated (New York Heart 
Association or World Health Organization func-
tional class) [1]. Although assessment of exercise 
capacity with a 6-min walking test is recom-
mended [10], this should not be performed dur-
ing acute deterioration.

Right ventricular failure is the most common 
cause of death in patients with PAH [23]. Typical 
clinical manifestations of severe RV failure 
include syncope, angina, edema, and abdominal 
distention. Syncope can result from low cardiac 
output. Chest pain is a late sign and may reflect 
right ventricular ischemia. Right ventricular isch-
emia results from mild reduction in right heart 
function leading to decreased left-sided filling 
and decreased cardiac output which can result in 
decreased coronary perfusion and further right 
heart failure. As coronary perfusion is compro-
mised (especially to the subendocardium in the 
hypertrophied right ventricle), cardiac output 
falls and end-diastolic pressures increase. With 
higher filling pressures, coronary perfusion con-
tinues to decrease, and pulmonary congestion 
and edema develop, further increasing pulmo-
nary pressures and right heart afterload.

12.6  Diagnosis and Assessment

12.6.1  Transthoracic 
Echocardiography

In a woman with unexplained dyspnea during 
pregnancy, transthoracic echocardiography 
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(TTE) should be performed. TTE is noninvasive 
and allows assessment of myocardial function, 
valves, and estimated pulmonary pressures. 
TTE usually reveals PH and right heart strain if 
such exist. The tricuspid regurgitation jet 
observed in TTE can be used to estimate disease 
severity [24]. In women with PH, TTE is also 
the ideal tool for repeated assessments of pul-
monary artery pressures and cardiac heart func-
tion during pregnancy; serial TTE exams can 
identify early signs of right heart strain and 
guide escalation in management of PH and 
myocardial function.

12.6.2  Right Heart Catheterization

Right heart catheterization is usually required to 
confirm the diagnosis of PH and provides useful 
additional information on pulmonary vascular 
resistance and cardiac output. In the pregnant 
woman, cardiac catheterization should only be 
performed if TTE is unavailable or unable to pro-
vide information about pulmonary pressures or 
the degree of pulmonary vascular response to 
therapy. It should also be reserved for women in 
whom the results have therapeutic consequences 
to assess the maternal response to pulmonary 
vasodilator therapy. Catheterization can be per-
formed with relatively low fetal risk since radia-
tion can be avoided.

12.7  Management of PH During 
Pregnancy

Women with known PH who become pregnant 
should have monthly obstetrical and cardiology 
follow-up during the first trimester. As pregnancy 
symptoms such as dyspnea and edema develop, 
aggravation of PH and right heart failure should 
be assessed clinically and with TTE [11, 25]. As 
pregnancy progresses, these women will require 
more frequent monitoring. Hospital admission 
may be indicated from the second trimester until 
delivery. The mainstay of early therapy is diure-
sis, which is intended to manage the increase in 
plasma volume.

Prevention of venous thromboembolism must 
be addressed as women with PH may have cumu-
lative pro-thrombotic risk factors. The hyperco-
agulability of pregnancy combined with the 
specific thrombogenic underlying characteristics 
of PH, occurring in women with decreased physi-
cal activity in the context of reduced heart func-
tion, results in a significant risk of pulmonary 
emboli and pulmonary arterial thrombosis. 
Women who are admitted to the hospital for man-
agement of PH or who are on bed rest should be 
at the least receiving pharmacological thrombo-
prophylaxis, and with more significant risk fac-
tors (low flow states, shunt lesions), higher 
anticoagulation goals may be indicated (LMWH 
1  mg/kg subcutaneously twice daily) [24, 26]. 
Paradoxical emboli are a risk in women with a 
patent foramen ovale, Eisenmenger syndrome, or 
any shunt lesion. According to the statement on 
pregnancy in pulmonary hypertension from the 
Pulmonary Vascular Research Institute guide-
lines, anticoagulant treatment is recommended in 
any patient with idiopathic PAH although no pro-
spective studies have proved the efficacy of this 
treatment [11, 27]. Additionally, all hospitalized 
patients should have mechanical compression 
stockings [28].

Options for anticoagulation in pregnancy 
include unfractionated heparin (UFH), low- 
molecular- weight heparin (LMWH), and cou-
madin. In patients receiving anticoagulation 
before pregnancy, the risk and benefits of this 
therapy should be re-evaluated. Both UFH and 
LMWH do not cross the placenta so teratogenic-
ity is not a concern as it is with coumadin. 
LMWH provides optimal VTE prophylaxis in 
pregnancy. The pharmacokinetics/dynamics of 
UFH are less reliable in pregnancy. New evi-
dence suggests that common dosing of UFH in 
pregnancy (5000  units subcutaneously twice 
daily) is likely not sufficient to achieve the tar-
geted goal of reducing the likelihood of a throm-
boembolic event and compensate for the 
pregnancy- related changes that affect anticoagu-
lant pharmacokinetics (increased plasma vol-
ume, renal blood flow and glomerular filtration 
rate, and lower albumin concentrations). 
Warfarin should be stopped due to its teratoge-
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nicity and unfractionated or low-molecular- 
weight heparin should be used if anticoagulation 
is to be continued [11].

With the recent consensus statement of the 
Society for Obstetric Anesthesia and Perinatology 
(SOAP) proposing how to best mitigate the risks 
of thromboprophylaxis and anticoagulants dos-
ing versus the risks of a neuraxial procedure in 
this setting (low risk of spinal epidural hema-
toma), versus the risk of having to perform a gen-
eral anesthetic in this high-risk population, the 
optimal time interval between the last UFH or 
LMWH dose and a neuraxial procedure for deliv-
ery will need to be addressed case by case [29]. 
Individualized plans considering risks and bene-
fits of holding, reducing doses, or changing anti-
coagulants (UFH/LMWH) should be made as 
delivery approaches [29]. Laboratory tests of 
coagulation and monitoring of platelet count 
should be done as necessary prior to initiation of 
neuraxial anesthesia [29].

12.8  Pharmacological Therapies 
for Pulmonary Vasodilation

Oxygen is key in the management of PH as 
it  is  a potent vasodilator reducing hypoxic 
vasoconstriction.

Inhaled nitric oxide delivered via high flow 
nasal cannula at 5–20 parts per million is a 
useful, rapid pulmonary vasodilator [30]. 
Patients on high flow nasal cannula should be 
observed closely when not kept fasting as 
aspiration can happen when flow settings are 
high.

The 2015 consensus statement from the 
Pulmonary Vascular Research Institute provides 
a useful guide as to which patients may benefit 
from each type of pulmonary vasodilator [11]. 
There are five classes of specific pulmonary 
vasodilator drugs (Table 12.2).

12.9  Management of Right 
Ventricular Failure in Women 
with PH

There are very few studies evaluating or even 
reporting on the management of patients with 
PAH in the ICU, and none of the studies report on 
management and outcomes in obstetric patients.

Nonetheless, a comprehensive treatment algo-
rithm for pregnant patients with PH has been pro-
posed over a decade ago and remains appropriate 
(Fig. 12.1, b) [31].

Treatment of right ventricular failure should 
include [30, 32]:

 1. Fluid restriction, a low sodium diet, and the use 
of diuretics, in order to maintain optimal preload 
and cardiac output, reduce RV distension and 
minimize the risk of acute decompensation

 2. Management of arrhythmias, with mainte-
nance of sinus rhythm and atrioventricular 
synchrony

 3. Inotropic support
 4. Selective pulmonary vasodilators

Table 12.2 Medications used for pulmonary hyperten-
sion management

Medication class Examples
FDA category in 
pregnancy

Phosphodies-
terase-5 
inhibitors 
(PDE-5 
inhibitors)

Sildenafil, 
tadalafil

B

Endothelin 
receptor 
antagonists

Bosentan, 
ambrisentan, 
macitentan

Contraindicated 
unless critical for 
maternal survival

Prostacyclins Iloprost, 
epoprostenol, 
treprostinil

C

Calcium channel 
blockers

Nicardipine, 
nifedipine

C

Nitric oxide C
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TTE is useful for assessing volume status. 
Decisions about fluid requirements should be 
made with TTE and the usual measures of fluid 
status such as blood pressure, urine output, and 
thirst. If a central venous line is placed, central 
venous pressure can be followed as a trend, but 
the utility of central venous pressure as a guide to 
assessing volume status in pregnancy has not 
been established. Central venous pressure should 

only be used along with other clinical indicators 
to determine fluid status.

It is recommended that patients without right 
ventricular failure benefit from oral calcium 
channel blockers or oral phosphodiesterase-5 
inhibitors as monotherapy [11]. Patients with 
heart failure or decreased functional status may 
need the addition of intravenous or inhaled pros-
tacyclins [11].

PAH crisis
Stabilization:
Oral, intravenous, or inhaled pulmonary vasodilators (Table 12.2)

Assess RV function

Failure of therapy: 
Consider termination of pregnancy or urgent delivery

RV Failure Assessment
Low urine output
Worsening edema
Low SvO2/mixed venous O2
High CVP
Low CO by thermodilution echocardiographic 
evidence of severe RV failure despite inotropes

Consider and address other causes of
hemodynamic instability in critically ill 

Respiratory failure
Balance treatment with the 
negative impact of permissive 
hypercapnia and catecholamine
surge on RV function
Minimize PEEP
Optimize O2 supply and delivery
Optimize sedation

Sepsis/hemorrhage
Hemodynamic and goal directed 
fluid management 
Minimize metabolic 
derangements
Norepinephrine, vasopressin
May need inotrope

WHO Group 1 

New diagnosis
Initiate PAH specific treatment (Table 12.2)

RV Failure Assessment
low urine output
worsening edema
low SvO2/mixed venous O2 
high CVP
low CO by thermodilution echocardiographic 
evidence of severe RV failure despite inotropes

Consider and address other causes of
hemodynamic instability in critically ill 

Respiratory failure
Balance treatment with the 
negative impact of permissive 
hypercapnia and catecholamine 
surge on RV function
Minimize PEEP
Optimize O2 supply and delivery
Optimize sedation

Sepsis/hemorrhage
Hemodynamic and goal directed 
fluid management 
Minimize metabolic 
derangements
Norepinephrine, vasopressin
May need inotrope

WHO Groups 2-5

Group 2: Pulmonary venous hypertension (due to left heart disease)
LV dysfunction: treat underlying LV failure with inotropes, VA ECMO

Aortic or mitral stenosis: maintain normal sinus rhythm
If severe consider valvuloplasty or valve repair/replacement

Aortic or mitral regurgitation: maintain normal sinus rhythm
If severe consider valve repair/replacement, diuresis

Group 3: Hypoxemia and/or lung disease 
Treat underlying pulmonary disease as needed

Group 4: Acute thrombotic disease
Anticoagulation

Determine degree of vascular obstruction: massive versus sub-massive
pulmonary embolism

Treat RV failure(see Table 12.3)
Consider thrombolysis or embolectomy

a

b

WHO: World Health Organization; RV: right ventricular; LV: left ventricular; BNP: brain natriuretic peptide; iNO: inhaled nitric oxide; PEEP: positive
end-expiratory pressure; CVP: central venous pressure; Sv,O2: mixed venous oxygen saturation; PAH: pulmonary arterial hypertension; CO: cardiac output;
SVR: systemic vascular resistance.

Modified from: Zamanian RT, Haddad  F, Doyle  RL, et al. Management strategies for patients with pulmonary hypertension in the intensive care unit.
Crit Care Med 2007; 35: 2037–2050. 

Fig. 12.1 (a) Algorithm for management in the intensive 
care unit (ICU) of pregnant patients with pulmonary 
hypertension with WHO classification Group 1.  

(b) Algorithm for management in the intensive care unit 
(ICU) of pregnant patients with pulmonary hypertension 
with WHO classification Groups 2–5
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Severe PH and RV failure are particularly 
challenging to manage during acute exacerba-
tions (Table 12.3). However, management of RV 
dysfunction and failure is critical because of its 
association with increased mortality. Patients 
with RV failure have tenuous volume status and 
are prone to kidney injury from renal venous con-
gestion and decreased cardiac output, right ven-
tricular ischemia, and arrhythmias. If right 
ventricular ischemia is present (likely due to 
increased RV diastolic pressure threatening the 
coronary perfusion pressure gradient), increased 
diuresis or alternative methods of fluid removal 
(e.g., hemofiltration) may be warranted possibly 
in conjunction with inotropic support. Inotropic 
support is required if cardiac output is not ade-
quate to perfuse vital organs including the fetal 
placental unit. Decreased urine output, worsen-
ing edema, decline in functional status, dimin-
ished RV function on TTE, or issues with the 
fetal heart tracing can be used as signs suggestive 
of the need for an inotrope or, if considered life-

saving for the mother, phosphodiastase inhibi-
tors. The effects of each inotrope are best guided 
by echocardiography and arterial pressure 
monitoring.

Doses for inotropes are the same as in the non-
pregnant patient. Dobutamine (2.5–20  mcg/kg/
min) is recommended as the first-line inotrope, 
but milrinone is also an option for improving 
right ventricular function without increases in 
PVR [10, 11]. Dobutamine can precipitate 
arrhythmias which may preclude its use. 
Milrinone (0.125–0.375  mcg/kg/min, with or 
without a load of 25–50  mcg/kg over 30  min) 
may decrease SVR necessitating vasopressor 
therapy in conjunction with its use.

12.10  Extracorporeal Membrane 
Oxygenator

Experience with the use of extracorporeal 
membrane oxygenator (ECMO) for right heart 
failure in patients with pulmonary hypertension 
is growing [33]. Case reports and case series 
are beginning to illuminate the management of 
such patients and suggest that ECMO in this 
setting may be beneficial to reduce mortality of 
the mother and the fetus [9, 34]. There has been 
at least one reported case of a patient with PH 
in pregnancy laboring while on ECMO support 
[9, 34].

In women with severe PH, Eisenmenger’s 
syndrome, and severe right heart failure, peri- 
delivery placement of femoral wires to facilitate 
urgent use of veno-venous or venoarterial ECMO 
may be considered. There are reports of women 
with PH laboring and delivering while on ECMO 
[9, 34]. Since rapid decompensation of the right 
ventricle may occur in the peripartum period, 
preemptive establishment of vascular access may 
benefit the most critically ill women.

12.11  Mode of Delivery

The mode of delivery and anesthetic manage-
ment of pregnant PH patients remain a source of 
debate. While a vaginal delivery, if achievable, is 

Table 12.3 Practical approach for right ventricular fail-
ure management

Diuretics:
Monitor daily weight, patient intake, and output and 
electrolytes closely.
Some volume unloading is likely required in all 
patients with PH:
  1. IV furosemide
  2. Sodium and fluid restriction
  3. Hemofiltration
  4. Hemofiltration
Inotropes:
Consider inotropes if right ventricular function 
worsens, with low urine output, or worsening edema.
  1.  Dobutamine 2.5–20 mcg/kg/min, start at 2.5 

and increase by 2.5 as needed
  2.  Milrinone 0.125–0.375 mcg/kg/min, with or 

without an initial loading dose 25–50 mcg/kg 
over 30 min

  3. Dopamine 1–20 mcg/kg/min
  4.  Epinephrine 1–3 mcg/min
Monitor for arrhythmias
Assess systemic vascular resistance and volume status 
before initiation
If low systemic vascular resistance: Norepinephrine 
1–8 mcg/min or vasopressin 1–6 units/h
Pulmonary vasodilators (guided by echocardiography)
1.  Inhaled iloprost 150 mcg per day (every 2–3 h or 

even continuously)
2. Inhaled NO 10–20 ppm
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probably the safest mode of delivery, as it mini-
mizes the risks of surgical stress and  inflammation, 
it is difficult to predict if a woman will achieve a 
trial of labor and proceed with an uncomplicated 
vaginal delivery. The highest morbidity and mor-
tality seem to occur among women with unsuc-
cessful trials of labor requiring intrapartum 
cesarean deliveries whether urgent or semi-
urgent, with a mortality of up to 33% in such situ-
ations [9]. A planned cesarean delivery has the 
advantage of occurring during the day with 
experts in high-risk maternal care available and 
avoids the risk of an urgent intrapartum cesarean 
delivery during labor. Therefore, in certain cir-
cumstances, a scheduled cesarean delivery may 
be chosen or indicated.

While challenging to predict, obstetricians 
should attempt to forecast which women have a 
high likelihood of successful vaginal delivery. 
Clues such as previous vaginal delivery, favor-
able cervical exam, and reassuring fetal tracing 
may be useful for predicting likelihood of suc-
cessful vaginal delivery. The indication for deliv-
ery should guide mode of delivery, for example, a 
woman who is being delivered of the fetus early 
because of maternal or fetal indications may not 
tolerate induction of labor without maternal or 
fetal decompensation, and a scheduled cesarean 
delivery should be considered. A woman who is 
being induced at term with stable cardiopulmo-
nary function is one who warrants an attempt at 
vaginal delivery. Cardiologists and anesthesiolo-
gists should contribute information about antici-
pated likelihood of maternal tolerance to 
prolonged induction of labor.

12.12  Management of Delivery

12.12.1  Hemodynamic Monitoring

During delivery, monitoring with electrocardiog-
raphy, pulse oximetry, and invasive arterial blood 
pressure monitoring are recommended. Central 
venous access should be established in women 
with reduced myocardial function who may ben-
efit from inotropic agents or in women with car-
diac disease that requires maintenance of 

systemic vascular resistance with vasopressors to 
prevent right to left shunting and systemic 
hypoxia (e.g., Eisenmenger syndrome, shunt 
lesions).

The use of a pulmonary artery catheter is 
debatable. Pulmonary artery catheters can cause 
arrhythmias and in rare events have caused pul-
monary artery rupture and thrombosis in PH [35, 
36]. If a right heart catheterization is being per-
formed around the time of delivery, it is reason-
able to leave a pulmonary artery catheter in place 
to guide management through delivery. At the 
time of central line placement peri-delivery, the 
anesthesiologist who is comfortable utilizing the 
measurements afforded by a pulmonary artery 
catheter may choose to place a pulmonary artery 
catheter, but placement should be aborted if sig-
nificant arrhythmias occur during placement.

Echocardiography offers more instantaneous 
and comprehensive information than any other 
hemodynamic monitor, enabling identification of 
the cause of hemodynamic instability and guid-
ance of hemodynamic therapy. The only real 
debate surrounds the degree of accuracy of TTE 
for measured pulmonary arterial pressures. Some 
authors have shown that measurements obtained 
by TTE during pregnancy may overestimate the 
severity of PH [37, 38]. Still, the risk-benefit ratio 
justifies preferring TTE in these circumstances, 
and once the clinician is aware of the potential for 
overestimation, management may be modified 
accordingly. It is therefore advisable that clini-
cians managing these parturients should have at 
least basic knowledge of point-of-care TTE [39].

12.12.2  Hematologic Monitoring

Specific considerations in PH women include 
hematologic monitoring. The mechanisms for 
and implications of alterations in platelet func-
tion and number in PH are not yet completely 
understood [40]. Platelet consumption and shear-
ing have been reported in patients with PH result-
ing in thrombocytopenia [40, 41]. Pulmonary 
vasodilators such as prostacyclins and nitric 
oxide have been associated with platelet dysfunc-
tion, activation, and thrombocytopenia [40]. 
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Anecdotally, thrombocytopenia can occur during 
a PH crisis and especially when patient blood is 
exposed to extracorporeal circulation or endothe-
lial injury [40]. It may therefore be prudent to 
establish preemptive neuraxial analgesia or anes-
thesia as a preparation for likely delivery.

Anesthesiologists may even choose to place 
neuraxial anesthesia at lower platelet counts than 
usual if the risk of general anesthesia outweighs 
the risk of epidural hematoma. The authors of 
this chapter have placed neuraxial anesthesia in a 
few patients with PH and platelets in the 
60–90,000/μL range.

12.12.3  Anesthesia Considerations

If a trial of labor for a vaginal delivery is 
attempted, neuraxial labor analgesia, epidural, 
or combined-spinal epidural (CSE) with low 
concentration local anesthetics is considered of 
greatest importance. Epidural anesthesia may 
even considerably decrease the adverse hemo-
dynamic consequences of labor [4]. When a 
cesarean delivery is indicated, the urgency of 
the procedure, indication for the surgery, and 
maternal or fetal condition may dictate whether 
neuraxial anesthesia is possible or if general 
anesthesia is necessary. There may be times 
where preventing further maternal decompen-
sation necessitates slow and careful establish-
ment of anesthesia and monitoring, precluding 
emergency cesarean delivery for fetal 
indications.

Neuraxial anesthesia is believed to have 
better outcomes than general anesthesia in 
patients with PH; therefore, the time needed to 
establish neuraxial anesthesia may come at the 
cost of fetal well-being as medical providers 
should not make management decisions that 
compromise the well- being of the mother for 
the sake of the fetus. Epidural anesthesia, 
when performed under appropriate monitoring 
and with caution, has no significant deleteri-
ous hemodynamic effect by itself and has been 
used safely in women with cardiac disease 
[42]. However, specifically for surgery, CSE 
anesthesia is preferred because it provides a 

better sensory block than epidural anesthesia 
alone, and no additional risk of hypotension 
when a low spinal dose is used. With CSE, 
anesthesia should be achieved with an initial 
low dose of intrathecal opioid alone (fentanyl 
10mcg) or in combination with low-dose local 
anesthetic (bupivacaine 2.5–5  mg) followed 
by slow incremental doses of epidural local 
anesthetic (lidocaine 2% in 3–5 mL doses to a 
total of 15–20 mL over 20 min until desired T4 
level is achieved) and while monitoring and 
supporting maternal blood pressure. 
Intrathecal morphine in the usual or enhanced 
dose (150–300  mg) or epidural morphine 
(1.5–3 mg) should be given for postoperative 
analgesia. Single-shot spinal anesthesia is 
considered contraindicated in these patients 
and does not afford prolonged post- cesarean 
pain management therapies [43].

With general anesthesia, there is concern 
with increased pulmonary arterial pressure dur-
ing laryngoscopy and tracheal intubation; more-
over, adverse effects of positive-pressure 
ventilation on venous return may ultimately 
lead to cardiac failure [43, 44]. In a systematic 
review of 48 case reports or case series, 73 par-
turients from 1997 to 2007 were identified PH 
patients receiving general anesthesia had a four 
times higher mortality risk than patients having 
neuraxial anesthesia [7]. In a more recent pro-
spective observational study of 26 pregnancies, 
it was noted that mortality in pregnant PH 
patients was associated with general anesthesia 
for dilation and curettage for spontaneous abor-
tion or general anesthesia for cesarean delivery 
[6]. However, several groups have reported the 
successful use of general anesthesia in pregnant 
PH patients with good maternal outcomes [9, 
32, 45, 46]. Likely patients with more severe 
disease require emergent procedures and gen-
eral anesthesia, so the nature of the disease, 
rather than the use of general anesthesia may be 
the driver for adverse outcomes, such as throm-
botic complications, pulmonary edema, stroke, 
organ failure, arrhythmias, worsening heart fail-
ure or functional status, and maternal mortality.

For the more critically ill patients, a coordi-
nated team of both obstetric and cardiac anesthe-
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siologists may be required. The obstetric 
anesthesiologist is skilled in placing neuraxial 
anesthesia in the most challenging patients and 
knows best all the obstetric procedures and medi-
cations (in particular uterotonics, Table 12.4) and 
can provide a communication bridge between 
teams and the patient; indeed, the obstetric anes-
thesiologist is well versed in caring for the anx-
ious awake obstetric patient. The cardiac 
anesthesiologists are familiar with bedside echo-
cardiography and titration of inotropes, vasopres-
sors, and pulmonary vasodilators and can readily 
identify when patients may require ECMO.

12.13  Termination of Pregnancy

Women with PH who require termination of 
pregnancy are often critically ill and require a 
coordinated multidisciplinary team including 
maternal fetal medicine specialists, cardiologists 
specializing in PH, ECMO surgeons and perfu-
sionists, anesthesiologists, neonatologist, and 
intensive care physicians. Both obstetric and car-
diac anesthesiologists may be involved in these 

procedures. Laminaria insertion can be uncom-
fortable, and pulmonary pressures can rise with 
the painful stimuli. Women should remain in 
monitored settings after laminaria placement 
while awaiting dilation and evacuation proce-
dures as contractions will be accompanied by 
both pain and fluid shifts.

Slow initiation of neuraxial anesthesia with 
arterial pressure monitoring is usually the safest 
anesthetic approach for the dilation and evacua-
tion procedures. It is recommended to keep these 
women in the intensive care unit until the imme-
diate peri-procedure fluid shifts have resolved 
which may be days to weeks depending on the 
cardiopulmonary functional status of the patient.

12.14  Postpartum Considerations

In the immediate post-delivery period, as the 
uterus contracts back to prepregnancy size, acute 
increases in plasma volume can precipitate right 
heart failure and increased pulmonary pressures 
due to increased flow to the right heart and the 
pulmonary vasculature. Pregnancy physiology 

Table 12.4 Mechanisms, effects, and side effects of commonly used uterotonics

Medication Mechanisms and effects
Side effects related to pulmonary 
hypertension

Oxytocin Activation of uterine G protein-coupled receptors
Increases uterine intracellular calcium and 
stimulates uterine contractions

Decrease in systemic vascular 
resistance
Tachycardia
Coronary vasospasm
Arrhythmia

Prostaglandins
E1 (misoprostol)
E2 (dinoprostone)

Synthetic prostaglandin E1/E2 analog that 
stimulates prostaglandin E1/E2 receptors
Bind to myometrial cells, causing strong myometrial 
contractions leading to expulsion of tissue
These agents also cause cervical ripening with 
softening and dilation of the cervix

Rare cardiovascular adverse reactions

Carboprost 
tromethamine, 
prostaglandin F2 
alpha (hemabate)

Synthetic prostaglandin analogue of PGF2α with 
oxytocic properties
Stimulates myometrial contractions in the gravid 
uterus similar to the contractions of term labor (exact 
mechanism of action unknown, possibly by direct 
stimulation, regulation of cellular calcium transport, 
or regulation of intracellular levels of cAMP)

Bronchospasm
Hypertension

Methylergonovine Semisynthetic ergot alkaloid
Acts directly on the smooth muscle of the uterus and 
increases the tone, rate, and amplitude of rhythmic 
contractions

Hypertension
Tachycardia
Arrhythmia
Coronary vasospasm
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also continues into the postpartum period. 
Increases in plasma volume can continue in to the 
post-delivery and post-termination period as 
edema is mobilized into the vasculature.

12.14.1  Uterotonic Medications

After a vaginal delivery, management of the third 
stage of labor is crucial to prevent postpartum 
hemorrhage. Uterotonics are routinely adminis-
tered after delivery to decrease the risk of uterine 
atony and postpartum hemorrhage. It has been 
established that when dosing of uterotonics is 
decreased or uterotonics are not given due to con-
cern for effects on cardiopulmonary status, higher 
rates of postpartum hemorrhage result.

A prospective, cohort study compared low- 
dose oxytocin infusion (10 units of oxytocin in 
500 mL of normal saline given intravenously at 
36  mL/h for 4  h (12 mUnits/min)) to the same 
infusion plus 2  units of oxytocin given over 
10  min after delivery and demonstrated lower 
blood loss in the group that received the extra 
oxytocin and no change in cardiac parameters or 
adverse event [47]. Uterotonics should therefore 
be given with appropriate knowledge of side 
effect profiles and optimal delivery strategies 
(Table 12.3).

12.14.1.1  Oxytocin
Oxytocin is the first-line uterotonic in obstetric 
practice. Oxytocin typically causes tachycardia, a 
decrease in systemic vascular resistance, an 
increase in cardiac output, and a rise in pulmo-
nary vascular resistance. If oxytocin is adminis-
tered, the lowest effective dose administered as 
an infusion rather than a bolus dose is the safest 
plan [48].

12.14.1.2  Second-Line Uterotonics 
(Prostaglandins, Ergot 
Alkaloid Derivatives)

Second-line uterotonics include prostaglandins 
(PG). Since they each have a differential smooth 
muscle effect, selection of the PG with no bron-
choconstrictive effect is key.

Misoprostol (PGE1) should have minimal 
effect on the pulmonary vasculature and can be 
administered vaginally, orally rectally, or sublin-
gually (misoprostol 800  mcg vaginally, 600–
1000  mcg oral or rectal, 400–800  mcg 
sublingual).

Carboprost tromethamine, PGF2 alpha can 
cause bronchospasm and is contraindicated in 
patients with reactive airway disease and PH as 
small increases in PVR from increased airway 
pressure may not be tolerated.

Methylergonovine, an ergot alkaloid deriva-
tive, can cause pulmonary vasoconstriction and 
therefore is relatively contraindicated in PH [49]. 
Personal communication with experts in the field 
provides some rare experiences with giving 
methylergonovine via very slow intravenous 
titration (10mcg IV at a time), with frank aware-
ness of the fact that pulmonary resistance may 
increase with its administration. Methergine 
should only be used in this manner if the risk of 
bronchospasm from PGF2 alpha is unacceptable, 
and uterine atony is so profound that additional 
uterotonic medication is required.

The usual options for surgical management of 
PPH should also be considered, such as Bakri 
Balloon, B-Lynch suture, and hysterectomy.

12.14.2  Postpartum Monitoring

The first postpartum week has been recognized 
as particularly vulnerable period for patients with 
PAH [6, 32]. Mortality is associated with heart 
failure, sudden death, and thromboembolism [3, 
7]. Postpartum monitoring in an intensive care 
unit in the first few days to a week after delivery 
is recommended until it is clear that the major 
fluid shifts have decreased, arrhythmias have 
subsided, and maternal function has improved. 
This is especially pertinent to the highest-risk 
patients such as women with right heart failure, 
hemodynamic instability, or arrhythmias during 
delivery. There will be some patients who require 
more than a week of ICU management during 
this time.

Prophylactic anticoagulation is important in 
this period and needs to be restarted, if it had 
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been held for delivery or neuraxial anesthesia, as 
soon as possible [29].

12.15  Long-Term Considerations

12.15.1  Maternal Outcomes

In a recent series of 49 pregnant patients with PH 
managed in academic medical centers in the 
United States, overall mortality was 16%, despite 
advanced cardiopulmonary therapies and tar-
geted management [9]. Of note, 7 of 8 deaths 
reported in the cohort were in women with WHO 
Group 1 PH [9]. There were no deaths in women 
with WHO Group 2 PH.  When patients were 
divided based on severity of PH, there was a 
trend suggestive of worse outcomes in women 
with more severe disease [9]. It may be useful to 
use severity of PH, degree of right heart function, 
and etiology of PH as a guide when counseling 
patients with PH about outcomes of pregnancy. 
In the modern era of anti-pulmonary hyperten-
sive medications and ECMO outcomes are slowly 
improving, large cohorts of women with PH in 
pregnancy are necessary to further delineate 
maternal outcomes.

12.15.2  Fetal and Neonatal 
Outcomes

Maternal PH is associated with an increased risk 
of fetal and neonatal complications, including 
stillbirth and neonatal death, fetal growth restric-
tion, and preterm delivery. Some series describe a 
complication rate as high as 100% [7]. Fetal 
intrauterine growth retardation and prematurity 
are the main neonatal complications [50, 51]. The 
risk is highest in women with prepregnancy poor 
functional class (New York Heart Association 
functional class III or IV), cyanosis, or left heart 
obstruction. The increased risk may be a result of 
the direct effects of the underlying cardiac 
 disease, compounded by the complications of 
preterm delivery when it is indicated for maternal 
reasons [50]. Despite this, the improved neonatal 
care and survival of preterm infants over the past 

decade have led to an increased willingness to 
undertake the challenge of pregnancy despite the 
presence of PH.

12.16  Conclusion

PH in pregnancy carries significant risk of both 
maternal and fetal mortality [7]. Patients with 
Group 1 PH and Eisenmenger syndrome have the 
highest 1-year mortality (50%) [9].

Women with PH are considered WHO classi-
fication of maternal cardiovascular risk level IV 
and are advised to avoid pregnancy altogether or 
terminate pregnancy should it occur [11].

Once pregnant, the severity of prepregnancy 
PH and right heart failure may be used to guide 
risk assessment. These women should be cared 
for at centers with anesthesiologists, cardiolo-
gists, obstetricians, and intensivists who are com-
fortable managing pregnant women with 
PH.  While there is still no clear evidence that 
ECMO improves immediate or long-term mater-
nal outcomes, advanced interventional therapies 
have been used and should be available in women 
with PAH with Eisenmenger syndrome.

Management during pregnancy, delivery and 
post-delivery or post-termination requires close 
follow-up. Of note, there is to date no evidence 
that one mode of delivery is preferable over the 
other, but intrapartum urgent cesarean delivery 
should be avoided at all cost, as any precipitous 
anesthetic (particularly general anesthesia) may 
result in irreversible cardiovascular collapse. 
Both delivery and termination are high-risk pro-
cedures and multidisciplinary collaboration is 
essential to ensure optimization of maternal care.

12.17  Addendum

Despite major advances in the care of PH patients 
and the advent of several classes of medications 
to treat this condition, PH in general and PAH in 
particular remain highly lethal, and pregnancy is 
poorly tolerated. This chapter summarizes the 
current ICU treatment knowledge on pregnancy 
in PH, with a focus on PAH, as the greatest 
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amount of literature is available for this disease 
state. Most of the management of unstable preg-
nant patients with PAH should be guided by clin-
ical experience and pathophysiological reasoning, 
since, it is unlikely that randomized controlled 
trials will be possible in unstable PAH patients to 
improve current treatment algorithms.
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13.1  Definition and Applications

Point-of-care ultrasound (POCUS) is defined as 
ultrasonography performed at the bedside by the 
physician in charge of the patient [1]. POCUS 
can be used for procedural, diagnostic, or screen-
ing applications. Over the last 20  years, ultra-
sound devices have increased in quality, while 
both their size and cost decreased. At the same 
time, several guidelines have recommended 
using ultrasound in different clinical situations 
[2–6]. Consequently POCUS is now used in more 
than 20 specialties [1].

Surprisingly, there are currently no recom-
mendations for the use of ultrasound in pregnant 
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Bullet Points
• Point-of-care ultrasound (POCUS) is 

defined as ultrasonography performed at 
the bedside by the physician in charge 
of the patient.

• There are currently no recommenda-
tions for the use of ultrasound in preg-
nant women who are critically ill.

• POCUS algorithms suggest fast and 
simple cardiac and pulmonary evalua-
tions to determine patient diagnosis and 
optimize patient management.

• Emergency transthoracic echocardiog-
raphy (TTE) is the most rapid way to 
diagnose aortic dissection.

• Pericardial effusion and cardiac tam-
ponade are simple to diagnose using 
TTE with subcostal or parasternal long 
axis views.

• POCUS can provide definitive diagnosis 
when an embolic event is suspected if car-
diac and lung ultrasound are combined.

• POCUS can identify many causes of 
maternal cardiac arrest, enabling adap-
tation of treatment in real time.

• Abdominal ultrasound examination pro-
vides a great deal of information to phy-
sicians treating the critically ill pregnant 
or postpartum woman.

• Clinicians treating pregnant women 
should be encouraged to acquire the 
POCUS skills required to optimize 
treatment.
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women who are critically ill, and it seems POCUS 
may be insufficiently used, despite its many 
advantages for obstetrical anesthesia and mater-
nal critical care [7–9]. In 2012, a survey found 
that transthoracic echocardiography was only 
used for 13% of pregnant women admitted to 
four tertiary referral obstetric units [10]. 
Nonetheless, the pregnant woman represents a 
perfect field of application for POCUS for sev-
eral reasons:

Firstly ultrasound is a noninvasive, nonioniz-
ing, and popular technology particularly for 
obstetric workup. In critically ill patients, several 
studies have shown than the use of POCUS may 
decrease exposure to ionizing radiation [11–13].

Secondly, POCUS can provide information 
regarding the physiological alterations typical of 
pregnancy, thereby enabling an individualized 
approach to care.

Finally, pregnant women are at risk of acute 
respiratory failure, bleeding, and infections – all 
clinical situations where POCUS has a high diag-
nostic and therapeutic impact [7]. The aim of this 
chapter is therefore to discuss several potential 
applications of POCUS for critically ill pregnant 
women. Lung ultrasound is discussed in detail in 
Chap. 22.

13.2  Point-of-Care Transthoracic 
Echocardiography During 
Pregnancy

In some industrialized countries, heart disease is 
the leading cause of death during pregnancy [14, 
15]. Most preexisting or newly acquired cardio-
vascular diseases may be diagnosed at the bed-
side, using a systematic heart and lung ultrasound 
assessment. A large survey in 142 European 
intensive care units (ICU) demonstrated that 
POCUS assessment had a large impact on diag-
nostic (84%) and therapeutic (64%) procedures 
[7]. POCUS algorithms focus on fast and simple 
cardiac and pulmonary evaluations to determine 
the diagnosis and optimize the management of 
patients. This systematic approach is well docu-
mented in the ICU and emergency departments 
where diagnostic algorithms are available for 

specific clinical conditions. For example, the 
focus-assessed transthoracic echocardiography 
(FATE) and the focused-echocardiographic eval-
uation in life support (FEEL) protocols are used 
to guide diagnosis in patients with severe hemo-
dynamic compromise or cardiac arrest, respec-
tively [16–18]. Furthermore, a detailed POCUS 
evaluation is strongly recommended by several 
guidelines for guiding fluid management during 
shock states [19–21]. While there is no validated 
algorithm for pregnant women presenting with 
critical illness, Dennis has described the rapid 
obstetric screening echography (ROSE) scan. 
This includes hemodynamic and embolism key 
views and a fetal heart assessment [22, 23]. Of 
note, fetal assessment should probably not com-
prise a part of the maternal screening algorithm; 
alerting to the presence of fetal compromise will 
divert attention away from the mother. Fetal dis-
tress may alert to compensated maternal compro-
mise when there is no overt maternal 
hemodynamic instability. However, once mater-
nal compromise has been established, the focus 
of treatment should remain the mother. Maternal 
stabilization will also improve fetal condition.

13.3  Cardiovascular POCUS 
During Pregnancy

The normal cardiovascular changes of pregnancy 
are described in detail in Chap. 9. Normal preg-
nancy is accompanied by significant changes to 
the diastolic phase of the cardiac cycle. There is a 
tendency toward reduced diastolic reserve and 
impaired chamber diastolic function at term. In 
echocardiographic imaging, this manifests as a 
decreased E wave (peak velocity flow in early 
diastole), a decreased E/A ratio [ratio of peak 
velocity flow in early diastole (E wave) to peak 
velocity flow in late diastole caused by atrial con-
traction of the mitral inflow (A wave)], and a 
slight increase of E/Ea ratio caused by decreased 
early diastolic mitral annular velocity. These may 
all be measured using tissue Doppler [24, 25].

Heart failure: Diverse clinical entities may 
manifest as cardiac dysfunction. Management of 
heart failure depends on its etiology and is 
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described in specific guidelines [26, 27]. These 
are discussed in detail in Chaps. 10–12. In preg-
nant women, heart failure typically occurs around 
28 weeks gestation when cardiovascular adapta-
tions to pregnancy peak, including increased CO 
and volemia.

Heart failure is commonly classified into two 
major groups depending on the presence of echo-
cardiographic evidence of left ventricle ejection 
fraction (LVEF) compromise or lack thereof (the 
accepted cut-off is 40%). These two types of 
heart failure present with typical features that 
assist in diagnosis. Heart failure with preserved 
LVEF is usually associated with diastolic dys-
function. Although pulmonary edema can be 
seen, cardiac output (CO) is usually normal. 
Heart failure due to reduced LVEF is accompa-
nied by a decrease in CO. This is typically associ-
ated with an increase in capillary lung pressure 
and activation of the renin-angiotensin system, 
resulting in fluid retention. CO can be calculated 
using two echocardiographic variables: (1) the 
velocity time integral (VTI) and (2) the 
 cross- sectional area of the left outflow tract [28]. 
Measurement of CO with transthoracic echocar-
diography has been validated against pulmonary 
artery catheter measurements in critically ill par-
turients [29]. The authors of this comparative 
study promoted cardiac ultrasound as a noninva-
sive gold standard for measurement of CO in 
pregnant and postpartum critically ill women.

Peripartum cardiomyopathy: Peripartum car-
diomyopathy presents as a systolic myocardial 
dysfunction with reduced LVEF. It is associated 
with breathlessness, fatigue, and tachycardia and 
is accompanied by normal or reduced blood pres-
sure. Echocardiographic imaging of global 
reduction of left ventricle function and a low CO 
establish the diagnosis [30, 31].

Global left ventricle dysfunction can be 
assessed using different transthoracic echocar-
diography methods. Visual semiquantitative esti-
mation discriminates between low, altered, or 
normal systolic function with excellent precision 
(7% deviation from ventriculographic measure-
ment). Visual semiquantitative estimations can be 
performed from a parasternal view, a short axis 
view, or an apical four-chamber view [28, 32, 

33]. However, 30–50% of visual estimations of 
LVEF are imprecise. Therefore, three other meth-
ods may be used to improve assessment accu-
racy: the Teichholz method, the Simpson biplane 
method, and speckle tracking echocardiography.

The Teichholz method estimates LVEF by 
using M-Mode recordings of cardiac structure 
motions achieved by positioning the cursors at 
the level of mitral leaflet tips in the parasternal 
long-axis view. This method is accurate as long 
as the cursors of the M-Mode are relatively per-
pendicular to the septal wall, provided the left 
ventricle has no marked difference in regional 
function. The Simpson biplane method of discs is 
the recommended method for LVEF measure-
ment. This method requires volumetric measure-
ment of end-diastole and end-systole using 2D 
echocardiography from apical four-chamber and 
two-chamber views [28, 34]. Recently, speckle 
tracking echocardiography has been used to pro-
vide information regarding myocardial function 
in its longitudinal, radial, and circumferential 
components. This semiautomated measurement 
method provides both global and regional evalu-
ation of left ventricle function with low inter- and 
intra-operator variability [35, 36].

Preeeclampsia: Preeclampsia is a common 
cause of heart failure during pregnancy. 
Clinically, the pregnant woman may exhibit 
breathlessness, fatigue, and tachycardia associ-
ated with hypertension. Heart failure is a very 
late feature of preeclampsia and is often associ-
ated with proteinuria and edema accompanied by 
severe hepatic and hematological abnormalities. 
Classically, the heart failure of preeclampsia 
presents with diastolic dysfunction and preserved 
systolic function [30, 31]. Diastolic function 
worsening is particularly significant in pre-
eclampsia with a higher incidence of complica-
tions (acute pulmonary edema or severe 
eclampsia) [30].

Left ventricular diastolic relaxation is 
impaired in preeclampsia because of cardiac 
structural changes secondary to hypertension 
(hypertrophy, interstitial fibrosis). The diastolic 
function of the left ventricle may be investigated 
using transthoracic echocardiography Döppler 
measurement of mitral inflow and tissue velocity 
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of the annular mitral ring. Measurement of the 
E/A ratio is critical as it reflects left ventricle fill-
ing pressure which is elevated in case of impaired 
left ventricular systolic function. Severe diastolic 
dysfunction causing elevated left ventricle filling 
pressures should be suspected in women present-
ing with an with E/A ratio >2 [i.e., high velocity 
of the early diastolic mitral inflow wave (E wave) 
and low velocity of the atrial diastolic mitral 
inflow wave (A wave)] (Fig.  13.1a). 
Demonstration of a preserved ejection fraction 
requires measurement of the early diastolic 
velocity of the mitral annulus (Ea) at the septal or 
lateral part of mitral ring using tissue Doppler. 
An average E/Ea ratio >13 indicates severe dia-
stolic dysfunction [37] (Fig.  13.1b). Dyspnea 
accompanied by chest radiography opacities, 
lung ultrasonography demonstrating B-lines, and 
severe myocardial diastolic dysfunction in echo-
cardiography cinch the diagnosis of acute cardio-
genic pulmonary edema.

Myocardial infarction: Acute myocardial 
infarction (AMI) is an important cause of  maternal 
morbidity. AMI occurs in 1:17000 pregnancies 
and has a mortality rate of 5–7%. Most preg-
nancy-associated AMIs occur in the 6 weeks post-
partum. The risk of AMI in the peripartum period 
is three times higher than seen among nonpreg-
nant women of the same age. Increased age, car-
diovascular risk factors (smoking or diabetes), 
and a history of preeclampsia increase the risk of 
peripartum AMI.  Most pregnancy- associated 

AMIs are related to acute coronary dissection (a 
hormone-associated connective tissue abnormal-
ity), rather than coronary occlusive disease [38]. 
There are no specific diagnostic tests for AMI 
during pregnancy and the postpartum period.

Pregnancy does not influence the electrocar-
diogram, nor does it affect troponin I levels. 
Therefore interpretation of these tests should 
remain unaffected by the presence of a fetus. 
Similarly, the echocardiogram remains the cor-
nerstone of diagnosis in pregnant women pre-
senting with chest pain (whether typical or 
atypical); ECG findings may assist in ruling out 
much of the relevant differential diagnosis [39]. 
Transthoracic echocardiography typically shows 
regional wall motion abnormalities (hypo or aki-
nesis) with impaired thickening of the affected 
myocardium. The distribution of wall motion 
abnormalities depends on the area perfused by 
the affected coronary vessel/s. A full echocar-
diography should therefore explore all of the 17 
myocardial segments from the apical four- 
chamber and two-chamber views, the parasternal 
long axis view, and the parasternal short axis 
view from base to apex. Visual assessment of 
regional wall motion is the most common method 
but is highly dependent on operator expertise. 
Assessment of LV regional motion can be con-
siderably improved using an automatized speckle 
tracking echocardiography which explores myo-
cardial deformation in three dimensions and 
decreases reproducibility issues [28, 35].

a b

Fig. 13.1 (a, b) Elevated left filling pressure in a woman with preeclampsia
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Aortic dissection, regurgitation, and cardiac 
tamponade: Aortic dissection is another cause of 
maternal death that typically occurs secondary to 
connective tissue abnormalities. Hormonal 
changes occurring during pregnancy induce 
structural aortic wall vulnerability to dissection. 
Hemodynamic stress is at its peak during the 
third trimester and the postpartum period; there-
fore, most dissections occur at this time [40, 41]. 
Aortic dissection is often accompanied by typical 
chest pain and electrocardiogram changes (repo-
larization abnormalities) and is the cause of 
nearly half of the cases of pregnancy-associated 
AMIs and severe aortic regurgitations. Cardiac 
tamponade is the most common cause of cardiac 
arrest in the case of Type A dissection [42, 43].

Emergency transthoracic echocardiography 
(TTE) is the most rapid way to diagnose aortic 
dissection. TTE may also diagnose the more 
common and serious complications of aortic dis-
section such as acute aortic regurgitation or peri-
cardial effusion. TTE visualization of a dilated 
aortic root, a dilated ascending aorta, or a dissec-
tion flap in the parasternal long axis view should 
lead to more advanced imaging (transesophageal 
echocardiography, computed tomography, or 
magnetic resonance imaging of the chest).

Aortic regurgitation: Transthoracic echocar-
diography serves to diagnose aortic regurgitation 
(AR), to assess its severity, and to identify its eti-
ology [44]. Severe AR is diagnosed when an 
abnormal or flail motion of the aortic leaflets 
associated with a wide coaptation defect is seen 
in the parasternal long axis view. Color flow 
Doppler shows a large central retrograde dia-
stolic flow or variable eccentric flows. Chronic 
AR is associated with a dilated left ventricle. 
Acute AR is characterized by abrupt overload 
seen as a left ventricle with a normal size but high 
filling pressure.

Pericardial effusion and cardiac tampon-
ade are simple to diagnose using TTE with sub-
costal or parasternal long axis views (Fig. 13.2). 
Pericardial effusion is typically seen as echo- 
lucence between the parietal myocardium and 
pericardial membranes (both of which are echo- 
dense). Pericardial effusions vary in echogenicity 
depending on the presence of blood, clot, bacte-

ria, and more. One of the main differential diag-
noses for such an echo-lucent finding is a 
left-sided pleural effusion. The characteristic dif-
ferentiating between the two is their relationship 
with the descending thoracic aorta. A left-sided 
pleural effusion is seen posterior to the aorta, 
while pericardial effusion is anterior to it.

Cardiac tamponade is defined as an accumula-
tion of pericardial fluid that compresses the car-
diac chambers. This compression inhibits 
chamber filling, leading to a reduction in CO 
[45]. Cardiac tamponade may occur with a rela-
tively small pericardial collection. 
Echocardiographically the presentation is a cir-
cumferential pericardial effusion >1  cm with 
hemodynamic effects. Typical findings include 
right atrial and ventricular collapse caused by the 
pericardial effusion. Collapse first occurs during 
diastole (mild tamponade) and only later occurs 
during systole (severe tamponade). A diagnosis 
of collapse also requires the presence of a dilated 
inferior vena cava (>2.1 cm) and minimal respi-
ratory changes). In case of severe tamponade, 
Doppler examination shows respiratory varia-
tions of mitral flow decrease by more than 30% 
between expiration and inspiration time 
(Fig. 13.3) [46, 47].

Thromboembolic phenomena: Pulmonary 
embolism (PE) may occur at any time during 
pregnancy and the postpartum period. The inci-
dence of PE increases with the presence of sev-
eral risk factors (e.g., body mass index>30 kg/m2, 
parity>3, previous thromboembolism or throm-

Fig. 13.2 Pericardial effusion subcostal view
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bophilia, surgical procedures as cesarean section, 
infection, or immobility) [14, 48]. The incidence 
of amniotic fluid embolism (AFE) is very low 
(2–8:100,000 deliveries), and it mainly occurs 
during labor and immediately postpartum [49, 
50]. AFE causes progressive pulmonary vaso-
spasm and hypertension. These lead to right heart 
failure followed by global cardiogenic shock. 
Circulatory failure is often associated with an 
early change in mental status or seizures and dis-
seminated intravascular coagulopathy.

When circulatory failure occurs, echocardiog-
raphy typically demonstrates signs of acute cor 
pulmonale and right-sided cardiac overload. 
Common signs include conserved left ventricular 
function accompanied by right ventricular dila-
tion and dysfunction, flattening of the ventricular 
septum or paradoxical septal motion, and an 
increase in pulmonary artery pressure with sec-
ondary tricuspid regurgitation (Figs.  13.4 and 
13.5). Of note, previous chronic obstructive pul-
monary disease or chronic pulmonary 
 hypertension undermines the significance of 
these findings as they may have developed as a 
consequence of these conditions. Rarely, a throm-
bus may be observed in the right heart cavity or in 
the pulmonary artery.

POCUS can provide a definite diagnosis when 
an embolic event is suspected, combining cardiac 

Fig. 13.3 Tamponade 
mitral inflow variation

Fig. 13.4 Right ventricle dilatation during pulmonary 
embolus in apical four-chamber view

Fig. 13.5 Right ventricle dilatation during major pulmo-
nary embolus with D sign in parasternal short axis
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and lung ultrasound (Chap. 22), with an assess-
ment for deep vein ultrasound [51, 52]. A POCUS 
technique to identify two compression points of 
the deep vein is validated for the diagnosis of 
deep venous thrombosis and PE [53–55]. The 
probability of diagnosis is high in the case of 
thrombus in the vein or vein incompressibility 
(Figs. 13.6 and 13.7). This is a simple technique 
to learn after 2 h training [56]. A single complete 
compression can exclude deep venous thrombo-
sis in the postpartum period [57]. The absence of 
acute cor pulmonale or deep venous thrombosis 
and an alternative diagnosis suggested by lung 
ultrasound effectively rule out the diagnosis of 
pulmonary embolism with a negative predictive 
value of almost 100%. The presence of acute cor 
pulmonale with a deep venous thrombosis con-
firms the diagnosis of pulmonary embolism [51, 

52]. This facilitates early treatment, even before 
computed tomography scan is performed.

Hypovolemia: Acute circulatory failure due to 
hypovolemia is most common during the peripar-
tum period and is usually related to severe bleed-
ing or may be due to sepsis. POCUS is useful for 
diagnosing occult abdominal bleeding in preg-
nant or postpartum women and for guiding vol-
ume replacement. The echocardiographic 
features typical of severe hypovolemia include 
decreased left ventricular diastolic volume, with 
a direct contact between the mitral pillars at the 
end of the systole, also called “kissing heart.” 
Diagnosis is simple using a parasternal small axis 
view. Severe hypovolemia may also be associated 
with a decreased afterload if intense vasoplegia 
occurs [28].

The left ventricular outflow tract (LVOT) 
velocity time integral (VTI) is the systolic veloc-
ity of the blood exiting the heart. LVOT VTI may 
be traced in real time or offline on the parasternal 
long axis view of the LVOT during systole. VTI 
dynamics can predict fluid responsiveness in 
acute circulatory failure. Several guidelines sug-
gest that CO increase or VTI increase >12% dur-
ing passive leg raising indicates the likelihood of 
fluid responsiveness. Importantly, this finding 
has also been validated in spontaneously breath-
ing pregnant women [58–60].

13.4  Maternal Cardiac Arrest

Management of maternal cardiac arrest is dic-
tated in specific guidelines [61]; see Chap. 27. 
These guidelines recommend identification and 
treatment of reversible causes of arrest. POCUS 
can identify many of these causes, enabling adap-
tation of treatment in real time. The FEEL proto-
col (focused echocardiography evaluation in life 
support) has been proposed for critical emergen-
cies such as during patient collapse and advanced 
life support. The protocol was constructed to sys-
tematically seek some of the potentially treatable 
causes of cardiac arrest, including tamponade, 
massive pulmonary embolism, severe ventricular 
dysfunction, pneumothorax, and hypovolemia. 
Papers describing use of the FEEL protocol noted 

Fig. 13.6 Deep venous thrombosis transversal scan

Fig. 13.7 Venous thrombosis long axis view
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that images were obtained in 96% of cases, and 
management was adapted to these images in 78% 
of cases. Regardless of the cause of cardiac arrest, 
interruptions to chest compression should not 
exceed 10  s, even in order to perform 
POCUS.  Ideally, POCUS may be performed 
between chest compression cycles [17, 18].

13.5  Point-of-Care Abdominal 
Ultrasonography During 
Pregnancy

Pregnancy is accompanied by multiple anatomic 
and physiologic changes to the abdominal organs 
[62, 63]. The enlarged gravid uterus compresses 
and/or displaces the surrounding viscera. The 
anterior abdominal wall becomes relaxed. 
Atypical anatomical location of intra-abdominal 
structures and delayed signs of peritonitis hinder 
clinical diagnosis of intra-abdominal abnormali-
ties. Bile concentration is increased during preg-
nancy. This causes biliary stasis, increasing the 
risk of cholelithiasis and biliary colic [64] 
(Figs.  13.8 and 13.9). Higher concentrations of 
progesterone reduce lower esophageal sphincter 
pressure and small and large bowel motility. 
These changes may lead to gastroesophageal 
reflux and constipation [65]. Ureteric dilatation 
occurs secondary to compression of the lower 
ureter by the gravid uterus and to decreased ure-
ter peristalsis resulting from progesterone- 
induced smooth muscle relaxation. These factors 
increase the risk of stone formation and infection 
in the urinary tract [66]. Increased progesterone 
levels also promote thrombosis. Uterine com-

pression of the inferior vena cava leads to a 
reduction in venous return. This combination is 
associated with an increased rate of venous 
thrombosis in the extremities and, rarely, devel-
opment of Budd-Chiari syndrome [67].

This section will discuss abdominal POCUS 
assessment of pregnant women with non- 
pregnancy- related conditions and those with 
obstetrical complications. Abdominal ultrasound 
examination provides a great deal of information to 
the physician treating the critically ill pregnant or 
postpartum woman. Shock states are a leading 
cause of intensive care admission. In pregnant 
women, multiple causes may lead to hemodynamic 
compromise. POCUS can be useful for diagnosing 
the cause of shock [68] but needs to be integrated 
into a global imaging strategy which includes mag-
netic resonance and/or computed tomography. This 
is particularly true for critically ill pregnant women 
where it is essential to seek both obstetrical and 
non-obstetrical etiologies for shock.

13.5.1  POCUS Assessment 
of Pregnant Women 
with Non-pregnancy-Related 
Conditions

Focused Abdominal Sonography for Trauma 
(FAST) during pregnancy: Trauma is one of the 
leading causes of death in pregnant women. 
Between 5 and 8% of all pregnancies are com-Fig. 13.8 Normal gallbladder

Fig. 13.9 Lithiasic gallbladder
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plicated by trauma, and 0.4% require hospital-
ization for the management of traumatic 
injuries [69]. Fildes et al. reported that nearly 
50% of maternal deaths are caused by trauma 
[70]. The incidence of trauma in pregnant 
women remains underestimated. Many cases 
remain unreported, especially if due to domes-
tic violence [63]. During management of a 
pregnant trauma victim, the mother should be 
prioritized; maternal death is associated with 
fetal loss [71].

The pregnant woman with an abdominal 
trauma represents a diagnostic challenge. In the 
first trimester of pregnancy, about 7% of women 
may have a small quantity of anechoic fluid 
(<0.4 cm maximum measured in the anteroposte-
rior dimension of the pelvis) [72, 73]. Other than 
this, during pregnancy, the prevalence of free pel-
vic fluid without trauma is very low. Therefore, 
ultrasound identification of free fluid in the pelvis 
of a pregnant woman following blunt abdominal 
trauma should prompt further investigation. The 
likelihood of a pathological finding is particu-
larly high if there is >2–4 mm of free fluid with 
no history of ovarian hyperstimulation or other 
condition known to be associated with pelvic 
fluid. Ormsby et al. demonstrated that detection 
of free fluid in the abdomen and/or the pelvis by 
ultrasound is significantly associated with 
abdominal trauma for both pregnant and non-
pregnant patients [74].

The definition of positive abdominal US 
examination could be an intraperitoneal free fluid 

>0.4 cm or parenchymal abnormality, regardless 
of gestational age [69, 73]. One retrospective 
study described the results of FAST examination 
(including screening of parenchymal organs) in 
19,128 trauma patients among which 2% were 
pregnant, and all but two of the pregnant women 
suffered blunt trauma [75]. Seven abdominal 
regions were assessed including the right and left 
upper quadrants, the epigastrium, the pelvis, the 
paracolic gutters, and the retroperitoneum. The 
most common findings in pregnant patients were 
massive amounts of free intraperitoneal fluid, 
placental abruption or subchorionic hematoma, 
and liver, kidney, and spleen laceration 
(Figs. 13.10, 13.11, and 13.12).

The specificity of FAST in pregnant women is 
similar to that in nonpregnant patients. The sensi-
tivity and positive predictive value of abdominal 
ultrasound exam in pregnancy are at least 85 and 
99.5%, but sensitivity may decrease to 60% with 
increasing gestational age [75] Moreover, the 
accuracy of FAST for detecting abdominal injury 
has been reported to be similar to that of com-
puted tomography. Ultrasound also facilitates 
detection of placental injury and the rare fetal 
injury. No less importantly, integration of FAST 
into the initial trauma assessment does not delay 
diagnosis. Finally, if hemodynamic instability is 
ongoing and/or new symptoms appear, it may 
necessary to repeat imaging. Although radio-
graphic examinations may be performed in preg-
nant women, use of POCUS may reduce fetal 
exposure to the damaging effects of radiation. 

Fig. 13.10 Pelvic cul 
de sac effusion 
longitudinal view
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Ultrasound examination may be repeated multi-
ple times if required, with far less concerns 
regarding potential fetal damage.

Urinary tract infections: Urinary tract infec-
tions are the most common bacterial infections in 
pregnant women. Compared to the general popu-
lation, the incidence of acute pyelonephritis is 
increased in pregnant women, ranging from 0.5 
to 2% and is higher during the second half of 
pregnancy [76]. Pyelonephritis also represents a 
risk for preterm delivery. Thus diagnosing this 
condition is important for both the mother and 
the unborn child.

In case of suspected urinary tract infection, 
POCUS should be considered the imaging 
modality of choice for initial urinary tract inves-
tigation although no recommendation suggesting 
so have been published to date [71]. A retrospec-
tive study showed that 14.3% of the pregnant 
women assessed urinary tract infection had no 

abnormal sonographic findings. Hydronephrosis, 
defined as dilatation of pyelocalicious cavities, 
was found in more than 50% of pregnant women 
with pyelonephritis [77]. There is a physiological 
dilation of the pyelocalicious cavities. The right 
kidney is more frequently involved than the left 
one when the obstruction is caused by an enlarged 
gravid uterus [78]. Perinephretic fluid could be 
observed in 10% of healthy pregnant women. 
Abdominal ultrasound may also be used to seek 
other causes of obstruction (i.e., stones, ureteral 
stricture, pelvic tumor, congenital abnormalities) 
as well as intra-abdominal infection.

Ultrasound evaluation of the abdominal ves-
sels (thromboses, aneurisms): Pregnancy is 
accompanied by a hypercoagulable state which 
leads to an increased risk of thrombotic intravas-
cular pathology (i.e., venous thrombosis of the 
lower extremities, pelvis, liver, mesenteric, or 
gonadal veins). Acute thrombosis typically 
causes expansion of the lumen of the involved 
vessel, and an echogenic thrombus may also 
usually be identified [68]. Pregnancy is also 
accompanied by an increased risk of rupture of 
arterial aneurysms. As previously noted hor-
monal changes incur structural arterial wall 
changes.

Splenic artery aneurysms (SAAs) are the most 
common among visceral artery aneurysms. SAAs 
are commonly associated with pregnancy, portal 
hypertension, atherosclerosis, and various con-
genital diseases. Most cases of ruptured SAA in 
pregnant women are initially misdiagnosed as 

Fig. 13.11 Pelvic cul 
de sac effusion short 
axis view

Fig. 13.12 Morison’s pouch effusion
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uterine rupture. The mortality rate of pregnant 
women with a ruptured SAA is very high (65–
75%). Computed tomography, magnetic reso-
nance imaging, and angiography have limited 
roles in the diagnostic evaluation of unstable 
patients primarily because of time constraints. 
However, POCUS does not necessitate patient 
relocation, and it can rapidly detect intra- 
abdominal free fluids and demonstrate less com-
mon causes of bleeding (e.g., rupture of an 
hepatic or splenic artery aneurysm) [79–81].

Intra-abdominal gastrointestinal tract pathol-
ogies: Gallbladder disease is a frequent compli-
cation of pregnancy. Cholelithiasis occurs in up 
to 12% of pregnant women and may be symp-
tomatic in 0.1–0.3% [21]. Ultrasound remains the 
best modality for initial evaluation of the liver 
and biliary system. An ultrasound finding of cho-
lelithiasis with either gallbladder wall thickening 
(>3  mm) or a sonographic Murphy sign has a 
high positive predictive value for diagnosing cho-
lecystitis (92.2% and 95.2% sensitivity and spec-
ificity, respectively) [79] (Fig. 13.13).

Conversely, ultrasound is not the best modality 
to evaluate other causes of disease stemming from 
the gastrointestinal tract. Pancreatitis may occur 
during pregnancy, most often in the third trimester. 
Such cases require evaluation with computed 
tomography or magnetic resonance imaging. 
Ultrasound also has limited utility for diagnosing 
appendicitis; the appendix is infrequently visual-
ized. Similarly, diseases of the hollow organs (e.g., 
bowel obstruction, diverticulitis, inflammatory 

bowel disease) are best investigated with modali-
ties other than ultrasound. However, ultrasound 
detection of free fluid in the peritoneum suggests 
the presence of secondary complications of these 
diseases (e.g., perforation, leak, infection).

13.6  POCUS to Identify 
Obstetrical Complications

This section is divided into the POCUS strategies 
for women with severe acute hemodynamic com-
promise for suspected obstetrical causes and for 
those with obstetric diseases that may lead to 
critical illness more slowly. This includes all 
women of childbearing age who may be pregnant 
and women with a known pregnancy. Regardless 
of the population, the most important sign of a 
potential obstetric crisis is intraperitoneal free 
fluid. Severe hemorrhage constitutes one of the 
lead causes of ICU admission and death during 
pregnancy and the peripartum period [82–84].

13.6.1  Emergency Screening of 
Women of Childbearing Age 
(Possible or Confirmed 
Pregnancies) for Severe Acute 
Causes of Hemodynamic 
Compromise

Transabdominal ultrasound is useful for emer-
gency department screening of women of child-

Fig. 13.13 Gangrenous 
cholecystitis
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bearing age (whether pregnant or not) especially 
if hemodynamic collapse is present. Abnormal 
ultrasound finding combined with unfavorable 
clinical presentation in a woman of childbearing 
age requires involvement of a senior obstetrician 
capable of making rapid decisions. One strategy 
to identify potential obstetrical causes of abdomi-
nal symptoms using POCUS in women of child-
bearing age has been proposed based on a case 
series. The authors suggested that an initial pel-
vic view be followed by right and left upper 
quadrant views and a pericardial view to evaluate 
right heart strain [80]. Although further studies 
are needed to evaluate the value of this protocol, 
it is probably the best protocol date for this 
population.

The pelvic view can quickly establish the 
presence or lack of an intrauterine pregnancy or 
an ectopic pregnancy. Transvaginal ultrasonogra-
phy has a 90% sensitivity and a 99% specificity 
for diagnosing ectopic pregnancy which is gener-
ally superior to that of transabdominal ultrasound 
and should therefore be considered the imaging 
modality of choice for this diagnosis [85].

However, the studies on transvaginal ultraso-
nography were not performed in patients with 
hemodynamic compromise [86]. The use of 
transabdominal ultrasound in emergency depart-
ments confirmed the presence or absence of an 
intrauterine pregnancy with a sensitivity of 82% 
and a specificity of 92% [87]. In pregnant women 
with hemodynamic compromise, the use of trans-
abdominal ultrasound to establish intrauterine 
pregnancy is likely the most time-efficient diag-
nostic study to perform.

If b-HCG indicates the presence of a preg-
nancy and ultrasound has detected intraperitoneal 
fluid but no intrauterine pregnancy, ectopic preg-
nancy should be suspected. If an intrauterine 
pregnancy has been detected, the complications 
of intrauterine pregnancy should be sought—pel-
vic POCUS examination may serve to detect 
uterine rupture, placenta previa, or abruption. 
Uterine rupture may diagnosed on ultrasound by 
detection of a uterine wall defect (i.e., a large 
hypoechoic lesion between the uterus and the 
bladder) or by amniotic sac or fetal parts protrud-
ing beyond the uterine margin [88].

Both intrauterine pregnancy and ectopic preg-
nancy presenting with free abdominal fluid raise 
the suspicion of hemorrhage. Such women should 
be transferred immediately to a location with full 
emergency support facilities, such as an operat-
ing room or the labor and delivery department. 
Such cases require a suitable management strat-
egy, including immediate delivery and expert 
transfusion management. The mortality rate 
associated with ectopic pregnancy is decreasing 
but still remains approximately 0.2:1000 ectopic 
pregnancies [85]. Uterine rupture is rare (inci-
dence<0.1% of deliveries) but is more likely to 
occur in women with history of prior uterine sur-
gery (e.g., cesarean delivery).

If pelvic ultrasound has detected intraperito-
neal fluid but no intrauterine pregnancy and if 
b-HCG is negative and there is no evidence of 
ectopic pregnancy, right and left upper quadrant 
views of the hepatorenal and splenorenal recesses 
should be obtained. The likelihood of detecting a 
hepatic or splenic etiology for the free peritoneal 
fluid is high with either view. Such women should 
be referred to surgical consultation immediately 
and prepared for the operating room.

13.6.2  Use of POCUS to Screen 
Pregnant Woman for Obstetric 
Diseases that Cause Gradual 
Maternal Deterioration

If these views yield no pathological findings, a 
pericardial view should be obtained in order to 
evaluate the right heart for the presence of strain 
as a sign of PE or peripartum cardiomyopathy. If 
these are identified, the patient should be referred 
to the ICU, interventional radiology, or even car-
diac surgery depending on the severity and the 
location of the emboli.

13.7  Pregnant Women: The HELLP 
Syndrome

The obstetrical complications described above 
are accompanied by acute hemodynamic decom-
pensation and are pertinent for women with a 
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known pregnancy. However, pregnant women 
may also suffer from the HELLP syndrome 
(hemolysis, elevated liver enzymes, and low 
platelets) which may lead to critical illness but 
does not necessarily manifest with hemodynamic 
decompensation (albeit it may).

HELLP syndrome occurs in 4–12% of preg-
nant women with severe preeclampsia. POCUS 
can contribute important information with regard 
to clinically significant abdominal findings in 
women with preeclampsia and the HELLP syn-
drome. HELLP syndrome can be associated with 
hepatic subcapsular or intraparenchymal hemor-
rhage, hepatic rupture, hepatic parenchymal 
infarction, placental disruption, and retroplacen-
tal hematoma. One case report even described 
diagnosis of a rare cause of hemodynamic com-
promise in a pregnant woman with HELLP; the 
woman had no external evidence of uterine hem-
orrhage, but pelvic ultrasound detected a large 
uterine hematoma [89].

Several POCUS findings are typically associ-
ated with the HELLP syndrome, and if discov-
ered incidentally in a pregnant woman, should 
lead to specific investigations to diagnose HELLP 
syndrome before its complications become life- 
threatening. These findings include a hypoechoic 
lentil posterior to the placenta, hypoechoic free 
fluid between the right kidney and the liver, or a 
unilateral cystic or abnormal area in the liver 
(reflecting intrahepatic hematoma secondary to 
hepatic rupture) [90]. Diagnosis of an intrahe-
patic hematoma during pregnancy should also 
prompt immediate further imaging as the differ-
ential diagnosis of such a finding includes ade-
noma, trauma, and rupture of an hepatic artery 
pseudoaneurysm [90].

Postpartum hemodynamic instability: 
Abdominal ultrasound is a useful diagnostic tool 
for women who are hemodynamically unstable or 
whose hematocrit is decreasing postpartum with 
no evident cause of hemorrhage [91]. Apart from 
detection of free fluid in this situation, POCUS 
may locate atypical causes of bleeding. Case 
reports of such findings include a pulsed color or 
Doppler signal within a hematoma suggesting 
rupture of a uterine artery pseudoaneurysm [92], 
new subcapsular hemorrhage from the liver, and 

spontaneous rupture of utero-ovarian vessels. 
Women suffering postpartum hemorrhage who 
have an intrauterine mass or an intra- abdominal 
effusion (indicating greater blood loss) identified 
by POCUS have poorer outcomes [93].

13.8  Conclusion

POCUS contributes relevant information for 
managing pregnant and postpartum women in 
critical condition. The efficiency of this noninva-
sive imaging technique, which involves no expo-
sure to radiation, makes it perfectly suitable for 
this population. Recent studies suggest that asso-
ciating different POCUS views and examinations 
increases its diagnostic impact. Clinicians treat-
ing this population should be encouraged to 
acquire the POCUS skills required to optimize 
treatment of this population.
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Bullet Points
• At this time, there are reports of more 

than 100 women who have been sup-
ported by ECMO during pregnancy and/
or the postpartum period.

• The indications for the use of ECMO as 
well as for ECMO configuration for the 
pregnant and postpartum population are 
similar to those of the general 
population.

• Deterioration to cardiac arrest during 
pregnancy or the peripartum period 
rarely occurs due to irreversible back-
ground disease.

• Women requiring ECMO support 
should be managed in a high-volume 
referral ECMO center if possible.

• The survival rates following ECMO 
therapy in pregnancy and the peripartum 
period are 81% for the mother and 
63.2% for the fetus.

• Positioning the pregnant woman in a left 
lateral tilt position may facilitate cannu-
lation of the femoral vessels.

• Cannula positions must be verified as in 
the non-pregnant patient despite the 
presence of the pregnancy.

• High pump flows may be required to 
maintain reasonable perfusion pressures 
in this specific population. Flow may be 
augmented by the use of a second drain-
age cannula. Induction of moderate 
hypothermia (if not contraindicated) 
and intravenous beta-blockers may also 
be useful.

• A small series of cases suggests that 
women presenting with DIC following 
massive hemorrhage may initially be 
managed without anticoagulation, pro-
vided that heparin-coated circuits and 
high flows are used.

• Severe bleeding complications are fre-
quently reported irrespective of the 
method of delivery.

• There is currently no evidence to sup-
port early induction of delivery to 
improve either maternal or neonatal out-
comes during maternal ECMO therapy.
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14.1  Introduction

Extracorporeal life support (ECLS) refers to the 
use of extracorporeal cardiopulmonary bypass in 
patients with cardiac or respiratory failure when 
other treatment options fail. The term extracorpo-
real membrane oxygenation (ECMO) is preferred 
for patients who require only respiratory support. 
However, both terms can be used interchange-
ably [1]. In this chapter, the term “ECMO” will 
be used for both ECMO and ECLS.

During the 2009 influenza A (H1N1) pan-
demic, the use of ECMO for treatment of acute 
respiratory disease (ARDS) came to the fore [2, 
3]. Technical advances, improved biocompatibil-
ity, and the publication of the CESAR trial have 
all contributed to the worldwide increase in 
ECMO use since then [4–6]. However, this 
increased ECMO use has not been accompanied 
by a parallel growth in information regarding the 
outcomes of specific patient populations. Among 
the populations still lacking clear outcome data 
are women managed with ECMO while pregnant 
or in their postpartum period. At the current time, 
the published experience with ECMO during 
pregnancy and the peripartum period remains 
limited to case reports and small cohort studies.

As pregnant women are at increased risk to 
develop severe ARDS during influenza infections 
[7–13], information regarding the use of ECMO 
is essential in this population. Furthermore, man-
agement of ECMO in the pregnant population is 
uniquely challenging. Not only are two lives at 
stake; when treating such women with ECMO, 
the clinician must balance two major risks, 
 hypercoagulability and hemorrhage, take into 
consideration the physiological changes of preg-
nancy, and deal with both fetal monitoring and 
delivery—neither of which have clear timing or 
management strategies.

14.2  Literature Review

In order to write this chapter, a comprehensive lit-
erature search of the MEDLINE database was per-
formed (January 1991–October 2017). The terms 
used were “Pregnancy” AND (“ECMO” or ECLS”) 
and “Post-Partum” AND (“ECMO or ECLS”). The 

search was limited to articles published in the 
English language. At the time, this search revealed a 
total of 100 women supported by ECMO during 
pregnancy and/or the postpartum period [14–58]. 
Statistical analysis was performed on the search 
data after extraction of individual case variables. 
The median age of the 89 women was 30  years 
(IQR, 25–33). Among them, 54 (60.7%) were preg-
nant and 35 (39.3%) were in the postpartum period. 
The gestational age of the pregnant women at the 
ECMO initiation was 29  weeks (IQR, 23–33). 
Postpartum patients had delivered a median of 
3 days (IQR, 1–3) prior to cannulation. The ECMO 
configuration was veno-venous (VV) in 65 patients 
and venoarterial (VA) in 24 patients. The indica-
tions for initiating ECMO therapy were mainly 
ARDS (73%), followed by cardiogenic shock 
(18%) and cardiopulmonary resuscitation (CPR) 
(9%). The main risk factor for ARDS was H1N1 
(73.8%). The survival rate was 81%, which is better 
than the outcomes of the overall ECMO cohort in 
the ELSO registry [59]. The survival rate of the 
fetuses of pregnant women who were supported by 
ECMO was 63.8% (Table 14.1). Since then, there 
have been additional reports.

Table 14.1 Characteristics and outcomes of pregnant 
and postpartum women who have undergone ECMO (sys-
tematic review of the literature Jan 1991-October 2017)

Variable Value
Age, years 31 (25–33)
Pregnant 57 (57%)
Gestational age, weeks 29 (23–33)
Postpartum 43 (43%)
Cannulation days after delivery 3 (1–3)
Maternal survival 81 (81%)
Fetal survival 36 (63.2%)
Venovenous ECMO 69 (69%)
  H1N1 49 (49%)
  Pneumoniae 13 (13%)
  Other 7 (7%)
Venoarterial ECMO 24 (27%)
  Cardiogenic shock 18 (18%)
  ECPR 13 (13%)
ECMO duration, days 7 (5–13)
ICU length of stay, days 24 (15,5–35)
Mechanical ventilation duration, days 18 (10–31)

Data are median (interquartile range) or number (%)
ECMO extracorporeal membrane oxygenation, ICU 
intensive care unit, ECPR early cardio pulmonary 
resuscitation
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There may be overestimation of survival in the 
pregnant and postpartum population due to publi-
cation bias stemming from the reporting of mostly 
positive outcomes. However, such favorable out-
comes can also be explained by the young age of 
this patient population, by the fact that many of 
them were suffering from H1N1 which has been 
associated with better ECMO outcomes [60] and 
by an earlier ECMO initiation after a median 
duration of mechanical ventilation of 1 day [61].

14.3  Technical Aspects of ECMO 
Management

14.3.1  ECMO Circuit

In a typical ECMO circuit, venous blood is 
drained from the right atrium via a large cannula 

through a major vein (usually femoral). A cen-
trifugal pump revolving at the desired rate per 
minute generates blood flow by vortex effect, 
thereby routing it through the membrane lung. 
This allows diffusion of oxygen from the blender 
and extracorporeal CO2 removal from the venous 
blood of the patient. Blood oxygenated to 100% 
saturation and warmed to a preset temperature is 
then drawn back into the circulation through 
either a major artery (usually femoral) 
(VA-ECMO) or a vein (jugular or femoral) 
(VV-ECMO) (Fig. 14.1) [62].

14.3.2  Pump

Most ECMO centers have abandoned roller 
pumps (which often cause hemolysis and may 
damage the tubing in long-term use) in favor of 

a b c

Fig. 14.1 Extra corporeal membrane oxygenation 
(ECMO) configurations: (a) veno-arterial ECMO with 
femoral vein for drainage and femoral artery for perfu-
sion; (b) veno-venous ECMO with femoral vein for drain-
age and right internal jugular vein for infusion; (c) 

veno-venous ECMO where both femoral veins are used, 
one for drainage and the other for perfusion. (Adapted 
from Makdisi G, Wang I-W. Extra Corporeal Membrane 
Oxygenation (ECMO) review of a lifesaving technology. 
J Thorac Dis. 2015 Jul;7(7):E166–176.)
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centrifugal pumps. Centrifugal pumps use mag-
netic impellers to generate blood flow while min-
imizing blood stasis and hemolysis [63]. An 
additional benefit of centrifugal pumps is the low 
fluid volume required for priming, which 
decreases the need for transfusion. The ECMO 
blood flow, which is determined by pump’s revo-
lutions per minute (RPM), establishes the degree 
of extracorporeal oxygenation and CO2 removal.

14.3.3  Oxygenator or 
Membrane Lung

The membrane lung is responsible for gas 
exchange. The lung is comprised of hollow fiber 
membranes and compressed micropores which 
allow diffusion of O2 and CO2. The diffusion 
coefficient of CO2 is 20 times greater than that of 
O2. This discrepancy requires that diffusion of O2 
and removal of CO2 be controlled by two differ-
ent mechanisms. Oxygen tension is controlled by 
a gas blender which adjusts the fraction of oxy-
gen delivered by the extracorporeal circuit (FECO2 
from 21 to 100%). CO2 removal is adjusted by 
the rate of sweep gas flow. Sweep gas is intro-
duced into the gas phase of the membrane, and its 
flow is controlled by flow meters (L/min).

14.3.4  Cannulation

Vascular access is usually obtained percutane-
ously. It is recommended to perform cannulations 
under ultrasound guidance. In very low-flow or 
no-flow states, Doppler may be noninformative. 
Therefore, in particularly difficult cases (e.g., 
cardiac arrest), direct visualization of the vessels 
by cut-down may be necessary. Cannulations are 
performed using the Seldinger technique [64, 
65]. Because potentially lethal complications 
may occur during cannulation (e.g., major vessel 
dissection or perforation), a vascular surgeon 
should always be available [66].

Adult-size cannulas range from 23 to 29F for 
venous drainage and from 21 to 23F (VV) and 
from 17 to 19F (VA) for blood reinjection [67]. 
Blood flow, and therefore oxygenation, is highly 

dependent on the diameter of the drainage cannula 
[68]. The presence of the fetus causes an increase 
in intra-abdominal pressure during pregnancy. 
Ngatchou et al. [41] have also shown that aortoca-
val compression may occur in the supine position 
during late pregnancy. The decrease in blood flow 
resulting from these two issues may lead to diffi-
culties in cannulating the femoral vein and to low-
flow drainage. Positioning the pregnant woman in 
a left lateral tilt position may alleviate inferior vena 
cava compression, thereby facilitating cannulation 
of the femoral vessels. One paper describing mater-
nal ECMO suggested that insertion of a second 
drainage cannula may augment flow, thus estab-
lishing adequate overall ECMO blood flow [49].

Even in the presence of pregnancy, the posi-
tion of the cannula tip must always be verified 
either by US or X-ray (with minimal penetration 
and specific protection of the pelvis). Drainage 
cannulas placed via the femoral vein should be 
located 5–10 cm from the junction of the inferior 
vena cava and the right atrium. With regard to 
return lines, when the return cannula is inserted 
via the right internal jugular, the tip of the line 
should be located at the junction between the 
superior vena cava and the right atrium. When the 
return line is inserted through the femoral vein, 
the tip of the line should be located in the lower 
part of the right atrium. A minimal distance 
≥10 cm between the tips of the cannulas usually 
prevents excessive recirculation in VV 
ECMO. This is true of both femoral-jugular and 
femoral-femoral configurations [69]. In VA 
ECMO, the tip of the return line in the femoral 
artery should be positioned in the middle part of 
the descending aorta. As the cannulated limb may 
suffer downstream ischemia due to obstruction of 
the common femoral artery, an additional reper-
fusion line is mandated through cannulation of 
the superficial femoral artery [70, 71].

14.4  Which Configuration 
for Which Patients?

The indications for ECMO configuration in the 
general population hold true for the pregnant 
and postpartum population as well. The major-
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ity of patients with acute respiratory failure 
require only pulmonary support. For such 
patients, VV ECMO is the preferred configura-
tion. During ECMO support, FiO2 should be 
decreased to the minimum level required to 
ensure that the SpO2 remains above 92%. At the 
same time, mechanical ventilation should be 
decreased to the minimum required to prevent 
lung collapse in order to allow the lungs to heal 
from the injurious effects of both mechanical 
stress and strain and high oxygen concentra-
tions [72]. Ventilator-induced lung injuries 
(VILI) may exacerbate the release of inflamma-
tory mediators and worsen the endothelial- 
epithelial barrier dysfunction and edema of the 
injured lung [73].

The femoral-jugular configuration offers the 
best compromise between high ECMO flow to 
RPM ratio and maximal oxygen delivery by lim-
iting recirculation [74]. The femoro-femoral con-
figuration is less effective [75] and should 
therefore be reserved for emergency situations 
which require rapid cannulation [69].

Acute cor pulmonale can occur in up to 50% 
of patients with severe ARDS (defined as a 
PaO2/FiO2 ratio of <100  mmHg) [76]. 
Hypercapnia is also a potent pulmonary vaso-
constrictor and can further increase right ven-
tricular afterload [77]. VV ECMO offers gas 
exchange without direct hemodynamic support. 
However, VV ECMO is accompanied by a 
decrease in ventilator support and an improve-
ment in gas exchange, both of which may reduce 
RV afterload. Therefore, VA ECMO should not 
be considered for acute cor pulmonale occurring 
during ARDS [78].

VV ECMO does not provide hemodynamic 
support and therefore is not indicated in case of 
acute circulatory failure (e.g., refractory cardio-
genic shock, ongoing cardiac arrest). VA ECMO 
is mandated in such cases. Drainage of blood 
from the right atrium decreases right ventricular 
afterload. Organ perfusion is ensured by arterial 
line through retrograde aortic perfusion in case of 
peripheral VA ECMO. In case of severe left ven-
tricular failure with pulseless contraction, mean 
arterial pressure is ensured at 100% by ECMO 

flow targeting at least 65 mmHg. The differences 
between VA ECMO and VV ECMO are summa-
rized in Table 14.2.

14.5  ECMO Indications 
and Contraindications

The indication for ECMO use should always be 
discussed on a case-by-case basis, taking into 
account the benefit-risk ratio of the individual 
situation. ECMO is an invasive support tool that 
carries inherent risks and should therefore be 
considered only after failure of standard man-
agement, including the use of protective ventila-
tion strategies and hemodynamic optimization 
with monitoring. More importantly, ECMO is a 
bridging tool that provides time to achieve recov-
ery but does not cure the cause of either respira-
tory or cardiac failure. Therefore, having a 
reversible cause of pulmonary or cardiac dys-
function is an indispensable prerequisite for the 
use of ECMO.

Table 14.2 Differences between venoarterial and veno-
venous extracorporeal membrane oxygenation

VA-ECMO VV-ECMO
Left 
ventricle 
effect

Decreased 
preload

None

Increased 
afterload

Right 
ventricle 
effect

Decreased 
preload

Indirect effecta

Decreased 
afterload

Perfusion 
rate

Lower perfusion 
rates are needed

Higher perfusion 
rates are needed

Pulmonary 
blood flow

Bypass 
pulmonary 
circulation

Maintains 
pulmonary blood 
flow

ECMO 
circuit

Connected in 
parallel to the 
heart and lungs

Connected in 
series to the heart 
and lungs

VA venoarterial, VV venovenous, ECMO extracorporeal 
membrane oxygenation
aMay have indirect effect by reversing hypoxemic pulmo-
nary vasoconstriction, decreasing hypercapnia and limit-
ing positive intrathoracic pressure
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14.5.1  Contraindications

There is no absolute contraindication to the use 
of ECMO.  However, most ECMO circuits are 
heparin-coated. In the presence of known or sus-
pected heparin-induced thrombocytopenia, the 
use of such a circuit is contraindicated, and an 
alternative should be sought (see “Bleeding 
Complications” below).

The risk-benefit ratio of ECMO should be 
considered unfavorable in cases of coma follow-
ing cardiac arrest, hemorrhagic intracranial 
lesions, prolonged mechanical ventilation, and 
multi-organ failure [78].

14.5.2  Indications

The indications for VV ECMO for ARDS, VA 
ECMO for cardiogenic shock, and VA ECMO for 
ECLS will be discussed separately as they are all 
distinct.

14.5.2.1  VV ECMO for ARDS
As per the ELSO guidelines [59], VV ECMO 
should be considered in cases of:

 – Hypoxic respiratory failure when the risk of 
mortality is 50% or greater. VV ECMO is 

indicated when the risk of mortality is 80% or 
greater (Table 14.3) despite the use of protec-
tive ventilation strategies.

 – CO2 retention on mechanical ventilation 
despite high Pplat (>30 cm H2O).

 – Severe air leak syndromes.

14.5.2.2  VA ECMO for Cardiogenic 
Failure

Women with cardiogenic shock (cardiac index 
<2  L/min/m2 with systolic blood pressure 
<90  mmHg) and inadequate tissue perfusion 
(persistent lactic acidosis despite adequate vol-
ume resuscitation, high-dose inotropes and vaso-
pressors) are eligible for VA ECMO [59]. In our 
literature review, main causes of maternal cardio-
genic failure were peripartum cardiomyopathy, 
embolism (pulmonary or fluid amniotic embo-
lism), and septic shock. Regardless of indication, 
the use of VA ECMO should be envisaged early 
in the course of cardiogenic shock in order to 
avoid multiple organ failure.

14.5.2.3  VA ECMO for Refractory 
Cardiac Arrest

ECMO should be considered for women with car-
diac arrest if they have a reasonable chance of 
recovery. Women who deteriorate to cardiac arrest 
during pregnancy or the peripartum period rarely 

Table 14.3 Mortality risk in hypoxemic respiratory failure

50% mortality risk is associated with: PaO2/FiO2 < 150 on FiO2 > 90%
And/or Murray score 2–3a

And/or AOl score 60b

And/or APSS scorec

80% mortality risk is associated with: PaO2/FiO2 < 100 on FiO2 > 90%
And/or Murray score 3–4a

And/or A01 > 80b

And/or APSS 8c

AOI age-adjusted oxygenation index, APPS Age, PaO2/FiO2, and Plateau Pressure Score
aMurray JF, Matthay MA, Luce JM, Flick MR: An expanded definition of the adult respiratory distress syndrome. 
American Review of Respiratory Disease 1988, 138:720–723
bDechert RE, Park PK, Barlett RH: Evaluation of the oxygenation index in adult respiratory failure. J Trauma Acute 
Care Surg 2014; 76:469–473
cVillar J, Ambrós A, Soler JA, et al; Stratification and Outcome of Acute Respiratory Distress Syndrome (STANDARDS) 
Network: Age, PaO2/FiO2, and Plateau Pressure Score: A Proposal for a Simple Outcome Score in Patients with the 
Acute Respiratory Distress Syndrome. Crit Care Med 2016; 44:1361–1369
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reach this condition due to irreversible background 
disease [52, 58]. Therefore, two pertinent issues 
impact the decision to initiate ECLS in this popula-
tion: the duration of no-flow time (the time in full 
arrest before initiation of chest compression) and 
the duration of low-flow time (the duration of full 
arrest with chest compression). In order to deter-
mine no-flow time, cardiac arrest must be wit-
nessed. Therefore, cases with unwitnessed arrest 
are automatically excluded from ECMO treatment. 
Figure 14.2 details the decision support algorithm 
for selecting patients in cardiac arrest that may ben-
efit from ECMO treatment as proposed by the 
French medical scientific societies under the aus-
pices of the French Ministry of Health [79].

14.6  Referral ECMO Centers 
and Mobile ECMO Teams

ECMO support is both technically and conceptu-
ally challenging. It therefore requires provision 
of care by an organized and experienced medical 
team. ECMO during pregnancy requires multi-
disciplinary management, involving intensivists, 
surgeons (vascular, cardiac, obstetric), cardiolo-
gists, neonatologists (once the age of neonatal 
viability has been reached), and a specialized 
ECMO nursing team available 24/7. A recent 
international study demonstrated that higher 
annual ECMO volume is associated with lower 

hospital mortality [80]. Women requiring ECMO 
support are therefore best referred to a high- 
volume referral ECMO center, if such exists.

Following the 2009 H1N1 influenza pandemic, 
mobile ECMO units were developed to transport 
patients on ECMO to an ECMO referral center [58, 
81, 82]. A recent review of the literature has shown 
the safety and efficacy of such transfers [83]. An 
ECMO referral center, which is usually regional, 
may establish a protocol for ECMO patient selec-
tion, transfers, and admissions. This may include a 
mobile unit capable of initiating ECMO in the 
referring hospitals themselves prior to patient 
transfer. The mobile ECMO team must include at 
least one cardiac surgeon, one perfusionist, the pre-
hospital medical service team, and intensivists 
from the referral ECMO center. In case of refrac-
tory cardiopulmonary failure, physicians from var-
ious institutions could then directly contact the 
ECMO referral center. Once approved for ECMO 
care, patients should undergo initial stabilization 
by the mobile ECMO transport unit that will also 
undertake their transfer to the ECMO center [78].

14.7  ECMO Management

14.7.1  Anticoagulation

Most ECMO centers use heparin-coated circuits. 
This provides better hemocompatibility and 

Possible indication

Uncertainty

No indication

Cardiac drug Intoxication 
Hypothermia (≤32ºC)

Refractory CA

Comorbidities

> 5 min or no witness

Rhythm
assessment

Asystole
Agonal rhythm

Assessment of no-flow
duration

Assessment of low-flow
duration

0-5 min

VT, TP, VF

ETCO2 ≥ 10 mmHg
AND Low-flow ≤ 100 min

ETCO2 < 10 mmHg
OR
 Low-flow > 100 min

Singns of life
per-CPR

CA = cardiac arrest

Fig. 14.2 French 
Ministry of Health 
guideline indications for 
the use of extracorporeal 
life support for 
refractory cardiac arrest. 
(Adapted from 
Guidelines for 
Indications for the use of 
extracorporeal life 
support for refractory 
cardiac arrest)
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reduces the required level of anticoagulation, 
thereby theoretically reducing the risk of bleed-
ing. A small series of cases suggests that women 
presenting with DIC following massive hemor-
rhage may initially be managed without antico-
agulation (with no undue side effects), provided 
that heparin-coated circuits and high flows are 
used [58]. However, such cases require close fol-
low- up of both coagulation profile and complete 
blood counts to determine the optimal time for 
initiating anticoagulant therapy. Even VA ECMO 
is feasible in the absence of anticoagulation [84]. 
Once anticoagulation is provided, the targeted 
PTT or anti-Xa levels depend on the indication 
for ECMO support. Sharma et al. describe the use 
of similar anticoagulation targets for VV ECMO 
and VA ECMO (0.2–0.5  IU/mL) in a series of 
cases involving women with coagulation disor-
ders during pregnancy. Despite this “unortho-
dox” approach, there were no thrombotic or 
major bleeding complications [52]. However, 
decisions regarding ECMO initiation in women 
with suspected amniotic fluid embolism require 
careful consideration; one case reported oxygen-
ator blockage by amniotic fluid debris, ultimately 
leading to maternal death [58].

14.7.2  ECMO Settings

At this time, there is no data suggesting that preg-
nant women differ from other patients with 
regard to the amount of fluids required at the 
onset of ECMO therapy. Nor is there evidence 
that their transfusion requirements differ from 
those of other patients during ECMO therapy. 
The ideal pump speed to mitigate the risks of 
hemolysis versus thrombotic complications is 
3000–3500 RPM [78]. In practice, the optimal 
setting will depend on the type of pump, the 
inflow cannula (position, diameter), and the vol-
ume status. Clinicians should target the best ratio 
between the highest ECMO flow achieved for the 
minimal pump speed rotation. However, pregnant 
women at term have a significant increase in car-
diac output and are relatively anemic. One case 
series suggested that high pump flows may be 
required to maintain reasonable perfusion pres-

sures in this specific population [60]. Agerstrand 
et al. describe median pump flows of 3.9 L/min 
(IQR 3.2 and 4.8 L/min) 24 h after ECMO initia-
tion [55]. Biderman et al. describe median pump 
flows of 5.40 L/min on VA ECMO and 4.10 L/
min on VV ECMO [58]. In the latter series, mild 
hypothermia and beta-blockers were also used to 
decrease the flow rates required [58].

14.7.2.1  VV ECMO
During VV ECMO, blood flow should be main-
tained at >60% of the cardiac output in order to 
obtain a minimal arterial oxygen saturation of 
90%. During ECMO, dilution techniques accord-
ing to the Stewart-Hamilton principle may be 
inaccurate (pulmonary arterial catheter, pulse 
index cardiac contour output) and cardiac output 
measurements by Doppler technique may be pre-
ferred. The oxygen fraction delivered by ECMO 
should be set at 100%. Arterial target arterial 
oxygen saturation >92% should allow adequate 
maternal and fetal oxygenation. Agerstrand et al. 
describe a median sweep gas flow of 3.8 L/min 
(3.0–5.3), which is the same as in the general 
population [55]. As there is currently no evidence 
to support adjustment to the somewhat lower CO2 
levels of pregnancy, sweep gas flow should be set 
to provide normocapnia, thereby maintaining 
normal blood pH values [85–87].

14.7.2.2  VA ECMO
In case of circulatory support, pump flows must 
suffice to ensure organ perfusion. Flow should 
therefore be started at 4–5 L/min and then titrated 
to maintain a mean blood pressure greater than 
65 mmHg [59].

14.8  Respiratory Management

14.8.1  Ventilator Setting for ARDS

During ECMO treatment for ARDS, the patient’s 
oxygenation and CO2 elimination are deter-
mined by the ECMO settings. Mechanical venti-
lation is intended only to prevent pulmonary 
complications while allowing the lungs to recu-
perate. Mechanical ventilation should therefore 
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be adjusted to protective ventilation settings. 
The positive end expiratory pressure should be 
maintained relatively high, between 10 and 
15 cm H2O, to limit atelectrauma [88–90]. The 
tidal volume used should be ultra-protective, 
below 4  mL/kg predicted body weight [91]. 
Airway pressures should be similarly reduced, 
and plateau pressure should be set to less than 
25 cm H2O [92] and the driving pressure to less 
than 15 m H2O [93]. The respiratory rate should 
be relatively low (6–10 breaths/min) in order to 
limit alveolar strain [94, 95]. FiO2 should pro-
gressively be reduced to below 60% while main-
taining an arterial oxygen saturation greater 
than 92%. High inspired oxygen levels should 
be avoided in order to prevent the occurrence of 
absorption atelectasis [96] and toxicity to the 
alveolar epithelium.

14.8.2  Hypoxemia During VV ECMO

Recirculation should always be suspected when 
hypoxemia persists despite the establishment of 
VV ECMO therapy. Recirculation is inevitable 
during VV ECMO; however, the relative pro-
portion of blood undergoing recirculation can 
range from less than 10% to more than 50% 
[97]. Clinically relevant recirculation is most 
often observed when the removal and return 
cannulas have been placed too close to each 
other. In such cases, the cannulae should be 
repositioned.

Intractable hypoxemia can also occur notwith-
standing cannula placement during treatment 
with VV ECMO.  In the CESAR trial, such 
hypoxemia lead to death in 9% of the cases [5]. 
Prone positioning has been shown to decrease 
mortality in severe ARDS when instituted in a 
timely and correct manner [98]. Prone position-
ing may also improve oxygenation in patients 
developing hypoxemia despite treatment with 
VV ECMO [99]. Several authors have reported 
that prone positioning may be feasible during 
pregnancy [100, 101]. However, this treatment 
option has not been properly evaluated for use in 
ARDS in pregnant women and should still be 
considered experimental at best.

The possible causes of hypoxemia during VV 
ECMO and their respective treatment recommen-
dations are summarized in Table 14.4.

14.8.3  Hypoxemia During VA ECMO

As myocardial function is gradually restored, the 
blood ejected from the left ventricle undergoes 
mixing in the aorta with the retrograde blood 
flow from the ECMO.  If lung function is still 
impaired, mixed (and therefore poorly oxygen-
ated) blood is then directed to the supra-aortic 
arteries. This leads to differential hypoxemia of 
the upper body and the coronary arteries. This 
situation, known as “North-South syndrome” or 
“Harlequin syndrome,” is diagnosed when PaO2 
sampled from the right radial artery is signifi-
cantly lower than that sampled from the left 
radial artery or leg arteries. During VV ECMO, 
the right radial artery should always be cannu-
lated for the purpose of arterial blood gas moni-
toring. If North-South syndrome occurs, 
conversion to VV ECMO may be required [59, 

Table 14.4 Causes of hypoxemia and recommendations 
for treating hypoxemia during venovenous extracorporeal 
membrane oxygenation

Causes Recommendations
Insufficient preload 
(circuit line shaking)

Correct hypovolemia

Mismatched cardiac 
output and pump flow rate

Increase pump flow rate 
(≥60% of the theoretical 
cardiac output)
Decrease cardiac output 
if possible by 
hypothermia and/or beta 
blocade

Recirculation Decrease pump flow 
rate/Change cannula 
position

Optimise O2 transport Transfusion (Hb > 10/dL 
if SaO2 < 88%)

Oygenator failure Measure post- 
oxygenator blood gases

Inhibition of hypoxic 
pulmonary 
vasoconstriction and 
worsening of the 
pulmonary shunt

Measure pre, post- 
oxygenator and patient 
blood gases

Worsening of the pulmonary disease
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78] provided that cardiac function has been suf-
ficiently improved. If this is yet the case, VAV 
configuration may be a valuable option.

14.9  Weaning from ECMO

The decision to initiate the process of weaning 
from ECMO should be made as soon as the cause 
of lung and/or cardiac disease begins to resolve. 
Despite technical advances, ECMO remains 
associated with many severe complications.

For VV ECMO, a weaning trial should be con-
sidered after recovery of lung function as assessed 
by imaging, respiratory system compliance mea-
surements, and blood gas analysis. During VV 
ECMO trial off, blood flow should be maintained, 
sweep gas stopped, and FECO2 decreased to 21%. 
If gas exchanges are adequate with acceptable 
ventilator settings for several hours, the patient is 
ready for cannula removal.

For VA ECMO, a weaning trial could be under-
taken when the patient is considered hemodynami-
cally stable, i.e., with mean blood pressures 
>60 mmHg, a pulsatile arterial waveform, and no or 
low-dose inotropes or vasopressors [59]. Daily 
Doppler echocardiography parameter measure-
ments on minimal ECMO support are an important 
adjunct to clinical assessment, as the measured val-
ues are good predictors of weaning success [102]. A 
trial of ECMO withdrawal during VA access requires 
clamping of the drainage and infusion bloodlines 
and circulating the  circuit slowly through the AV 
bridge. Anticoagulation is continued, and the blood-
lines are unclamped periodically to avoid stagnation. 
Cardiac function is assessed by echography. If acute 
cor pulmonale and/or major left ventricular dysfunc-
tion do not occur, decannulation can be performed.

14.10  Delivery and Bleeding 
Complications

14.10.1  Bleeding Complications

Bleeding is the most frequent complication asso-
ciated with ECMO therapy during pregnancy and 
the postpartum period. Massive hemorrhage is 

frequently associated with disseminated intravas-
cular coagulation (DIC); both may be attributed 
to the pregnancy and its complications (e.g., peri-
partum hemorrhage, amniotic fluid embolism), to 
the cause of cardiac or pulmonary failure that had 
initially led to ECMO therapy (e.g., severe sep-
sis, major trauma), or to the interaction with the 
ECMO circuit. In fact, DIC is more frequent dur-
ing pregnancy and the postpartum period than in 
the general population, as reported in the ELSO 
registry [3, 32].

Major bleeding has been reported in several 
case reports describing ECMO therapy in preg-
nant women [16, 26, 32, 40, 49, 50, 52, 55]. The 
bleeding sites were intracranial or in multiple 
sites in cases with fatal hemorrhage. Other bleed-
ing problems included hemothorax, upper gastro-
intestinal hemorrhage, nonfatal fetal intracranial 
hemorrhage, vaginal bleeding, and bleeding from 
the cannulation and tracheostomy sites.

In a retrospective study, Nair et  al. [32] 
reported that 8 of their 12 pregnant/postpartum 
women (67%) suffered from bleeding complica-
tions (requiring transfusion) during ECMO sup-
port. This population required a median red blood 
packed volume transfusion volume of 3500 mL, 
and bleeding was reported as the leading cause of 
death. However, the authors found no difference 
in the incidence of severe bleeding between preg-
nant/postpartum women and other women of 
childbearing age who were treated with ECMO 
(67% vs. 50%, p = 0.45). Furthermore, in another 
cohort study, Agerstrand et  al. [55] reported a 
much lower rate of severe hemorrhage (33%) in 
pregnant and postpartum women. The potential 
impact of hemorrhage on maternal and fetal sur-
vival therefore remains controversial and should 
not affect the decision to initiate ECMO therapy 
in pregnant and postpartum women.

14.10.2  Delivery

There is currently no evidence to support early 
induction of delivery to improve either maternal 
or neonatal outcomes during maternal ECMO 
therapy. Once the threshold of potential neonatal 
viability has been reached, fetal monitoring 
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should preferably be performed twice daily. 
Ideally, the pregnancy should be carried to term 
or until the mother has recovered cardiac/pulmo-
nary function. We found 19 cases in the literature 
describing a wait-and-see approach [15–17, 19, 
25–27, 31, 33, 35, 38, 40, 42, 52, 54, 55] with 
relatively good outcomes. Fifteen mothers 
(78.9%) and 12 fetuses (63.2%) survived.

Regardless, delivery should be anticipated, 
and the delivery plan should be outlined together 
with the intensive care, obstetric, and neonatal 
teams. Preplanning and shared goals are a prereq-
uisite to ensure that adequate support is forth-
coming should the criteria for fetal extraction be 
met, even in an emergency. Fetal extraction could 
theoretically improve maternal condition by 
improving diaphragmatic excursion, thereby 
increasing functional residual capacity. On the 
other hand, early induction of delivery or surgical 
cesarean delivery during ECMO therapy may be 
accompanied by severe bleeding. Agerstrand 
et  al. [55] reported development of DIC in six 
cases and intra-abdominal hemorrhage and 
abdominal compartment syndrome several hours 
after delivery in four cases. It is therefore proba-
bly most prudent to allow both pregnancy and 
delivery to progress without intervention unless 
maternal condition continues to deteriorate 
irretrievably.

Should fetal distress occur during ECMO 
therapy, cesarean delivery may be performed at 
the bedside. Any decision regarding the location 
of surgery should take into consideration the 
capabilities of the treatment site alternatives and 
should prioritize the well-being of the mother. 
Maternal transport should not be undertaken if it 
would incur more risk to the mother than per-
forming surgery on location. Conversely, surgery 
should not be undertaken in the ICU if the loca-
tion is ill-equipped to treat significant hemor-
rhage. As the pregnant woman is probably 
receiving full anticoagulant therapy, the multidis-
ciplinary team should anticipate peri- and post-
partum hemorrhage (PPH). In the case of 
hemorrhage, hemostatic measures may rapidly 
be required (e.g., Bakri balloon tamponade) and 
should be sourced quickly. Ideally, maternal 
coagulation should be optimized, and anticoagu-

lation may be interrupted as required. In addition, 
transfusion of platelets and fibrinogen may be 
needed (see Chap. 6 for further details on PPH 
management). There are several reports of 
women undergoing delivery during ECMO ther-
apy. These reports note that these women have a 
high risk of bleeding complications if DIC is 
present prior to delivery. At the same time, they 
also describe good maternal and fetal outcomes 
[18, 20, 34, 52, 57].

In conclusion, ECMO can be used success-
fully during pregnancy and the postpartum period 
by a multidisciplinary and experienced team, 
which can be provided only by a referral center. 
We recommend early consultation with an 
ECMO referral center for pregnant patients with 
severe cardiorespiratory compromise to improve 
the chance of maternal and fetal survival.
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15.1  Physiological Changes 
in the Immune System 
in Pregnancy

Pregnancy is a unique immunological state. The 
common perception that normal pregnancy is a 
state of immune compromise (in order to avoid 
“rejecting” the fetus) is an oversimplification. In 
reality, the changes are more subtle, but several 
important changes occur in the maternal immune 
response during pregnancy.

In early pregnancy, changes occur in the local 
immune response within the uterus. Macrophages, 
dendritic cells, neutrophils and natural killer 
(NK) cells participate in a coordinated, controlled 
inflammatory response, which is essential for 
implantation and progression of the pregnancy 
[1]. Therefore, early pregnancy is actually a pro- 
inflammatory phase, mediated by an active 
(rather than a suppressed) innate immune system. 

B. Narayan 
NHS Health Education England, London, UK 

C. Nelson-Piercy (*) 
Guy’s and St Thomas’ NHS Foundation Trust, 
London, UK
e-mail: catherine.nelson-piercy@gstt.nhs.uk

15

Bullet Points
• Pregnancy is a unique immunological 

state, during which there are pro- 
inflammatory changes as well as 
increased immune tolerance. A shift 
occurs from a Th1- towards a Th2- 
predominant immunological profile.

• Certain infections cause more severe 
disease in pregnancy, resulting in higher 
mortality and morbidity.

• The immunological changes also influ-
ence the activity of acute and chronic 
autoimmune diseases, which are a rela-
tively common cause of morbidity 
before, during and after pregnancy. A 
significant proportion of pregnant 
women presenting to hospital with these 
conditions require critical care admis-
sion. It is essential that intensive care 
physicians are able to recognise and 
manage these patients appropriately.

• Identifying autoimmune flares may be 
more challenging during pregnancy, as 
some of the symptoms and signs may 
overlap with normal pregnancy and/or 
pre-eclampsia.

• Many immunosuppressive and immu-
nomodulatory treatments can be used 
during pregnancy and should not be 
withheld if clinically indicated.
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The innate immune response also provides a 
defence against infection. The inflammatory state 
may (in combination with hormonal and other 
factors) contribute to systemic illness such as 
nausea and vomiting of pregnancy [1].

The adaptive immune system undergoes more 
complex changes, including diminished cyto-
toxic responses and enhanced regulatory 
responses. As part of the normal adaptive immune 
response, the Th1 subgroup of CD4 T-cells 
express cytokines such as IFN-γ and TNF-α and 
play a key role in cytotoxic immune responses. 
Overactivity of the Th1 system may play a role in 
the development of certain autoimmune diseases 
[2]. The Th2 subgroup express cytokines such as 
IL-4, IL-5 and IL-13 and are involved with 
humoral (antibody) responses and protection 
against some parasites. Overactivity of the Th2 
system is thought to be implicated in the patho-
genesis of allergies and atopy [3].

During normal pregnancy, there is a physiolog-
ical shift in the maternal T-cell response towards a 
Th2 state. This finding was initially reported in 
several studies using mouse models of pregnancy 
and later confirmed in human studies [4].

In addition, a subset of CD4 T-cells, known as 
T-reg cells, are important regulators of the mater-
nal immune response and tolerance to the fetus 
[5]. These cells produce IL10 and TGFβ, thereby 
suppressing local immunity [6]. During preg-
nancy, the population of T-reg cells increases [7]. 
However, when exposed to inflammatory stimuli 
(such as influenza or listeria), T-reg cells can rap-
idly differentiate into an additional class known 
as Th17 cells, which are highly inflammatory and 
associated with preterm labour and infection- 
related miscarriage [5]. In mouse models of preg-
nancy, T-reg depletion results in rejection of the 
fetus [8]. Women with recurrent miscarriage [7] 
or pre-eclampsia [9, 10] have lower numbers of 
decidual and circulating T-reg cells, compared to 
healthy human pregnant controls.

The changes in the innate and adaptive immune 
systems are driven by a number of cytokine and 
endocrine factors. Prostaglandin E (PGE2) and 
TGFβ enhance the proliferation and function of 
T-reg cells [11]. High levels of progesterone and 
oestrogen during pregnancy modulate the immune 
response by suppressing Th1 and Th17 responses 
and promoting Th2 and T-reg responses [12, 13].

As previously described, the first stage of 
pregnancy is pro-inflammatory, allowing implan-
tation and placentation, as well as protection 
against infection during this crucial period. The 
subsequent shift towards an immunologically tol-
erant, anti-inflammatory Th2- predominant state 
allows rapid growth and development of the fetus 
in the second trimester of pregnancy [14].

Finally, in the third trimester, there is a return 
to a more pro-inflammatory state. An influx of 
immune cells into the myometrium and 
increased production of pro-inflammatory cyto-
kines culminate in contraction of the uterus and 
delivery of the baby [14, 15]. This may be one 
of the reasons maternal infection is associated 
with preterm labour; amniotic fluid TNFα and 
IL-1 levels are significantly increased in women 
with preterm labour and infection [15].

15.2  Clinical Implications 
of the Altered Immune 
Response in Pregnancy

In addition to enabling implantation, tolerance, 
growth and delivery of the fetus, the physiological 
changes occurring in the immune system during 
pregnancy have significant clinical implications 
related to infection and autoimmune disease.

15.2.1  Response to Infection

Pregnant women do not appear to have increased 
susceptibility to most infections (although there 
are a few notable exceptions including listeria 
and falciparum malaria—discussed below) [16]. 
However, with certain infections, there is an 
increased risk of severe disease resulting in a 
higher rate of mortality and morbidity than the 
general population [16]. In some (but not all) 
cases, this is related to the altered systemic 
immune status of the mother.

Influenza is an important cause of maternal 
morbidity and mortality. The 2009 H1N1 pan-
demic strain was particularly virulent, and 
pregnant women were at much higher risk of 
developing severe, complicated infections and 
respiratory failure. In the USA, there were 280 
intensive care unit admissions and 56 deaths 
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among the 788 reported cases of influenza in 
pregnant women in the first 8  months of the 
pandemic. Initial data do not suggest that preg-
nant women are more susceptible to infection 
with SARS-CoV-2 (the coronavirus responsi-
ble for the COVID-19 pandemic), although 
severe disease leading to hospital admission is 
more common in the third trimester. Women 
over the age of 35 and those with obesity, 
hypertension and diabetes are at increased risk. 
In a nationwide study in the UK, 9% of preg-
nant women admitted required respiratory sup-
port, which is similar to the non-pregnant 
population [17, 18].

The reasons for this increased severity in preg-
nancy are not completely understood. The Th2- 
predominant T-cell profile may reduce viral 
clearance [19]. Animal models suggest that when 
the host is infected with influenza virus, the 
altered immunological state of pregnancy is asso-
ciated with higher levels of pro-inflammatory 
mediators (IL-6, IL-1α, G-CSF and COX-2) in 
the lung tissue [20].

Hepatitis E usually causes a mild self-limit-
ing illness in the nonpregnant population. 
However, it can cause severe disease in preg-
nancy, with a significant proportion progressing 
to fulminant hepatitis with a mortality rate 
varying from 30 to 100% [21]. The mechanisms 
are still unclear but may involve the human 
transcription factor NF-κB, which plays a key 
role in regulating the immune response to infec-
tion [22]. NF-κB is downregulated during nor-
mal pregnancy [23]. Animal experiments in 
mice studying the p65 component of NF-κB 
have shown its important role in liver develop-
ment and regeneration and that mice lacking 
p65 develop liver degeneration due to wide-
spread apoptosis [21]. This led to human stud-
ies, which have found that the activity of the 
p65 component of NF-κB was greatly dimin-
ished in peripheral blood mononuclear cells 
and post-mortem liver biopsy specimens in 
pregnant women (compared to the nonpregnant 
population) with fulminant hepatic failure 
(FHF) [24]. This suggests that the absence or 
reduced activity of NF-κB p65 is associated 
with severe liver damage in pregnant women 
that develop FHF.

Falciparum malaria may cause particularly 
severe disease in pregnancy because the parasites 
sequester in the placenta, causing inflammation and 
necrosis. Pregnant women are also more susceptible 
to hypoglycaemia [25, 26]. Acute infection appears 
to be more frequent in pregnant women [27]. 
Various explanations have been put forward, such 
as increased attractiveness to mosquitos [28] and 
impaired ability to limit parasite replication [27].

Acquired immunity against malaria is also 
diminished in women during their first preg-
nancy; they are susceptible to severe P. falci-
parum disease due to placental malaria causing a 
lack of immunity to placenta-specific cytoadher-
ence proteins [29]. In subsequent pregnancies, 
immunity against placental-adherent strains may 
develop, reducing the risk of adverse effects of 
malaria on the mother and fetus.

Certain other infections are notable for the 
higher rate of mortality and morbidity in pregnancy 
but probably for reasons unrelated to the altered 
systemic immune status of the mother. Listeria 
monocytogenes has a particular predilection for the 
placenta and fetus; therefore, invasive listeriosis is 
much more common in pregnant women, but this is 
likely to be because the nonpregnant population 
lack the placental entry point for infection [16].

Rubella, CMV and parvovirus B19 are signifi-
cant in pregnancy due to the deleterious effects 
on the fetus rather than because of increased sus-
ceptibility or the maternal immune response in 
pregnancy. Maternal infection is usually subclini-
cal or mildly symptomatic [25, 30].

Maternal HIV infection has major implica-
tions around mother-to-child transmission [31], 
but pregnancy does not affect disease progression 
[25, 32].

15.2.2  Autoimmune Disease

Around 10–25% of the general population of 
patients with autoimmune diseases presenting to 
emergency departments require hospital admis-
sion [33], and up to 30% of these patients require 
intensive care admission [34]. Mortality ranges 
from 17 to 55% in case series from the general 
population of patients with autoimmune diseases 
admitted to the intensive care unit [35].

15 Physiological Changes of the Immune System During Pregnancy



204

More than two-thirds of maternal deaths in 
industrialised countries occur in women known 
to have medical comorbidities [36], and autoim-
mune diseases contribute directly and indirectly 
to these deaths [37]. It is therefore unsurprising 
that autoimmune diseases are frequent causes of 
morbidity during pregnancy. Pregnant women 
with autoimmune diseases have higher rates of 
obstetric and non-obstetric complications (e.g. 
pre-eclampsia, thromboembolism, infection), 
poor pregnancy outcomes (i.e. fetal growth 
restriction, preterm delivery,) as well as preg-
nancy loss (Fig.  15.1). Good disease control 
improves not only maternal but also pregnancy 
outcomes [38].

The altered immune state of pregnancy has an 
effect on the activity of several autoimmune dis-
eases, which is summarised in Fig.  15.2. The 
shift from a Th1- to a Th2-predominant state is 
relevant here. Hormonal changes contribute sig-
nificantly to this; high levels of circulating oes-
trogen (as seen in pregnancy) have been shown to 
modulate the cytokine profile and suppress 
 disease activity in experimental models of rheu-
matoid arthritis [39] and multiple sclerosis [40].

In humans, diseases that are driven by a Th1 
response, including rheumatoid arthritis [41, 42], 
multiple sclerosis [43], psoriasis [44] and Graves’ 
disease [45], tend to improve during pregnancy 
[13]. However, they may flare postpartum, pos-
sibly due to a rapid fall in oestrogen levels in this 
period, resulting in a diminished Th2 response 

and consequently tipping the balance back in 
favour of a Th1 response [13].

In contrast, diseases that are driven by a Th2 
response, including atopic eczema, SLE and sys-
temic sclerosis, have a higher rate of flaring dur-
ing pregnancy compared to the nonpregnant 
population [13, 44]. Active flares of autoimmune 

Pre-
eclampsia

Infection

Thrombosis

Fetal
growth

restriction

Preterm
delivery

Uncontrolled
autoimmune

disease

Fig. 15.1 Uncontrolled autoimmune/inflammatory dis-
ease during pregnancy increases the risk of complications 
for the mother and fetus. Control of the disease can ame-
liorate the risk of complications

Th1-type autoimmune disease Influence of pregnancy on disease

Rheumatoid Arthritis

Tends to improve
Psoriasis

Multiple Sclerosis

Graves Disease

Th2-type autoimmune disease

Higher rate of disease flare
Systemic Lupus Erythematosus

Systemic Sclerosis

Atopic Dermatitis (Eczema)

Fig. 15.2 Influence of 
pregnancy on 
autoimmune diseases
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disease should be treated aggressively to mini-
mise adverse consequences for both mother and 
fetus.

Corticosteroids are usually the first-line treat-
ment and can be used at any stage of pregnancy if 
clinically indicated. Dosing varies according to 
patient condition and should generally adhere to 
that administered to nonpregnant patients (see 
some details under subheadings). As with non-
pregnant patients, steroids should be given at the 
lowest possible dose to control disease activity, 
but high doses should not be withheld if clini-
cally indicated. Prednisolone and methylpred-
nisolone are extensively metabolised by the 
placenta, and the fetal exposure is less than 10% 
of the maternal dose. Several large studies have 
not found any significant adverse effect on the 
fetus (major malformations, prematurity, low 
birthweight) attributable to these drugs [46]. 
However, treatment with these drugs has been 
associated with an increased maternal risk of ges-
tational hypertension and diabetes.

There are also good safety data [47] in preg-
nancy for disease-modifying drugs, such as 
hydroxychloroquine, sulfasalazine, mesalazine 
and azathioprine, and the calcineurin inhibitors 
ciclosporin and tacrolimus. Non-steroidal anti- 
inflammatory drugs (NSAIDS) may also be used 
in the first and second trimesters [47, 48].

The newest class of immunomodulatory treat-
ment is the “biologic” agents. These are mono-
clonal antibodies against specific targets involved 
in the disease process. There is now good evi-
dence that infliximab, adalimumab, etanercept 
and certolizumab do not have any significant 
associations with a particular pattern of congeni-
tal malformations or adverse pregnancy out-
comes. The use of these drugs in pregnancy is 
discussed further below in the section about anti-
bodies and the placental barrier.

Intravenous immunoglobulin (IVIg) and ther-
apeutic plasma exchange (TPE) can both be used 
in pregnancy [49–51] and should not be withheld 
if clinically indicated. It is important to note that 
IVIg and TPE are associated with risks of throm-
boembolism and fluid shifts in all patients, in par-
ticular those already at increased risk, such as 
critically ill and/or pregnant patients. The indica-

tions for these treatments would be the same as 
for nonpregnant patients. The aims of IVIg and 
TPE would vary slightly depending on the dis-
ease indication for treatment. For example, in 
GBS [52], there may be amelioration of disease 
and improved/faster recovery (see below). These 
treatments will be selected in addition to other 
supportive therapies such medications, physio-
therapy, time and patience. A similar treatment 
principle would apply to conditions like immune 
thrombocytopenia purpura (Chap. 5) and myas-
thenia gravis (Chap. 26).

Methotrexate, mycophenolate mofetil, leflun-
omide and cyclophosphamide are teratogenic and 
should be avoided during pregnancy if possible. 
It is therefore important to address the use of 
these drugs in pre-pregnancy counselling and to 
aim for optimal disease control with an alterna-
tive drug prior to conception. However, the suc-
cessful use of cyclophosphamide (500  mg IV 
pulsed dose every 2 weeks for 6 doses) in the sec-
ond and third trimesters has been reported in the 
treatment of refractory life-threatening SLE and 
rapidly progressive interstitial lung disease [53]. 
This is a challenging scenario, and such decisions 
should only be reached after a detailed and frank 
discussion between the intensivist, treating phy-
sician, obstetrician and patient and/or her family 
(if she is unable to provide input). In the context 
of critical illness with a risk of death (or serious/
permanent disability or organ damage), with no 
other effective treatment options, the conclusions 
of such discussions might be to use cyclophos-
phamide to prioritise maternal health while 
accepting the significant risk of fetal harm or 
loss. Of note, there are also data describing safe 
use of cyclophosphamide as part of chemother-
apy regimens to treat breast cancer [54] and lym-
phomas [55] in pregnancy after 12  weeks 
gestation (Fig. 15.3).

15.2.2.1  SLE and Pregnancy
Systemic lupus erythematosus (SLE) is an idio-
pathic autoimmune condition which has multi- 
organ involvement. The disease process is 
incompletely understood, involving immune 
complex deposition resulting in widespread 
inflammation. There is polyclonal B-cell activa-
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tion and antinuclear antibody production. There 
are also complement deficiencies and impaired 
T-cell regulation, which leads to a diminished 
ability to clear these immune complexes [56].

SLE is particularly prone to flaring during 
pregnancy. As many as 60% of women with pre- 
existing SLE experience a flare during or soon 
after pregnancy, compared with 40% of nonpreg-
nant women over the same period [57]. The risk 
of flaring during pregnancy is highest for women 
with active disease at the time of conception, par-
ticularly if they have lupus nephritis [58]. SLE 

disease activity varies by organ system. 
Musculoskeletal flares are less common, while 
renal and hematologic flares are more common 
[59]. Severe morbidity requiring critical care 
may result from flares of lupus nephritis, intersti-
tial lung disease, cardiovascular disease, neuro-
psychiatric lupus, thrombosis, thrombocytopenia 
or opportunistic infections.

Treatment of acute severe flares involves high- 
dose corticosteroids (e.g. pulsed IV methylpred-
nisolone 500–1000 mg/day for 3 days followed 
by prednisolone 0.25–0.5 mg/kg/day) [60, 61].

Drug / Treatment Safety in pregnancy Comments

Non-steroidal anti-inflammatory drugs (NSAIDs) Acceptable for short-term use up to 28 weeks gestation. Avoid use in third trimester.

Corticosteroids (prednisolone/methylprednisolone) Can be used throughout pregnancy if clinically indicated. 
Not associated with any increased risk of congenital 
malformations, although there is an increased risk of 
diabetes and hypertension in the mother. 

Fluorinated corticosteroids (e.g. dexamethasone and 
beclomethasone) are less metabolised by the placenta 
and should be avoided unless treating a fetal problem.

Hydroxychloroquine Can be used throughout pregnancy if clinically indicated.
Not associated with any increased risk of congenital 
malformations.

Sulfalazine, mesalazine Can be used throughout pregnancy if clinically indicated. 
Not associated with any increased risk of congenital 
malformations.

Women taking sulfasalazine during pregnancy should
also receive folate supplementation of at least
2mg/day. 

Azathioprine Can be used throughout pregnancy if clinically indicated. 
Not associated with any increased risk of congenital 
malformations.

Ciclosporin, tacrolimus Can be used throughout pregnancy if clinically indicated. 
Not associated with any increased risk of congenital 
malformations.

May require higher doses during pregnancy to
maintain levels within therapeutic range.

Infliximab No evidence of a teratogenic effect–can be used in first 
trimester if clinically indicated. If possible, stop at 20 weeks 
gestation.

Continued use throughout pregnancy can be justified
if clinically indicated. 

Adalimumab No evidence of a teratogenic effect–can be used in first 
trimester if clinically indicated. If possible, stop at 28
weeks gestation.  

Etanercept No evidence of a teratogenic effect–can be used in first 
trimester if clinically indicated. If possible, stop at 28
weeks gestation. 

Certolizumab pegol Limited evidence, but early data suggest compatibility
with all three trimesters of pregnancy and do not show
any evidence of a teratogenic effect.  

Rituximab, golimumab, abatacept, tocilizumab,
belimumab,anakinra.

Limited data, although registry and observational data 
suggest that unintentional exposure to these drugs in
the first trimester is unlikely to be harmful.

Data too limited to make any recommendation for use
in pregnancy.

Intravenous Immunoglobulin (IVIg) Can be used throughout pregnancy if clinically indicated.

Therapeutic Plasma Exchange (TPE) Can be used throughout pregnancy if clinically indicated.

Methotrexate

Teratogenic. Avoid during pregnancy.
These drugs should be withdrawn before a planned 
pregnancy.

Mycophenolate mofetil (MMF)

Leflunomide

Cyclophosphamide

Fig. 15.3 Safety of immunomodulatory and immunosuppressive therapies in pregnancy
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Identifying SLE flares may be more challeng-
ing during pregnancy, as some of the symptoms 
and signs may overlap with normal pregnancy 
(e.g. lethargy, facial flushing, oedema, mild anae-
mia and thrombocytopenia) [62]. Good clinical 
judgement and specific laboratory tests such as 
declining serum complement levels and/or rising 
anti-dsDNA antibody titres may aid diagnosis of 
a lupus flare during pregnancy.

One of the biggest challenges is the differen-
tiation between pre-eclampsia and a lupus nephri-
tis flare. Both conditions may present with 
hypertension, proteinuria and deteriorating renal 
function. Here again, falling complement levels 
and rising anti-dsDNA antibody titres make lupus 
nephritis more likely, as does the detection of an 
active urinary sediment. A history of lupus 
nephritis also increases the likelihood of a renal 
flare in pregnancy, although lupus nephritis may 
present for the first time during pregnancy [56].

Despite these distinguishing features, the only 
investigation that can definitively distinguish pre- 
eclampsia from lupus nephritis is renal biopsy. 
This is not usually performed during pregnancy 
due to the risk of bleeding complications. It may 
occasionally be indicated in the first or second tri-
mester if it is felt that the result is likely to alter 
management, for example, if appropriate treat-
ment with immunosuppressive agents may allow 
prolongation of the pregnancy (see Chap. 31) 
[56]. If pre-eclampsia and lupus flare cannot be 
differentiated beyond 24–28  weeks gestation 
(when the fetus is viable) and maternal health is 
significantly compromised, then multidisciplinary 
discussion should be undertaken regarding early 
delivery. Delivery will both cure the pre-eclamp-
sia and enable renal biopsy to guide immunosup-
pressive therapy if lupus nephritis is confirmed.

Guillain-Barre syndrome (GBS) is an acute 
immune-mediated polyneuropathy (Box 15.1). It 
presents as an acute, monophasic paralysing ill-
ness, usually provoked by a preceding infection. 
Although the condition has been reported in 
pregnancy [63], it is a rare condition, and there 
are insufficient data to make recommendations 
other than to manage the condition in the same 
way as in the nonpregnant patient. Respiratory 
failure is common (17–30%) [64] and is the usual 
reason for admission to the intensive care unit. 
Forced vital capacity (FVC) of less than 20 mL/
kg is the widely accepted threshold to consider 
invasive ventilation. FVC does not change sig-
nificantly in pregnancy [65], so a low FVC mea-
surement should be attributed to genuine 
neuromuscular weakness rather than to the preg-
nancy. Indeed, the increased oxygen and ventila-
tory demands and the decreased lung compliance 
in pregnancy may result in more rapid exhaus-
tion, decompensation and respiratory embarrass-
ment. These patients must be closely observed 
for any early signs of respiratory muscle weak-
ness, with a low threshold to admit to the high 
dependency or intensive care unit.

Box 15.1 IVIg and Plasma Exchange in 
Pregnancy: A Case-Based Example
A 33-year-old female attends the antenatal 
unit at 21  weeks gestation, with a 5-day 
history of progressive weakness. She is 
struggling to walk and reports that she is 
more breathless than usual. She was previ-

ously fit and well, although she did report 
a diarrhoeal illness a few weeks prior to 
this presentation. She has been assessed 
by the neurology team, who have con-
cluded that she has Guillain-Barre syn-
drome. A critical care opinion has been 
requested, as she is slightly dyspnoeic, 
although she is able to communicate in 
full sentences. The patient is very con-
cerned about the safety and availability of 
treatment options for her condition, given 
that she is pregnant.

In this case, the patient was observed on 
the critical care unit but fortunately did not 
deteriorate to the point of needing invasive 
ventilation. She responded well to IVIg, 
was discharged from the ICU after 5 days 
and made a full recovery over the following 
8 weeks. She delivered a healthy baby by 
spontaneous vaginal delivery at 39 weeks.
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Treatment of pregnant women with GBS is the 
same as that in nonpregnant patients. There is 
clear evidence that IVIg and plasma exchange 
(one or the other, not both in combination) is of 
benefit in GBS [52, 66]. Corticosteroids are inef-
fective and may even delay recovery [67].

Both plasma exchange and IVIg can be used 
in pregnancy. Trials have demonstrated that 
plasma exchange is associated with reduced 
duration of mechanical ventilation, reduced 
time to motor recovery and reduced time to 
walking without assistance [52]. If plasma 
exchange is used, care must be taken to avoid 
hypovolaemia or fluid overload. There may be a 
transient prolongation of prothrombin and acti-
vated partial thromboplastin times due to 
removal of clotting factors. Although significant 
bleeding is uncommon, this effect can be 
avoided by using plasma rather than albumin as 
the replacement fluid [68].

IVIg is equally as efficacious as plasma 
exchange and is often used as first-line therapy 
due to its relative ease of use. A suggested dosing 
regimen for IVIg is 0.4 g/kg/day for 5 days [69]. 
IVIg therapy is associated with an increased risk 
of thromboembolic events, particularly in patients 
with additional thrombotic risk factors [70]. 
Pregnancy is a pro-thrombotic state, and immo-
bile patients in the critical care unit are at particu-
larly high risk of venous thromboembolism. 
Adequate thromboprophylaxis (usually with low 
molecular weight heparin) is therefore essential.

15.3  Antibodies and the Placental 
Barrier

An important function of the placenta is to form 
a selective barrier between the maternal and fetal 
circulation. Most low molecular weight com-
pounds (<500 Da) can move across the placenta 
by passive diffusion. Certain ions and amino 
acids are also actively transported. In contrast, 
high molecular weight compounds do not usually 
traverse the placenta, but an important exception 
is immunoglobulin G (IgG), which has a molecu-
lar mass of approximately 160 kDa. Of the five 
antibody classes, IgG is the only class that crosses 

the placenta in significant quantities, although it 
is only transferred in significant quantities after 
16 weeks gestation [71]. This is clinically rele-
vant for three main reasons:

• Neonatal “passive” immunity to infection
• Effects of autoantibodies on the fetus/neonate
• Implications for use of “biologic” drugs

15.3.1  Neonatal “Passive” Immunity 
to Infection

The neonatal immune system is immature and 
unable to mount an adequate adaptive immune 
response when exposed to pathogens during or 
soon after birth. Placental transfer of maternal IgG 
antibodies therefore plays an important role in pro-
tecting the neonate against infection during the ini-
tial weeks and months of life. For example, if the 
mother has circulating antibodies to pathogens 
such as varicella zoster virus, herpes simplex virus, 
or measles (due to prior vaccination or exposure to 
the pathogen), then these antibodies are detectable 
in the neonate too. This “passive” immunisation 
confers a degree of protection against these infec-
tions. This physiological process can be and often 
is exploited by vaccinating the mother during preg-
nancy for specific diseases (e.g. pertussis) [72, 73]. 
Similarly, IVIg has been used extensively in preg-
nancy without adverse effect on the fetus. It does 
cross the placenta (as it is IgG) but there is no asso-
ciation with harm. Indeed, IVIg is actually used to 
treat neonatal sepsis.

15.3.2  Direct Effects 
of Autoantibodies 
on the Fetus/Neonate

Certain autoimmune conditions are associated 
with autoantibodies that may have a direct 
adverse effect on the fetus. Patients with these 
conditions, for a variety of reasons, often require 
critical care admission; it is therefore vital that 
intensive care physicians are aware of the poten-
tial immunological complications specific to 
pregnancy.

B. Narayan and C. Nelson-Piercy
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Anti-Ro/SSA antibodies may be present in 
mothers with Sjogren’s syndrome, SLE or rheu-
matoid arthritis [74]. Women with these autoim-
mune conditions should be screened for the 
presence of these antibodies in order to inform 
the treating neonatologist following delivery. 
These antibodies cross the placenta and are asso-
ciated with fetal cardiac abnormalities and tran-
sient neonatal cutaneous lupus [75]. The risk of 
congenital heart block is 1–5%, and there is also 
a risk of myocardial inflammation, endocardial 
fibroelastosis or atrioventricular (AV) valve appa-
ratus dysfunction [76]. The risk is particularly 
high if a previous fetus has been affected.

Several other autoimmune disease-associated 
IgG antibodies can cross the placenta to cause 
harm to the fetus. These are summarised in 
Fig. 15.4. However, it is important to note that the 
presence/titres of these antibodies don’t neces-
sarily correlate with the degree of pathology.

15.3.3  Implications for Use 
of “Biologic” Drugs

Most “biologic” drugs are monoclonal deriva-
tives of IgG and therefore cross the placenta.

Infliximab and adalimumab are monoclonal 
antibodies against TNFα. Etanercept is a fusion 
molecule comprising of a soluble TNFα receptor 
and the Fc-fragment of IgG1. These drugs can be 
initiated or continued during pregnancy if clini-
cally indicated. In the intensive care setting, they 
are likely to be used in combination with cortico-
steroids to treat acute flares or de novo inflamma-
tory disease. In mothers treated with these drugs, 
fetal exposure is minimal in the first trimester, 
and there is no evidence of a teratogenic effect 
[48, 77]. However, from 16  weeks gestation 
onwards, the antibody molecules are actively 
transported across the placenta and, by the third 
trimester, can result in higher drug levels in the 
fetus/neonate than in the mother.

To minimise neonatal levels at birth, these 
drugs are often discontinued in the second tri-
mester (by 20 weeks for infliximab and 28 weeks 
for adalimumab or etanercept). However, if the 
drug is required to control active maternal 

 inflammatory disease, it is acceptable to continue 
treatment throughout pregnancy. Moreover, 
while there have been theoretical concerns about 
neonatal immune suppression, data from the 
PIANO registry [77] are reassuring: third trimes-
ter anti- TNFα use had no effect on infant growth, 
development or immune development in the first 
year of life, and a systematic review [78] found 
no increased risk of infections up to 1 year of age. 
The British Society of Rheumatologists and 
European League Against Rheumatism have 
recently issued detailed guidance [47, 48] on this 
topic. All of these drugs may be detectable in 
breast milk at very low levels, but they are very 
poorly absorbed via the oral route, so breastfeed-
ing is considered safe [48].

There are a number of newer anti-TNFα drugs, 
some of which have been modified to alter the 
pharmacokinetic profile. Certolizumab pegol is a 
monoclonal antigen-binding fragment (Fab) of 
an anti-TNFα antibody (lacking the Fc region) 
that has been conjugated with polyethylene gly-
col. It has low rates of placental transfer, and 
early data suggest that it is compatible with all 
three trimesters of pregnancy. Safety data are 
limited for rituximab, golimumab, abatacept, 
tocilizumab, belimumab and anakinra, although 
registry and observational data suggest that unin-
tentional fetal exposure to these drugs in the first 
trimester is unlikely to be harmful [48].

15.4  Conclusion

The immunological changes in pregnancy are 
complex. There are pro-inflammatory changes as 
well as increased immune tolerance, with a shift 
from a Th1- towards a Th2-predominant immuno-
logical profile. Certain infections, such as influ-
enza, hepatitis E and falciparum malaria, tend to 
cause more severe disease in pregnancy, with 
higher morbidity and mortality. Pregnancy also 
influences the activity of autoimmune diseases, 
which are relatively common in women of child-
bearing age. Severe flares of autoimmune disease 
often require critical care admission for observa-
tion and treatment. Identifying autoimmune flares 
may be more challenging during pregnancy, as 

15 Physiological Changes of the Immune System During Pregnancy



210

A
u

to
im

m
u

n
e 

d
is

ea
se

A
u

to
an

ti
b

o
d

ie
s 

P
o

te
n

ti
al

 e
ff

ec
t 

o
f 

an
ti

b
o

d
ie

s 
o

n
fe

tu
s/

n
eo

n
at

e 
M

an
ag

em
en

t
C

o
m

m
en

ts

S
jo

gr
en

s 
S

yn
dr

om
e,

 S
LE

,
R

he
um

at
oi

d 
ar

th
rit

is
, o

th
er

co
nn

ec
tiv

e 
tis

su
e 

di
se

as
es

A
nt

i-R
o/

S
S

A
C

om
pl

et
e 

he
ar

t b
lo

ck
 a

nd
 o

th
er

 
ca

rd
ia

c 
pa

th
ol

og
ie

s 
(s

ee
 m

ai
n 

te
xt

).
T

ra
ns

ie
nt

 n
eo

na
ta

l c
ut

an
eo

us
 lu

pu
s

M
o

th
er

: 
H

yd
ro

xy
ch

lo
ro

qu
in

e
F

et
u

s:
 s

ur
ve

ill
an

ce
A

 h
is

to
ry

 o
f c

on
ne

ct
iv

e 
tis

su
e 

di
se

as
e

di
se

as
e 

sh
ou

ld
 p

ro
m

pt
 a

nt
ib

od
y 

sc
re

en
in

g,
ev

en
 if

 th
e 

m
ot

he
r 

is
 a

sy
m

pt
om

at
ic

.

G
ra

ve
s 

D
is

ea
se

T
S

H
 R

ec
ep

to
r-

st
im

ul
at

in
g 

an
tib

od
ie

s
T

hy
ro

to
xi

co
si

s,
 g

oi
tr

e
M

o
th

er
 a

n
d

/o
r 

n
eo

n
at

e:
 A

nt
i-t

hy
ro

id
dr

ug
s 

(P
ro

py
lth

io
ur

ac
il 

or
 

ca
rb

im
az

ol
e)

.

A
 h

is
to

ry
 o

f G
ra

ve
s 

di
se

as
e 

sh
ou

ld
 p

ro
m

pt
an

tib
od

y 
sc

re
en

in
g,

 e
ve

n 
if 

th
e 

m
ot

he
r 

is
eu

th
yr

oi
d.

  
P

em
ph

ig
oi

d 
ge

st
at

io
ni

s 
(s

ev
er

e 
bu

t r
ar

e 
pr

eg
na

nc
y-

sp
ec

ifi
c 

de
rm

at
os

is
)

A
nt

ib
od

ie
s 

to
 B

ul
lo

us
 

P
em

hi
go

id
 A

nt
ig

en
 2

B
ul

lo
us

 s
ki

n 
er

up
tio

n 
(in

 1
0%

;
us

ua
lly

 m
ild

 a
nd

 t
ra

ns
ie

nt
).

 
M

o
th

er
: 

C
or

tic
os

te
ro

id
s,

im
m

un
os

up
pr

es
si

on
.

P
em

ph
ig

us
 V

ul
ga

ris
A

nt
ib

od
ie

s 
to

 
D

es
m

og
le

in
 3

 o
r 

1
N

eo
na

ta
l p

em
ph

ig
us

M
o

th
er

: 
C

or
tic

os
te

ro
id

s,
 

im
m

un
os

up
pr

es
si

on
, t

he
ra

pe
ut

ic
 

pl
as

m
a 

ex
ch

an
ge

.
M

ya
st

he
ni

a 
 G

ra
vi

s
A

nt
i-A

C
hR

 (
90

%
)

A
nt

i-M
uS

K
 (

10
%

)
T

ra
ns

ie
nt

 n
eo

na
ta

l m
ya

st
he

ni
a 

gr
av

is
:

flo
pp

y 
ba

by
, d

iff
ic

ul
ty

 b
re

at
hi

ng
,

re
sp

ira
to

ry
 c

om
pr

om
is

e.
 B

ec
om

es
ap

pa
re

nt
 in

 fi
rs

t 2
 d

ay
s 

af
te

r 
bi

rt
h 

an
d

us
ua

lly
 r

es
ol

ve
s 

w
ith

in
 2

 m
on

th
s.

 

M
o

th
er

 a
n

d
/o

r 
n

eo
n

at
e:

A
ce

ty
lc

ho
lin

es
te

ra
se

 in
hi

bi
to

r 
dr

ug
s

M
o

th
er

: 
C

or
tic

os
te

ro
id

s,
 

im
m

un
os

up
pr

es
si

on
, I

V
Ig

,
th

er
ap

eu
tic

 p
la

sm
a 

ex
ch

an
ge

. 
H

ig
h 

tit
re

s 
of

an
tib

od
ie

s 
to

 fe
ta

l γ
-

su
bu

ni
t o

f A
C

hR
 

A
rt

hr
og

ry
po

si
s:

 c
on

tr
ac

tu
re

s 
an

d 
im

pa
ire

d 
sw

al
lo

w
in

g;
 o

fte
n 

fa
ta

l. 
 

M
ild

er
 c

as
es

 m
ay

 s
ur

vi
ve

 w
ith

 
pe

rs
is

te
nt

 m
yo

pa
th

y.
Im

m
un

e 
th

ro
m

bo
cy

to
pe

ni
c 

pu
rp

ur
a 

(I
T

P
)

A
nt

i-p
la

te
le

t a
nt

ib
od

ie
s 

(t
es

tin
g 

no
t r

ea
di

ly
 

av
ai

la
bl

e,
 a

nd
 n

ot
 

re
qu

ire
d 

to
 m

ak
e 

di
ag

no
si

s)

N
eo

na
ta

l t
hr

om
bo

cy
to

pe
ni

a.
 T

he
re

 is
 

a 
sm

al
l r

is
k 

of
 fe

ta
l/n

eo
na

ta
l 

in
tr

ac
ra

ni
al

 h
ae

m
or

rh
ag

e.

M
o

th
er

 a
n

d
/o

r 
n

eo
n

at
e:

 IV
Ig

 

M
o

th
er

: 
C

or
tic

os
te

ro
id

s,
 

im
m

un
os

up
pr

es
si

on
.

N
eo

na
ta

l p
la

te
le

t c
ou

nt
 r

ea
ch

es
 l o

w
es

t p
oi

nt
 

2-
5 

da
ys

 a
fte

r 
bi

rt
h 

in
 a

ffe
ct

ed
 in

fa
nt

s 
an

d
m

os
t h

ae
m

or
rh

ag
es

 o
cc

ur
 2

4-
48

h 
af

te
r

de
liv

er
y.

 T
he

re
 is

 n
o 

ev
id

en
ce

 th
at

ca
es

ar
ea

n 
se

ct
io

n 
re

du
ce

s 
th

e 
ris

k 
of

in
tr

ac
ra

ni
al

 h
ae

m
or

rh
ag

e.
   

 

Fi
g.

 1
5.

4 
A

ut
oi

m
m

un
e 

di
se

as
e-

as
so

ci
at

ed
 a

nt
ib

od
ie

s 
an

d 
th

e 
po

te
nt

ia
l d

ir
ec

t e
ff

ec
ts

 o
n 

th
e 

fe
tu

s 
du

ri
ng

 a
nd

 a
ft

er
 p

re
gn

an
cy

B. Narayan and C. Nelson-Piercy



211

some features may overlap with normal preg-
nancy and/or pre-eclampsia. Some autoimmune 
diseases are associated with antibodies that cross 
the placenta, with potential to affect the fetus. 
Many immunosuppressive treatments can be used 
during pregnancy and should not be withheld, as 
uncontrolled maternal disease results in poorer 
outcomes for both mother and fetus. There is now 
good evidence that “biologic” anti-TNFα thera-
pies can be used during pregnancy.
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Hypertension, Preeclampsia, 
and Eclampsia
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16.1  Introduction

Hypertensive disorders are a leading cause of 
maternal mortality and severe maternal morbid-
ity during pregnancy [1, 2]. The potentially life- 
threatening complications of the hypertensive 
disorders of pregnancy include stroke, hemor-
rhage, kidney failure, liver failure, and respira-
tory distress, among others and occur at a rate 
approximately 50 times higher than that of mater-
nal death. No cure exists for the disease at the 
current time; treatment is focused on prevention 
of organ injury and timely delivery of the fetus. 
Reviews of maternal mortality due to preeclamp-
sia consistently demonstrate that half of all deaths 
are associated with inadequate care.
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Bullet Points

• Complications of the hypertensive dis-
orders of pregnancy are among the most 
common indications for intensive care 
unit admission of pregnant and peripar-
tum women.

• Preeclampsia is a multisystem disease 
defined as onset of elevated blood pres-
sure after 20 weeks of gestation or later, 
accompanied by one or more manifesta-
tion of organ dysfunction/failure.

• Early-onset preeclampsia (diagnosis 
prior to 34 weeks gestational age) is an 
accelerated variant of the disease that 
carries increased risk of maternal and 
fetal complications.

• Major complications that can occur as a 
result of preeclampsia include cardio-
myopathy, pulmonary edema, seizure, 
intracranial hemorrhage, thrombocyto-
penia, renal failure, hepatic injury and 
liver hemorrhage, fetal growth restric-
tion, and placental abruption.

• The cornerstones of management of a 
patient with critical illness due to pre-
eclampsia include blood pressure con-

trol, parenteral magnesium sulfate 
infusion for prevention of eclamptic sei-
zures, and delivery of the infant irre-
spective of gestational age in the 
presence of maternal clinical instability.

• Fluid administration should be conser-
vative and based on volume status and 
not urine output, as pulmonary edema is 
strongly associated with excessive fluid 
administration and with poor outcome.

• Monitoring and additional therapeutic 
interventions should be tailored to the 
specific organ systems involved.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_16&domain=pdf
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16.2  Epidemiology

The incidence of hypertensive disorders of 
pregnancy varies by country and approaches 
10% of all pregnancies worldwide [1, 3, 4]. 
Hypertensive disorders of all classifications 
affect between 2% and 17% of all pregnancies 
in developing nations [5], and rates of pre-
eclampsia are estimated to be seven times 
higher than in developed nations [6]. The inci-
dence of eclampsia also varies widely by coun-
try, with rates as high as 1 per 100 births in 
Africa to 1  in 1700 births in other developing 
countries, versus 6 per 1000 in the developed 
world. However, even in developed countries, 
the hypertensive disorders of pregnancy are on 
the rise. An analysis of delivery hospitaliza-
tions in the United States shows a steady 
increase in hypertensive disorders between 
1998 and 2006 (Fig. 16.1); this trend parallels 
rises in the frequency of both chronic hyperten-
sion and gestational hypertension [1]. During 
the studied period, chronic hypertension 
increased to the greatest degree (from 11.0 to 
16.9 per 1000 deliveries), and a moderate 
increase was also noted for eclampsia/severe 
preeclampsia from 9.4 to 12.4 per 1000 
deliveries.

16.3  Maternal Mortality

Hypertensive disorders in pregnancy represent 
one of the major causes of maternal mortality; in 
a review of the years 2003 to 2009, these 
accounted for approximately 14% of maternal 
deaths worldwide [7]. The most recent review in 
the United States, covering the years 2006 to 
2010, found that the relative contribution of 
hypertensive disorders to maternal mortality had 
decreased slightly and now accounted for 11% of 
maternal deaths, behind only four other causes of 
maternal death. The case fatality rate at delivery 
(defined as a death occurring during the delivery 
admission) was 3.4 per 10,000 for women with 
preeclampsia, but almost 20 times higher among 
women with eclampsia [8]. The most common 
causes of death among women with preeclampsia 
were cerebrovascular events (specifically intra-
cranial hemorrhage), which occurred in one-third 
of fatalities. This was followed by organ failure 
(renal or hepatic) and HELLP syndrome. 
Disseminated intravascular coagulation compli-
cated 15% of all deaths [8]. Data from mortality 
reviews consistently suggest that there is signifi-
cant room for improvement, with up to 50% to 
60% of cases of maternal death being potentially 
preventable with timely, appropriate care [9, 10].
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Fig. 16.1 The rate of 
hypertensive disorders in 
pregnancy in the United 
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16.4  Maternal Morbidity

In addition to the higher risk of death, hyperten-
sive disorders of pregnancy are a risk factor for 
severe maternal morbidity (SMM), a term defined 
as unexpected outcomes of labor and delivery 
that result in significant short- or long-term con-
sequences to a woman’s health [11]. Up to 10% 
of pregnant women who suffer one or more SMM 
have hypertensive disorders of pregnancy as a 
direct cause. The incidence of SMM among 
women with preeclampsia is higher in early- 
onset disease than in late-onset disease (12.2 and 
5.5 per 100 deliveries, respectively, conferring 
adjusted odds ratios of 3.7 [95%CI 3.2–4.3] and 
1.7 [95%CI 1.6–1.9], respectively, versus women 
without preeclampsia) [12]. Furthermore, the 
complications associated with hypertensive dis-
orders of pregnancy are among the most common 
indications for maternal peripartum admission to 
an ICU [13, 14]. For example, hypertensive dis-
ease of pregnancy generated 30% of 2927 obstet-
ric ICU admissions according to a Maryland 
State Inpatient Database 1999–2008 [15], and 
22% of 11,824 obstetric ICU admissions in 
France between 2006 and 2009 [14].

Hypertensive disorders of pregnancy are also 
associated with long-term adverse outcomes. 
Women with preeclampsia are more likely to 
have diabetes, ischemic heart disease, stroke, 
renal disease, and Alzheimer’s disease [16–18]. 
Additionally, women with recurrent or severe 
preeclampsia are at increased risk compared with 
those women with preeclampsia without severe 
features. Finally, even women with gestational 
hypertension are at risk for cerebrovascular dis-
ease later in life [19].

16.5  Definitions of Hypertensive 
Disorders in Pregnancy

The American College of Obstetricians and 
Gynecologists (ACOG) Task Force on 
Hypertension in Pregnancy proposed the most 
recent classification and management guideline in 
2013 [20]. Four categories of hypertensive disor-
ders of pregnancy were defined: (1) preeclampsia- 

eclampsia, (2) chronic hypertension, (3) chronic 
hypertension with superimposed preeclampsia, 
and (4) gestational hypertension (Table  16.1). 
Similar to the general population, hypertension is 
defined as systolic blood pressures exceeding 
140 mm Hg and/or diastolic pressures exceeding 
90 mm Hg, while systolic and diastolic pressures 
above 160 mm Hg and 110 mm Hg, respectively, 
qualify as “severe- range” hypertension. Some 
important clarifications are found in the ACOG 

Table 16.1 Classification of hypertensive disorders of 
pregnancy and major subtypes

Disorder Characteristic
Gestational 
hypertension

Hypertension after 20 weeks
No end-organ involvement

Chronic hypertension Hypertension <20 weeks 
or > 12 weeks after delivery
No end-organ involvement

Chronic hypertension 
with superimposed 
preeclampsia

Above diagnosis with 
end-organ involvement

Preeclampsia without 
severe features

Hypertension after 20 weeks 
with proteinuriaa

Preeclampsia with 
severe features (see 
Table 16.2)

Hypertension after 20 weeks 
with ≥1severe feature
Proteinuria (renal injury) not 
necessary for diagnosis

Subtypes
Eclampsia New-onset seizure without 

identifiable cause in the 
setting of preeclampsia

HELLP syndrome Hemolysis
Elevation of markers of 
hepatic injury
Low platelets

Early-onset 
preeclampsia

Onset of disease prior to 
34 weeks

Fetal syndrome Disease with predominant 
fetal implications (growth 
restriction). May not have 
maternal features [75]

Postpartum 
hypertensive disorder

Onset 3–30 days after 
delivery. May not have had 
hypertension in pregnancy
Often limited to hypertension 
and central nervous system 
symptoms/eclampsia [76]

aProteinuria, signifying renal injury, can be identified by 
the presence of ≥300 mg of urine protein in a 24-h collec-
tion, or a urine protein/creatinine ratio (each measured in 
mg/dL) of ≥0.3 measured from a spot urine sample, or 
(when the above quantitative measures are not possible) a 
dipstick urine test reveals 1+ urine protein
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guidelines. First, although elevated blood pres-
sures should technically be documented on two 
occasions at least 4 h apart, if severe-range pres-
sures are noted, hypertension may be quickly con-
firmed with a second reading (even within 
minutes) in order to hasten initiation of antihyper-
tensive medications. Second, the requirement for 
evidence of renal involvement was eliminated 
from diagnostic criteria for “preeclampsia with 
severe features,” and renal involvement was better 
defined. Finally, “severe features of preeclamp-
sia” was clarified as the onset of any of one of the 
features found in Table 16.2.

16.6  Risk Factors

Several risk factors for the development of hyper-
tensive disorders of pregnancy have been recog-
nized (Table 16.3). These are useful for identifying 
vulnerable populations who may benefit from pro-
phylactic therapies, such as low- dose aspirin; this 
should be offered to women with >1 prior preg-
nancy affected by preeclampsia or in the presence 
of multiple other risk factors [20, 21].

16.7  Pathogenesis

Although a single cause of preeclampsia has 
not yet been identified, significant progress 
into the molecular pathogenesis has been made 
in the last decade. Specifically, placental isch-

emia appears to be a key event which initiates 
downstream signaling pathways associated 
with preeclampsia [22]. Ultimately, these path-
ways converge upon a state of angiogenic 
imbalance, which results in endothelial dys-
function with associated inflammatory 
response [23] and increased oxidative stress 
[24]. The cause of placental ischemia may vary 
among women (Table  16.4); incomplete 
implantation of the placenta has been identified 

Table 16.2 Characteristics that define preeclampsia with 
severe features

Injured organ Sign or symptom
Vasculature Severe hypertension (systolic 

BP > 160 mm Hg or diastolic 
BP > 110 mm Hg)

Myocardium Pulmonary edema
Liver > twofold increase in AST or ALT

Persistent right upper quadrant or 
epigastric pain

Spleen Thrombocytopenia (<100,000/mm3)
Kidney Serum creatinine >1.1 mg/dl, or 

doubling of baseline serum 
creatinine

Central 
nervous system

Persistent headache
Visual disturbances

Table 16.3 Risk factors implicated in the development 
of preeclampsia

Maternal factors
  •  Age—Increase of 30% risk for each year of 

maternal age past 34 [77]. Twice the relative risk 
after age 40 years [78, 79]

  •  Obesity—Risk correlates with higher body mass 
index (BMI) [80, 81]. A Finnish longitudinal 
cohort study reported that first trimester BMI 
>30 kg/m2 conferred an odds ratio of 2.1 
(95%CI 1.1–3.6) and 5.2 (95%CI 2.1–10.5) to 
develop preeclampsia and severe preeclampsia, 
respectively [80]

  •  Race—Women of African descent have higher 
rates of chronic hypertension, preeclampsia [3, 
82], and an increased risk of death [83–85]

Geneticsa

  •  Maternal genetics—Account for one-third to 
one-half of the susceptibility to hypertensive 
disorders of pregnancy [79, 86–88]

  •  Paternal genetics—Both paternal and fetal 
genetics account for 10–20% of the risk of 
preeclampsia [89, 90]

Maternal comorbidities
  •  Chronic hypertension—Approximately 10fold 

increased risk [91, 92]
  •  Insulin resistance—Strong association with 

gestational diabetes [93], metabolic syndrome 
[94], and prepregnancy diabetes [95]

Pregnancy-related factors
  •  Nulliparity—Approximately threefold increased 

risk over multiparous women [79, 96–98]
  •  Previous pregnancy with preeclampsia—

Particularly with multiple affected pregnancies 
and previous early-onset preeclampsia [79, 99, 
100, 101]

  •  Multiple gestations—Nearly threefold for each 
additional fetus [102–104]

  •  Molar pregnancies—Risk of severe, early-onset 
forms of the disease [105]

aHypertensive disorders of pregnancy result from a con-
fluence of multiple interacting genetic and environmental 
factors. More than 200 genes have been linked to pre-
eclampsia via genome-wide association studies [106–
108], candidate gene approaches [109, 110], linkage 
studies [111, 112], and transcriptome analyses [113–115]
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as one cause, especially in women with early- 
onset disease [25, 26].

The vascular supply of the placenta is con-
structed via a combination of the maternal endo-
thelium and fetal cytotrophoblasts under the 
influence of angiogenic hormones vascular endo-
thelial growth factor (VEGF), placental growth 
factor (PlGF), and transforming growth factor 
(TGF), a vasculogenesis hormone. VEGF is a 
potent angiogenic hormone that is responsible for 
endothelial health and multiplication. VEGF-A is 
also responsible for maintaining the fenestrated 
endothelial beds of the kidney, brain, and reticular 
endothelial system of the liver and spleen [27]. 
Recent studies have demonstrated that under 
hypoxic conditions, the placental cytotrophoblasts 
produce splice variants of the VEGF and TGF 
receptors which are solubilized and absorbed into 
the maternal circulation [28, 29]. These antiangio-
genic receptors include soluble FMS-like tyro-

sine-1 (sFlt-1), sFlt-14, and endoglin, the receptor 
component responsible for hereditary hemorrhagic 
telangiectasia. Under the influence of these fac-
tors, the maternal circulation is dominated by an 
antiangiogenic state, which in combination with 
primary endothelial cell dysfunction can account 
for the clinical findings of preeclampsia.

Multiple theories compete with this descrip-
tion of the pathogenesis of preeclampsia 
(Table  16.5). Discussion of each of these pro-
cesses is beyond the scope of this chapter.

16.8  Clinical Features

Preeclampsia affects both maternal and fetal 
well-being due to the primary involvement of the 
endothelium in the pathogenesis of the disease. 
Preeclampsia can affect every organ in the body, 
but the clinical presentation varies among indi-
viduals. To better understand the clinical fea-
tures, it is helpful to discuss the impact on each 
organ system (Table 16.6).Table 16.4 Potential causes of placental ischemia

Disease of the placenta
  • Incomplete placental insertion
  • Chronic maternal hypoxemia
     − Asthma
     − Diabetes
     − Sickle cell disease
  • Multiple gestation (increased demand)
  • Placental infarction or abruption
  • Vasculitis
  • Chronic hypertension
  • Placental aging

Table 16.5 Additional hypotheses for pathogenesis of 
preeclampsia

  • Hyperdynamic cardiovascular state
  • Inflammatory response
  • Oxidative stress
  • Maternal immunologic intolerance of pregnancy
  • Genetic predisposition
  • Nutritional deficiency
  • Environmental factors

Table 16.6 Clinical complications of the hypertensive diseases of pregnancy

Feature Symptom Sign Severe outcome
CNS Headache Hyperdynamic reflexes Subarachnoid hemorrhage

Cerebral edema
Visual disturbance Papilledema PRES syndrome
Irritability Eclampsia

Cardiac Hypertension Abruption
Diastolic dysfunction Pulmonary edema
Subclinical systolic dysfunction Cardiomyopathy

Vascular Hypertension Nondependent edema
Hemoconcentration

Renal Proteinuria Acute tubular necrosis
Nephrotic syndrome Acute renal failure

Liver/spleen Abdominal pain (RUQ) Hepatic necrosis Subcapsular hematoma
Hemolysis HELLP syndrome

Fetal Growth restriction Fetal distress
Abruption Fetal demise
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Cardiac: Women with hypertensive disorders 
of pregnancy, and especially preeclampsia with 
severe features, experience significantly more 
myocardial stress. The systemic vascular 
 resistance is increased due to loss of capillary 
volume and excessive responsiveness to vasocon-
strictive hormones [30]. The capillary volume in 
the myocardium is similarly affected, resulting in 
reduced blood supply to the cardiac myocytes. 
This results in additional hypertrophy and strain 
as the heart attempts to respond to the stress. On 
echocardiography, the myocardium has evidence 
of diastolic dysfunction [31]. Despite the appear-
ance of a hyperdynamic left ventricle with ele-
vated cardiac output, evidence of subclinical 
systolic dysfunction can be found using speckle 
strain measurements [31].

Women with preeclampsia can have varied 
presentations of cardiac function on admission, 
depending on the severity of their disease and 
when they are admitted. The more common pre-
sentation consists of decreased preload, increased 
contractility, and cardiac output, with an elevated 
systemic vascular resistance [32]. This pattern 
changes significantly with volume administration 
to either a decrease in systemic vascular resis-
tance and increased cardiac output or cardiogenic 
failure with elevated filling pressures [33].

The clinical consequences of these changes 
can be catastrophic. Women with preeclampsia 
have a high incidence of cardiogenic pulmonary 
edema. One of the most significant effects of pre-
eclampsia is a possible association with peripar-
tum cardiomyopathy. This association has been 
demonstrated in population studies. However, 
other studies do not support a link, as the myocar-
dial features of preeclampsia and peripartum car-
diomyopathy are disparate [34]. One study 
identified the association between antiangiogenic 
hormones and a genetic defect that leads to lethal 
cardiomyopathy in mice, and the presence of this 
genetic defect in humans could link preeclampsia 
and peripartum cardiomyopathy [35].

Vascular: The hallmark of the hypertensive 
disorders of pregnancy is an elevation of blood 
pressure due, at least in part, to elevation of sys-
temic vascular resistance (SVR) [33]. SVR has 
two components: a responsive component deter-

mined by the arteriolar tone that represents the 
majority of SVR, and a fixed component due to 
capillary volume that represents approximately 
40% of SVR in the nonpregnant, healthy person. 
The loss of capillary bed volume to the antiangio-
genic environment results in an increase in the 
fixed component of SVR. This leads to progres-
sive hypertension that can be resistant to medical 
therapy and often requires upward titration of 
medications at short intervals. Administration of 
crystalloid volume expansion to a woman with 
severe preeclampsia will result in a significant 
decrease in SVR, consistent with a reduction in 
systemic stress [33]; however, this is no longer 
recommended without evidence of hypovolemia, 
because aggressive administration of fluid may 
lead to pulmonary edema as a result of the accom-
panying endothelial dysfunction. Predicting the 
response to a fluid challenge requires echocardio-
graphic imaging of patient volume status, as 
approximately half may not respond as clinically 
expected [36].

Central nervous system: Central nervous sys-
tem (CNS) involvement is one of the hallmarks 
of the hypertensive disorders of pregnancy and is 
a unique feature not seen in essential hyperten-
sion. Precisely why women with preeclampsia 
have a predilection for CNS complications 
remains unclear, but may relate to the importance 
of VEGF-A in maintaining the fenestrated endo-
thelium of the cerebral choroid plexus and vascu-
lar permeability. The most common CNS 
manifestation seen in preeclamptic women is 
peripheral hyperreflexia. Severe CNS complica-
tions include cerebral hemorrhage, cerebral 
edema, posterior reversible encephalopathy syn-
drome (PRES), retinal blindness, and eclampsia. 
Women with eclampsia are at the highest risk for 
morbidity and mortality. Although delivery 
should occur promptly, it is possible to safely 
have a vaginal delivery once the woman has been 
treated and stabilized [37]. Eclampsia should be 
considered any time a woman of childbearing age 
presents with seizures.

Airway and respiration: The nondependent 
edema that is characteristic of preeclampsia can 
have a significant effect on the swelling found in 
the upper torso and airway. This is especially true 
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for women who have gone through labor, particu-
larly the second stage of labor [38–40]. Women 
with hypertensive disorders of pregnancy have a 
higher incidence of snoring and sleep apnea [38].

Consistent with the increase in cardiac output, 
women with hypertensive disorders of pregnancy 
have an elevated minute ventilation, despite a 
decreased forced vital capacity; however, exer-
cise tolerance is decreased [41]. Similarly, venti-
lation perfusion mismatch is increased in women 
with severe preeclampsia [42], resulting in a 
higher incidence of saturation abnormalities, 
especially when the woman lies supine. 
Approximately 3% of women with preeclampsia 
experience pulmonary edema. Most cases occur 
after birth and are associated with the severity of 
preeclampsia, especially HELLP syndrome, and 
the amount of fluid given during labor and deliv-
ery [43, 44]. Possible explanations for the pro-
pensity for pulmonary edema in this population 
include increased capillary permeability due to 
endothelial injury, a reduction in colloid oncotic 
pressure, elevated hydrostatic pressure, and high 
incidence of diastolic dysfunction [45].

Hepatic: Liver injury is commonly seen in 
women with hypertensive disorders of pregnancy. 
Autopsies on women with eclampsia frequently 
demonstrate focal areas of ischemic injury in the 
liver [46]. Similar findings have been demon-
strated by computer tomography in women with 
severe preeclampsia with HELLP syndrome and 
are typically associated with symptoms of right 
upper quadrant pain and elevated hepatic 
enzymes [47, 48].

One potentially disastrous consequence of 
preeclampsia is focal peripheral hepatic isch-
emia with subsequent hemorrhage within the 
liver capsule. A subcapsular liver hematoma is 
an emergency, as rupture is reportedly accompa-
nied by maternal death rates of more than 30% 
[49]. Persistent right upper quadrant pain in a 
pregnant woman with preeclampsia (often 
despite epidural analgesia and control of hyper-
tension) should immediately trigger referral to 
imaging. Diagnosis can be often made with 
ultrasound; however, computed tomography 
(CT) or magnetic resonance imaging (MRI) 
may also be required to confirm the diagnosis. 

Hesitation to use imaging due to concerns 
regarding fetal exposure to ionizing irradiation 
has no place in this circumstance as it may lead 
to maternal death. Once confirmed, the woman 
should be treated with minimal manipulation. A 
surgeon with expertise in trauma or liver sur-
gery should be consulted, and the operating 
room, angiography, intensive care, and neona-
tology teams should be informed. Hepatic artery 
embolization can be used with expectant man-
agement in cases with a small focal area of hem-
orrhage [50, 51]. Capsular rupture frequently 
occurs with laparotomy, as the decrease in 
intraabdominal pressure relieves tamponade 
[49].

Hematologic: Preeclampsia can result in sig-
nificant, sometimes dangerous, changes in the 
hematologic system. The most common finding 
is an elevation of the hemoglobin concentration, 
consistent with the third spacing of fluid due to 
endothelial injury and increased hydrostatic pres-
sure. This may be the first identifiable sign of an 
impending hypertensive disorder. On the other 
hand, women with HELLP syndrome experience 
hemolytic anemia with circulating schistocytes; 
this occurs primarily due to the injury to the retic-
ular endothelial system in the spleen. The pres-
ence of HELLP syndrome calls for prompt 
delivery.

Thrombocytopenia, defined as a platelet count 
less than 150,000/mm3, is uncommon in gesta-
tional and chronic hypertension but is present in 
50% of preeclampsia with severe features. 
Evidence of platelet dysfunction may also be 
seen in the preeclamptic patient with thrombocy-
topenia. The maximum amplitude value of the 
clot formed during thromboelastography, a mea-
sure that is believed to correlate with the effect of 
platelet function on clotting, begins to fall when 
the platelet count decreases below 100,000/mm3 
[52]. This is different than pregnant women with-
out a hypertensive disorder, in whom the maxi-
mum amplitude begins to fall at a platelet count 
of 75,000/mm3 [53]. Platelet dysfunction may be 
due to splenic injury or to autoantibodies; approx-
imately one-third of women with preeclampsia 
have identifiable anti-platelet autoantibodies [54, 
55]. The clinical importance of this finding is 
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unknown and should not prohibit platelet transfu-
sion when indicated.

In severe cases, women may develop fulmi-
nant disseminated intravascular coagulation, with 
depletion of clotting factors. This can be found in 
cases of placental abruption, fetal demise, intra-
cranial hemorrhage, and multisystem organ fail-
ure. This results in a hypocoagulable state that 
may require aggressive repletion of fibrinogen 
and plasma clotting proteins (see also Chap. 5).

Renal: The pathologic renal injury, glomerular 
endotheliosis, is pathognomonic for preeclamp-
sia. While nephritic and even nephrotic syndrome 
occur with regularity in preeclampsia, oliguria 
(<400  mL/day) should be investigated because 
mismanagement can lead to iatrogenic injury. 
Management of oliguria should be undertaken 
with care due to the propensity these women have 
for developing pulmonary edema. An initial judi-
cious bolus of fluids (250–500 ml) may be admin-
istered if hypovolemia is suspected. However, 
further fluid challenges must be based on mea-
surable evidence of hypovolemia (i.e., echocar-
diographic assessment or indirect measures of 
volume responsiveness such as pulse pressure 
variation (see also Chap. 13)) given the lack of 
accuracy of calculated glomerular filtration rate, 
fractional excretion of sodium, and protein/cre-
atinine ratio in this population [56].

Of significant concern is the use of non- 
steroidal anti-inflammatory medications after 
cesarean delivery, and these should be avoided in 
women with known renal dysfunction. With 
advanced disease, acute tubular necrosis can lead 
to fulminant renal failure, requiring dialysis. The 
need for dialysis during pregnancy or after deliv-
ery is uncommon, with an incidence of 1 per 
10,000 pregnancies reported in Canada between 
1997 and 2011 [57]; however, preeclampsia is the 
most common pregnancy-related cause [58] (see 
also Chap. 31).

Fetal impact: The hypertensive disorders of 
pregnancy also take their toll on the fetus. The 
presence of chronic placental ischemia has a 
direct impact on fetal oxygen exchange, resulting 
in high rates of intrauterine growth restriction 
[59]. The impact of this is more commonly expe-
rienced among pregnancies affected by early- 

onset disease [60] and is likely associated with 
dysfunctional implantation and morphology of 
the placenta [26, 61]. Furthermore, preeclampsia 
is the leading cause of iatrogenic preterm birth, 
which is associated with significant morbidity. 
Even accounting for prematurity, preeclampsia is 
associated with greater neonatal morbidity, 
including increased odds of perinatal mortality, 
NICU admission, respiratory distress syndrome, 
peri- or intraventricular hemorrhage, apnea, and 
asphyxia [59, 62, 63]. In addition to reduced pla-
cental perfusion, women with preeclampsia have 
a high risk of placental abruption [64], which can 
be a fetal emergency.

16.9  Clinical Management

The goals of treatment for preeclampsia are (1) 
prevention of eclampsia, (2) control of blood 
pressure, (3) guided fluid management, and (4) 
prompt delivery of the fetus. The use of standard 
protocols developed from published guidelines 
and visual aids to ensure that appropriate care is 
provided should help in achieving optimal care 
[10]. Continual staff education and simulation 
training would be important [65].

16.10  Monitoring

Upon diagnosis of a hypertensive disorder of 
pregnancy, both mother and fetus should receive 
increased monitoring until delivery, and the 
mother should continue to receive close moni-
toring after delivery (Table  16.7). The setting 
should be determined based on the local capa-
bilities; in some places, high-acuity centers 
have capabilities that approach those of inten-
sive care units. A nurse-to-patient ratio of no 
less than 1–2 is indicated, and the patient should 
be evaluated every hour at minimum. The care 
setting must have capabilities for invasive mon-
itoring and administration of intravenous car-
diovascular medications. Any woman with 
hypertensive disease of pregnancy who requires 
mechanical ventilatory support should be in an 
intensive care unit.

E. J. Ciampa and P. E. Hess



223

16.11  Eclampsia Prophylaxis

Magnesium sulfate has become the standard ther-
apy for prophylaxis in women with preeclampsia, 
especially those with severe features, reducing 
the incidence of seizures by approximately half 
[66]. Magnesium has also been shown to be 
effective for the treatment of an eclamptic sei-
zure, both in halting the convulsion and in pre-
venting further seizures (Table 16.8) [67]. Women 
should be closely monitored with serial periph-

eral reflex checks, and serum magnesium levels 
should be checked if reflexes are absent or if the 
woman becomes sedated. The therapeutic target 
is a serum concentration of 4–7 mEq/L.

16.12  Blood Pressure Management

Pre-delivery monitoring after admission should 
include blood pressure measurements at least 
every hour. There should be a low threshold for 
arterial cannulation in severe cases. Indications 
for invasive blood pressure monitoring include 
persistent hypertension, need for intravenous 
infusion of potent vasodilators, or the inability to 
accurately measure blood pressure with an auto-
mated cuff. Automated blood pressure cuffs that 
use an oscillometry are often unreliable in 
patients with severe preeclampsia [68], and the 
accuracy of the measurements should verified 
with manual auscultation.

The primary goal of antihypertensive treat-
ment is to prevent maternal complications associ-
ated with hypertensive emergencies; however, 
care must be taken if possible to avoid decreasing 
uteroplacental perfusion. Treatment approaches 
depend on the severity of blood pressure derange-
ment and the expected time to delivery. Treatment 
of severe-range blood pressure (160 mmHg sys-
tolic and 110 mmHg diastolic) should be initiated 
with intravenous medications with a target blood 
pressure of 130–150/80–100  mmHg prior to 

Table 16.7 Clinical monitoring of the patients with 
hypertensive disorders of pregnancy

Monitor Indication Frequency
Blood 
pressure

Identification of 
severe 
hypertension

Weekly 
(gestational/
chronic 
hypertension)
Every 30–60 min 
(preeclampsia 
with severe 
features)

Pulse 
oximetry

Pulmonary 
edema

On admission
Every shift 
change
Continuous after 
delivery or upon 
worsening 
clinical status

Fluid input/
output

Volume 
overload
Volume 
restricted
Renal 
insufficiency

Every shift 
change

Deep tendon 
reflexes (if on 
magnesium)

Magnesium 
monitoring

Every 4–8 h
Measure serum 
magnesium if 
depressed

Fetal 
monitoring 
(pre-delivery)

Fetal 
compromise

Weekly with 
outpatient
Daily ultrasound 
assessment for 
severe features
Continuous 
monitoring in 
labor

Blood 
sampling

Complete blood 
count (platelet 
count, 
hemoglobin)
Creatinine/BUN
AST/ALT
Magnesium

As needed 
depending on 
disease severity

Table 16.8 Medical therapy for the treatment or prophy-
laxis of eclampsia

Loading 
dose

4 g intravenous 
over 20 min

Hypotension
Respiratory 
depression

Maintenance 1 g per hour over 
24 h

Accumulation 
due to renal 
insufficiency

If seizures 
persist

Repeat loading 
dose
Consider 
benzodiazepine or 
anticonvulsant 
therapy

Lorazepam 
0.5–2 mg IV
Phenytoin 
10–15 mg/kg at a 
rate not 
exceeding 50 mg/
min
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delivery (Table  16.9). Fetal monitoring can be 
used to ensure that adequate perfusion is main-
tained upon reduction in blood pressure. 
However, it is imperative to avoid under-treating 
the mother due to concerns regarding the fetus.

Beta-blockade has become a popular choice 
for the initial treatment of hypertension in preg-
nancy. Labetalol is generally considered first-line 
therapy for both oral and intravenous treatment 
due to a low frequency of side effects; however, a 
second agent is sometimes required to treat per-
sistent hypertension [69]. Esmolol is usually 
avoided due to an association with fetal bradycar-
dia [70, 71]. One specific use of esmolol might be 
for blunting of the hemodynamic response to 
endotracheal intubation.

Direct-acting vasodilator medications are con-
sidered second-line agents for the treatment of 
persistent hypertension, although they are associ-
ated with greater risk of hypoperfusion of the 
fetus. Hydralazine is associated with a higher fre-
quency of hypotension during initial therapy, as 
well as with a trend toward a higher incidence of 
fetal heart rate abnormalities and urgent cesarean 
delivery in randomized trials [69]. Both nitro-
prusside and nitroglycerin may be used in the 
pregnant woman; however, the high incidence of 

hypotension and headache associated with the 
cerebral vasodilation limit their use to resistant 
cases. Titration may be guided by invasive direct 
arterial monitoring.

Calcium channel blockers are also highly 
effective medications for the treatment of hyper-
tension in pregnancy. Compared with beta- 
blockade, alpha-1 blockade, and hydralazine, 
women treated with calcium channel blockers are 
less likely to experience persistent hypertension, 
to need a second-line agent, or to have fetal heart 
rate abnormalities [69]. The primary deterrent to 
the front line use of calcium channel blockers is 
the high incidence of maternal headache, which 
can confuse the diagnosis of preeclampsia with 
severe features.

16.13  Oxygenation

Pulmonary edema, which complicates up to 3% 
of pregnancies affected by hypertensive disor-
ders, is associated with a significantly worse 
prognosis [45]. We recommend use of continuous 
pulse oximetry upon escalation of medication 
regimens or worsening clinical status. 
Desaturations should be investigated with a chest 

Table 16.9 Medications for the treatment of hypertension in preeclampsia

Medication Dose Side effect
Oral
Beta-blockade Labetalol 100–300 mg thrice daily
Calcium channel 
blockade

Nifedipine 10–40 mg daily Headache
Tachycardia

Alpha-1 blockade Urapidil 30–180 mg daily
Ketanserin 40 mg twice daily

Intravenous
Direct vasodilation Hydralazine 5 mg every 20 min (20 mg 

maximum)
Hypotension
Tachycardia/palpitations
Headache
Oliguria

Beta-blockade Labetalol 10–200 mg
Esmolol 10–100 mg Fetal bradycardia

Nitrates Nitroprusside 0.3–10 mcg/kg/min Tachycardia
Hypotension
Cyanide toxicity especially with 
renal impairment

Nitroglycerin 0.4–10 mcg/kg/min Tachycardia
Hypotension
Headache
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X-ray and arterial blood gas. Lung ultrasound, 
specifically the presence of B-lines, has been 
shown to be of value in early identification of 
pulmonary edema in this population [72]. 
Treatment includes supplemental oxygen, diure-
sis with furosemide (5–40 mg), fluid restriction, 
and respiratory support (e.g., mechanical ventila-
tion) in severe cases. The differential diagnosis 
includes magnesium toxicity, which can cause 
hypoventilation and respiratory depression and 
pneumonia, pulmonary thromboembolism, and 
noncardiogenic pulmonary edema, including that 
secondary to amniotic fluid embolism.

16.14  Fluid Administration

Accurate volume assessment can be challenging 
in the patient with severe preeclampsia. Pulse 
pressure variation may not accurately predict vol-
ume responsiveness in these patients [36]. 
Similarly, urine output may be inaccurate due to 
the high incidence of renal injury in these 
patients. Urine output of less than 1  cc/kg/h. 
should be investigated for potential renal impair-
ment. Fluid administration should be used only 
after demonstrating that the patient has prerenal 
failure, as the volume of fluid administered dur-
ing labor and delivery correlates with postpartum 
complications including pulmonary edema. Until 
volume status and cardiac function are assessed, 
women with hypertensive disorders of pregnancy 
should be treated with mild fluid restriction prior 
to delivery. Intravenous fluid should be mini-
mized to <1 mL/kg/h, except for the treatment of 
medically induced hypotension (e.g., antihyper-
tensive medication or regional anesthesia) or 
blood loss. A retrospective review of cases in 
which fluid restriction was practiced found a low 
complication rate, including less than 1% inci-
dence of renal insufficiency [73].

Central venous catheterization may be appro-
priate in order to administer potent vasodilatory 
medications, such as nitroprusside or nitroglycer-
ine, or for repeated venous blood sampling when 
peripheral venous access is difficult in the 
absence of arterial access, but it is rarely justified 
nowadays for assessing central venous or pulmo-

nary pressures. Studies have demonstrated that 
measurements of central venous pressures do not 
correlate with cardiac volumes and function [30].

Regarding the use of a pulmonary artery (PA) 
catheter, there is no randomized study in the 
obstetric population which demonstrates benefit 
from its use. Even those studies claiming that the 
use of a PA catheter was subjectively beneficial 
in 93% of 100 cases noted a 4% incidence of 
complications due to catheter placement and a 
high rate of severe renal failure (11%) and even 
death (3%) [74]. Furthermore, studies in other 
populations failed to demonstrate that manage-
ment directed following PA catheter data 
improved outcome. Thus, routine placement of 
PA catheters in women with hypertensive disor-
ders of pregnancy is not recommended.

Instead, transthoracic echocardiography 
(TTE) is gaining popularity for use in these cases 
[34]. At this time, in part due to the lack of uni-
versal training in this modality, and also the lack 
of comparative outcome studies, this remains 
speculative but promising. This modality is dis-
cussed in more detail in the chapter on 
Echocardiography (see Chap. 13).

16.15  Delivery of the Fetus

Because removal of the fetus and placenta are the 
definitive treatment for preeclampsia, the timing 
of delivery must be considered. In the stable 
patient, expectant management can be used safely, 
providing time to administer corticosteroids to the 
fetus between 24 and 34  weeks of gestation. 
Worsening maternal condition, or evidence of 
other complications, such as placental abruption 
and DIC, should lead to immediate delivery.

16.16  Conclusion

Preeclampsia is one of the leading causes of 
maternal mortality and major morbidity, and one 
of the more frequent causes of ICU admission in 
pregnancy. Reviews of the quality of care have 
suggested that close to half of women who die 
have received inadequate care that contributed to 
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their demise. While the only “cure” for pre-
eclampsia is delivery, additional care should 
focus on preventing further organ injury. This 
includes prevention of eclampsia, control of 
hypertension, and supportive care. Monitoring 
should be focused on identification and preven-
tion of progressive organ injury.
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Bullet Points
• Viral infections are common causes of 

critical illness in pregnancy and may be 
more severe than in the nonpregnant 
woman.

• Influenza viruses are the most common 
infectious cause of acute respiratory 
failure in pregnancy.

• PCR-based diagnostics are preferred 
when testing for influenza, and early 
treatment with neuraminidase inhibitors 
reduces mortality.

• Bacterial superinfection is common in 
severe viral respiratory infection. In 
cases of respiratory failure, empiric 
antibacterial therapy directed against 
pneumococci and staphylococci is 
advisable pending culture results.

• Viral encephalitis may be due to many 
different pathogens, but empiric intrave-
nous acyclovir should be administered 
early to all pregnant women with sus-
pected viral encephalitis until HSV and 
VZV infections have been excluded.

• There are limited effective therapies for 
viral encephalitis due to non- 
herpesviruses. IVIG, methylpredniso-
lone, or plasmapheresis may be 
considered for acute disseminated 
encephalitis (ADEM).

• Fulminant hepatic failure (FHF) in preg-
nancy should receive treatment with 
N-acetylcysteine, in addition to any spe-
cific antiviral therapies if available.

• Specific therapies exist for acute viral 
hepatitis due to hepatitis B and herpes-
viruses (HSV, VZV, CMV, and possibly 
EBV).

• Dengue, Zika, and chikungunya virus 
infections have overlapping regions of 
endemicity and similar clinical 
syndromes.

• Severe dengue is managed supportively 
with fluids, organ support, and rarely 
blood products. Glucocorticoids are not 
effective in the treatment of dengue.
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17.1  Introduction

Viral infections are common in pregnancy, with con-
sequences for the health of both the fetus and the 
expectant mother. The exposures of a pregnant 
woman to viruses may be comparable to that of the 
larger community and are essentially unchanged 
from that of her prepregnancy self. However, 
changes in host immunology increase the pregnant 
woman’s risk of disease as well as the severity of that 
disease following exposure to a circulating virus.

The immunologic changes of pregnancy are 
described in greater detail in Chap. 15. To briefly 
summarize, cell-mediated immunity typically 
downregulates in the third trimester and early post-
partum period, increasing the woman’s risk of 
infection by certain pathogens, including bacteria 
(e.g., listeriosis), fungi (e.g., coccidioidomycosis) 
and, most commonly, viruses. Physiologic changes 
inherent to pregnancy, such as decreased functional 
residual capacity in the respiratory system, may 
additionally increase the risk of severe disease 
requiring critical care following such an infection.

Although numerous viruses may infect preg-
nant women, infections of the respiratory tract, the 
central nervous system, and the liver are most 
likely to lead to critical illness. In addition, arbovi-
ral infections may produce severe syndromes that 
are becoming more common in our increasingly 
globalized world. It is unusual for the attending 
obstetrician, intensivist, or even infectious dis-
eases specialist to know the specific etiology of a 
viral infection at the time of presentation. 
Therefore, the presenting syndrome should guide 
initial workup and empiric therapy while awaiting 
a specific diagnosis. In general, viral infections 
leading to critical illness do not specifically require 
expedited delivery of the fetus or consideration of 
pregnancy termination, unlike some other causes 
of obstetric critical illness (e.g., the HELLP syn-
drome, massive uterine hemorrhage). In addition, 
certain viral infections are associated with a high 
risk of transmission to healthcare staff, and pre-
cautions must be implemented to reduce risk to 
caregivers and other patients.

Viral infections associated with significant 
fetal abnormalities, such as rubella or cytomega-
lovirus, rarely produce life-threatening maternal 
disease and will not be discussed in detail here, 
except as they relate to maternal illness.

17.2  Influenza and Other 
Respiratory Viruses

Severe acute respiratory infection (ARI) is among 
the most common illnesses leading to intensive 
care unit admission among pregnant women, 
leading to 25% [1] of cases of respiratory failure 
and 12% of deaths [2] of pregnant women. A 
wide diversity of RNA and DNA viruses cause 
ARI in pregnant women. Influenza viruses, in 
particular, have a unique virulence: pregnant 
women represented 5% of cases of acute respira-
tory distress syndrome and 6–13% of deaths [3, 
4] in the 2009–2010 H1N1 influenza epidemic. 
Overall mortality for pregnant women with 
severe influenza requiring critical care admission 
is estimated to be as high as 24% [1, 5], particu-
larly in women requiring mechanical ventilation, 
despite a less than 10% overall mortality rate of 
pregnant women with acute respiratory failure in 
developed countries [1] (see Chap. 23). 
Extracorporeal membrane oxygenation (ECMO) 
has been used successfully in pregnant women 
with influenza, with a meta-analysis suggesting a 
maternal survival rate of 75% and a 70% rate of 
live birth, although this is limited by a small 
number of included studies [6] (see Chap. 14).

The burden of viral ARI has become easier to 
estimate in recent years, with the advent of widely 
available and rapid molecular diagnostic testing in 
resource-rich settings. Polymerase chain reaction 
(PCR)-based testing is the diagnostic test of choice 
for suspected viral ARI in a critically ill patient, 
regardless of pregnancy. These specimens may be 
obtained at the bedside via nasopharyngeal, oropha-
ryngeal, or endotracheal aspiration and should be 
obtained routinely for hospitalized women with 
compatible clinical syndromes (i.e., fever, cough, 
airspace opacities, or hypoxemia). Existing com-
mercial tests such as the GeneXpert Xpert Flu assay 
(Cepheid, Sunnyvale, California, USA) have a sen-
sitivity and specificity for the detection of influenza 
in excess of 95% [7]; multiplex assays such as the 
FilmArray RP panel (BioFire Diagnostics, Salt 
Lake City, Utah, USA) detect a wider variety of 
respiratory viruses but at a potentially lower sensi-
tivity of approximately 85% [8]. Rapid antigen test-
ing for influenza is an alternative, but the lower 
sensitivity of these assays (60–65%) reduces their 
utility, especially with negative test results [9].
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Evaluation for suspected viral ARI in the criti-
cally ill pregnant women includes PCR testing 
for relevant viruses where available, in addition 
to chest radiography and bacterial cultures of 
sputum. If multiplex PCR is not readily available, 
either influenza-specific PCR or rapid antigen 
testing is an alternative. If no such viral diagnos-
tics are available, then empiric antiviral therapy 
for women with a compatible syndrome should 
be strongly considered.

Antiviral therapy with the neuraminidase 
inhibitor oseltamivir is associated with improved 
outcomes in severe influenza, based on retrospec-
tive studies that have included pregnant women; 
therapy within the first 48 h of symptom onset is 
preferred [10, 11]. There are no prospective stud-
ies of oseltamivir use in critically ill pregnant 
women. A retrospective series conducted by US 
Centers for Disease Control and Prevention 
(CDC) studied pregnant women requiring hospi-
talization during the 2009 H1N1 pandemic; in 
this study, women who received early neuramini-
dase inhibitor treatment (<2 days after the onset 
of symptoms) had decreased rates of ICU admis-
sion (9.4% versus 56.9%) and of death (0.5% 
versus 27%) compared with women treated more 
than 4 days after symptom onset, with the great-
est risk noted in women in the third trimester 
[12]. Follow-up data on children born to pregnant 
women treated with oseltamivir have not shown 
evidence of drug-specific fetal complications [13, 
14]. The standard dose of 75 mg twice daily for 
5 days is given either orally or via an enteric tube 
[15]. Higher doses (150 mg twice daily) or more 
prolonged courses (up to 10 days) have not been 
associated with improved survival in either criti-
cally ill patients or pregnant women [16, 17].

In patients for whom enteral medications are 
not possible, peramivir is an intravenous neuramin-
idase inhibitor that is an acceptable alternative to 
oseltamivir. Peramivir is normally administered as 
a single 600 mg dose but may be considered for 
5 days of therapy in severely ill patients, based on 
limited data. Specifically in pregnancy, there is 
some evidence of increased peramivir clearance 
which may support the more extended course of 
treatment [18–21]. Oseltamivir- and peramivir-
resistant strains of influenza are well-described but 
unusual [22–24]. For such cases, intravenous zana-
mivir may be considered as an investigational agent 

(available via GlaxoSmithKline at gskclinicalsup-
portHD@gsk.com) [25, 26]. A small number of 
pregnant women have received intravenous zana-
mivir, but outcomes in those women have not been 
reported [26]. Inhaled zanamivir is not recom-
mended in intubated patients [15].

As of 2020, there is an ongoing pandemic due 
to the Severe Acute Respiratory Syndrome corona-
virus- 2 (SARS-CoV-2), leading to a clinical syn-
drome known as coronavirus disease 2019 
(Covid-19). At the time of this writing, clinical 
evidence regarding the severity of Covid-19  in 
pregnant women is limited to case series and retro-
spective observational data. An early case series 
from Wuhan, Hubei Province, China, at the onset 
of the pandemic described the course of 116 preg-
nant women with Covid-19; 8/116 (6.9%) of 
affected women had severe pneumonia requiring 
ICU admission, of whom 2/116 (1.7%) required 
endotracheal intubation and 1/116 (0.9%) required 
ECMO [27]. A systematic review of 33 studies 
more recently reported a total of 385 pregnant 
women with Covid-19 infection, of whom 17/385 
(4.4%) required ICU admission and 6/385 (1.6%) 
required mechanical ventilation, with one death 
identified (1/385, 0.26%) [28]. Overall, the mor-
tality risk of Covid-19 in pregnancy seems compa-
rable to that of the general population, unlike the 
specific increased risk of influenza, although limi-
tations in data quality at this phase of the pandemic 
require clinicians to be cautious in interpreting this 
information. Vertical transmission seems rare (and 
difficult to exclude from the possibility of iatro-
genic, rather than maternal origin) [29].

Therapy for Covid-19  in pregnancy is pres-
ently limited to supportive care. Empiric therapy 
for community-acquired pneumonia is recom-
mended for mechanically ventilated patients; it is 
reasonable to include pregnant women in this 
practice. Hydrocortisone for vasopressor- 
resistant shock, low tidal volume ventilation, and 
consideration of intravenous methylprednisolone 
for the acute respiratory distress syndrome 
(ARDS) are also recommended, in accordance 
with routine critical care practice [30]. A large 
number of investigational agents are under study 
for Covid-19, including novel antiviral agents 
such as remdesivir, inhibitors of the inflamma-
tory cascade such as tociluzimab, and repurposed 
agents such as hydroxychloroquine. Remdesivir, 
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a nucleotide inhibitor of viral RNA-dependent 
RNA polymerase, has been administered to preg-
nant women with Covid-19 through compassion-
ate use programs, but data on their outcomes are 
not currently available. Remdesivir has been 
administered safely to pregnant women with 
Ebola virus disease in a randomized trial, how-
ever, without evidence of increased risk [31].

There are limited specific antiviral therapies 
available for other respiratory viruses. Data in 
pregnancy is invariably limited, with much of the 
available evidence derived from the management 
of patients with hematologic malignancy. Ribavirin 
(administered intravenously, orally, or inhaled) has 
in  vitro activity against several non- influenza 
respiratory viruses including adenoviruses, human 
metapneumovirus, respiratory syncytial virus 
(RSV), and parainfluenza; however, clinical evi-
dence for its utility in patients without malignancy 
is limited [32–34]. Ribavirin has historically been 
considered to be contraindicated in pregnancy due 
to concern for teratogenicity as well as hemolysis. 
More recent data of ribavirin when used for 
chronic hepatitis C infection shows little direct 
evidence of teratogenicity, although the doses used 
are smaller than those used for critically ill patients 
[35]. As such, the use of ribavirin may be appropri-
ate as a lifesaving intervention for the mother [35].

Cidofovir, a long-acting intravenous nucleotide 
analogue, may be considered for severe adenovirus 
infections, although embryotoxicity and fetal harm 
have been seen in animal studies at doses that are 
maternally toxic, and it is associated with nephro-
toxicity [32, 36, 37]. Enterally administered brin-
cidofovir is a prodrug of cidofovir that may have an 
improved safety profile in terms of nephrotoxicity 
[38]. Data regarding teratogenicity is currently lack-
ing due to exclusion of pregnant women from stud-
ies using this drug for treatment of Ebola.

Intravenous immune globulin given in combi-
nation with aerosolized ribavirin may be pre-
ferred for severe RSV infection [39]. Palivizumab, 
an anti-RSV monoclonal antibody, is recom-
mended only for prophylaxis and not for therapy; 
therefore it is not a relevant option once a preg-
nant woman is critically ill. Adjunctive glucocor-
ticoids appear harmful in severe influenza and are 
not recommended [40].

Bacterial superinfection is common in severe 
viral ARI. Pneumococci and staphylococci (includ-

ing methicillin-resistant Staphylococcus aureus) are 
frequent coinfections in severe influenza infections, 
occurring in 25–50% of critically ill patients [41]. 
The rate of post-influenza bacterial pneumonia in 
critically ill pregnant women does not appear to be 
higher than that in nonpregnant women (and may in 
fact be somewhat lower) [42]. Regardless, empiric 
therapy for community- acquired bacterial pneumo-
nia is advisable in severe ARI until bacterial super-
infection can be excluded, including coverage 
directed against MRSA in patients with influenza, 
metapneumovirus, or respiratory failure.

Staff protection: Respiratory viruses are conta-
gious to hospital staff and to other patients. 
Appropriate precautions must be taken in the man-
agement of all patients infected with respiratory 
viruses to reduce the risk of transmission. In gen-
eral, patients with suspected or confirmed respira-
tory viruses require the use of dedicated hospital 
room separated from other patients; if this is not 
feasible, cohorting of patients with a common 
infection (i.e., influenza A with other influenza A 
patients) may be acceptable. Seasonal influenza 
vaccination should be encouraged for all hospital 
staff, and clinical staff should wear masks when 
caring for these patients [43]. Standard surgical 
masks appear to be acceptable; studies comparing 
the risk of influenza acquisition showed compara-
ble protective efficacy between surgical masks and 
N95 respirators, although N95 masks may be pre-
ferred in cases of airway procedures known to pro-
duce aerosols, i.e., endotracheal intubation and 
bronchoscopy [44, 45].

Certain highly pathogenic respiratory viruses 
require higher levels of respiratory protection, 
including the use of negative pressure isolation 
rooms, N95 respirators, or powered air-purifying 
respirators (PAPRs). Such viruses include SARS- 
CoV- 2, related coronaviruses such as the Severe 
Acute Respiratory Syndrome-associated coronavi-
rus (SARS-CoV), and the Middle East Respiratory 
Syndrome-associated coronavirus (MERS-CoV), 
as well as highly pathogenic avian influenza strains 
(H5N1, H7N9) [46]. The Infectious Diseases 
Society of America (IDSA) has recently published 
interim guidance on the appropriate use of personal 
protective equipment for staff safety in the care of 
patients with Covid- 19; such recommendations are 
likely to be broadly applicable to other highly 
pathogenic respiratory viruses [47].
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17.3  Neurotropic Viruses

Encephalitis is the typical presenting syndrome 
among pregnant women with neurologic viral 
infections requiring ICU admission and must be 
considered in women with unexplained delirium, 
fever, or focal neurologic signs including new- 
onset seizures. A specific pathogen may be elusive 
for many patients with suspected viral encephali-
tis. In all cases, infectious disease and neurology 
specialty consultation should be obtained.

Cerebrospinal fluid (CSF) analysis is required 
for the diagnosis of encephalitis. A lymphocyte- 
predominant pleocytosis with relatively normal 
protein and glucose levels is typical, although 
neutrophil predominance may be seen in early 
infections. Elevated CSF erythrocyte counts in 
the absence of traumatic lumbar puncture may be 
noted in cases of herpes simplex virus type 1 
(HSV-1) encephalitis [48]. Bacterial infections, 
most notably Listeria monocytogenes, may pres-
ent similarly with a comparable CSF lymphocy-
tosis. Magnetic resonance imaging (MRI) with 
gadolinium enhancement may demonstrate 
pathogen-specific features that can aid in the 
diagnosis. HSV-1, for example, commonly local-
izes to the temporal lobes. None of these features 
are pathognomic, but they may support an exist-
ing suspicion or guide further evaluation. 
Although gadolinium is recommended for use in 
pregnancy only if the benefits of imaging out-
weigh potential risks, there is currently no evi-
dence of adverse neonatal effects of gadolinium 
in human studies [49].

Nucleic acid amplification testing (NAAT), 
such as PCR, of CSF is the mainstay of diagno-
sis. Qualitative PCR for HSV, varicella-zoster 
virus (VZV), and enteroviruses is widely avail-
able and confirms the diagnosis [50, 51]. Less 
common neurotropic herpesviruses, such as 
human herpesvirus 6 (HHV-6), Epstein-Barr 
virus (EBV), and cytomegalovirus (CMV), 
may be detected in the CSF but are most often 
reactivations of latent infections in the setting 
of a different severe illness; in these cases, 
quantitative PCR may be necessary to deter-
mine causality [52, 53]. Commercially avail-
able NAAT platforms, such as the FilmArray 
Meningitis/Encephalitis panel (BioFire 
Diagnostics), can rapidly detect a wide array of 

bacterial and viral pathogens and can minimize 
the duration of unnecessary empiric antimicro-
bial therapy [54].

Empiric therapy for encephalitis in pregnancy 
should include intravenous acyclovir, 10 mg/kg 
every 8 h [55]. Early empiric therapy is critical, 
and treatment must not be delayed while awaiting 
the results of confirmatory assays. Although acy-
clovir is generally safe, it may crystallize in the 
renal tubules in settings of low urine output; vol-
ume expansion with isotonic crystalloid may be 
considered in order to maintain adequate urine 
output [56]. In situations where intracranial 
hypertension and cerebral edema are a concern, 
hypertonic saline may be an alternative to iso-
tonic saline to maintain urine output, although 
there is no prospective data to guide this practice. 
Treatment with acyclovir should continue until 
HSV and VZV have been excluded; repeat test-
ing at 3–7  days may be considered in patients 
with a compatible syndrome and imaging find-
ings but an initially negative CSF PCR [57]. 
Empiric antibacterial therapy with vancomycin, 
ceftriaxone or cefotaxime, and ampicillin (for 
empiric listeriosis coverage) is recommended 
until bacterial infection can be excluded, either 
by negative cultures after 48 h of incubation, a 
negative CSF NAAT, or with the verification of 
an alternate diagnosis [55, 58].

For confirmed CMV encephalitis, intrave-
nous ganciclovir (pregnancy Category C) 5 mg/
kg IV every 12 h may be given in combination 
with foscarnet (Category C) 90  mg IV every 
12 h, although foscarnet carries a significant risk 
of nephrotoxicity and the combination of these 
two agents is best validated in HIV-infected per-
sons [55]. Primary CMV infection in pregnancy 
has been associated with a very high risk of ver-
tical transmission (30–40%) and is the most 
common viral cause of neonatal neurosensory 
hearing loss and mental retardation [53–55]. As 
such, the risk-benefit ratio to both the mother 
and the unborn child usually justifies treatment 
despite the potential teratogenicity of both treat-
ment drugs.

Numerous other viruses may occasionally pres-
ent as encephalitis, including measles (rubeola), 
mumps, lymphocytic choriomeningitis virus, the 
equine encephalitides, and others beyond the scope 
of this chapter. There are limited specific therapies 
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for these other viral encephalitides. Intravenous 
immunoglobulin (IVIG) has been utilized with 
limited success in West Nile virus and Japanese 
encephalitis virus infections [59, 60]. Postinfectious 
acute disseminated encephalomyelitis (ADEM) 
may benefit from treatment with either IVIG or 
plasmapheresis, in combination with intravenous 
methylprednisolone [61]. Plasmapheresis can 
affect maternal hemodynamics and placental blood 
flow during pregnancy but may improve maternal 
outcome in ADEM [59].

17.4  Hepatitis and Herpes Viruses

Fulminant hepatic failure (FHF) is rare in preg-
nancy. Uniquely obstetric disorders, such as 
HELLP and acute fatty liver of pregnancy, are 
described elsewhere (see Chap. 33). Worldwide, 
viral hepatitis is the most common cause of FHF, 
although acetaminophen (paracetamol) overdose 
is more common in some industrialized countries 
such as the United States and the United Kingdom 
[62]. Supportive care for severe viral hepatitis is 
similar to that for other causes of FHF, including 
intracranial pressure management, control of 
bleeding and coagulopathy, endotracheal intuba-
tion and mechanical ventilation if necessary, and 
management of hemodynamics and secondary 
infections [62]. N-acetylcysteine (NAC) is the cor-
nerstone of therapy for acetaminophen- induced 
FHF, but empiric use of NAC for all- cause FHF 
may be of benefit, especially when the initial diag-
nosis is in doubt [62, 63]. NAC has no proven risk 
in pregnancy and has even been associated with 
improved pregnancy outcomes in both animal 
models and humans [63–65]. For all cases of viral 
FHF, liver transplantation may be indicated, and 
FHF cases should be referred promptly for trans-
plant evaluation [64, 65]. Successful deliveries of 
healthy infants have occurred even following 
maternal liver transplantation, and transplantation 
referral is not an absolute indication for pregnancy 
termination [66, 67].

Acute hepatitis A (HAV) has declined in inci-
dence in the general and obstetric populations 
with the advent of widespread immunization 
[68], although cases remain common in develop-
ing settings as well as in  localized outbreaks. 
Acute hepatitis B (HBV) is more strongly associ-

ated with fulminant hepatic failure than HAV 
[68–70], but it too has seen a decline in incidence 
due to vaccination [71]. Unlike HAV, specific 
therapies exist for HBV, including tenofovir diso-
proxil fumarate (TDF), tenofovir alafenamide 
(TAF, similar in efficacy to TDF but with less 
long-term nephrotoxicity), telbivudine, entecavir, 
and lamivudine. Among these agents, TDF, TAF, 
and entecavir are generally considered the pre-
ferred agents and may be initiated safely during 
pregnancy [71, 72]. Tenofovir is one of the cor-
nerstones of HIV therapy and has been safely 
administered to HIV-infected pregnant women 
for many years. Given the high risk of HBV 
transmission following percutaneous exposure, 
all hospital staff should be immunized against 
HBV; HAV vaccination is also highly effective 
and is advisable for all patient care staff.

Hepatitis C therapy has been revolutionized in 
the past decade, with modern antiviral therapy pro-
ducing durable cure rates of greater than 95%, 
although cost may be a limiting factor in some set-
tings. Acute hepatitis C rarely causes symptomatic 
disease but may be diagnosed during the course of 
pregnancy [73]. Advanced HCV liver disease is 
physiologically incompatible with pregnancy. 
Treatment of chronic hepatitis C is rarely an emer-
gency. Hence in the event of diagnosis of HCV, 
delay of treatment until delivery is safe. In this 
situation the goal is prevention of long-term com-
plications rather than saving the mother’s life. 
Deferment of hepatitis C therapy until after deliv-
ery is actually advised, given the lack of safety and 
efficacy data during pregnancy at present [74].

Hepatitis E (HEV) has a global distribution but 
is markedly more common in developing coun-
tries. HEV is responsible for over 25% of cases of 
acute non-A/non-B hepatitis in much of northern 
and eastern Africa as well as western, central, and 
south Asia, with a lower prevalence in industrial-
ized countries [75]. Like HAV, HEV is transmitted 
via contaminated food and water and produces a 
usually self-limited disease in adults, but acute 
HEV in pregnancy is uniquely severe, with 
15–20% progressing to FHF; of those women with 
HEV-associated FHF, mortality may exceed 60% 
[75–78]. Obstetric complications (e.g., hemor-
rhage, preterm delivery, intrauterine fetal death, 
stillbirth) are also significantly more common [76, 
79, 80] during acute HEV infection. Diagnosis of 
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acute HEV infection is made by detection of anti-
HEV IgM from patient serum. Therapy with riba-
virin has been utilized in immunocompromised 
patients in whom HEV infection has become 
chronic, but there are limited data in the immuno-
competent or pregnant patient [5]. Despite this 
lack of data, the use of ribavirin in the critically ill 
pregnant woman with acute HEV infection is 
advocated by some experts, especially in light of 
the limited fetal toxicity of ribavirin described pre-
viously [35, 81].

Herpesviruses, including HSV types 1 and 2, 
VZV, CMV, and EBV have all been implicated in 
rare but severe infections during pregnancy. Primary 
HSV infection rarely leads to severe illness, with 
the exceptions of encephalitis, as described above, 
and a rare but severe hepatitis that may be distin-
guished from other hepatitides by the presence of 
mucocutaneous lesions, although these lesions may 
absent or delayed in many cases [82]. Primary VZV 
infection in pregnant women is similarly associated 
with both encephalitis and a rare but severe hepati-
tis. Serologic testing is rarely useful in the diagnosis 
of HSV or VZV infections, given the high preva-
lence of antibodies to both in the general 
population.

HSV and VZV may be distinguished clinically 
from other viral hepatitides by the presence of a 
typical vesicular exanthem (typically cutaneous in 
VZV and mucocutaneous in HSV) although these 
lesions may absent or delayed in many cases [82]. 
As with other severe forms of HSV and VZV 
infection, treatment with IV acyclovir at 10 mg/kg 
IV every 8 h is recommended. In both cases, defin-
itive diagnosis is based on liver biopsy, although 
the isolation of either virus by PCR from blood is 
strongly consistent with acute infection and is suf-
ficient to start therapy [83–85]. The risk of liver 
biopsy in pregnancy appears to be low; pregnancy 
outcomes for women undergoing liver biopsy are 
similar to those of women with comparable 
degrees of liver disease who do not undergo 
biopsy, with the exception of an increased risk of 
earlier delivery (by 6  days) and smaller size for 
gestational age (RR = 5.2) [86].

Maternal mortality is high in both HSV and 
VZV hepatitis. In the general population, the 
mortality is approximately 75% for HSV [87], 
but published data suggests that mortality in 
pregnant woman, while still high, may be lower 

than 40% [88]. In addition, HSV and VZV may 
lead to significant neonatal morbidity. Maternal 
and newborn antiviral therapy is also indicated to 
reduce the risk of neonatal herpes simplex in 
HSV. The risk of caesarean section to maternal 
health during critical illness may make caesarean 
delivery inadvisable, depending on the health sta-
tus and hemodynamic stability of the mother. 
VZV is associated with congenital varicella syn-
drome, with musculoskeletal deformity, liver cal-
cifications, facial scarring, and microcephaly, and 
perinatal VZV infection with widespread visceral 
involvement; both syndromes carry a high mor-
tality rate for the infant.

Staff protection: Herpes viruses with cutane-
ous or respiratory manifestations, including HSV 
and VZV, may pose risks of transmission to hos-
pital staff. Patients with active mucocutaneous 
lesions due to HSV should be placed into contact 
precautions, with hospital staff wearing gowns 
and gloves during patient care until all lesions are 
dry and crusted. Patients with active cutaneous or 
respiratory VZV infections should be placed into 
contact precautions as above, in addition to the 
use of a negative pressure isolation room and sur-
gical masks by all staff. Hospital staff without 
documented VZV immunity (either by prior 
infection or immunization) should not care for 
VZV-infected patients or enter the patient’s room. 
For those nonimmune staff members accidentally 
exposed to a VZV-infected patient, postexposure 
prophylaxis with valacyclovir and/or varicella 
hyper-immune globulin (VariZIG, Cangene 
Corporation, Winnipeg, Manitoba, Canada) is 
recommended [89].

17.5  Arboviral Infections

With changes in global climate and increases in 
international travel, insect-borne viral infec-
tions are becoming more common in temperate 
climates [90, 91]. Dengue, Zika, and chikungu-
nya virus infections are particularly endemic in 
tropical countries, share a common day-biting 
vector (Aedes aegypti and occasionally Aedes 
albopictus mosquitoes) that favors urban and 
semi-urban areas, and produce similar febrile 
syndromes that may lead to severe maternal and 
fetal outcomes.
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Dengue infections are produced by four closely 
related single-stranded RNA viruses of the flavivi-
rus family, designated DENV1- DENV4. Infection 
with a single dengue subtype most often leads to 
subclinical disease or to a symptomatic illness 
consisting of fever, rash, and myalgia. Leukopenia, 
thrombocytopenia, and elevations in liver trans-
aminases are typical laboratory findings [92]. 
Dengue is most often diagnosed through serologic 
testing by enzyme-linked immunoassay, by viral 
detection through PCR of blood or urine, or (in 
some countries) by point- of- care testing of whole 
blood for the viral nonstructural protein 1 (NS1) 
[93]. Each of these assays is sensitive at different 
phases of the primary infection, and multiple 
methods may be advisable if suspicion is high.

Pregnancy complicated by dengue is common 
in endemic areas. Dengue-associated mortality 
rates are three times higher in pregnant women 
than in nonpregnant women of similar age and 
almost nine times higher in the third trimester. 
One study demonstrated that the proportion of 
severe cases among pregnant women with prob-
able dengue almost approximated the fatality rate 
(1.7% and 1.6%, respectively) [94, 95]. Following 
primary infection, patients may develop long-
term (although not necessarily lifelong) immu-
nity to that given subtype but are at risk for severe 
disease if infected later with a different subtype. 
This more severe dengue infection, also known 
as dengue hemorrhagic fever (DHF), or as den-
gue shock syndrome in its most severe form, may 
also affect neonates due to an interaction with 
heterologous maternal antibodies [96]. Vertical 
transmission of dengue viruses occurs in fewer 
than 2% of cases of recent dengue infection [97], 
although case series of hospitalized women sug-
gest rates closer to 12% in severe disease [98]. 
There is also a markedly increased risk of miscar-
riage (odds ratio 3.51), preterm delivery (OR 
1.71), and low birth weight (OR 1.41) according 
to a recent meta-analysis [99].

Severe dengue is noteworthy for marked cap-
illary leakage with pleural effusions and ascites, 
thrombocytopenia, consumptive coagulopathy, 
hemoconcentration, and (in its most severe form) 
hypotension and shock with a narrowed pulse 
pressure. Pulmonary complications of severe 
dengue include pneumonitis, hemoptysis, and 
pulmonary edema, all of which may lead to respi-

ratory failure requiring mechanical ventilation 
[100]. The typical duration of illness requiring 
hospitalization is between 3 and 7  days [101]. 
There are no specific therapies for severe dengue. 
Blood product replacement is rarely indicated 
except in marked hemorrhage. Crystalloid and 
colloid resuscitation are essentially equivalent in 
efficacy [102] (for a more detailed discussion of 
fluid therapy, also see Chap. 7). There is no role 
for glucocorticoids in severe dengue [103]. In 
general, dengue is a self-limited disease, and sur-
vivors usually return to their baseline level of 
health barring specific complications (e.g., intra-
cranial hemorrhage).

The Zika virus is a closely related flavivirus, 
presenting with a similar syndrome as dengue. 
Similar to dengue, Zika is diagnosed through 
PCR of blood or urine or via detection of anti- 
Zika IgM [104]. Severe Zika infection is less 
common than severe dengue [105], although 
cases have been described of a DHF-like syn-
drome due to Zika in patients with prior dengue 
infections, suggesting that Zika may interact with 
anti-dengue antibodies in a manner similar to that 
of varying dengue subtypes [79, 80]. Neurologic 
complications, including encephalitis and 
Guillain-Barre syndrome, may complicate Zika 
infection; supportive therapy is currently the only 
available intervention [106, 107]. The principal 
unique features of Zika to the obstetrician are its 
propensity for sexual transmission, which may 
occur months following exposure, and for its 
effects on fetal neurologic development and the 
risk for microcephaly. Surveys of neonatal out-
comes in fetuses born to Zika-infected mothers 
have shown between 5% and 15% of such infants 
with evidence of birth defects [108, 109].

Chikungunya is an alphavirus, unrelated to the 
aforementioned flaviviruses but transmitted simi-
larly with a comparable zone of endemicity. Like 
dengue and Zika, fever and rash are common pre-
senting symptoms, but chikungunya is marked by 
a severe arthralgia and arthritis that may persist for 
years, in some cases requiring therapy with gluco-
corticoids or methotrexate in nonpregnant patients 
[110]. Severe disease does not appear to be more 
common in pregnancy, although sepsis- like syn-
dromes have been described [111, 112], and preg-
nancy outcomes in infected women are generally 
comparable to those of non-infected women [113].
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17.6  Conclusion

Viral infections are common and ubiquitous. 
With the physiologic and immunologic changes 
of pregnancy, affected pregnant women are at an 
increased risk of severe disease. The presenting 
syndromes of severe viral illnesses have been his-
torically difficult to distinguish from those of 
bacterial, fungal, or parasitic diseases. Recent 
advances in molecular diagnostics have now 
given bedside clinicians the ability to diagnose 
viral disease with greater precision, with the 
potential for targeted therapy and, hopefully, 
improved maternal outcomes.
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18.1  Introduction

In the year 2018, the 200th birthday of Ignaz 
Semmelweis was celebrated. In the nineteenth 
century, Semmelweis, the Hungarian physician 
also known as “mother’s saviour”, was responsi-
ble for a significant decrease in peripartum mater-
nal mortality by introducing and emphasizing the 
importance of hand hygiene in obstetric care. As 
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Bullet Points
• Maternal sepsis remains an important 

cause of death.
• The physiological changes that occur 

during pregnancy make the early recog-
nition of the critically ill pregnant 
women challenging.

• The origin of maternal sepsis can be 
non-obstetric, as immunological 
changes make pregnant women more 
susceptible to infection.

• Pneumonia (especially influenza pneu-
monia) and urinary tract infections are 
the most common non-obstetric causes 
of sepsis in early pregnancy, and both 
may potentially cause critical illness.

• Obstetric causes of early pregnancy sep-
sis include vaginal tract infection, uter-
ine infection, chorioamnionitis, 
endomyometritis, and septic abortion.

• Infections may occur following invasive 
procedures, e.g. amniocentesis, chori-
onic villus sampling, cervical cerclage, 
and percutaneous umbilical blood 
sampling.

• The incidence of sexually transmitted 
diseases (STDs) has increased in the last 
decade, being responsible for significant 
maternal and fetal morbidity.

• Septic abortion remains an important 
healthcare concern in many countries 
where termination of pregnancy is 
illegal.

• Ascending infections after abortion can 
spread rapidly, potentially leading to 
critical illness, multi-organ failure, or 
even death.

• Vaginitis, although common in early 
pregnancy, rarely requires critical care 
admission.
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a result of the work done in the years since 
Semmelweis, nowadays severe sepsis and septic 
shock are significantly less common among preg-
nant women [1].

Between 2003 and 2013, the international 
maternal mortality ratio decreased by 1.3% per 
year. This decrease was accompanied by a con-
current decrease in maternal deaths related to 
sepsis, from 11.6% to 9.7% between 1990 and 
2013 [2]. In 2015 there were approxi-
mately 303,000 maternal deaths worldwide; 99% 
occurred in developing countries [3].

In the United Kingdom (UK), the maternal 
mortality ratio (MMR) decreased significantly by 
37% from 2003 to 2005. This was primarily due 
to a decrease in influenza-related maternal deaths 
and deaths due to indirect causes of sepsis during 
pregnancy. The maternal mortality ratio (MMR) 
between 2012 and 2014 was 8.5/100,000 live 
births (a total of 200 deaths) and remained com-
parable at 9.78/100,000 live births (total of 225 
deaths) between 2014 and 2016 [4]. Among the 
reported deaths, pregnancy-related sepsis (genital 
and urinary tract infection) was responsible for 
4.9%, and other infections accounted for 3.6%. 
Overall, 10% of women who died before 24th 
weeks’ gestation did so because of sepsis [5].

The origin of early infection occurring during 
pregnancy can be obstetric or non-obstetric (e.g. 
urinary tract infection, pneumonia, abdominal 
infections, soft tissue infections, etc.). Obstetric 
causes include vaginal tract infection, uterine 
infection, chorioamnionitis, endomyometritis, or 
septic abortion. Infections can also occur after 
invasive procedures (e.g. amniocentesis, chori-
onic villus sampling, cervical cerclage, and per-
cutaneous umbilical blood sampling).

Most septic episodes (47–63%) occur in the 
postpartum period [6]. The predominant cause of 
antepartum sepsis is urinary tract infections 
(33.6%). During the antepartum period, genital 
tract infections are responsible for 20% and 
respiratory tract infections for 9% of the cases, 
and the source is unknown in one third of the 
cases (30%). E. coli is the responsible pathogen 

for the majority septic episodes in the antepartum 
period [7].

Importantly, the international definition of 
maternal sepsis was changed after literature 
review and expert consultation in 2017. It is now 
termed “a life-threatening condition defined as 
organ dysfunction resulting from infection dur-
ing pregnancy, childbirth, post-abortion, or post-
partum period”.

In this chapter, we will focus on infections of 
obstetric origin in the early stage of pregnancy 
and discuss infections that can lead to critical ill-
ness during the early stages of pregnancy.

18.2  Immune Response 
in Pregnancy

Multiple physiological changes occur in the car-
diovascular and respiratory systems during preg-
nancy, as discussed elsewhere in this book. Some 
of these are particularly pertinent to the recogni-
tion and management of a critically ill pregnant 
patient.

Pregnancy is typically a state of immune sys-
tem modulation. On the one hand, survival of the 
pregnancy is important for conservation of the 
species. Therefore, to protect the mother and 
child, the immune system increases recognition, 
communication, and repair abilities. On the other 
hand, the maternal body must accommodate the 
presence of the fetus. This modifies the maternal 
response to external immune triggers. Generally, 
a placental infection that elicits maternal produc-
tion of inflammatory cytokines (e.g. TNFα, INFγ, 
IL-12) and high levels of IL-6 will also lead to 
placental damage and abortion or preterm labour 
[9]. Conversely, an infection that triggers only a 
mild inflammatory response will not terminate 
the pregnancy but will likely activate the immune 
system of both the mother and the fetus. This acti-
vation may cause maternal sensitisation to other 
microorganisms (i.e. an increased risk of second-
ary infection) and a fetal inflammatory response 
without infection.
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Mild leukocytosis and thrombocytopenia 
are part of the normal haematological changes seen 
in pregnancy. However, there is also an increase in 
the level of the coagulation factors; pregnancy is 
considered a hypercoagulable state [10]. 
Leukocyte functionality and certain antibody lev-
els decrease in pregnancy, which may contribute 
to an increased incidence of infections [11, 12]. 
There is also a shift from cell- mediated immunity 
towards humoral immunity [13, 14].

18.3  The Use of Modified Scoring 
Systems for Sepsis 
and Septic Shock 
in Pregnancy

Sepsis is defined as life-threatening organ dys-
function caused by a dysregulated host response 
to infection [15]. The Third International 
Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3) promoted the use of Sequential 
Organ Failure Assessment (SOFA) score for 
diagnosing and grading sepsis in the general pop-
ulation [16]. The SOFA score assesses potential 
derangements of six organ systems: the respira-
tory system, expressed as the PaO2/FiO2 (partial 
pressure of arterial oxygen/fraction of inspired 
oxygen) ratio; the coagulation system, based on 
the degree of thrombocytopenia; liver function, 
via bilirubin level; the cardiovascular system, 
based on the presence and severity of shock; the 
central nervous system, expressed as the GCS 
level; and the renal system, by assessing creati-
nine level or urine output [17]. At the bedside, the 
quick SOFA score (qSOFA) can be applied using 
the respiratory rate, the systolic blood pressure, 
and the GCS as a description of mental state.

Early identification and prevention of sepsis 
are crucial in the obstetric population. 
Retrospective data from large registries suggest 
that every fourth woman who presents with sep-
sis will have severe sepsis [18] and that one in 
every ten women with severe sepsis will have 
septic shock [19]. However, the changes that 
result from physiological adaptations to preg-

nancy can potentially mask the clinical signs of 
an infection and even development of organ fail-
ure despite  use of  Sequential Organ Failure 
Assessment (SOFA) criteria. The Society of 
Obstetric Medicine of Australia and New Zealand 
suggests using a modified qSOFA score,  the 
omqSOFA score which accepts a lower systolic 
blood pressure in pregnancy, 90 mmHg instead of 
the original 100 mmHg [20]. Altough the SOFA 
score remains a good predictor of mortality in 
pregnant patients admitted to the ICU [21, 22], 
modified early warning scores have evolved for 
obstetric patients in the last decade to better pre-
dict clinical deterioration of obstetric patients in 
ward settings and the potential need for critical 
care admission. The modified early obstetric 
warning system (MEOWS) has a good sensitivity 
and specificity for  predicting morbidity in the 
pregnant patient  [23] but is not sepsis-specific. 
The Sepsis in Obstetrics Score (SOS), proposed 
in 2013 by Albright et al., showed a sensitivity of 
88.9%, specificity of 95.2%, positive predictive 
value of 16.7%, and negative predictive value of 
99.9% for predicting ICU admission for sepsis in 
an obstetric population [24]. The SOS scores the 
changes in temperature, systolic blood pressure, 
heart rate, respiratory rate, oxygen saturation, 
white blood cell count, and lactate level. The 
SOS also includes blood lactate levels, an excel-
lent marker of septic shock. However, lactate 
is  unfortunately often unavailable in  rural and 
low income settings. At the time of the writing of 
this chapter, there is only one retrospective study 
of the predictive value of lactate in pregnancy 
[25]. Of the 850 women included, 159 had lactic 
acid measured. Women with lactic acid measured 
had more positive blood cultures (16.8 vs. 5.5%, 
p  =  0.04), longer hospital stays (median 3 vs. 
2  days, p  <  0.01), and more preterm deliveries 
(18.3 vs. 10.9%, p = 0.05). Elevated lactate levels 
were positively associated with intensive care or 
telemetry unit admission: adjusted OR per 
1 mmol/L increase in lactic acid 2.34 (95% CI, 
1.33–4.12). The Multiple Organ Dysfunction 
Score (MODS) was shown to be the best predic-
tor of ICU mortality [26].
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18.4  Sexually Transmitted 
Diseases (STD)

18.4.1  Gonorrhoea

The prevalence of sexually transmitted disease is 
increasing. STDs can be particularly harmful in 
pregnancy. The Centers for Disease Control and 
Prevention (CDC) estimated that approximately 
820,000 cases of gonorrhoea occur yearly in the 
United States, with an increasing rate since 2009 
[27]. The prevalence of gonorrhoea in pregnancy 
ranges from 5% to 10% [28, 29].

Infection due to Neisseria gonorrhoeae is one 
of the major causes of pelvic inflammatory dis-
ease (PID). PID can lead to serious reproductive 
problems  in women. Examples include tubal 
infertility, ectopic pregnancy, and chronic pelvic 
pain [27]. Untreated gonococcal infection in 
pregnancy has been also linked to miscarriages, 
premature birth and low birth weight, premature 
rupture of membranes, and chorioamnionitis 
[30]. Of particular relevance to the intensive 
care clinician is the amniotic infection syndrome 
that occurs after premature rupture of membranes 
(PROM). This condition is characterized by pla-
cental, fetal membrane, and umbilical cord 
inflammation, neonatal infection and maternal 
fever. Preterm delivery is common and perinatal 
morbidity may be significant [31].

Disseminated gonococcal infection (DGI), 
although rarely seen in developed world, can 
cause severe multisystem illness. The disease 
traditionally has two phases. The early stage fre-
quently manifests as petechial or pustular acral 
skin lesions, chills, and fever. The second, septic 
arthritis phase, is characterized by a purulent 
synovial effusion most commonly involving the 
knees, ankles, and wrists [8, 32]. The infection is 
occasionally complicated by perihepatitis and 
rarely by endocarditis or meningitis. The inci-
dence of Neisseria gonorrhoeae antibiotic resis-
tance is increasing. When managing a patient 
with suspected DGI, it is important to culture 
specimens from all sites including blood, cere-
brospinal, urogenital, and joint fluids. The dura-

tion of antibiotic treatment depends on the site/s 
of infection. Meningitis requires parenteral anti-
biotics for 10–14  days, whereas endocarditis 
should be treated for at least 4 weeks [33].

Fluoroquinolones, doxycycline, and tetracy-
cline are contraindicated in pregnancy due to 
teratogenic side effects. In addition, there is 
worldwide emergence of fluoroquinolone, 
penicillin- ciprofloxacin, and cefixime resistance. 
The treatment recommended for gonococcal 
infection  by the British Association for Sexual 
Health and HIV (BASHH) is  single dose intra-
muscular Ceftriaxone 500  mg with 
oral Azithromycin 1 g or single dose intramuscu-
lar  Spectinomycin 2  g with oral  Azithromycin 
1 g. Azithromycin has a synergistic effect when 
given with a cephalosporin [34].

When treating meningitis or arthritis, a higher 
dose of cephalosporin is required: Intramuscular 
or intravenous Ceftriaxone 1–2 g every 24 hours 
plus a single dose of Azithromycin 1 g orally.

18.4.2  Chlamydia

C. trachomatis infection is the most common 
bacterial STD in the United States, with an esti-
mated three million new infections diag-
nosed annually. In 2015 the incidence was 478.8 
cases per 100,000 population [35].

Chlamydial infection is usually asymptom-
atic  during pregnancy, but it can be associated 
with several adverse pregnancy and neonatal 
outcomes (e.g. preterm delivery PPROM, low 
birth weight, neonatal death, increased transmis-
sion of HIV infection and neonatal ophthalmia 
neonatorum, neonatal Chlamydia pneumonia) 
[36]. If it remains untreated, ascending infection 
may lead to intra-amniotic infection (IAI). 
About 5–10% of women with IAI develop bacte-
remia. Around 50% of patients with bacteremia 
will show signs of sepsis and 40% of septic cases 
will  progress to septic shock and subsequently 
multi-organ failure (altered mental state, ARDS, 
disseminated intravascular coagulation, acute 
kidney injury).
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Treatment should be provided promptly for all 
persons testing positive for Chlamydia infection. 
The BASHH guideline recommends oral treat-
ment with Azithromycin 1 g as a single dose or 
Erythromycin 500 mg four times daily for 7 days 
or Erythromycin 500 mg twice daily for 14 days 
or Amoxicillin 500  mg three times a day for 
7 days for treatment during pregnancy [37]. Cases 
progessing to sepsis are likely to require intrave-
nous treatment. 

18.4.3  Syphilis

Treponema pallidum is a challenging healthcare 
issue especially in developing countries [38]. 
However, some developed countries, such as the 
United Kingdom, are also  witnessing a rising 
incidence in STD caused by Treponema pallidum 
after decades of remission. In fact, the number of 
newly diagnosed infected patients has increased 
nearly threefold in the last 10 years in the United 
Kingdom [39]. In 2008, the WHO estimated that 
1.4 million pregnant women had active syphilis 
infection worldwide. Over 500,000 adverse preg-
nancy outcomes were estimated to occur anually, 
including spontaneous abortion, early fetal or 
neonatal deaths, stillbirths, preterm or low birth 
weight infants, and infected newborns [40]. Early 
diagnosis and treatment are essential for preven-
tion  of  vertical transmission. In addition, it is 
important to consider complications of treatment, 
including the Jarisch-Herxheimer reaction.

After a 3-week incubation period, syphilis has 
four stages: primary, secondary, latent, and ter-
tiary. In the primary stage, solitary, painless, 
highly infective ulcers (chancres) appear com-
monly in the cervix. Untreated disease progresses 
to the secondary stage, characterized by general-
ized symptoms (malaise, fever, lymphadenopa-
thy) and dissemination of a maculopapular rash 
on the palms, soles, and oral mucosae. All these 
lesions contain treponemes. Neurological signs 
and symptoms such as headache, signs of menin-
geal irritation, or abnormal cerebrospinal fluid 
findings may occur. In the latent stage, patients 

may become asymptomatic for decades and often 
for life. Approximately 30% of untreated patients 
develop tertiary syphilis  which is accompanied 
by  cardiovascular and neurological symptoms 
(neurosyphilis) or gummatous necrotic lesions in 
internal organs [41].

T. pallidum readily crosses the placenta. Vertical 
transmission can occur at any stage of the preg-
nancy and at any disease stage, but particularly in 
the primary or secondary stage [42]. In most 
Western countries, pregnant women are checked 
routinely for syphilis among other STDs during 
early pregnancy. There is a high rate of co-infection 
with HIV; therefore all women diagnosed with 
syphilis should be offered HIV screening.

Treponemal serology tests are used for screen-
ing; they detect the presence of syphilis antibod-
ies. Patients remain antibody-positive for life 
even in case of a treated infection. False positive 
results are possible with other Treponema infec-
tions, e.g. yaws or pinta.

After a reactive treponemal test, a non- 
treponemal test, VDRL (venereal disease research 
laboratory) or RPR (rapid plasma reagin), is 
required to confirm the activity of the disease [42, 
43]. Response to treatment is defined as a four-
fold decrease in RPR titer over time or stable or 
declining test levels of less than or equal to 1:4.

The first-line treatment is intramuscular ben-
zathine penicillin G 2.4 million units (MU). 
Alternative  treatments that are given in cases 
with  penicillin allergy are less effective; 
Erythromycin and azithromycin are associated 
with significant treatment  failure rates in preg-
nancy [44]. Therefore in cases with a history of 
penicillin allergy  the details of the allergic 
response should be revisited and skin testing or 
an oral graded penicillin dose-challenge may be 
considered.

In latent or tertiary syphilis, benzathine (pro-
caine penicillin plus probenecid) or benzylpeni-
cillin for 14 days is the first-line treatment.

The Jarisch-Herxheimer reaction (JHR)  is a 
well-known phenomenon associated with initia-
tion of  antibiotic therapy for specific  types of 
infection,  syphilis  included. The JHR 
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 typically  occurs within 1–2  h of treatment and 
usually resolves within 48 h. The main concern in 
pregnancy is the risk to the fetus as the JHR may 
provoke uterine contractions and preterm labour. 
The JHR is reported by 10–50% of patients receiv-
ing treatment for syphilis.  Symptoms include 
fever, tachycardia, myalgia, chills, rigours, hypo-
tension, and exacerbation of the skin lesions. It is 
caused by release of lipoproteins from the 
Treponema bacteria. Symptoms may mimic sep-
sis or a drug reaction. However, treatment is sup-
portive; often with intravenous fluids and 
antipyretics alone. Despite the severity of JHR 
manifestation  in some cases, there is no data to 
support the use of premedication (e.g. corticoste-
roids) in pregnancy [42].

18.5  Genital Tract Infections

Several factors make pregnant women more sus-
ceptible to genital tract infections and as a result 
to sepsis. Some of these risk factors are of increas-
ing importance as their incidence is increasing in 
the general and obstetric populations. Notable 
conditions include obesity, impaired glucose tol-
erance (or diabetes), impaired immunity (e.g. 
long-term immunosuppressant medication), and 
anemia. Pregnancy- related indicators of increased 
risk include the presence of a vaginal discharge, a 
clinical history of pelvic infection, a  history of 
group B streptococcus or group A streptococcus 
infection, amniocentesis or other invasive proce-
dures, cervical cerclage, vaginal trauma and 
retained products of conception post miscarriage 
or postdelivery [45, 46].

18.6  Vaginitis

Infective vaginitis is common in the pregnant 
population. Very often patients are asymptomatic. 
If symptoms occur, women typically present with 
an odorous vaginal discharge and pruritus. Vaginal 
infections can be associated with low birth weight, 
preterm delivery, or premature rupture of mem-

branes, but invasive dissemination of the infection 
requiring critical care admission is rare.

Symptomatic vulvovaginal candidiasis 
(VVC) affects 15% of pregnant women. The 
predominant cause of this yeast infection is 
Candida albicans, which is part of the normal 
vaginal flora in up to 30% of sexually active 
women. In the obstetric population, hormonal 
changes (increased level of oestrogen), increased 
vaginal glycogen production, and suppression 
of cell- mediated immunity contribute to the 
higher incidence of infections. Most episodes of 
symptomatic VVC occur during the second and 
third trimesters of pregnancy [47]. In the major-
ity of cases, symptoms remain localized. 
Localized disease is treated with a topical 
azole for at least 7 days. However, Candida can 
become an opportunistic pathogen in the pres-
ence of a compromised host defence mecha-
nisms. Systemic candidiasis is rare and is 
usually related to other predisposing factors 
such as preceeding sepsis or malignancy. 
Systemic candidiasis may cause congenital can-
didiasis in the fetus, which presents in the first 
24 h after birth [8].

Trichomonas vaginalis infection has a preva-
lence of  up to 50% in the pregnant population. 
Due to controversial results in the literature, rou-
tine screening and treatment are currently not 
recommended; however symptomatic patients 
should be treated with metronidazole [8].

Bacterial vaginosis (BV) appears in up to 
30% of pregnant women. BV  results from a 
change in the balance of Lactobacillus to anaer-
obes, e.g. G. vaginalis or Mycoplasma hominis. 
Only symptomatic patients require treatment 
with metronidazole [8, 48]. BV is associated with 
late miscarriage, preterm birth and premature 
rupture of membranes.

18.7  Septic Abortions

A septic abortion is any abortion (spontaneous 
or induced) complicated by an upper genital 
tract infection (endometritis, parametritis). 
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Septic abortion rarely complicates abortions 
performed under controlled circumstances [49, 
50]. Conversely, septic abortions remain a sig-
nificant healthcare problem in countries where 
abortion is illegal or where it is used as a 
method of contraception. Illegal abortions are 
often carried out by unqualified  caregivers, in 
an environment capable of providing only min-
imal medical services. A septic condi-
tions and hand hygiene are often not practiced 
and antibiotic prophylaxis is often not adminis-
tered  [50, 51]. Worldwide 14% of pregnancy-
related deaths occur secondary to spontaneous 
or induced abortions [2]. WHO  estimates are 
that each year 22 million unsafe abortions take 
place, leading to five million admissions to hos-
pital, 98% of them in developing countries, 
causing death in approximately 47,000 women 
and disability in five million women [52]. The 
possible long-term consequences of a septic 
abortion include chronic pain, pelvic inflamma-
tory disease, or infertility. The risk of acute 
complications, such as  uterine perforation, 
increases with the progression of gestation  
[50, 53].

Any women  of childbearing age present-
ing with the symptoms listed in Table 18.1 should 
be investigated for septic abortion.

Infection related to abortion can rapidly prog-
ress to localized pelvic infection. If left untreated, 
peritonitis, systemic bacteremia, sepsis, and sep-
tic shock may occur. Other complications 
include pelvic abscess, entero-vaginal fistula and 
septic pelvic thrombophlebitis [53, 54]. 
Instrumentation during termination of pregnancy 
can potentially injure the uterine walls, leading 
to uterine rupture or bowel injury. Sepsis due to 

septic abortion carries the risk of multi-organ 
failure: acute kidney injury, shock, encephalopa-
thy, disseminated intravascular coagulopathy 
(DIC), ARDS  and  even death  have been 
described [55].

18.8  Investigation 
of Pregnant Women 
with Suspected Sepsis

A detailed history should be taken. If the obstet-
ric history includes a recent pregnancy,  the cir-
cumstances of the termination  should be 
investigated, including the instruments used, the 
use of intrauterine solutions and microbiological 
or histology sample results if such are available. 
A pregnancy test can  confirm the history of 
a recent pregnancy, as the beta human chorionic 
gonadotropin (beta HCG) level remains elevated 
for 6  weeks after termination or loss of preg-
nancy [53].

Abdominal and pelvic examination may 
reveal tenderness and/or rebound. Tenderness 
usually starts in the pelvis but extends to the 
whole abdomen as local inflammation progresses 
to generalized peritonitis. It is important to 
assess whether the uterus is enlarged on physical 
examination and if odorous vaginal discharge 
is present.

Laboratory tests constitute an  important part 
of the diagnostic process in cases  of sepsis.  A 
complete blood count and inflammatory markers 
should be taken. Laboratory indicators of organ 
failure need to be monitored.

Cultures (blood, urine, sputum, vaginal) need 
to be taken early (within an hour) and are crucial 
in guiding later antibiotic therapy.

Abdominal and vaginal ultrasound typically 
shows dilated, fluid-filled fallopian  tubes. 
Ultrasound may also reveal the presence of 
remaining tissue in the uterus. Ultrasound can 
also assist in ruling out the presence of abdomi-
nal collections and abscesses [53, 56].

If uterine perforation or bowel injury is sus-
pected, computed tomography (CT) is the imag-

Table 18.1 Clinical symptoms and signs of septic 
abortion

Fever
Abdominal pain
Odorous and purulent vaginal discharge
Possible vaginal bleeding
Pelvic tenderness
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ing modality of choice. CT may identify 
disruption of the uterine wall, visceral perfora-
tion, intra-abdominal or retroperitoneal fluid 
collections and abscesses. In case of Clostridium 
myometritis, gas bubbles are often apparent 
within the wall of the uterus. MRI may provide 
better radiologic resolution for discrimination 
between soft tissues. MRI also carries a lower 
risk of radiation exposure and is therefore con-
sidered safer in pregnancy. However its avail-
ability in an emergency setting is limited [57]. 
In case of sepsis and especially multi-organ fail-
ure, saving the mother’s life is an absolute prior-
ity over saving the pregnancy. The imaging 
modality should therefore  be chosen based on 
the aim of  achieving diagnosis as  fast 
as possible.

Once the option  of septic abortion has been 
raised, it is important to initiate broad-spectrum 
antibiotics early. The infection present  is often 
polymicrobial, predominantly including patho-
gens from the vaginal flora: anaerobic species, 
e.g. Peptostreptococcus, Staphylococcus spp., 
Clostridium spp., Group A Streptococcus, and 
Escherichia coli [56, 58]. The presence of a sexu-
ally transmitted pathogen, particularly 
Chlamydia, has been associated with a significant 
risk for pelvic infection [56, 59]. Clostridium 
spp. may cause severe, potentially fatal, infection 
[60]. A recent Cochrane review shows no clini-
cally  significant difference in outcomes  with 
intravenous clindamycin versus penicillin plus 
chloramphenicol for the treatment of septic abor-
tions [50].

Any retained product of pregnancy needs to be 
evacuated urgently. Specimens sent for microbi-
ology testing are useful for  guiding antibiotic 
treatment. In case of visceral or uterine injury, 
a general surgeon should be involved as laparot-
omy is needed.

Abdominal collections may be drained radio-
logically under ultrasound or computer tomogra-
phy guidance.

Fluid resuscitation needs to start early (within 
1 h), as in any case of sepsis. Supportive care is 
warranted in the presence of organ failure. 
Patients with sepsis or signs of organ failure need 
to be supported in a critical care unit.

18.9  Summary

Sepsis is a significant cause of maternal mortality 
worldwide. Early recognition and treatment is 
essential in the prevention of maternal and fetal 
harm. Physiological changes during pregnancy 
are an important consideration as sepsis may 
manifest atypically. Modified  early warning 
 scores such as the MEOWS, SOS, or obstetric 
modified qSOFA may be useful.

STDs are becoming more prevalent. 
Disseminated gonococcal disease and ascend-
ing chlamydia infection may induce sepsis. 
Prompt treatment is essential when managing 
women with a purulent vaginal  discharge or 
abdominal pain, while  keeping in mind  that 
some first-line medications are contraindicated 
in pregnancy. Antibiotic options may  also  be 
limited by drug resistance, especially with 
Neisseria gonorrhoeae infection. Syphilis can 
cause significant fetal harm including death; 
penicillin should be used as the first line treat-
ment for syphilis unless contraindicated. 
The Jarisch-Herxheimer reaction is common in 
pregnant women and should be managed sup-
portively. Infection related to abortion can prog-
ress  rapidly to life threatening sepsis; early 
surgical management and  targeted antibiotic 
therapy may be lifesaving.

Finally, non-obstetric infections are prevalent 
in pregnancy, and urinary tract infection remains 
the most common cause of sepsis in this particu-
lar patient group. Other important causes of ante-
partum infection are discussed elsewhere 
including influenza, malaria, toxoplasmosis, and 
listeria.
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 Flow Diagram

Patient with suspected infection

No

No No

Yes

Yes
Yes

Is the patient pregnant or was
pregnant recently?
- History
- Pregnancy test positive

Treat as any other patient

Is qSOFA ≥ 2

Is SOFA ≥ 2
S.O.S. ≥ 6

Monitor clinical condition and re-evaluate if clinically indicated

Assess for evidence of organ dysfunction

No

Monitor clinical condition and re-evaluate if clinically indicated

Yes

SEPSIS

Start One hour bundle:
- Measure lactate level
- Take cultures (blood, urine, CSF, sputum, vaginal discharge)
- Start broad spectrum antibiotics
- IV fluids 30 ml/kg if the patient is hypotensive or lactate > 4 mmol/l
- Start vasopressors (Noradrenaline) if remains hypotensive after fluid
  resuscitation.
Aim for mean arterial pressure (MAP) > 65 mmHg

Imaging according to the most likely source
- X-ray- Radiology
- Ultrasound
- CT - Computed Tomography

Is sepsis still suspected?
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Is septic abortion likely to be the source?

Are the below symptomes present?
Positive pregnancy test
Fever
Abdominal pain
Odorous vaginal discharge
Vaginal beeding

Vaginal discharge sent for microbiology

Retained product evacuation indicated?

Send all relevant cultures

Decide about imaging modality depending on clinical picture
(shock state, any suspected visceral / uterine / bowel injury)
-Ultrasound
-CT

No

Yes

No

No

Yes

Yes

Evacuate retaind product as soon as possile

Based on the results

Is there history of recent termination of pregnancy? Septic abortion is less likely
Continue to look for other causes

Laparotomy indicated / Interventional
radiological intervention indicated?

Yes

Yes

Intervention as soon as possible

Septic abortion is less likely
Continue to look for other causes
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Key Points
• Compared to the general population, 

pregnant women are at higher risk of 
acquiring infections.

• The definition of maternal sepsis has 
evolved over the years to focus on organ 
dysfunction, as this facilitates prompt 
recognition and treatment of potentially 
deadly infections.

• Chorioamnionitis is inversely related to 
gestational age and can lead to premature 
delivery. Non-specific signs and symptoms 
can make the diagnosis difficult. Timely 
recognition and administration of appropri-
ately broad antimicrobials decrease mater-
nal and fetal morbidity and mortality.

• Although rare, surgical wound and soft 
tissue infections from Staphylococcus 
pyogenes and group A streptococci can 
lead to toxic shock syndrome with sub-
sequent multiorgan failure.

• Maternal obesity and cesarean section 
are the two most common risk factors 
for developing surgical site infection. 
Prophylactic administration of antibiot-
ics significantly reduces the frequency 
of these complications.

• Necrotizing fasciitis is a fulminant 
infection which commonly presents as 
an ambiguous clinical picture that often 
leads to delayed diagnosis and a rela-
tively high mortality rate. It is a surgical 
emergency that requires serial debride-
ment and broad-spectrum antibiotics.

• Pregnant women are at increased risk of 
urinary tract infections. Preventive 
screening could lead to early recogni-
tion and prevention of potentially life- 
threatening pyelonephritis.

• Listeriosis is a food-borne illness that, if 
acquired during pregnancy, could be 
detrimental to maternal and fetal out-
comes. Pregnant women are at increased 
risk of infections and often present with 
non-specific complaints.

• Malaria is more likely to be severe in 
primigravida and pregnant women with-
out immunity to Plasmodium sp.
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19.1  Introduction

Sepsis is a potentially preventable condition 
which consistently remains the third most com-
mon cause of direct maternal deaths in low-, 
middle-, and high-income countries. In the last 
25  years, the annual global number of mater-
nal deaths has declined from an estimated 
532,000 in 1990 to an estimated 303,000 in 2015 
[1]. Nevertheless, approximately 75,000 women 
and one million neonates, primarily in resource- 
limited countries, still die every year from 
maternal sepsis complications. Postpartum bac-
terial infections alone account for approximately 
10–15% of this global burden of maternal deaths 
[2, 3]. In the United States, the incidence of ante-
partum and puerperal sepsis has been estimated 
to be 0.4–0.6 per 1000 deliveries, accounting for 
13% of maternal deaths and 5% of intensive care 
unit (ICU) admissions [4–6]. In addition to the 
risk of death and short-term complications, puer-
peral sepsis is associated with long-term morbid-
ities and unique obstetric complications, such as 
chronic pelvic pain and secondary infertility due 
to salpingitis and fallopian tube adhesions [6].

Infections in late pregnancy and puerperal sep-
sis have received less attention than other causes 
of maternal death such as peripartum hemorrhage 
and hypertensive diseases of pregnancy. A fun-
damental strategy to reduce maternal mortality 
should include prevention, diagnosis, and treat-
ment of peri-partum infections and sepsis.

19.2  The Complexity of Defining 
Maternal Sepsis

Determining the global incidence of infections 
occurring in late pregnancy and the peripar-
tum period is difficult. Most of these infections 
occur in developing countries. Data from these 
countries are either missing or extrapolated from 
retrospective studies. Accordingly, the available 
information reflects the overall burden of infec-
tious disease rather than the actual incidence 
of infection. Furthermore, in resource-limited 
countries, most infections remain undiagnosed 
and unreported due to inadequate access to 

health care and lack of postnatal follow-up [2, 
3]. Another significant factor limiting the accu-
racy of epidemiological data is inconsistent 
definitions. Maternal sepsis, genital tract sepsis, 
puerperal fever, puerperal sepsis, and puerperal 
infection have all been used interchangeably in 
the literature, leading to confusion.

Since 1991, sepsis in the non-pregnant popu-
lation has been defined by the physiological 
response to infection, i.e., the systemic inflam-
matory response syndrome (SIRS). However, 
SIRS criteria overlap with the normal physiologic 
response to pregnancy and childbirth. This overlap 
contributes to the difficulty in promptly identify-
ing maternal sepsis, with consequent inadequate 
or delayed management [7]. An increasing num-
ber of clinicians are therefore using early warning 
scores that have been modified for pregnancy to 
facilitate identification of maternal deterioration 
(Chap. 2). Laboratory testing provides little addi-
tional information, as pregnancy is accompanied 
by a physiological increase in white cell counts 
and a dynamic inflammatory response [8]. The 
diagnostic accuracy of lactate in maternal infec-
tion remains unclear [9, 10].

The World Health Organization (WHO) 
defines puerperal sepsis as “infection of the 
genital tract occurring at any time between the 
onset of the rupture of membranes or labor and 
the 42nd day postpartum in which fever and 
one or more of the following are present: pelvic 
pain, abnormal vaginal discharge, abnormal odor 
of discharge, or delay in the involution of the 
uterus.” [11, 12] In 2016, in conjunction with the 
Sepsis-3 consensus, maternal sepsis was rede-
fined as “a life-threatening condition defined as 
organ dysfunction resulting from infection dur-
ing pregnancy, childbirth, post-abortion, or the 
postpartum period.” [7, 13]

19.3  Maternal Sepsis

19.3.1  Risk Factors

Pregnancy-induced immunological adaptation 
is discussed elsewhere in this book (Chap. 15). 
Pregnant women are particularly susceptible to 
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certain infections. Typical examples include par-
asitic diseases such as malaria, bacterial diseases 
such as listeriosis, and viral infections such as 
influenza, hepatitis E, and herpes simplex [12].

Known risk factors for puerperal sepsis 
include cesarean section (CS), which increases 
the risk fivefold [14, 15]. Other risk factors 
include obesity, diabetes, prolonged rupture of 
membranes, repeat vaginal examinations, bacte-
rial vaginosis, carriage of group A streptococcus 
(GAS), and urinary tract anomalies, including 
bladder trauma [16, 17].

19.3.1.1  Categories of Infection 
Occurring during Pregnancy 
and the Peripartum Period

Infections in pregnant and postpartum women 
can be categorized as pregnancy-specific, exac-
erbated during pregnancy or incidental to preg-
nancy. Pregnancy-specific infections include 
acute chorioamnionitis, endometritis (with or 
without retained products of conception), toxic 
shock syndrome (TSS), wound infections, necro-
tizing soft tissue infections of the perineum and 
lactational mastitis. Lactational mastitis rarely 
causes severe maternal disease that requires 
ICU admission and will not be discussed in this 
chapter. Infections exacerbated during pregnancy 
include urinary tract infections, pneumonia, lis-
teriosis, toxoplasmosis, and viruses (i.e., rubella, 
influenza, varicella, herpes, parvovirus, cytomeg-
alovirus). Severe maternal viral infections are 
addressed in detail in Chap. 17. Infections inci-
dental to pregnancy often include human immu-
nodeficiency virus (HIV), sexually transmitted 
diseases (STDs), tuberculosis, and endocarditis. 
However, many common infections can cause 
serious maternal illness, given the right clini-
cal opportunity. These are not discussed in this 
chapter.

19.3.2  Pregnancy-Specific Infections

19.3.2.1  Chorioamnionitis (CA)
Chorioamnionitis is a primary infection of the 
chorion and amniotic membranes accompanied 
by an inflammatory response. It is also termed 

intrauterine infection (IAI); recently, an expert 
panel recommended using the term intrauter-
ine infection and inflammation (triple I) [18]. 
Chorioamnionitis usually results from the com-
promise of the amniotic sac integrity (sponta-
neously or iatrogenically), thus exposing the 
normally sterile intrauterine cavity to the vagi-
nal flora. It may also occur with intact placental 
membranes due to specific genital tract myco-
plasmas or hematogenous spread of bacteria 
(e.g., listeriosis) [19, 20]. Chorioamnionitis 
usually occurs from prolonged rupture of the 
amniotic membranes [21]. Bacterial vagino-
sis and invasive procedures (e.g., internal fetal 
monitoring, amniocentesis, chorionic villous 
sampling) are also associated with risk fac-
tors [18]. The infection is often polymicrobial, 
with Ureaplasma urealyticum and Gardnerella 
vaginalis being the two most frequent iso-
lates [22]. Other typical organisms include 
Bacteroides sp., Mycoplasma hominis, group 
B Streptococcus, Neisseria gonorrhea, and 
Trichomonas vaginalis. Viruses such as entero-
virus, respiratory syncytial virus, Epstein–Barr 
virus, cytomegalovirus, and adenovirus may 
also play a role [22].

Chorioamnionitis should be considered in 
the differential diagnosis when a gravid patient 
presents with a temperature exceeding 38.0  °C 
(100.4 °F), maternal tachycardia, fetal tachycar-
dia, chills, and lower abdominal pain, accompa-
nied by purulent vaginal discharge. Symptoms 
are often nonspecific and may only appear at a 
late stage of the illness; hence a high index of 
suspicion is warranted [18, 21].

Broad-spectrum antibiotic coverage should be 
started immediately, but to date, there is limited 
evidence regarding the most appropriate anti-
microbial regimen and treatment duration [23]. 
The combination of ampicillin (2gm q6hrs) with 
gentamycin (1.5  mg/Kg q8  hours or 5  mg/kg/
q24  hours) is most commonly used. Less stud-
ied but probably equally efficacious alternatives 
to beta-lactamase penicillins include second- or 
third-generation cephalosporins or clindamycin 
(900 mg q8 hours) [24, 25]. Given that strepto-
coccal and staphylococcal species (particularly 
group B strep and S. aureus) have an increasing 
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rate of resistance to clindamycin, vancomycin is 
also an alternative. If cesarean delivery is per-
formed in a patient with chorioamnionitis, antibi-
otics should also include coverage for anaerobes 
(e.g., clindamycin, metronidazole) [18, 21]. 
Duration of therapy is through delivery; however, 
postpartum clinical end points vary in the litera-
ture depending on the patient’s response and/or 
complications [18, 22–25].

Amnioinfusion has been proposed as a thera-
peutic measure for chorioamnionitis. There is no 
evidence regarding either the effectiveness or the 
safety of transcervical amnioinfusion for chorio-
amnionitis. There are no trials studying transab-
dominal amnioinfusion [26].

A multidisciplinary team including a senior 
obstetrician, anesthesiologist, intensivist, infec-
tious disease expert, and neonatologist should 
decide the timing and mode of delivery. This 
individualized decision depends upon mater-
nal medical and obstetrical history, the clinical 
response to antibiotic and supportive therapy, 
current maternal condition, and fetal viability. 
Cases which may require induction of delivery 
are those with precipitous maternal deteriora-
tion (to save the mother) and those which do 
not respond clinically to intravenous antibiotic 
therapy (to save the fetus). After delivery, both 
maternal and fetal surfaces of the placenta should 
be cultured [27–29].

The major maternal complications of cho-
rioamnionitis are maternal septic shock, post-
partum hemorrhage, premature delivery, and an 
increase in postpartum hysterectomies [27–29]. 
Hysterectomy may be performed in an effort to 
save the mother. The incidence of chorioamnion-
itis is inversely related to gestational age, occur-
ring in up to 40–70% of preterm deliveries versus 
2–4% of term pregnancies [30].

19.3.2.2  Toxic Shock Syndrome
TSS is a rare, life-threatening illness caused by 
the massive release of inflammatory mediators. 
This “cytokine storm” is typically triggered by 
toxins released by Staphylococcus pyogenes 
(TSS toxin-1, enterotoxin B or C) or by the 
virulent M-protein produced by group A strep-

tococci [31]. Some authors refer to the latter as 
Streptococcal toxic shock-like syndrome (STSS) 
[32].

In developed countries, the incidence of TSS 
is 0.3–0.5:100,000  in women of menstrual age, 
and that of STSS is 2–4:100,000 cases per the 
general population [33, 34] Women may acquire 
these infections during pregnancy and the post-
partum period from infected wounds, mastitis, 
or any deep-seated subcutaneous and soft tissue 
infections [32, 35].

TSS, best known for its association with the 
use of high-absorbency tampons, typically mani-
fests in otherwise healthy women. Conversely, 
STSS is typically associated with a pre-existing 
painful skin infection. The early manifestations 
of both TSS and STSS are non-specific, includ-
ing fever, myalgias, mild confusion, and hypo-
tension. A diffuse rash, which often resembles 
sunburn, is more typical of TSS. Clinical deterio-
ration to coma and multiorgan failure ensues rap-
idly (within hours). A list of six criteria for STSS 
from the CDC can be used to classify either con-
firmed (fulfill all six criteria) or probable (fulfill 
five criteria) cases (Fig. 19.1) [36].

The primary infection location must be identi-
fied for TSS treatment (e.g., soft tissue, wound) 
and the source/cause of infection controlled (e.g., 
surgical debridement, removal of foreign body). 
Antibiotics should be provided as soon as pos-
sible (see Table 19.1). There is limited data on the 
utility of intravenous immunoglobulin as adjunc-
tive therapy in TSS [36]. All cases with clinical 
suspicion of TSS or STSS should be admitted 
immediately to an intensive care unit where sup-
portive care may rapidly be provided for failing 
organs. The mortality associated with this condi-
tion remains high [37].

A less well known but potentially lethal patho-
gen is Clostridia sordellii, which may cause post-
partum endometritis with subsequent TSS. This 
infection is characterized by a robust leukemoid 
reaction and hemoconcentration. The usual pre-
sentation is afebrile and painless. In one case 
series of TSS caused by C. sordellii, the maternal 
mortality rate was 100% if occurring after child-
birth or abortion [38].
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19.3.2.3  Surgical Site Infection 
and Necrotizing Soft Tissue 
Infections

Surgical site infection (SSI) is defined as an 
infection of the skin and subcutaneous tissue sur-
rounding an incision occurring within 30  days 
of surgery. Diagnosis requires the presence of 
at least one of the following signs or symptoms: 
local pain or tenderness, swelling, redness or 
heat, purulent drainage from the incision (regard-

Clinical Criteria TSS-other than Streptococcal 37

An illness with the following clinical manifestations: 

• Fever: temperature greater than or equal to 102.0°F (greater than or equal to 38.9°C)

• Rash: diffuse macular erythroderma

• Desquamation: 1-2 weeks after onset of rash

• Hypotension: systolic blood pressure less than or equal to 90 mm Hg for adults or less than fifth percentile by age

 for children aged less than 16 years

• Multisystem involvement (three or more of the following organ systems):

• Blood or cerebrospinal fluid cultures blood culture may be positive for Staphylococcus aureus

• Negative serologies for Rocky Mountain spotted fever, leptospirosis, or measles

o Gastrointestinal: vomiting or diarrhea at onset of illness

o Muscular: severe myalgia or creatine phosphokinase level at least twice the upper limit of normal

o Mucous membrane: vaginal, oropharyngeal, or conjunctival hyperemia

o Renal: blood urea nitrogen or creatinine at least twice the upper limit of normal for laboratory or urinary

 sediment with pyuria (greater than or equal to 5 leukocytes per high-power field) in the absence of urinary

 tract infection

o Hepatic: total bilirubin, alanine aminotransferase enzyme, or asparate aminotransferase enzyme levels at

 least twice the upper limit of normal for laboratory

o Hematologic: platelets less than 100,000/mm3

o Central nervous system: disorientation or alterations in consciousness without focal neurologic signs

 when fever and hypotension are absent

Laboratory Criteria for Diagnosis

Negative results on the following tests, if obtained: 

Case Classification

Probable

A case which meets the laboratory criteria and in which four of the five clinical criteria described above are present

A case which meets the laboratory criteria and in which all five of the clinical criteria described above are present,
including desquamation, unless the patient dies before desquamation occurs

Confirmed

Fig. 19.1 Clinical criteria for TSS

Table 19.1 Antibiotic coverage for TSS and streptococ-
cal toxic shock-like syndrome

Organism Antibiotic regimen
Streptococcus 
species

Clindamycin plus carbapenem or 
penicillin with a beta-lactamase

Staphylococcus 
species

Clindamycin plus 
antistaphylococcal antibiotic; 
vancomycin for MRSA and 
nafcillin or oxacillin for MSSA

MRSA methicillin-resistant Staphylococcus aureus, 
MSAA methicillin-sensitive Staphylococcus aureus
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less of laboratory confirmation of infection), 
organisms isolated from an aseptically obtained 
culture from the incision (fluid or tissue), or 
clinical diagnosis made by a surgeon or attending 
physician [39].

Administration of prophylactic antibiotic 
therapy has been shown to significantly decrease 
maternal SSIs after cesarean delivery [40]. 
Administration of antibiotics before skin inci-
sion rather than after umbilical cord clamping 
is associated with a 50% reduction in the rate 
of maternal SSI without affecting neonatal out-
comes [41–43]. Despite this, SSI remains one of 
the more common complications of lower seg-
ment cesarean delivery and subsequent maternal 
 sepsis. The CDC US national surveillance study 
found that 3.2% of the women undergoing cesar-
ean delivery had SSI [44]. In a UK multicenter 
study of 14 hospitals, 9.6% of women undergo-
ing cesarean delivery developed SSI [45]. The 
high rate of SSI is of particular concern given 
the global increase in cesarean delivery rates 
and maternal obesity, which are associated with 
almost double the rate of cesarean delivery [46]. 
Of note, studies of maternal SSI after cesarean 
delivery are usually not comparable because of 
their lack of standardization in the definition of 
SSI, quality of surveillance, heterogeneity of the 
studied populations, prophylactic antibiotics cov-
erage, aseptic practices, surgical techniques, and 
routine lengths of maternal hospital stays.

Necrotizing soft tissue infections (NSTIs) are 
fulminant and often life-threatening infections of 
the subcutaneous tissues. Some predisposing fac-
tors are diabetes mellitus, obesity, hypertension, 
immunosuppressive conditions including alco-
holism and intravenous drug abuse, renal failure, 
malignancy, trauma, childbirth, and surgery [47, 
48]. Post-cesarean delivery or episiotomy inci-
sions and perineal tears are the most commonly 
affected sites for necrotizing infections in the 
peripartum patient [49–51]. Importantly, necro-
tizing soft tissue infections can also occur post-
partum in women who are otherwise healthy [48].

The discrepancy between symptoms of NSTI 
and clinical findings are almost pathognomonic 
and should raise suspicion when it occurs. NSTI 
patients typically present with severe local pain 

without overlying skin changes. This feature 
commonly leads to delayed disease recognition. 
When the diagnosis is delayed, loss of sensation 
may be noted in the infected area, typically fol-
lowed by the appearance of erythema and edema. 
At very late stages, purple- grayish bullae appear 
with subsequent tissue necrosis and sloughing.

Historically, NSTIs have been categorized 
into four microbiological types (Table  19.2) 
[52]. Type I is a mixed polymicrobial infec-
tion. Streptococcal and staphylococcal species 
cause type II. Types I and II are more commonly 
encountered after childbirth [53]. Types III and 
IV are generally caused by Vibrio vulnificus, 
Aeromonas sp., Candida sp., and Zygomycetes 
sp. and are generally seen in immunosuppressed 
patients or, in the case of Vibrio and Aeromonas 
infections, in patients with exposure to salt or 
brackish water, respectively. When seen during 
pregnancy and the peripartum period, this should 
raise suspicion of immune suppression [53].

NSTIs are a surgical emergency. Early aggres-
sive therapy is the key to survival and reduced 
morbidity [49, 50]. Wide and serial surgical 
debridement along with antibiotics is crucial. 
Unlike other infections, the resulting tissue loss 
leads both to disfiguring deformity, which requires 
reconstruction, and to disability, which requires 
rehabilitation. The Infectious Diseases Society of 
America (IDSA) recommends early broad-spec-
trum empiric coverage to cover the possibility of 
polymicrobial infection [53]. Regimens include 
vancomycin (30 mg/kg/day) or linezolid (600 mg 
IV/PO every 12  h) plus piperacillin-tazobactam 
(3.37 g IV every 6–8 h) or a carbapenem (1 g IV 
every 6–8 h) or ceftriaxone (2 g IV every 6 h) and 

Table 19.2 Microbiology in necrotizing fasciitis

Type of necrotising 
fasciitis Organism(s)
Type I (polymicrobial 
or mixed)

Aerobic and anaerobic 
bacteria

Type II Group A beta-hemolytic 
streptococcus (GAS) with or 
without Staphylococcus 
species

Type III Gram negative organisms; 
Klebsiella, Aeromonas, and 
Vibrio species
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metronidazole (500 mg IV/PO every 6 h). In cases 
with proven group A streptococcal infection, pen-
icillin (2–4 MU every 6–8 h IV) and clindamycin 
(600–900  mg/kg every 8  h) are recommended. 
Patients with NSTIs commonly exhibit signs and 
symptoms of systemic toxicity, and, regardless of 
care, mortality rates have been reported from 6% 
to 76% and more recently 25% [47]. Early inten-
sive care unit admission is indicated for monitor-
ing and supportive care [49, 50].

19.3.3  Infections Exacerbated during 
Pregnancy

19.3.3.1  Urinary Tract Infections
Pregnant women have an increased risk for uri-
nary tract infections between 6 and 24 weeks’ ges-
tation [54]. Urinary tract infections are classified 
as asymptomatic bacteriuria (ASB), acute cysti-
tis, and pyelonephritis. The American College of 
Obstetrics and Gynecology recommends screen-
ing women for ASB during their first pre-natal 
visit and repeating a urine culture during the last 
trimester [55]. ASB is defined as >105 colony-
forming units per mL of urine. If it remains undi-
agnosed, ASB can lead to the development of 
acute cystitis and pyelonephritis in 30 and 50% of 
pregnant women, respectively [56, 57]. Pregnant 
women have a 20–30-fold increase of develop-
ing pyelonephritis when diagnosed with ASB in 
early pregnancy [58]. Acute cystitis is differenti-
ated from asymptomatic cystitis by the presence 
of dysuria, frequency, and urgency. Pyelonephritis 
is diagnosed when genitourinary symptoms are 
accompanied by systemic manifestations such as 
fever, chills, nausea, vomiting, and flank pain. If 
left untreated, maternal pyelonephritis can lead to 
severe maternal sepsis [57, 58].

The organisms commonly causing urinary 
tract infections in pregnant women are generally 
similar to those observed in non-pregnant women. 
Escherichia coli is the most common, causing 
70–90% of cases [59]. Proteus mirabilis and 
Klebsiella pneumonia are also common causes. 
Gram-positive infections are less common, but 
group B streptococcus has been isolated in 7–10% 
of the cases of ASB in pregnancy [60, 61].

In symptomatic women, following urine 
sampling, antibiotics should be started empiri-
cally to cover the more common organisms. 
Coverage can be narrowed once urine culture 
results become available. Treatment options 
include cephalosporins (cephalexin 250  mg PO 
2–4 times a day), nitrofurantoin (50–100 mg four 
times daily), and fosfomycin (one 3  g sachet) 
[54]. Fluoroquinolones and sulfonamides should 
be avoided if possible due to potential harm to the 
fetus and potential emergence of resistant organ-
isms. However, if indicated, maternal care is the 
priority. Furthermore, growing evidence suggests 
that these antibiotics are safe for the fetus and can 
be used if necessary based on antibiotic sensitivi-
ties of the causative organism [54, 62–64]. The 
duration of antibiotic treatment for asymptomatic 
bacteriuria, acute cystitis, or pyelonephritis has 
not been determined for pregnant women [65]. 
Given the ongoing risk of recurrence during 
pregnancy (4–5%), treatment with oral antibiot-
ics is given for a longer duration than in the gen-
eral population (i.e., 7–10 days) [54, 59].

Women with pyelonephritis should be man-
aged and followed closely; the patient should 
defervesce within 24–48  h of initiation of anti-
biotic therapy. Those who deteriorate clinically, 
remain febrile, and develop signs of worsening 
systemic infection should be admitted for intra-
venous antibiotic therapy and hydration. Women 
who fail to improve or have recurrent infections 
should undergo renal imaging (ultrasonography 
or intravenous pyelogram) to assess for pyelone-
phritis or other structural abnormalities [66, 67].

Pyelonephritis is the leading cause of septic 
shock in pregnancy, followed by renal calculi. 
The latter, however, is a rare phenomenon [67, 
68]. The incidence of nephrolithiasis in pregnancy 
ranges from 1:200 to 1:1500 [68–71]. Mortality 
from maternal urosepsis is rare. Management 
consists of adequate volume resuscitation, antibi-
otics, and rarely, surgical interventions to achieve 
source control. Most renal stones pass on their 
own, making the need for ureteroscopy or per-
cutaneous nephrostomy drainage infrequent. 
Invasive treatment is suggested in cases with 
unremitting pain, persistent fever, worsening 
renal function, or septic shock [70, 71].
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19.3.3.2  Listeria Monocytogenes
Listeria monocytogenes is a facultative aerobic 
Gram-positive rod which may cause food-borne 
illness weeks to months after ingestion. Pregnant 
women are particularly prone to Listeria infec-
tion, accounting for up to 27% of all listeria 
infections. Typically they experience only mild 
flu-like symptoms, malaise with or without a 
headache, gastroenteritis, or diarrhea which often 
contributes to missed diagnosis during preg-
nancy [72, 73]. If left untreated, Listeria infec-
tion  during pregnancy may lead to miscarriage, 
septic abortion, stillbirth, premature delivery, or 
life- threatening infection of the newborn [72, 
74]. Rarely, the maternal condition may deterio-
rate to full-blown meningoencephalitis, chorio-
amnionitis, or, potentially, sepsis [75]. Systemic 
disease may be accompanied by the appearance 
of multiple abscesses and granulomas. Listeria 
is associated with high mortality; 20–50% in 
immunocompromised individuals and, to a lesser 
extent, in pregnant woman [72, 75].

During a listeria outbreak, pregnant women 
with a fever of unknown origin should have blood 
cultures drawn to assess for bacteremia. Pregnant 
women presenting with diarrhea (regardless 
of additional symptoms) should also submit 
stool for listeria cultures. The decision to initi-
ate  treatment is based upon clinical judgment. 
However, the threshold for treatment should be 
low given the difficulties of diagnosing severe 
maternal illness and the fact that bacteremia can 
lead to maternal neurological compromise and 
sepsis and transplacental fetal infection [76].

Ideally, treatment of listeriosis during preg-
nancy should be guided by an expert in infec-
tious diseases. In milder cases (e.g., febrile 
gastroenteritis), the recommended treatment 
is oral amoxicillin (500  mg three times daily). 
Treatment of women with severe disease involv-
ing CNS involvement or endocarditis should also 
include the addition of gentamycin (goal peak of 
3–5 mcg/mL and a trough less than 1 mcg/mL) 
for synergy [77]. Listeriosis with bacteremia in 
pregnancy is treated with intravenous ampicillin 
(2  gm q4 hours) or intravenous trimethoprim- 
sulfamethoxazole (10–20  mg/kg daily) in cases 
of severe penicillin allergy. In extreme cases, 

the pregnant woman may require desensitization 
therapy. Sulfonamides are generally not terato-
genic [63, 64]; however, trimethoprim is a folic 
acid antagonist and its use during the first trimes-
ter of pregnancy has been associated with neural 
tube and cardiovascular defects [76]. It has also 
been suggested to cause kernicterus, but this has 
not been proven [78]. Women who are unable to 
receive either of the agents mentioned above can 
be treated with meropenem (2  g IV every 8  h) 
and vancomycin. This requires close monitoring 
of treatment efficacy. The duration of treatment 
during pregnancy remains unstudied and should 
be based on the clinical response. In most cases, 
2 weeks of treatment is sufficient for bacteremia 
and 3–4 weeks for CNS infection.

19.3.3.3  Toxoplasmosis
Acute toxoplasmosis infection is caused by 
the intracellular protozoan Toxoplasma gondii. 
Transmission to humans occurs through inges-
tion of undercooked meat, contact with oocyte- 
containing cat faeces, and by vertical transmission. 
Prevalence rates vary worldwide, with higher 
rates seen in countries with tropical climates or 
with a culinary interest in undercooked meat [79, 
80]. Universal screening is not recommended in 
areas of low prevalence [81, 82].

Pregnant women may be asymptomatic and 
have a flu-like illness or regional lymphadenopa-
thy in acute infection [83]. Immunocompromised 
women may develop severe manifestations 
including encephalitis, myocarditis, pneumoni-
tis, or hepatitis.

Diagnosis of acute infection in pregnancy is 
challenging and usually requires two serologi-
cal tests 2 weeks apart demonstrating a fourfold 
increase in IgG antibody titer. Hence, a high 
index of suspicion is required. Treatment may 
initially be empirical in cases of critical illness 
if the clinical story and findings are highly sug-
gestive. If acute infection is suspected, spiramy-
cin should be administered as soon as possible. 
Treatment with pyrimethamine, sulfadiazine, and 
folinic acid of women should be administered 
in women who are at high risk of fetal infec-
tion. Pyrimethamine is teratogenic and should be 
avoided during the first trimester [82].
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Fetal infection—Primary maternal infection 
carries the greatest risk to the fetus, although 
cases of fetal transmission have been described in 
immunocompromised women with reactivation 
of chronic infection [84]. Following infection, the 
placenta becomes a reservoir for toxoplasmosis 
with the risk of fetal transmission increasing from 
approximately 6% in the first trimester to 72% 
by the third [81]. PCR of amniotic fluid is highly 
sensitive and specific for diagnosis of fetal infec-
tion and should be performed after 18  weeks’ 
gestations or 4 weeks after acute maternal infec-
tion. Characteristic fetal ultrasound findings 
include intracranial calcification, microcephaly, 
hydrocephalus, hepatosplenomegaly, ascites, and 
severe intrauterine growth retardation [85].

19.3.4  Malaria

Malaria is caused by infection with Plasmodium 
species. P. falciparum and P. vivax are the most 
common causative agents, with most global 
deaths caused by P. falciparum [86]. Malaria is an 
important cause of maternal and infant morbidity 
and mortality. It is estimated that 10,000 mater-
nal deaths and upwards of 200,000  newborns die 
annually from pregnancy-associated malaria. 
Epidemiologic studies estimate that the overall 
prevalence of Plasmodium infection in highly 
endemic areas is approximately 25% (1  in 4 
women); this proportion is likely underestimated 
based on diagnostic studies and sensitivity. The 
prevalence of malaria outside sub-Saharan Africa 
is estimated to be lower, 1.8–17.4%. However, in 
this population, both maternal and fetal outcomes 
are worse; lacking prior exposure to the disease 
there is less opportunity for immunity [87–89].

The signs of infection are non-specific and 
vary depending on several factors such as mater-
nal age, the degree of immunity, gravidity (pauci 
vs. multiparous), endemicity, and species. Some 
women, especially in endemic areas, are asymp-
tomatic. Others present with fever, chills, nausea, 
vomiting, diarrhea, abdominal pain, headaches, 
myalgia, jaundice, and cough [87].

Pregnant women, especially in the first tri-
mester, are more susceptible to malaria. Cell- 

mediated immunity is decreased as cortisol 
increases [87, 90], which allows the placenta to 
form. During this period, P. falciparum-infected 
erythrocytes are sequestered and bind to the vas-
cular endothelium of various organs, which can 
cause more severe disease, especially in the pri-
migravida patient [87–90]. The sequestration of 
the parasite-infected erythrocytes is especially 
high in the placental intervillous spaces.

In high endemic areas, few women present 
with fevers. Rather, the maternal inflammatory 
response to this sequestration as the pregnancy 
progresses causes marked injury and scarring to 
the placental basement membrane. This inter-
feres with blood flow across the placenta and 
impedes nutrient supply to the fetus. This placen-
tal damage is the main mechanism for miscar-
riages, intrauterine-growth retardation, preterm 
birth, and low birth weight [90].

Any patient presenting with fevers in endemic 
regions or returning from an endemic region 
should be tested for malaria. Parasitemia should 
be assessed with a peripheral smear, Giemsa- 
stained, or rapid diagnostics [87]. A negative 
peripheral smear doesn’t rule out malaria infec-
tion or parasitemia, as patients could have low 
parasitic counts or placental parasites without 
evidence on peripheral smear. Placental infec-
tion can be diagnosed after birth by histological 
examination [87, 89, 90]. The gold standard for 
detection of malaria is polymerase chain reac-
tion (PCR), but its utility in high endemic areas is 
questionable, and its clinical importance in sub-
microscopic infections is yet to be determined. 
Therefore its use is not routinely recommended. 
Rapid diagnostic tests are more commonly used 
for programs of diagnosis, treatment, and preven-
tion of malaria in high endemic areas [86, 88].

Acute malaria with signs of organ dysfuntion 
is deemed severe malaria. Severe malaria can 
present with hypoglycemia, pulmonary edema, 
respiratory distress, cerebral edema, seizures, 
and severe anemia [91, 92]. The treatment of 
severe malaria is mainly supportive; however, 
expedient treatment with parenteral antima-
larial therapy in the gravid patient is essential 
to affect the outcome [92]. Artesunate IV/IM 
2.4  mg/kg should be administered at hours 0, 
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12, 24, and 48. Subsequently, oral therapy of 
atovaquone- proguanil, doxycycline (if post-
partum), clindamycin, or mefloquine should be 
administered [91, 92]. If artesunate is not avail-
able, artemether IM is preferred to quinine in 
later pregnancy because of the high risk of hypo-
glycemia with quinine [92].

Care should be taken during administration 
of fluids. While there is no literature specifically 
regarding pregnant women, a study of early fluid 
administration in critically ill septic children due 
largely to severe malaria showed worse outcomes 
in those receiving larger amount of fluids, pre-
sumably due to worsening of cerebral edema. For 
more details regarding fluid administration, see 
Chap. 7.

19.3.5  Fetal Considerations 
in Maternal Infections

Maternal infections and sepsis have an increased 
risk of pre-term delivery. Antenatal corticosteroid 
therapy (ACS) has shown to improve newborn 
outcomes when given between 24 and 34 weeks’ 
gestation when delivery is within 7  days [93]. 
When caring for a gravid patient with over-
whelming infection, there may be hesitation in 
giving an additional immunosuppressive drug. 
Corticosteroid use during overwhelming infec-
tion and sepsis has been debated. Studies over the 
years have shown conflicted finding as to benefit 
and harm [94, 95].

In high-income countries, there is little debate 
over the maternal safety of a single dose of either 
betamethasone or dexamethasone as ACS therapy 
in the 24–34-week gestation period. It appears 
that this single dose does not increase infection 
even in the presence of prolonged rupture of 
membranes or sepsis [93, 96]. Betamethasone 
is considered a weak immunosuppressive with 
short-term use even though it has a longer half 
life than dexamethasone [93]. Of note, hydro-
cortisone does not cross the placenta and there-
fore does not affect fetal lung maturity [96]. In 
low- and middle-income countries, however, 
there is some debate of the benefits of ACS in 
enviroments where the gestational age estimation 

is not reliable, the perinatal care is not available, 
and risks of maternal infections may be higher 
[97, 98]. Recommended WHO pre-requisites for 
antenatal corticosterid use include accurate ges-
tational age estimation, no evidence of maternal 
infection, and adequate peripartum care for both 
the mother and infant. The WHO recommends 
not giving ACS to patients with documented cho-
rioaminonitis but relates that the recommenda-
tion is based on very low quality evidence [99].

An additional consideration for the fetus at 
risk for pre term delivery is the administration of 
magnesium sulfate to the mother which acts as a 
fetal neuroprotective agent in gestations less than 
32  weeks. One dosing regimen is 4gram load 
IV. Care must be taken in renal insufficency, as 
magnesium is renally excreted [100].

19.4  Conclusions

Maternal sepsis is the third leading cause of 
maternal death. The gravid patient is more sus-
ceptible to infections both because of the physi-
ologic changes of pregnancy and because of the 
unique pathology that occurs with pregnancy. 
Diagnosis of infection and sepsis in the pregnant 
patient is more difficult as the signs and symp-
toms of infection and sepsis may be obscured 
by the physiology of pregnancy. The clinician 
should have a high index of suspicion and know 
the expected normal physical and laboratory val-
ues at each stage of pregnancy. Coordination with 
a multidiscinplinary team is invaluable.
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and the Respiratory System 
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20.1  Introduction

Pregnancy is associated with significant anatomic 
and physiologic changes of the respiratory sys-
tem. These changes affect the ability of a woman 
to maintain adequate oxygenation at times of 
respiratory compromise. They may also affect the 
ability of critical care physicians and anesthesi-
ologists to secure adequate ventilation and oxy-
genation when endotracheal intubation is deemed 
necessary.

Historical publications of difficult airway 
management have highlighted these challenges, 
with reports of failed endotracheal intubation in 
the pregnant population being approximately 
eight times higher than in the nonpregnant 
 population [1]. Difficulty with endotracheal intu-
bation leading to cardiac arrest, cerebral anoxia, 
or inhalation of stomach contents was reported to 
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20

Key Points
• Significant anatomic and physiologic 

adaptations involving the respiratory 
system occur throughout pregnancy to 
meet the increased metabolic demands 
of both the mother and the growing 
fetus.

• Mechanical changes of the chest wall 
and the diaphragm occur to accommo-
date the enlarged uterus.

• There is a significant reduction in func-
tional residual capacity (FRC), with lit-
tle or no change in total lung capacity 
(TLC).

• An increase in minute ventilation (VE) 
causes a decrease in PaCO2 with a par-
tial compensatory reduction in HCO3, 
resulting in a chronic relative respira-
tory alkalosis.

• There are no significant changes in lung 
spirometry (although some conflicting 
data has emerged) and no major changes 
in diffusing capacity (DLCO).
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be the major contributing factor to anesthesia-
related maternal deaths in the Confidential 
Enquiries into Maternal Mortality in England and 
Wales in the 1982–1984 triennium report [2]. The 
first national study of anesthesia-related maternal 
mortality in the United States revealed that 52% 
of deaths resulted from complications of general 
anesthesia predominantly related to airway man-
agement problems [3].

With better approaches to manage the preg-
nant airway, such as video and optic laryngos-
copy, assisted tracheal intubation devices, and 
application of difficult airway algorithms, out-
comes of endotracheal intubation have much 
improved in recent decades [4]. Nonetheless, due 
to the acuity of cases and steady increase in the 
prevalence of high-risk pregnancies, including 
advanced maternal age, hypertensive diseases, 
and obesity, challenges persist in maintaining 
adequate respiratory homeostasis. A recent study 
reviewing trends of anesthesia-related adverse 
events demonstrated that general anesthesia for 
cesarean deliveries still carries a significant 
maternal risk [5].

An understanding of the respiratory physio-
logic changes occurring during pregnancy is key 
for enabling the clinician to distinguish between 
the common “physiological” dyspnea that occurs 
during normal pregnancy and critical situations 
that may occur as a result of acute cardiopulmo-
nary conditions or the deterioration of chronic 
diseases during pregnancy [6].

This chapter will review the anatomical and 
physiological changes of the airway and respira-
tory system and their implications for maternal 
oxygenation and airway management in pregnant 
women. Current approaches and algorithms for 
maternal airway management are presented in 
Chap. 21.

20.2  Upper Airway Anatomy 
during Pregnancy

Numerous anatomical changes throughout preg-
nancy affect the ability of pregnant and peripar-
tum women to breathe and thereby also affect 
oxygenation. These changes may affect sponta-

neous breathing and are also clinically meaning-
ful during induction of general anesthesia with 
endotracheal intubation (Table 20.1).

20.2.1  The Nasal Cavities

While bone or joint changes do not seem to 
occur in pregnancy, soft tissue changes do occur 
[7]. Swelling and friability, resulting in edema 
of the nasopharyngeal and oropharyngeal tissue, 
occur secondary to capillary engorgement. 
Capillary engorgement of the larynx and the 
nasal and oropharyngeal mucosa begins early in 
the first trimester and increases progressively 
throughout pregnancy. The effect of estrogen on 
the nasal mucosa results in rhinitis, which is 
very common, and nosebleeds [8–10]. Nasal 
breathing commonly becomes difficult, and epi-
staxis may occur [11]. Because of the increased 
risk of epistaxis, a nasopharyngeal approach to 
airway management should be avoided when-
ever possible. Extreme caution should be used, 
and consideration should be given to whether 
tracheal intubation is indeed required. Nasal 
obstruction may contribute to snoring and sleep-
disordered breathing during pregnancy, which 
has been associated with hypertension and 
 preeclampsia [12], and even adverse perinatal 
outcomes [13].

20.2.2  The Larynx

Throughout pregnancy and the postpartum 
period, changes to the larynx may affect vocal 
characteristics [14]. Throughout the first and sec-
ond trimesters, the voice of pregnant women is 
rounded and well carried with good vibration. 
During the third trimester, vocal cord fatigue is 
more prevalent with a decrease in the maximum 
time of phonation [15].

20.2.3  The Pharynx

Pharyngeal edema, likely due to fluid retention 
during pregnancy, occurs in many women. 
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However pharyngeal edema should always raise 
some degree of concern as it is considered one of 
the presenting symptoms in preeclamptic women 
[16–19].

Pharyngeal swelling may also develop acutely 
during labor. Labor increases the soft tissue vol-
ume surrounding the airway, thereby narrowing 
the pharyngeal airway. The acoustic reflection 
method (ARM) longitudinally assesses the cross- 
sectional area (CSA) of the upper airway from 
the mouth to the carina noninvasively. ARM has 
been used to evaluate airway changes during 
pregnancy. In a longitudinal study conducted on 
50 pregnant women, the pharyngeal volume 
decreased by 10% between the first and third tri-
mesters and returned to normal within 48  h of 
delivery. No parallel changes were observed in 
laryngeal and tracheal anatomy [20]. Decreased 
oral (10–15%) and pharyngeal volumes (10%) 
were also observed in another study of women 
during vaginal labor and delivery (n = 21) [21]. 
The duration of labor and fluid administration 
during labor did not influence oral and pharyn-
geal volumes. Oral and pharyngeal volumes were 
significantly decreased postpartum when com-
pared to pre-labor assessments.

Although tracheal issues are extremely 
uncommon in pregnancy, exacerbation of sub-
glottic stenosis during pregnancy has been 
reported in women with Wegener’s granulomato-
sis [22–24] and may require urgent surgical 
intervention.

20.3  The Mallampati Score 
in the Peripartum Period

The Mallampati score is commonly used to antic-
ipate whether endotracheal intubation will be 
easy or difficult. It provides an estimation of the 
size of the tongue relative to that of the oral cav-
ity [25]. In the 1990s, a Mallampati score of 3 or 
4 was found to be significantly associated with a 
difficult intubation in pregnant women. The rela-
tive risk was 7.6 and 11.3, respectively, compared 
to women with lower scores [26]. Since then, 
numerous additional studies have established that 
Mallampati scores increase during pregnancy 

[27, 28] and during the course of labor and deliv-
ery [21, 28–33]. Very few however have evalu-
ated the utility and predictive value of the 
Mallampati score in clinical practice, since very 
few women actually require an endotracheal intu-
bation during pregnancy and the peripartum 
period.

20.3.1  The Mallampati Score 
in Normal Labor and Delivery

Airway changes during labor and delivery were 
studied using the conventional Samsoon modifi-
cation of the Mallampati score (head in neutral 
position without phonation or extension of the 
neck). Sixty one women were assessed by means 
of direct photography during and after labor, and 
21 were assessed with acoustic reflectometry 
software for the components of upper airway, 
oral volume, and pharyngeal volume [21]. 
Significant changes were found after delivery in 
23/61 women who had delivered vaginally (with 
Valsalva maneuvers during the second stage of 
labor). The Mallampati score increased by 1 
grade in 20 women (33%) and by ≥2 grades in 3 
women (5%). At the end of labor, eight women 
had a Mallampati score of 4, and 30 women had 
a score of 3 or 4. As noted above, the duration of 
labor and the fluids administered during labor did 
not correlate with the severity of airway changes.

In another longitudinal study, 87 women were 
evaluated at 8 months (T = 1), upon placement of 
labor epidural analgesia (T  =  2), 20  min after 
delivery (T  =  3) and 48  h postpartum (T  =  4), 
using the Samsoon modified Mallampati test 
[28]. A Mallampati score of 3 or 4 was found in 
10% of women initially (T = 1), in 37% of women 
after labor epidural placement (T  =  2), in 52% 
immediately postpartum (T = 3), and in 21% of 
women at 48 h (T = 4). None of the evaluated fac-
tors (gestational weight gain, duration of first or 
second stage of labor, intrapartum intravenous 
fluid administration) predicted the magnitude of 
upper airway change. There was a 3.5-fold 
increase in women with Mallampati score of 3 or 
4 during labor compared to before labor, and 
alterations were not fully reversed by 48 h.
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In a study specifically designed to evaluate the 
effect of labor epidural analgesia on upper airway 
changes (n = 190 women), it revealed that epi-
dural analgesia had no effect on the Mallampati 
score. Direct photography did however show an 
increase in the Mallampati score of 32% of 
women, a decrease in 10% and no change in 58% 
of women [31].

The effect of Valsalva maneuvers during the 
second stage of labor was studied in women 
undergoing elective cesarean delivery (n  =  90) 
and vaginal delivery (n = 86). Upper airway ana-
tomical parameters were assessed before labor 
and up to 24 h postpartum [33]. Maternal efforts 
during vaginal delivery were associated with 
changes in the Mallampati score immediately 
after delivery. However, intravenous administra-
tion of a greater amount of fluids during sched-
uled cesarean delivery was associated with 
increased Mallampati scores even 6–24  h post-
partum [33].

20.3.2  The Mallampati Score 
with Hypertensive Disease 
of Pregnancy

The impact of hypertensive diseases during preg-
nancy on airway anatomy has been evaluated in 
two studies [29, 31]. One study compared 
Mallampati scores during the course of labor 
among 30 normotensive and 30 hypertensive 
women. This study revealed that women with 
hypertension had higher Mallampati scores in 
early labor and also had a twofold higher likeli-
hood of increase in the Mallampati score during 
the course of labor and delivery [32]. These find-
ings were corroborated in another study evaluat-
ing airway anatomy during and after labor in 
women with and without preeclampsia with 
severe features [34]. The Mallampati score and 
ultrasound measures of tongue thickness, ante-
rior neck soft tissue at the level of the hyoid bone 
and the vocal cords, thyromental distance, and 
neck circumference were recorded before active 
labor, within 1 h of delivery and 24–48 h postpar-
tum. The Mallampati score increased during the 
course of labor in both preeclamptic and normo-

tensive women. There was a significant differ-
ence in tissue thickness at the hyoid level in 
preeclamptic versus normotensive patients at all 
times but no difference in thyromental distance 
or neck circumference between groups at any 
time. Prolonged duration of labor was associated 
with increased Mallampati score, regardless of 
the presence of hypertensive disease [31]. Such 
study findings confirm the premise that general 
anesthesia should be avoided whenever possible 
in women with hypertensive disorders of preg-
nancy. If general anesthesia is unavoidable, then 
preparedness for a difficult intubation should be 
maximized.

20.3.3  Correlating Mallampati  
Score and Actual Intubation 
Difficulty during Cesarean 
Delivery

As mentioned, few studies were actually able to 
correlate findings from preoperative bedside tests 
and actual intubation difficulty in women who 
underwent cesarean delivery under general anes-
thesia [35–38].

One such evaluation studied 239 women and 
assessed five bedside predictors: Mallampati 
score, sterno-mental distance, thyromental dis-
tance, inter-incisor gap, and atlanto-occipital 
extension. The Cormack-Lehane classification 
grades the views obtained by direct laryngoscopy 
based on the structures observed. [39] Before 
emergency cesarean delivery under general anes-
thesia, 5.8% of women (n = 14) had a Cormack 
and Lehane laryngoscopic view ≥3 [only epiglot-
tis seen but none of the glottis (grade 3) or neither 
glottis nor epiglottis seen (grade 4)]. Age, height, 
weight, BMI, and weight gain were not associated 
with a difficult intubation. The five predictors 
combined had a sensitivity of 0.21 and specificity 
of 0.92 to predict a difficult intubation. The posi-
tive predictive value of a Cormack and Lehane 
classification of ≥3 was 0.15 and the negative pre-
dictive value was 0.95, indicating that 79% of dif-
ficult intubations would likely be missed [35].

Another study conducted on an even larger 
cohort of obese women undergoing cesarean 
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delivery under general anesthesia (n = 570) also 
showed that the neck circumference, sterno- 
mental distance, and modified Mallampati test 
had limited value in predicting a difficult intuba-
tion [36].

The ratio of height to thyromental distance is 
another measure used to predict difficult laryn-
goscopy and intubation prior to cesarean delivery 
under general anesthesia. [38] The same authors 
studied this measure in a series of women under-
going cesarean delivery under general anesthesia 
(n  =  757). Difficult larynx visualization was 
reported in 8.6% of women, and this was associ-
ated not only with the ratio of height to thyro-
mental distance but also with neck circumference 
and the ratio of neck circumference and thyro-
mental distance [37].

20.4  Respiratory Anatomical 
and Physiological Changes 
during Pregnancy

The increase in the size of the pregnant uterus 
becomes significant in terms of respiratory physi-
ology from the end of the first trimester. At this 
time it begins to affect intra-abdominal pressure, 
which increases in parallel [40]. Concomitantly, 
under the effect of relaxin, relaxation of the liga-

mentous attachments of the lower ribs occurs 
[41]. The geometry of the thorax changes due to 
the increased flexibility of the chest wall result-
ing from these changes. Also affecting a 
 geometrical change is the increasing upward 
pressure of the abdominal contents resulting 
from uterine enlargement during the second and 
third trimesters (Fig. 20.1) [42].

20.4.1  Chest Wall Configuration

The anteroposterior and transverse diameters of 
the chest wall increase steadily throughout preg-
nancy by about 2 cm. The resultant increase of 
5–7 cm in the circumference of the lower rib cage 
creates a quasi-horizontal rib position (Fig. 20.1) 
[42]. The subcostal angle increases by about 55% 
(from 70.7 to about 107 degrees). While the tho-
racic diameter and circumference return to pre- 
pregnancy values after delivery, a 20% increase 
in costal angle remains even 24 weeks after deliv-
ery (Fig. 20.1) [42].

Increased intra-abdominal pressure displaces 
the diaphragm upward by approximately 4  cm. 
This change repositions the diaphragm in a man-
ner that increases intrathoracic volume during 
contraction. Diaphragmatic displacement is 
increased by 2  cm during inspiration when 

1. The subcostal angle of the ribs increases.
2. The antero-posterior and transverse diameters of the chest wall also increase, which result in an
 overall increase of the circumference of the chest wall
3. These changes compensate for the 4-cm elevation of the diaphragm

→ There is minimal or no change in total lung capacity (TLC)

2cm

Uterus
37 weeks

68.5” 103.5”

4cm

5-7cm

Fig. 20.1 Anatomical changes of the chest wall during pregnancy (modified from Hegewald et al.)
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 compared with the nonpregnant state. This 
change increases respiratory tidal volume during 
pregnancy (Fig. 20.1).

20.4.2  Static Lung Function during 
Pregnancy

Despite the significant changes in rib cage and 
diaphragm configuration, respiratory muscle 
function (as evidenced by maximal inspiratory 
and expiratory pressures) remains unchanged 
during pregnancy [43]. As the upward movement 
of the diaphragm is compensated by the increase 
in the lateral and anteroposterior chest dimen-
sions, total lung capacity (TLC) remains essen-
tially unchanged or only minimally reduced 
(−5%) during pregnancy (Fig. 20.2) [44, 45].

However, lung volumes do undergo signifi-
cant changes during pregnancy. Functional resid-
ual capacity (FRC) is markedly reduced (by 
20–30%), and tidal volume (TV) is significantly 
increased (by 30–50%). Starting at about 
12 weeks of gestation, FRC in the upright posi-
tion decreases by about 20% (400–600 mL) from 
pre-pregnancy values (Fig. 20.2) [45]. FRC fur-
ther decreases in the supine position, which can 
exacerbate oxygen desaturation. Placing a supine 
parturient in a 30° head-up position may increase 

FRC by up to 10% (approximately 200 mL) [46]. 
This simple maneuver will significantly improve 
maternal oxygen reserve in some cases. Tidal 
volume (TV) is increased by 30–50% with at 
least half the change occurring during the first 
 trimester [44]. Inspiratory capacity (IC) increases 
by 5–10% during the second and third trimesters 
(Fig.  20.2). Causes are the increase in TV and 
possibly also an increase in inspiratory reserve 
volume (IRV). Lung volumes return to pre- 
pregnancy values several months after delivery.

Respiratory rate remains essentially 
unchanged or slightly increased during preg-
nancy. The increase in thoracic diameter and vol-
ume (thoracic breathing) appears to play a larger 
role during ventilation than do the descent of the 
diaphragm and the dynamics of abdominal girth 
(abdominal breathing). However, there is signifi-
cant variability in the changes observed between 
pregnant women, and variability may be found at 
different stages of the third trimester even in the 
same parturient.

20.4.3  Dynamic Respiratory 
Parameters during Pregnancy

In contrast to the significant and unrefuted find-
ings in lung volume changes occurring during 

Inspiratory Capacity

Inspiratory Capacity
5-10% ↑ 

Functional Residual Capacity

Functional Residual Capacity
During pregnancy: 20-30%↓
At term: further 25%↓

Tidal volume Tidal volume
30-50% ↑

Inspiratory Reserve Volume Inspiratory Reserve Volume

Total Lung Capacity is unchanged
(or ↓ 5% at term)

Expiratory Reserve Volume

Expiratory Reserve Volume
15-20% ↓

Residual Volume Residual Volume
20-25% ↓

Not Pregnant Pregnant (3rd trimester)

Forced Vital Capacity

Total Lung Capacity

Fig. 20.2 Changes in lung volumes during pregnancy and at term (modified from Hegewald et al.)
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pregnancy, dynamic respiratory parameters are 
generally considered overall unchanged through-
out pregnancy. However, this topic remains con-
troversial. Possible reasons for differing results 
include sample size variability (most studies have 
been conducted in small cohorts), ethnic dissimi-
larities, use of medications concurrent to conduc-
tion of measurements, the type of spirometer 
used for measurement, and positioning during 
measurements (i.e., standing, sitting, or supine). 
If changes in pulmonary function do exist, they 
are likely to be relatively minor.

This issue is particularly pertinent to the effect 
of pregnancy on asthma. The symptoms of 
asthma improve during pregnancy in one third of 
women and remain unchanged in another third. 
Symptoms are most likely to worsen among 
women experiencing severe asthma before 
 pregnancy [47].

20.4.4  Peak Expiratory Flow, Forced 
Expiratory Volume, 
and Forced Vital Capacity

Numerous longitudinal studies have assessed 
peak expiratory flow (PEF) rate, forced expira-
tory volume (FEV), and FEV in 1 s (FEV1), as 
well as the forced vital capacity (FVC) during 
pregnancy and postpartum. The results of these 
studies are conflicting.

In one study healthy women with no history 
of pulmonary disease evaluated at each trimester 
and postpartum (n  =  57) showed no change in 
PEF rate with advancing gestation. [48] In 
another study, healthy women evaluated in dif-
ferent positions (standing, sitting, and supine) at 
4-week intervals from the first trimester until 
6 weeks postpartum (n = 38) showed a gradual 
decline in PEF throughout pregnancy in all posi-
tions which had not resolved by 6 weeks post-
partum. The decline was most prominent in the 
supine position, and PEF returned to only 72% 
of its value in early pregnancy (first trimester 
measurement) [49]. The findings of the latter 
study were questioned because measurements 
were not normalized to age and height (PEF 
index) [50]. However, another study which eval-

uated lung function in the first and third trimes-
ters in a mixed-parity cohort (n  =  120) also 
reported significant decreases in FVC and FEV1 
values in the third trimester, which were more 
pronounced among multiparous women and 
those who smoke [51].

There are studies that show different results. 
In one such study, healthy women evaluated four 
times during pregnancy and 6 months postpartum 
(n = 87) showed a gradual increase in PEF rate 
and FVC after week 23 and up to 6 months post-
partum, while FEV remained unchanged. 
Differences between nulliparous and multiparous 
women were also identified, with multiparous 
women found to have an overall higher FVC pre-
dicted for age and height (4.4% increase) than 
nulliparous women. These findings suggest that 
the change in FVC that occurs during pregnancy 
persists well beyond delivery [52].

The take-home message from these studies is 
that if pregnancy is indeed associated with 
increased PEF rates and FVCs persisting well 
into the postpartum period, spirometric tests in 
pregnant women with suspected impairment of 
lung function should be interpreted with caution; 
“normal” test results may in fact not be so good. 
Furthermore, in pregnancies associated with a 
reduction of FVC and FEV1, interpretation of 
tests intended to determine whether respiratory 
function is deteriorating should ideally lean on 
the personal trajectory of the individual being 
studied.

20.4.5  Pulmonary Function Tests 
in Women with Asthma

Longitudinal evaluation throughout pregnancy 
(at 8–20 weeks, 21–28 weeks, and 29–40 weeks) 
of women with (n  =  20) and without (n  =  20) 
asthma identified similar changes in pulmonary 
function in both groups. In early pregnancy, no 
significant difference in pulmonary function was 
observed between the groups. Pulmonary func-
tion also declined during the second trimester 
and then improved in the final weeks of preg-
nancy in both groups. However, more significant 
changes (reduction in FEV1 and FEV6, followed 
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by forced vital capacity (FVC)) were found in 
women with asthma [53].

20.4.6  Pulmonary Function Tests 
in Women with Preeclampsia

Several studies suggest that preeclampsia impairs 
the respiratory function of pregnant and peripar-
tum women [54–57]. However, this observation 
is confounded by the lack of an early pregnancy 
comparator (no study evaluated pulmonary func-
tion in these women before diagnosis of pre-
eclampsia) and by a high prevalence of cesarean 
delivery which may in itself lead to significant 
fluid shifts, increased airway and pulmonary 
edema, and consequently alterations in PFTs.

In one case-control study, women with pre-
eclampsia (n = 37) and controls matched for ges-
tational age (n = 37) were evaluated once in the 
third trimester (between 33 and 38 weeks of ges-
tation) to identify whether minute ventilation 
(VE; L/min) changes with preeclampsia [56]. The 
body mass index was slightly higher in the pre-
eclampsia group (31 ± 4 versus 28 ± 5, respec-
tively; p  =  0.01), and 21/37 women in the 
preeclampsia group met criteria for severe pre-
eclampsia as defined at the time (based on 2000 
criteria [58]); of note these criteria have since 
changed. [59] VE was higher, and FVC was lower 
in the group of women with preeclampsia com-
pared to controls. Other parameters were similar. 
The 6-min walking distance was also signifi-
cantly shorter in women with preeclampsia group 
compared to controls, suggesting a resultant 
lower tolerance to exercise.

20.4.7  Pulmonary Function Tests 
in Women with Multiple 
Gestation (Twins)

In a cross-sectional study performed in 68 women 
with twin pregnancies (n = 17 in the first trimes-
ter, n = 35 in the second trimester, n = 16 in the 
third trimester), 140 women with singleton preg-
nancies, and 22 nonpregnant women, respiratory 
function was evaluated once (between 7 and 

40 weeks of gestation) [60]. Compared with non-
pregnant women, women with singleton or twin 
pregnancies had an increased mean VE in each 
trimester and a reduced FRC and ERV assess-
ment in the third trimester. No significant differ-
ences were demonstrated in the respiratory 
function of healthy women with twin compared 
to singleton pregnancies.

20.5  Diffusing Capacity

Gas transfer in the lungs can be assessed by the 
diffusing capacity for carbon monoxide (DLCO). 
The single breath method was used to determine 
the DLCO throughout pregnancy in a cohort of 
healthy women [61]; DLCO was not consistently 
reduced throughout pregnancy. DLCO has been 
shown to increase with exercise in pregnancy, 
suggesting that pregnancy does not impair the 
ability of a healthy pulmonary capillary bed to be 
recruited during exercise [62]. However, the 
global measurement of DLCO only provides an 
indication of whether gas exchange is normal or 
not. It does not identify how this gas exchange is 
related to changes in hemoglobin concentration, 
the pulmonary capillary blood volume, or the 
alveolar-capillary membrane. To this end concur-
rent measurement of both DLCO and DLNO has 
been proposed. [63] NO combines with hemoglo-
bin faster than CO does and is independent of 
either pulmonary capillary blood volume or 
hemoglobin concentration. Measurements of 
DLCO and DLNO in pregnancy may therefore bet-
ter serve to predict aerobic capacity, identify pul-
monary hypertension, and identify pulmonary 
vascular diseases in general [64, 65].

20.6  Ventilation and Gas 
Exchange

Minute ventilation (VE) is significantly increased 
at rest during pregnancy compared to the non-
pregnant state. [44, 54] Chemosensitivity to CO2 
is also increased as a result of the increased respi-
ratory drive. At term, VE is increased by 20–50%, 
which is associated with a 30–50% increase in 
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tidal volume (TV) and possibly a slight increase 
in respiratory rate [44]. Because neither inspira-
tory time nor the duration of the respiratory cycle 
is altered, this suggests that inspiratory flow is 
increased. There is conflicting data regarding 
whether dead space ventilation is also increased.

Pregnancy hyperventilation is mediated by 
progesterone and occurs in response to the 
increased metabolic rate and increased CO2 pro-
duction. Dyspnea is therefore a common com-
plaint in a majority of pregnant women by the 
third trimester. It is considered a “physiologic” 
symptom possibly related to an awareness of this 
increased drive [66–70].

20.6.1  Oxygen Consumption 
and Carbon Dioxide 
Production

Oxygen consumption (VO2) is increased during 
pregnancy due to the increased metabolic 
demands imposed by the growing fetus, placenta, 
and uterus. Maternal weight gain during preg-
nancy also increases VO2 at rest. Resting VO2 
values are 20% higher at term compared to post-
partum values. Exercise VO2 values increase to a 
lesser extent, by only 15% from the end of the 
first trimester to term [71, 72].

Carbon dioxide production (VCO2) is even 
more increased than oxygen consumption. 
Pregnant women have VCO2 values that are 
approximately 35% higher than nonpregnant val-
ues. [71] Because the increase in VE exceeds the 
increases in VO2 and VCO2, the alveolar and arte-
rial partial pressures of O2 (PAO2 and PaO2) 
increase and those of CO2 (PACO2 and PaCO2) 
decrease during pregnancy.

20.6.2  The Partial Pressure of Oxygen 
in Arterial Blood (PaO2)

Current recommendations for preoxygenation of 
pregnant women in urgent situations are for eight 
deep breaths over 60 s. This has been shown to 
result in adequate denitrogenation as measured by 
end-tidal fractional oxygen concentration (FETO2) 

[73] (see Chap. 21). However, the increase in oxy-
gen consumption and decrease in functional 
residual capacity that occur during pregnancy 
lead to more rapid onset of hypoxemia during epi-
sodes of apnea even with careful preoxygenation 
in pregnant women when compared to their non-
pregnant counterparts. Following preoxygenation, 
the time to hypoxemia during apnea was shorter 
in both the supine position and a 45-degree head-
up position in pregnant women compared to non-
pregnant women (156 and 173 s compared to 243 
and 331 s, respectively) [74, 75].

An additional practical effect of the increased 
VE and reduced FRC of pregnancy on anesthetic 
care results from the facilitated gas exchange at 
the alveolar level. This rapid exchange increases 
the rate of uptake of inhalation agents, leading to 
faster changes in the depth of anesthesia in 
response to anesthetic gas administration.

20.6.3  Partial Pressure of Arterial 
Carbon Dioxide (PaCO2)

Starting from the first trimester, hyperventilation 
drives the arterial partial pressure of carbon 
dioxide (PaCO2) down during pregnancy. Some 
studies have reported a gradual decrease, while 
others show an early initial reduction that 
remains stable [76].

During unmedicated labor, pain will result in 
exaggerated hyperventilation (both VE and TV 
increase) with a further decrease in PaCO2 with 
each contraction. This phenomenon resolves 
postpartum. [77] With labor epidural analgesia, 
both VE and TV decrease to pre-labor values, 
resulting in a significant increase in the arterial 
PCO2 and a decrease in both alveolar and arterial 
oxygen tensions (see Chap. 39). The mean arte-
rial PO2 was comparable in women with labor 
epidural analgesia to the predicted value for this 
age group. [77]

Hyperventilation and its resultant respiratory 
alkalosis are accompanied by renal compensation 
with increasing bicarbonate (HCO3) excretion, 
reaching the lowest values of 18–22 mEq/L in late 
third trimester [78]. Maternal arterial pH is there-
fore maintained at 7.42–7.46 at term [79]. Chronic 
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alkalosis increases 2,3- diphosphoglycerate (2,3-
DPG) content in maternal erythrocytes [80, 81], 
which shifts the oxyhemoglobin dissociation 
curve to the right. This shift maintains hemoglo-
bin-oxygen affinity (p50) unchanged during preg-
nancy despite respiratory alkalosis, thereby 
facilitating transplacental oxygen delivery to the 
fetus [82].

In summary, arterial blood gases and acid- 
base parameters significantly change in preg-
nancy: pH increases, PaCO2 decreases, PaO2 
increases, HCO3

− decreases, maternal 2,3-DPG 
increases, and p50 remains the same because of 
alkalosis [83]. Interpretation of blood gas values 
of pregnant women should take into account 
these physiological changes and in particular that 
of PaCO2 and HCO3. A PaCO2 value of 40 mmHg 
in a pregnant woman that appears compensated 
may in fact suggest imminent respiratory 
decompensation.

20.7  Conclusions

Pregnancy-induced anatomical and physiological 
changes result in an array of issues that may 
impair maternal spontaneous breathing, oxygen-
ation, and ventilation. These may lead to devas-
tating consequences in women with respiratory 
decompensation at this time. Indeed, the constel-
lation of increased airway edema and congestion 
and greater tendency for airway bleeding, 
 combined with an increased oxygen demand and 
reduced lung volumes, impair the ability to main-
tain adequate oxygenation and ventilation and 
result in early onset desaturation and hypoxemia 
in the event of emergency endotracheal 
intubation.
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Airway Management  
during Pregnancy and the 
Peripartum Period
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21.1  Incidence of Difficult Airway 
and Failed Intubation 
in Obstetrics

Failed tracheal intubation in the pregnant patient 
is a dramatic situation as the presence of fetus 
(es) means that more than one life could poten-
tially be compromised if severe hypoxia occurred 
during difficult airway management.

The incidence of failed intubation in the 
obstetric population is eight times higher than 
that in the general population. It has remained 
unchanged over the past four decades at 1:390 for 
general anesthesia (GA) in the obstetric popula-
tion and 1:443 for cesarean deliveries [1]. In busy 
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Bullet Points
• Factors contributing to the challenges of 

the pregnant airway are airway edema, 
respiratory and metabolic changes, 
weight gain and obesity, breast enlarge-
ment, gastroesophageal changes, and 
increased aspiration risk.

• Readiness is crucial for every unit car-
ing for obstetric patients, and a difficult 
airway cart with adequate and sufficient 
equipment is essential.

• Preoxygenation prolongs the safe apnea 
time and can be assessed by measuring 
the end-tidal oxygen concentration 
(achieved when above 90%), which 
denotes successful denitrogenation.

• Waveform capnography confirms that 
the endotracheal tube is in the trachea 
and remains the gold standard of confir-
mation; it should be routinely used in 
intubated patients in critical care units.

• Advanced techniques include waveform 
capnography, direct laryngoscopy, or 
videolaryngoscopy confirming endotra-
cheal tube in the vocal cords, or flexible 
scope visualization of the tracheal 
lumen.

• Awake intubation carries the advantage 
of maintaining airway patency and 
spontaneous ventilation; it may be per-
formed via a flexible optical scope, vid-
eolaryngoscopy, intubation with 
second-generation supraglottic airways, 
tracheostomy, cricothyroidotomy, and 
by retrograde intubation.
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tertiary obstetric centers with higher GA rates for 
cesarean deliveries with 24/7 specialist coverage, 
the failed intubation incidence may actually be 
lower (1:462) [2].

The Fourth National Audit Project (NAP4) of 
the Royal College of Anaesthetists and Difficult 
Airway Society (DAS) report from 2011 identi-
fied the maternal mortality rate from failed intu-
bations to be approximately 2.3 per 100,000 GAs 
for cesarean delivery (1 death per 90–102 failed 
intubations) compared to 1:180,000 GAs for the 
general population [3]. Key learning points 
gleaned from this report were that physiological 
changes in pregnancy, active labor, and the often 
remote and isolated location of labor and cesar-
ean delivery rooms increase the complexity of 
management of airway complications when they 
occur, and the presence of fetus(es) further com-
plicates management.

Compared to the early 1980s when a high 
number of cases of difficult, failed intubation 
and/or failed ventilation used to regularly fea-
ture in the Reports on Confidential Enquiries 
into Maternal Deaths, fueling clinician’s wor-
ries about managing the obstetric airway, it is 
encouraging that such incidences have reduced 
considerably over the years due to the greater 
use of neuraxial anesthesia in obstetrics and in 
part due to better training, staffing, equipment, 
and facilities. However, the potential for a failed 
intubation remains. There is also concern that 
changes in anesthetic training in the United 
Kingdom and the United States, as well as 
reduced number of GAs for cesarean deliveries, 
have led to reduced exposure of trainees to prac-
tice the skills necessary for obstetric airway 
management [4, 5].

In the 2006–2008 Center for Maternal and 
Child Enquiries (CMACE) report, two of the 
seven anesthesia-related deaths resulted from 
failure to ventilate, leading to a recommenda-
tion that because effective management of failed 
tracheal intubation is a core anesthetic skill, it 
should be taught and rehearsed regularly, with 
the use of simulation for teaching and rehears-
ing failed intubation strongly recommended [6]. 
Indeed, recent data has corroborated this, with 
data collected between 2008 and 2010 using the 

UK Obstetric Surveillance System reporting an 
incidence of failed intubation of 1:224 [7] and 
data collected between 2006 and 2013 in a US 
academic center reporting a 1:232 incidence [8], 
with only 3 failed intubations out of 695 GAs, 
all successfully managed with a laryngeal mask 
airway with no adverse maternal or fetal out-
comes directly related to failed intubation. 
Advances in adjunct airway equipment, avail-
ability of an experienced anesthesiologist, and 
simulation- based teaching of failed airway man-
agement in obstetrics were contributory factors 
to the improved maternal outcomes in these 
patients. It is timely that the recent publication 
of the Obstetric Anaesthetists’ Association 
(OAA) and DAS guidelines for the management 
of difficult and failed tracheal intubation in 
obstetrics includes an algorithm for “Safe 
obstetric general anesthetic” which is designed 
to be used as a teaching tool to update and stan-
dardize the conduct of GA for pregnant women 
[9].

21.2  Maternal Airway Challenges

Airway management in pregnancy is more chal-
lenging than in the nonpregnant state due to sev-
eral factors:

21.2.1  Maternal Anatomic 
and Physiologic Factors

21.2.1.1  Airway Edema
Increased maternal blood volume and higher 
estrogen levels result in mucosal edema, capil-
lary engorgement, and increased tissue friability. 
Hence intubation, insertion of nasal airways, oro-
gastric, or nasogastric tubes, is associated with 
increased bleeding tendency. Epistaxis and soft 
palate hematoma can occur even after little or 
minimal unprovoked trauma [10]. Edema distorts 
laryngeal anatomy, narrowing apertures and 
mandates intubation with smaller sized diameter 
tracheal tubes. In addition, specific pregnancy- 
associated comorbidities such as preeclampsia, 
more frequent respiratory tract infections, and 
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oxytocin augmentation of labor with resultant 
water retention, over-zealous fluid administra-
tion, combined effects of prolonged Valsalva 
efforts, and maternal pushing during the second 
stage of labor can significantly worsen the airway 
edema. Pre-labor Mallampati classifications 
worsen during labor and evaluations should be 
repeated prior to intubation; [11, 12] these 
changes extend to 48 h after delivery [13]. A high 
Mallampati score (class 3 or 4) was thought to 
strongly associate with difficult intubation, with 
historical data reporting increased relative risks 
of 7.6 and 11.3, respectively [14], but recent stud-
ies were not able to correlate findings from pre-
operative bedside tests and actual intubation 
difficulty in women who underwent cesarean 
delivery under GA (see Chap. 20).

21.2.1.2  Respiratory, Metabolic 
Changes, 
and Denitrogenation

The enlarging gravid uterus pushes the dia-
phragm cephalad causing 15–30% reduced expi-
ratory reserve volumes and decreased functional 
residual capacity (FRC). Early airway closure 
can occur at normal tidal volume breathing exac-
erbated in supine, Trendelenburg, and pregnant 
women with high body mass index (BMI). 
Increased oxygen consumption, the pain and 
stress of labor, potentiates rapid hypoxemia 
necessitating denitrogenation (administration of 
a maximal fraction of inspired oxygen (Fi02) with 
tight fitting mask) prior to rapid sequence induc-
tion (RSI) to achieve the longest apneic duration 
before desaturation. This is best achieved by ele-
vating the head of the bed 25 degrees [15]. The 
standard technique for preoxygenation is to 
breathe 100% oxygen for 3–5 mins of tidal vol-
ume; [16] however given the emergent nature of 
GA in obstetrics, eight deep breaths over 60  s 
have been shown to provide adequate denitroge-
nation as measured by end-tidal fractional oxy-
gen concentration (FETO2) [17].

21.2.1.3  Obesity and Weight Gain
By 2025, the global obesity prevalence will sur-
pass 21% in women [18]. The Centers for Disease 
Control and Prevention (CDC) reported that 

34.9% of adults in the United States had a BMI 
above 30 in 2011–2012 [19], with this figure pro-
jected to be 50% by 2025 [20]. The average 
weight gain during pregnancy in women with a 
BMI between 25 and 29.9 is 15.3 ± 6.8 kg [21], 
due to increased fat deposition, blood and inter-
stitial fluid volume, uterus, and the enlarging 
fetus. Obese patients have a threefold increased 
risk of difficult intubation [22], and high BMI is 
a risk factor on univariate analysis for both diffi-
cult/impossible mask ventilation and difficult 
endotracheal intubation [23]. Obesity results in 
greater reduction in FRC, higher metabolic 
demands, increased oxygen consumption, and 
more rapid desaturation during apnea. Using a 
computational simulator, preoxygenation with 
100% oxygen was followed by simulated RSI, a 
laboring parturient with a BMI of 50 demon-
strated the fastest desaturation, defined as the 
time taken for arterial oxygen saturation (SaO2) 
to decline below 90% (98 versus 292 s in a non-
obese pregnant case) [24]. Morbidly obese preg-
nant patients are also at increased risk of 
postpartum hemorrhage, cephalopelvic dispro-
portion resulting in higher rates of emergency 
cesarean deliveries and instrumental deliveries. 
Delayed childbearing and increased use of 
assisted reproduction techniques result in an 
older and more obese obstetric population [25], 
with higher risk of emergency cesarean deliver-
ies, failed epidural anesthesia, pulmonary aspira-
tion of gastric contents, and maternal death from 
airway complications [26, 27]. Comorbid pre-
eclampsia, hypertension, and gestational diabetes 
in older pregnant women can potentiate and 
exacerbate the effects of hypoxemia, hypercar-
bia, and acidosis during a delayed or failed 
intubation.

Severely obese parturients have an increased 
“can’t intubate, can’t oxygenate” (CICO) risk. 
The cricothyroid membrane (CTM) is the last 
portal of escape for emergency oxygenation and 
definitive management for front-of-neck access 
(FONA) and cricothyrotomy when a failed intu-
bation scenario arises. However, attempted 
FONA can fail because computerized tomogra-
phy (CT) studies have shown that the CTM is not 
necessarily a superficial structure in women of 
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childbearing age [28]. The cricothyroid mem-
brane is indeed a deep structure, especially in the 
morbidly obese (BMI > 45) where it may be dif-
ficult to palpate and identify [29]. Clinicians 
poorly identify the cricothyroid membrane by 
digital palpation, succeeding in only 39% 
(11/28) of obese compared to 71% (20/28) of 
non-obese pregnant patients [30]. Hence, point-
of-care ultrasonography (POCUS) of the upper 
airway [31] is currently the best modality to pro-
vide useful information about the cricothyroid 
membrane’s location and depth to aid FONA in 
obesity [32–34], with ultrasound being a natural 
choice and superior to CT scans as it avoids ion-
izing radiation to both mother and fetus(es) (see 
Chap. 35).

21.2.1.4  Breast Enlargement
Mammomegaly in supine pregnant women often 
impedes the insertion and manipulation of the 
laryngoscope to achieve good glottic visualiza-
tion. The “head-ramped” position (where the 
external auditory meatus is aligned horizontally 
with the sternal notch) is advocated [35]. This 
semi-upright position achieved by placing blan-
kets, pads, or other commercially available posi-
tioning devices under the shoulders, neck, and 
occiput significantly improves the laryngeal view 
and is superior to the “sniffing position” when 
intubating obese pregnant women (Fig.  21.1) 

[36]. Using a short-handled laryngoscope [37], 
getting an assistant to push the breasts caudally 
and detaching the laryngoscope handle from the 
blade then inserting the blade first into the mouth 
before reattachment are other strategies to mini-
mize the difficulty in positioning the 
laryngoscope.

21.2.1.5  Gastroesophageal Changes 
and Aspiration Risk

Although maternal mortality from pulmonary 
aspiration of gastric contents has declined to 
negligible rates in the last three decades [6, 38–
41], due to increased neuraxial analgesic/anes-
thetic techniques for cesarean delivery, pregnant 
women remain at risk for regurgitation and aspi-
ration of gastric contents due to hormonal 
changes (increased gastrin, decreased motilin, 
and progesterone-induced relaxation of gastro-
intestinal smooth muscle decreasing lower 
esophageal sphincter tone). The relative risk of 
aspiration in pregnant versus nonpregnant 
women is best estimated from comparisons 
within single-study populations. Historical data 
identified a threefold higher aspiration risk in 
women undergoing cesarean delivery, with an 
overall incidence of aspiration of 1:2131 in the 
general population undergoing anesthesia ver-
sus 1:661 in parturients [42].

Labor and neuraxial opioids were historically 
believed to delay gastric emptying [43], although 
recent work on ultrasonographic quantification of 
gastric antrum volumes in laboring women sug-
gests that gastric motility is preserved under epi-
dural anesthesia [44, 45]. In third trimester 
gestation, an antral cross-sectional area of 
9.6 cm2 in the semi-recumbent right lateral posi-
tion discriminated for high gastric volumes 
≥1.5  mL  kg−1, demonstrating potentially 
increased aspiration risk [46, 47]. The recent 
2016 “Practice Guidelines for Obstetric 
Anesthesia: An Updated Report by the American 
Society of Anesthesiologists Task Force on 
Obstetric Anesthesia and the Society for Obstetric 
Anesthesia and Perinatology” recommend timely 
administration of nonparticulate antacids, 
H2-receptor antagonists, and/or metoclopramide 
for aspiration prophylaxis before surgical proce-

Fig. 21.1 Troop pillow illustrated here in an obstetric 
operating room, allowing safe ramping up in case of 
urgent or emergent general anesthesia with endotracheal 
intubation (here shown with back of the table in ‘ramped 
down’) position
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dures such as cesarean delivery or postpartum 
tubal ligation [48].

21.2.2  Environmental/Situational 
and Anesthetic Factors

Situational urgency and time pressure to deliver 
the baby have typically resulted in suboptimal 
decision-making and fixation error by clinicians 
during critical situations. Similarly, in situations 
when a critically ill pregnant woman needs to be 
intubated, the emergency of the situation, in the 
presence of fetus(es) (that may or may not yet be 
delivered), requires adequate education of all 
involved in the procedure itself and readiness of 
the environment and staff. Training issues prevail 
due to reduced clinical experience of anesthetic 

trainees and assistants related to the low exposure 
to GA for cesarean deliveries and dwindling use 
of GA, as well as the rarity of circumstances of a 
critically ill pregnant woman requiring an intuba-
tion in the ICU. These are key educational ele-
ments for the success of an emergent intubation 
under these unique circumstances.

21.3  Safe General Anesthesia 
for Healthy Pregnant 
Patients

The OAA/DAS Obstetric Difficult Airway 
Guidelines proposed an updated conduct for safe 
obstetric GA (Algorithm 1; Fig.  21.2) [9]. 
Planning and preparation are emphasized with 
airway assessment, fasting whenever possible, 

Pre-theatre preparation
Airway assessment
Fasting ststus
Antacid prophylaxis
Intrauterine fetal resuscitation if appropriate

Plan with team
WHO saftey checklist / general anaesthetic checklist
Identify senior help, alert if appropriate
Plan equipment for difficult / failed intubation
Plan for / discuss: wake up or proceed with surgery (Table 1)

Rapid sequence induction
Check airway equipment, suction, intravenous access
Optimise position – head up / ramping + left uterine displacement
Pre-oxygenate to FETO2 ≥ 0.9 / consider nasal oxygenation
Circoid pressure (10 N increasing to 30 N maximum)
Deliver appropriate induction / neuromuscular blocker doses
Consider facemask ventilation (Pmax 20 cmH2O)

1st intubation attempt

2nd intubation attempt

3rd intubation attempt only by experienced colleague

Follow Algorithm 2 – obstetric failed tracheal intubation

Algorithm 1 – safe obstetric general anaesthesia

Ventilate with facemask
Communicate with assistant

Fail
Success

Fail

If poor view of larynx optimise attempt by:
   • reducing / removing cricoid pressure
   • external laryngeal manipulation
   • repositioning head / neck
   • using bougie / stylet

Consider:
     • alternative laryngoscope
     • removing cricoid pressure

Verify successful tracheal intubation
Proceed with anaesthesia and surgery
Plan extubation

© Obstetric Anaesthetists’ Association / Difficult Airway Society (2015)

Fig. 21.2 Algorithm 1—safe obstetric general anaesthesia of the OAA/DAS Obstetric Difficult Airway Guidelines 
(Reproduced with permission)
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antacid prophylaxis, and intra-uterine fetal resus-
citation where appropriate. If the GA is provided 
with the intent of delivering the fetus (cesarean 
delivery), there should be concurrent team dis-
cussion whether to wake the mother or proceed 
with anesthesia without endotracheal tube in the 
event of failed intubation. This decision is influ-
enced by several presenting factors related to the 
woman, fetus, anesthesiologists’ experience, and 
clinical situation, as outlined in the OAA/DAS 
Obstetric Difficult Airway Guidelines 
(Table 21.1; Fig. 21.3).

The fifth National Audit Project of the RCoA 
(NAP5) [49] found a higher incidence of aware-
ness in obstetric GAs and in patients with unan-
ticipated difficult airway. It is therefore 
recommended that additional induction agent 
should always be available and be administered 
should a difficult airway be encountered. There 
is no consensus whether short-acting opiates 
should be used routinely in obstetrics instead of 
only reserving their use in specific situations 
such as preeclampsia or in patients with cardiac 
disease.

21.3.1  Algorithms for Management 
of Difficult Intubation

The OAA/DAS obstetric guidelines propose an 
obstetric failed tracheal intubation algorithm 
(Algorithm 2; Fig. 21.4) [9]. When first attempt 
at endotracheal intubation fails, face mask venti-
lation should be performed while communicating 
with the team. The second intubation attempt 
should be done by the most experienced anesthe-
siologist present using a different laryngoscope 
and with the cricoid pressure removed. Only two 
attempts are recommended, and a third attempt 
should only rarely be done (and this must be done 
by the most skilled, different anesthesiologist) as 
airway swelling can develop very rapidly, con-
verting a “can oxygenate, can’t intubate situa-
tion” to a CICO.  Three failed optimal 
laryngoscopy attempts should invoke the failed 
intubation drill with early call for help. Here, 
oxygenation and ventilation should take priority 
over intubation, using either a face mask or 
second- generation supraglottic airway (SGA). If 
face mask was found to be difficult prior to the 
intubation attempt and if the preinduction team 
decision was to proceed with surgery, then imme-
diate insertion of the SGA is the preferred airway 
rescue strategy. If oxygenation or ventilation is 
impossible at any point of the algorithm, then a 
CICO scenario (Algorithm 3; Fig.  21.5) is 
declared, and surgical rescue airway is indicated 
[9]. Failed oxygenation resulting in maternal car-
diac arrest mandates a perimortem cesarean 
delivery within 4–5 min of the arrest to optimize 
the effectiveness of chest compressions for 
maternal resuscitation [50].

21.4  Airway Management 
of the Critically ill Pregnant 
Patient

21.4.1  Hazards of ICU Airway 
Management

ICU patients’ airways are extremely demanding 
with significantly greater incidence of airway- 
related mortality and severe morbidity than that 

Table 21.1 Suggested equipment and drugs for a diffi-
cult airway cart

Basic airway 
equipment

Face masks
Oral airways
2 working laryngoscope handles
Macintosh blades size 3 and 4
6.5–7.0 mm endotracheal tubes 
with stylet
Empty 10 ml syringe to inflate 
the pilot balloon
Backup endotracheal tubes in a 
range of sizes
Gum elastic bougie
Second-generation supraglottic 
airways (SGA)
A working suction apparatus

Secondary 
intubation 
equipment

Other direct laryngoscopes 
(McCoy blade, Miller blade)
Videolaryngoscopes
Optical stylets or intubation 
conduits
Fiberoptic bronchoscope
Surgical airway kit

Drugs for 
intubation

Propofol, midazolam, etomidate, 
ketamine
Succinylcholine
Rocuronium, sugammadex
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Criteria to be used in the decision to wake or proceed  following failed intubation. In any individul paitient,
some factors may suggest waking and others proceeding. The final decision will depend on the

anaethetist’s clinical judgement.
© Obstetric Anaesthetists’ Association / Difficult Airway Society (2015)

Table 1 – proceed with surgery?

Maternal condition

Factors to consider

Fetal condition

Anaesthetist

Obesity

Surgical factors

Aspiration risk

B
ef
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e 
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n
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r 

fa
ile

d
in

tu
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Alternative anaesthesia

Airway device /
ventilation

Airway hazards

• regional
• securing airway awake

• No anticipated
  difficulty

• Predicted difficulty • Relatively contraindicated

• First generation supraglottic
  airway device

• Secretions • None evident

• Second generation
  supraglottic airway device

• Absolutely contraindicated
  or has faild
• Sugery started

• Difficult facemask
 ventilation

• Adequate facemask
 ventilation

• Front-of-neck

• Laryngeal oedema
• Stridor

• Bleeding
• Trauma

• Recent food • No recent food
• In labour
• Opioids given
• Antacids not given

• No recent food
• In labour
• Opioids not given
• Antacids given

• Fasted
• Not in labour
• Antacids given

• Multiple uterine scars
• Some surgical difficulties
  expected

• Complex surgery or
  major haemorrhage
  anticipated

• Supermorbid • Morbid • Obese

• Single uterine scar • No risk factors

• Normal

• Junior trainee • Senior trainee

• Sustained bradycardia
• Fetal haemorrhage
• Suspected uterine rupture

• Hypovolaemia requiring
   corrective surgery
• Critical cardiac or
   respiratory compromise,
   cardiac arrest

• Consultant / specialist

• Compromise corrected with
  intrauterine resuscitation,
  pH < 7.2 but > 7.15

• Novice

• No compromise

• No compromise

WAKE PROCEED
• Mild acute compromise • Haemorrhage responsive

  to resuscitation

• Continuing fetal heart rate
abnormality despite intrauterine
resuscitatiom, pH < 7.15

Fig. 21.3 Factors involved in the decision-making about whether to proceed or wake up a patient following 
failed intubation (Reproduced with permission)

Algorithm 2 - obstetric failed tracheal intubation

Declare failed intubation
Theatre team to call for help

Priority is to maintain oxygenation

Supraglottic airway device Facemask +/- oropharyngeal airway

Is it
essential / safe

to proceed with surgery
immediately?*

Wake§ Proceed with surgery§

No Yes

No Yes

(2nd generation preferable)
Remove cricoid pressure during insertion
(maximum 2 attempts)

Consider:

• 2-person facemask technique
• Reducing / removing cricoid pressure

*see Table 1, §See Table 2
© Obstetric Anaesthetists’ Association / Difficult Airway Society (2015)

Is adequate
oxygenation possible?

Follow Algorithm 3
Can’t intubate,

can’t oxygenate

Fig. 21.4 Algorithm 2—failed intubation algorithm
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encountered in general operating room (OR) 
practice [3]. Studies quantifying airway difficul-
ties per se in the ICU are scarce, but a report on 
3423 nonoperating room emergent endotracheal 
intubations performed by anesthesia residents 
was reviewed, with 60% occurring in the ICU 
[51]. The NAP4 of the Royal College of 
Anaesthetists was a nationwide, prospective 
observational 1-year audit in the United 
Kingdom that collated data from the OR, emer-
gency department (ED), and ICU. They studied 
airway- related mortality, brain damage, emer-
gent surgical access, ICU admission, or prolon-
gation of ICU stay [3]. NAP4 found 38 
airway-related deaths: 16  in the OR, 4  in the 
ED, and 18 in the ICU. With a denominator of 
2.9 million anesthetics performed in the OR, 
20,000 endotracheal intubations in the ED, and 
58,000 episodes of advanced respiratory sup-
port in ICU, airway- related death was found to 
be 58 times more common per patient in the 
ICU than in the OR [3]. Death or brain damage 

rates were 61% when difficult airways were 
encountered in the ICU compared to 14% in the 
OR. This translates to airway-related mortality 
rates of 1  in 2700  ICU patients versus 1  in 
180,000 in the OR [52].

ICU patients are physiologically compro-
mised, having significant ventilation–perfusion 
(VQ) scan abnormalities and lower functional 
residual capacities: preoxygenation is less effec-
tive and apnea tolerated poorly. Patients are fre-
quently unfasted or have delayed gastric 
emptying. The intubation is often urgent, with 
little time for assessment or preparation. Airway 
assessment in the critically ill is problematic, so 
difficulty is often unanticipated. Ideal airway 
intervention must therefore be prompt and 
smooth, as the critically ill simply do not tolerate 
poor airway management, what more a pregnant 
patient with two lives at stake when faced with 
the need to intubate a deteriorating eclamptic, or 
parturient with significant respiratory disease 
[53], pneumonia, hypoxemic respiratory failure, 

© Obstetric Anaesthetists’ Association / Difficult Airway Society (2015)

Algorithm 3 - can’t intubate, can’t oxygenate

Is it
essential / safe

to proceed with surgery
immediately?

Wake Proceed with surgery

No Yes

No Yes

Is oxygenation
restored?

Maternal advanced life support
Perimorterm caesarean section

Declare emergency to theatre team
Call additional specialist help (ENT surgeon, intensivist)

Give 100% oxygen
Exclude laryngospasm-ensure neuromuscular blockade

Perform front of neck procedure

Fig. 21.5 Algorithm 3- can’t intubate, can’t oxygenate (CICO) scenario
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hemodynamic instability, impaired conscious-
ness, angioedema, Ludwig’s angina, acute epi-
glottitis, sepsis, or multi organ failure.

Thorough preoxygenation, the competent use 
of videolaryngoscopes, and an intubation check-
list incorporating RSI are key management strat-
egies. However, the hazards of airway 
management in the ICU only begin once the tube 
is inserted. An intubated patient care bundle 
including capnography needs to be instituted to 
exclude esophageal intubation, with continued 
vigilance for partially displaced tubes and dis-
placed airways especially in the obese, agitated, 
and during patient transfers to imaging facilities. 
Successful airway management requires training 
and a well-formulated airway plan that is shared 
with the entire team and that uses equipment with 
which team members are proficient. Difficult 
extubation, endotracheal tube exchange tech-
niques, tracheostomy insertion, and care are 
unique to ICU airway management (beyond the 
scope of this chapter), and proficiency in dealing 
with tracheostomy emergencies, bleeding, 
obstruction, partially displaced tubes is a core 
ICU skill.

21.4.2  Equipment and Readiness

A well-stocked portable difficult airway cart is 
essential for every unit caring for obstetric 
patients. Airway carts throughout the hospital 
should be standardized including in the OR, ED, 
and ICU. Equipment should be purchased with 
the least experienced potential user in mind. 
Suggested equipment are listed (Table  21.1) 
[54, 55].

21.4.2.1  Drugs
ICU patients are often hypovolemic, septic, and/
or in hemodynamic shock. A third of all severe 
complications of ICU endotracheal intubation 
are hemodynamic [56], and this affects the 
choice of pharmacological agent to facilitate 
intubation. Etomidate or ketamine is the most 
commonly used induction agents in shocked 
patients, but etomidate’s use has been ques-
tioned because of its suppression of 

11β-hydroxylase, which causes relative adrenal 
insufficiency and purportedly increases mortal-
ity, with some authorities asking to abandon its 
use [57, 58]. Ketamine is an excellent induction 
agent for ICU patients; it provides dissociative 
sedation and preserves spontaneous respiration 
with intact airway reflexes. The primary con-
cern regarding ketamine is its elevation of intra-
cranial pressure, but its positive effect on arterial 
blood pressure also results in increased cerebral 
perfusion pressure, so its use is increasingly 
prevalent in trauma and head-injured patients so 
long the patient is adequately ventilated [59–
61]. Propofol remains a popular induction agent 
to facilitate endotracheal intubation by anesthe-
siologists, but its use in the ICU patient can 
exacerbate hypotension. Nonetheless, experi-
ence in using a particular drug can have excel-
lent outcomes, as demonstrated by critical care 
 doctors in Scotland (national study of 794 intu-
bations over 4  months, 70% occurring in ICU 
and 18% ED) [62]. Their first-time intubation 
success rate was 91%; no patient required more 
than three attempts at intubation, with three-
quarters of intubations performed by doctors 
who had undergone >24  months formal anes-
thetic training, with routine supervision of 
junior trainees. Generally, the dose of sedative 
agents can be decreased 30% to 50% in ICU 
patients. Using neuromuscular blocking agents 
(NMBAs) allows further reductions in induction 
dose [63]. Succinylcholine is the traditional 
NMBA used in the ICU. A recent 2015 Cochrane 
review found intubating conditions of 
rocuronium 1.2  mg/kg and succinylcholine 
1 mg/kg to be equivocal; however succinylcho-
line was clinically superior due to its shorter 
duration of action [64]. When intubating hemo-
dynamically unstable ICU patients, one must 
bear in mind that the speed of onset of 
rocuronium is dependent on cardiac output [65]. 
Anaphylaxis occurrence with succinylcholine 
and rocuronium is similar [66]. Sugammadex 
(16  mg/kg) must be immediately available to 
effectively reverse an RSI dose in less than 
10  min [67]. Succinylcholine fasciculation 
raises oxygen consumption and precipitates ear-
lier desaturation of 116  s compared to 
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rocuronium [68]. Succinylcholine-induced 
hyperkalemia from development of extrajunc-
tional acetylcholine receptors with prolonged 
immobility is a dangerous concern. There is no 
clear guidance as to the duration of immobiliza-
tion that puts patients at highest risk, with many 
clinicians using 10–14 days as a cutoff [69, 70].

21.4.3  Airway Assessment

Assessing the maternal airway for features of a 
difficult airway allows anticipation of equipment 
needs and backup B and C plans should plan A 
fail. If the plan is for an imminent cesarean deliv-
ery, and the GA is not needed for other indications 
(respiratory support), prevention of airway prob-
lems is best achieved by early placement of an 
epidural catheter (particularly in the morbidly 
obese or preeclamptic parturient) [48]. Cormack 
and Lehane’s four laryngeal grades of structures 
visualized on direct laryngoscopy [71] are signifi-
cantly correlated with the Mallampati class [72]. 
A higher Mallampati score (of III and IV), pres-
ence of a short neck, protruding incisors, or a 
receding mandible, is known to increase the rela-
tive risk of intubation difficulty in pregnancy [14]. 
Other multivariate tools to assess airway difficulty 
are the Wilson Risk Sum index [73] and the el-
Ganzouri index [74]. The latter’s seven criteria of 
mouth opening, thyromental distance, neck move-
ment, mandibular protrusion, body weight, 
Mallampati class, and history of difficult intuba-
tion are independent predictors of difficult intuba-
tion (see Chap. 20). However, emergent ICU 
intubation precludes detailed assessment and is 
often fraught with problems (hypoxic uncoopera-
tive patient, eclamptic, secretions, blood, vomit in 
airway, cervical spine collars in place precluding 
cervical spine mobility assessment).

De Jong developed the MACOCHA score 
which is the only ICU-specific assessment tool to 
evaluate risk factors for difficult intubation [75]. 
It comprises seven items (factors related to 
patients: Mallampati 3 or 4, obstructive sleep 
apnea syndrome, reduced cervical spine mobility, 
limited mouth opening <3 cm; or factors related 
to pathology: coma, severe hypoxemia <80%; or 

factor related to operator: non-anesthesiologist) 
coded from 0 to 12, where 0 = easy and 12 = very 
difficult. A score of 3 or greater is the cutoff value 
denoting difficult intubation with a high discrimi-
nant value [76]. The MACOCHA predictive 
score is unique as it scores operator experience: 
specifically, anesthesia training of at least 
24 months, and includes two ICU-specific crite-
ria: hypoxemia and coma before intervention, 
important because hypoxia permits less time for 
preparation, leads to quicker desaturation, and 
may increase operator stress; coma makes assess-
ment more difficult and is associated with greater 
laryngeal contamination. If there is a history sug-
gestive of upper airway obstruction, flexible 
nasal endoscopy is a valuable tool [77]. Predictors 
of difficult mask ventilation and supraglottic air-
way ventilation have been described but not vali-
dated in the ICU setting [78–81].

21.4.4  Rapid Sequence Induction 
and Intubation (RSI)

Technique: The definition of RSI varies but cer-
tainly includes preoxygenation and an induc-
tion dose of IV hypnotic followed by a 
rapid-onset neuromuscular blocking agent. ICU 
patients are rarely fasted and have functional 
ileus and at high risk of regurgitation and pul-
monary aspiration when given sedatives to 
allow endotracheal intubation. All critical care 
physicians should learn to perform RSI and 
adopt it as the standard mode of intubation for 
critically ill patients [81, 82]. The RSI tech-
nique is part of the only intubation bundle seen 
to reduce complications of ICU endotracheal 
intubation, the ICU intubation bundle manage-
ment protocol, in which ten components have 
been delineated and proposed [82].

Before intubation:

 1. Presence of two operators.
 2. Fluid loading (in the absence of cardiogenic 

pulmonary edema).
 3. Preparation of long-term sedation.
 4. Preoxygenation with noninvasive positive- 

pressure ventilation.
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During intubation:

 1. Rapid sequence induction.
 2. Cricoid pressure.

After intubation:

 1. Immediate confirmation of tube placement by 
capnography.

 2. Vasopressor use if needed.
 3. Early administration of sedation.
 4. Initial “protective ventilation” (tidal volume 

6–8 mL/kg of ideal body weight, PEEP <5 cm 
H2O, respiratory rate between 10 and 
20 cycles/min).

Adapted from this initial work [82], an ICU 
RSI intubation care bundle was developed which 
incorporates checklists and lists personnel 
responsible for which task and is an approach 
amenable to ongoing teamwork and simulation 
training (Table 21.2) [83].

Cricoid Pressure: In the classic RSI, cricoid 
pressure is applied, and no face mask ventilation 
occurs between induction and endotracheal intu-
bation; however, gentle face mask ventilation 
during cricoid pressure application is acceptable. 
Gentle face mask ventilation is often necessary to 
prolong the time to desaturation in critically ill 
patients who are at greater risk of hypoxemia 
from primary lung pathology, high metabolic 
demands, anemia, insufficient respiratory drive, 
and inability to protect their airway against aspi-
ration [84]. Debate continues as to the efficacy of 
cricoid pressure in preventing regurgitation [85]. 
Cricoid pressure-associated complications 
include airway obstruction leading to interfer-
ence with manual ventilation, laryngeal visual-
ization, tracheal intubation, placement of 
supraglottic devices, and relaxation of the lower 
esophageal sphincter [86]. If used, cricoid pres-
sure should be applied by trained staff (ideally) 
and released if interfering with mask ventilation, 
SGA placement, laryngoscopy, or intubation.

Table 21.2 Intensive care unit rapid sequence intubation care bundle

1.  Preintubation: Assemble airway team Who?

1.1  Lead nurse (runs preprocedure checklist): Team coordinator N1

1.2  First operator (physician) O1

1.3  Second operator (senior physician who may administer initial drugs) O2

1.4  Cricoid operator (staff nurse; also monitors vital signs on monitor) N2

1.5  Intubator’s assistant (second staff nurse) N3

1.6  Manual in-line stabilization operator (additional team member, as appropriate) M1

2.  Preintubation preparation
Checklist commences (lead by N1 with all team present) N1/O2
This must be read aloud to entire team

2.1  Reliable intravenous access; time for arterial line? O1/O2

2.2  Capnography on (EtCO2); ensure self-check has completed before induction N1/O1

2.3  Apply full monitoring, if not already N2/N3

2.4  Sit patient 20–25 degree head-up or ramp as appropriate (unless contraindicated) N2/N3

2.5  Chart/bedhead signage/handover communication reviewed: DA or allergy? O1/TEAM

2.6  Assess airway O1/O2

2.7  Aspirate gastric tube N2/N3

2.8  Administer oxygen via nasal cannula N2/N3

2.9  Start preoxygenation with NIPPV (FiO2 = 1.0; PEEP = 5–8 cm H2O; PS to VT of  
6 to 8 mL/kg; good mask fit)

N1/N2/N3

2.10  Commence 500 mL fluid bolus (unless contraindicated); optimize inotropes O1/O2

2.11  Confirm waters circuit or Ambu bag available for bag-valve-mask ventilation N1

2.12  Yankauer suction working N1

(continued)
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Use of Neuromuscular Blocking Agents 
(NMBA): Studies of difficult intubations in 
ICU typically reveal low usage of neuromuscu-
lar blockade. However, recent guidelines from 
the United Kingdom, United States, and 
Canada for the management of unanticipated 
difficult airway state unequivocally that if air-

way management or endotracheal intubation is 
difficult, further attempts should not proceed 
without administration of NMBA to abolish 
laryngeal reflexes, increase chest compliance, 
and facilitate mask ventilation [87–89]. A 
recent 2017 Cochrane review reinforces the 
recommendation for use of neuromuscular 

Table 21.2 (continued)

2.13  Ensure intubation cart with difficult airway equipment is at bedside. If flexible bronchoscope is 
not on cart, is it immediately available?

N1/O1

2.14  Prepare intubation drugs: Hypnotic, relaxant, atropine, bolus pressor/inotrope O2/O1

2.15  Prepare continuous sedation drugs N2/N3

2.16  Confirm sugammadex 16 mg/kg immediately available, if appropriate N1/TEAM

2.17  DECISION: If intubation fails, can patient be woken up? O2

3.  Verbal confirmations
Team coordinator asks

3.1  Operator 2 states intubation plan O2

3.2  Does anyone have any concerns? Opportunity for team to clarify plan TEAM

3.3  Has patient been preoxygenated for 3 min? O1

3.4  EtCO2 working? O1

3.5  EtO2 > 0.9 O2

3.6  Can patient be optimized further before induction? O2

Team coordinator states checklist complete N1

4.  Intubation attempt

4.1  Optimize head neck: Sniffing position with face parallel to ceiling if possible O1/O2

4.2  Push induction drugs: ketamine 2 mg/kg, rocuronium 1.2 mg/kg, (check no contraindication to 
succinylcholine, if used)

O2

4.3  Cricoid pressure N2

4.4  As face mask removed, ensure nasal cannula flow 15 L/min N3

4.5  Bag ventilation O1

4.6  Intubation O1

4.7  Confirm intubation with waveform EtCo2 O1/O2

4.8  Auscultate both lungs O1/O2

4.9  Cuff pressure 20–25 cm H2O N2

5.  Post-intubation care

5.1  Pressor for MAP <70 mm Hg O1/O2

5.2  Initiate sedation N2

5.3  Initiate invasive ventilation: VT 6–8 mL/kg ideal body weight; PEEP 5 cm H2O; RR 10–20; 
FiO2 1.0; Plateau pressure < 30 cm H2O, as appropriate

N2

5.4  Recruitment maneuver if stable (CPAP 30 to 40 cm H2O for 30 to 40 sec) O2

5.5  Chest radiograph and annotate intubation details in medical record O1/O2

5.6  Note tube depth on chart N2

5.7  Arterial blood gas N2

5.8  Titrate FiO2 down to target PaO2 and VE to target PaCO2 N2

5.9  Complete intubation audit documentation N1/O2

DA difficult airway, EtCO2 end-tidal carbon dioxide, EtO2 end-tidal oxygen, NIPPV noninvasive positive- pressure  
ventilation, PEEP positive end-expiratory pressure, PS pressure support, RR respiratory rate, VE minute ventilation; VT 
tidal volume
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blocking agents to improve tracheal intubation 
conditions [90].

21.4.5  Optimizing Oxygenation 
Preintubation

Critically ill patients are prone to a profound 
drop in peripheral capillary oxygen saturation 
(SpO2) due to a combination of intrapulmo-
nary shunt, low mixed venous saturation (as a 
result of low cardiac output, anemia, and 
hypermetabolic states), and apnea/hypoventi-
lation [91]. A tight fitting anesthetic-type full 
face mask must be used for preoxygenation. 
Beware of leaks around the face mask, evi-
denced by lack of EtCO2 tracing which is the 
commonest cause of preoxygenation failure. 
Correct mask sizing, and using two hands 
minimizes leaks. Standard non-rebreather 
face masks only achieve FiO2 of 70% and 
should not be used. If there is unavoidable 
leak, the efficacy of mask preoxygenation can 
be improved by apnoeic oxygenation via nasal 
cannula at 15  L/min during preoxygenation 
[92], or as high-flow humidified oxygen (up 
to 60 L min−1) [93] to prolong the safe apnea 
period. If the SpO2 remains low after 4 min of 
preoxygenation, this is diagnostic of intrapul-
monary shunt [94]. Shunt fractions of 30% 
cause patients to be highly refractory to sim-
ple preoxygenation [95]. Positive end- 
expiratory pressure (PEEP of 5–10  cm  H2O) 
during preoxygenation is recommended to 
recruit alveoli [82] but should not exceed the 
esophageal sphincter pressure (20–
25  cm  H2O) to avoid gastric distension. 
Computed tomography studies show that 
PEEP of 10  cm  H2O during preoxygenation 
reduces atelectasis from 10% to 2% [96]. The 
supine position facilitates dorsal lung col-
lapse, so patients should be preoxygenated in 
the semi-recumbent position or sitting head-
up 20 degrees [97]. In critically ill pregnant 
women, left uterine displacement can prevent 
aortocaval compression, aid venous return, 
preserve cardiac output, and maintain utero-
placental blood flow.

21.4.6  Videolaryngoscopy

Videolaryngoscopy is increasingly becoming 
standard of care in the ICU as it definitely 
improves laryngeal view [98, 99]. 
Videolaryngoscopes generally provide glottic 
visualization without the need to align the three 
oropharyngolaryngeal axes due to placement of 
a camera in the distal third of its blade [100]. 
This widens the users “eye,” enhancing the view 
from a conventional 15° to a wider 80° viewing 
angle, allowing intubators a “look around the 
corner” which is ideal to aid intubation in the 
anterior or grade 3–4 larynx encountered not 
infrequently in obstetrics [101]. A meta-analysis 
of nine trials of videolaryngoscopy in the ICU 
showed that it reduced the risk of difficult intu-
bation, the incidence of Cormack and Lehane 
grade 3 and 4 views, and esophageal intubation 
and did increase first-pass success [102]. Other 
advantages include possible reduction of cervi-
cal spine movement during intubation [103] and 
performing an awake intubation with videolar-
yngoscopy [104], although uncommon. It also 
allows suctioning of vomitus, blood, and secre-
tions in the airway under direct vision and allows 
members of the ICU team to view the intubation 
process and aids communication, allowing 
adjustment of any misapplication of cricoid 
pressure and more directed assistance by opti-
mizing backward-upright- right-pressure (BURP) 
maneuvers without relying on verbal directions 
from a potentially task-fixated operator during a 
stressful intubation. A recent Cochrane review 
however found no evidence that videolaryngos-
copy use reduces the number of intubation 
attempts or the incidence of hypoxia or respira-
tory complications and may take longer to intu-
bate [105]. This is because device-specific 
proficiency needs to be gained with each video-
laryngoscope; there are channeled and non-
channeled videolaryngoscopes with their own 
subtleties, conventional Macintosh-shaped 
blades, and angulated blades that need a pre-sty-
letted endotracheal tube in a J-hockey stick 
shape [106, 107]. Proficiency gained with one 
device may not be wholly transferable to another, 
and this impacts the ICU rotational trainee, and 
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even senior supervising doctors who may not 
have trained in an era of prevalent videolaryn-
goscopy. Universal adoption of videolaryngos-
copy can lead to decay in intubating skills with a 
direct laryngoscope; one way to counter this is to 
train using a videolaryngoscope with a conven-
tional Macintosh-shaped blade, and then the 
device can be used as a direct laryngoscope and 
the video component used when a direct line of 
sight is not possible. In summary, videolaryngo-
scopes should be available in the ICU, and all 
intensivists should be proficient in their use. If a 
difficult intubation is suspected, videolaryngos-
copy should be used from the outset in keeping 
with the 2013 guidelines from the American 
Society of Anesthesiologists (ASA) Task Force 
on Management of the Difficult Airway [87]. 
The device should have a screen visible to all 
team members. It is complementary to direct 
laryngoscopy (not a replacement) because failed 
videolaryngoscopy may be rescued with direct 
laryngoscopy in some instances [108].

21.4.7  Confirmation of Tracheal 
Intubation

Post-intubation, initial confirmation of correct 
endotracheal tube (ETT) position, involves clin-
ical assessment with a usual insertion depth of 
21 cm for females and chest radiography where 
the ETT tip should be about 5  cm above the 
carina between the clavicular heads. Waveform 
capnography confirms that the ETT is in the tra-
chea and remains the gold standard of confirma-
tion and should be routinely used in intubated 
patients in ICU [82]. The practice of daily chest 
radiographs should be abandoned and per-
formed only when indicated, the process of 
obtaining a chest radiograph risks dislodging 
the ETT, and complications are not reduced by 
daily films. In the ensuing ICU stay, clinical 
signs such as chest wall excursion, auscultation, 
condensation in the endotracheal tube, and Spo2 
are unreliable and cannot be used without con-
firmation by an advanced technique [89]. 
Advanced techniques include waveform cap-
nography, direct laryngoscopy or videolaryn-

goscopy confirming ETT in the vocal cords, or 
flexible scope visualization of the tracheal 
lumen. The gold standard remains continuous 
waveform capnography. The NAP4 study in 
ICU patients [3] revealed that capnography 
(EtCO2) was not used in 75% to 100% of unrec-
ognized esophageal intubations with most of 
these patients dying and that lack of capnogra-
phy materially contributed to 77% of all ICU 
deaths, including tube displacements. In some 
cases, when waveform capnography was used, 
the tracing was misinterpreted, resulting in 
death [3].

21.4.8  Awake Intubation

Awake intubation has advantages of maintaining 
airway patency and spontaneous ventilation. 
Awake intubation can be performed via a flexible 
optical scope, videolaryngoscopy, intubation via 
an SGA, tracheostomy, cricothyroidotomy, and 
by retrograde intubation [109]. Its role may be 
limited in critically ill parturients who need 
immediate intubation and who may be uncooper-
ative from hypoxia, pulmonary edema, and raised 
intracranial pressure; all these in itself represent 
contraindications to awake intubation, including 
that of an inexperienced operator and absolute 
patient refusal. Intensivists should beware the sig-
nificant risk of nasal bleeding if awake nasal intu-
bation is carried out in pregnant patients due to 
increased vascularity. It is generally recom-
mended to avoid using cocaine as a nasal decon-
gestant as it may interfere with placental blood 
flow and the systemic effects of vasoconstrictors 
are potentially hazardous in preeclampsia.

21.4.9  Failed Intubation

Airway carts throughout the hospital should be 
standardized including in the OR, ED, and 
ICU.  Equipment should be purchased with the 
least experienced potential user in mind, and 
ICUs must have immediate access to a flexible 
intubation scope. Should the initial intubation 
plan fail, the emphasis must be on oxygenating 
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the critically ill parturient. They risk critical 
hypoxemia, impacting both mother and fetus, 
with further deterioration of the airway, risk aspi-
ration, and a CICO situation. Declaration of a 
failed intubation is critical, so the team recog-
nizes this crisis phase and refocuses efforts on 
how best to assist the airway operator. Human 
non-technical factors come into play. Pathologic 
thought processes often occur during airway cri-
ses where the operator becomes task-fixated on 
endotracheal intubation, neglects oxygenation, 
and loses situational awareness. This hinders 
them mentally from progressing through the dif-
ficult airway algorithms in a timely manner as 
they fail to appreciate the urgency while endeav-
oring to intubate the trachea repeatedly.

When intubation attempts fail, nasal high-
flow oxygen should continue, and ventilation 
using a face mask or SGA attempted [87]. 
Inexperienced ICU residents are better able to 
oxygenate using SGAs rather than face masks, 
as this frees up the hands and is less tiring. No 
more than three SGA insertion attempts should 
be undertaken to avoid further iatrogenic airway 
trauma, bleeding, and edema [88]. Second-
generation SGAs (with a gastric drain port) are 
advocated as patient safety is enhanced [110]: 
they possess higher oropharyngeal seal pres-
sures, thus allowing PEEP and positive pressure 
ventilation [111]; the improved esophageal seal 
makes regurgitation of gastric contents less 
likely; and passing an orogastric tube via the 
drain tube of the second-generation SGA to 
empty the stomach and suck out its contents 
reduces the risk of aspiration [112, 113]. Since 
the introduction of the LMA ProSeal (consid-
ered the first prototype second-generation SGA), 
others on the market are the LMA Supreme, 
I-gel, LMA Protector, AES Guardian CPV, 
LaryngoSeal, Totaltrack VLM, Ambu AuraGain, 
and air-Q Blocker [114]. In a majority of cases, 
the SGA provides effective rescue ventilation 
and oxygenation after failed intubation [115]. If 
oxygenation through a SGA is successful, then 
one can either allow the patient to wake up and 
breathe spontaneously (rarely possible in ICU 
patients), intubate the trachea through the SGA, 
or perform invasive tracheal access.

The Intubating Laryngeal Mask Airway 
(ILMA; LMA North America, San Diego, CA), 
known as the LMA Fastrach, is an SGA specifi-
cally designed to facilitate intubation [116, 117]. 
However, when faced with a failed intubation, the 
SGA initially used for rescue is usually one the 
operator is most familiar with and usually not an 
ILMA nor one of the newer devices that are also 
designed to allow guided tracheal intubation, eg. 
LMA Protector, AMBU AuraGain, I gel, and 
TotalTrack VLM. Removal of an SGA which is 
adequately oxygenating an ICU patient during a 
failed intubation and replacing it with an ILMA 
is a difficult judgment call and unlikely to occur 
given the heterogeneity in difficult airway cart 
devices, lack of availability, or operator inexperi-
ence. Most operators would elect to intubate via 
the working device rather than swap to another 
with which they are inevitably less familiar.

An extremely useful technique in emergency 
failed endotracheal intubation is the low-skill 
fiberoptic intubation [118], or “Laryngeal Mask 
Airway-Aintree Catheter-Fiberoptic broncho-
scope” technique for difficult intubation [119]. 
An Aintree intubation catheter (AIC; Cook 
Medical, Bloomington, IN) is mounted on a flex-
ible fiberscope which is then passed through the 
SGA into the trachea under visualization (mini-
mizing trauma). The flexible fiberscope and SGA 
are then removed leaving only the AIC in the tra-
chea, after which an endotracheal tube is rail-
roaded in place over the AIC. It proved useful in 
128 patients with a 93% success rate; most had 
Cormack-Lehane grade 3 or 4 views, and some 
could not be ventilated via face mask [119]. If 
intubation is impossible and critical hypoxia 
develops, it is possible to oxygenate via the AIC 
provided there is a path for air to escape, but 
barotrauma is a real risk [120].

21.4.10  Emergency Invasive  
Airway Access

We should be mindful that not every CICO situa-
tion occurs out of nowhere. A prompt decision to 
perform emergency invasive airway access needs 
to be made and determines outcomes because the 
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natural evolution of an airway crisis is first diffi-
culty, trauma, swelling, and bleeding/aspiration 
progressing to complete obstruction (all largely 
iatrogenic). Emergency airway access can be 
achieved by one of three techniques: surgical 
incision with a scalpel, narrow cannula-over- 
needle, or large bore cannula (usually ≥4  mm) 
over a wire or trocars [121]. A small bore/needle 
technique is a temporary airway with a high fail-
ure rate, prone to kinking and displacement, 
whereas a simple surgical technique has a high 
success rate and results in a cuffed tube in the 
trachea that allows the continuation of ventilator 
treatment. A surgical technique must be mastered 
by all emergency airway providers and should be 
considered the default technique [121, 122].

21.5  Conclusion

The anatomic and physiological changes of preg-
nancy make management of the airway in obstet-
ric patients particularly treacherous. Critically ill 
pregnant women with cardiopulmonary or hemo-
dynamic compromises, with the fetus(es) that 
may or may not be imminently delivered, are fur-
ther physiologically compromised. They have 
significant V̇/Q̇ abnormalities and lower FRCs: 
preoxygenation is less effective, and apnea is 
poorly tolerated. Pregnant patients are frequently 
unfasted, have delayed gastric emptying, and 
may require urgent intubation without time for 
assessment or preparation. Dedicated guidelines 
on tracheal intubation in critically ill adults were 
recently published in 2018 and provide welcome 
direction and comprehensive management strate-
gies [122]. Thorough preoxygenation, use of 
videolaryngoscopes, an intubation checklist 
incorporating a modified RSI, and post-intuba-
tion continuous waveform capnography are key.

Successful airway management requires 
training of a well-formulated airway plan, known 
to the entire team, using equipment familiar to 
the team members. The first intubation attempt is 
always the best; attention should be paid to deni-
trogenation of the lungs, patient positioning 
(head ramped), left uterine displacement, skilled 
assistance, using neuromuscular blocking 

agents, and the release of cricoid pressure if it 
impedes glottic exposure when performing a 
rapid sequence endotracheal intubation. Failed 
intubation after three optimal laryngoscopy 
attempts should invoke the failed intubation 
drill, remembering that oxygenation and ventila-
tion takes priority over intubation. A SGA with 
gastric access port is recommended as the pre-
ferred rescue airway strategy. A CICO situation 
calls for early rescue by cricothyrotomy/surgical 
airway. No singular airway device improves out-
comes: the emphasis is on adequate training, 
supervision, and experience in airway manage-
ment; good assessment and backup planning; 
using RSI intubation bundles, checklists, and 
standards of practice to minimize procedural dif-
ficulty; using airway equipment with which the 
doctor has practiced and is familiar with, with 
the immediate availability of appropriate rescue 
devices and deployment of the most appropriate 
rescue techniques when airway management 
fails; these strategies are amenable to ongoing 
training and simulation drills to optimize human 
factors and enhance teamwork for improving 
care of the critically ill parturient.
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22.1  Introduction

Lung ultrasound (LUS) was first championed by 
Dr. Daniel A.  Lichtenstein in French intensive 
care units (ICUs) during the 1980s. 
Ultrasonography has emerged as an important 
diagnostic tool for specific acute lung patholo-
gies in the ICU and emergency departments. A 
recent study has suggested that the LUS patterns 
observed in pregnant women and non-obstetric 
patients are similar, and hence LUS is a useful 
safe diagnostic tool during pregnancy [1].
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Bullet Points
• Lung ultrasound is a simple yet power-

ful tool in detecting acute respiratory 
pathologies.

• Lung ultrasound works on the principle 
of acoustic impedance, which is resis-
tance to the sound wave propagation.

• The micro-convex probe is the preferred 
probe for lung ultrasound, but linear, 
phased assay and curvilinear probe can 
also be used.

• Lung examination using ultrasound 
probe is performed by dividing the lung 
into segments and using standardized 
points to identify lung pathology.

• There are 11 important signs and arti-
facts used for diagnosing different lung 
pathologies.

• Cardiogenic and non-cardiogenic pul-
monary edema, pneumonia, pneumotho-
rax, and pulmonary embolism are some 
of the commonest lung diseases that 
cause respiratory failure in pregnancy.

• The BLUE protocol is one of the several 
protocols used in lung ultrasound that 
can identify up to 97% of the lung pathol-
ogies that can cause respiratory failure.
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22.2  Physiological Changes 
to Respiratory System 
during Pregnancy

Pregnancy involves anatomical, physiological, 
and biochemical changes which occur in response 
to the presence of the developing fetus. Pathology 
of cardiopulmonary system is often the most 
immediate concern for health-care providers. The 
upper airway, chest wall, respiratory muscles, 
and the lung volumes change throughout 
 pregnancy. Elevated levels of progesterone dur-
ing pregnancy cause venous engorgement and 
hyperemia of the mucosal surface of the airway 
which leads to nasal congestion and rarely epi-
staxis. Progesterone stimulates the brain respira-
tory center and increases the slope of the curve of 
ventilatory response to changes in alveolar PaCo2 
which is responsible for causing the dyspnea in 
pregnancy [2]. Pregnancy also contributes to the 
45% rise in minute ventilation by increasing the 
tidal volume of each breath without causing 
tachypnea. Pregnant women demonstrate a 
chronic metabolic alkalosis which is compen-
sated by loss of renal bicarbonate [3]. During 
later trimesters, increased minute ventilation is 
driven by increasing CO2 across the placenta 
from the fetal circulation in addition to the pro-
gesterone [4]. As the minute ventilation increases, 
there is associated increase in oxygen consump-
tion of up to 20%. Pregnancy is also associated 
with decreases in total lung capacity by 5%, 
functional residual capacity (FRC) by 20%, and 
residual volume (RV)—due to increase in the 
anteroposterior and transverse dimensions of rib-
cage along with upward displacement of the dia-
phragm by the gravid uterus. The combination of 
decreased FRC and increased oxygen consump-
tion predisposes pregnant women to precipitous 
desaturation during intubation [5].

22.3  Role of Lung Ultrasound 
in Pregnancy

Less than 2% of pregnant women are admitted to 
the intensive care unit during the peripartum 
period. Among these women, the incidence of 

acute respiratory failure ranges from 0.1% to 
0.3% [6]. Common causes of respiratory failure 
in pregnancy are cardiogenic and non- 
cardiogenic pulmonary edema, pneumonia, 
asthma exacerbations, pulmonary embolism, and 
rarely acute respiratory distress syndrome [7]. 
Although safe in pregnancy (see Chap. 35), radi-
ation exposures from imaging studies in preg-
nant women are associated with higher level of 
anxiety to the patients and the health-care pro-
viders [8]. Lung ultrasound has been shown to be 
a powerful tool in diagnosing the causes of acute 
respiratory failure in more than 90% of the cases 
[9]. Despite the significant role of LUS in diag-
nosing acute respiratory failure, its role in preg-
nant women is not clearly defined. Several recent 
small studies have shown the effectiveness of 
LUS used in pregnant women [1, 10]. LUS can 
be performed by clinicians after a minimal train-
ing period and the  ultrasound techniques used 
are similar to those used in obstetric units [11]. 
The advantages and disadvantages of LUS are 
described in Box 22.1.

Box 22.1  Advantages and Disadvantages of 
LUS

Advantages
 – LUS provides real-time two-dimen-

sional visualization of the lung tissues, 
including the pleura.

 – Ultrasound (US) devices  are portable 
and can be  made  quickly available at 
the  bedside, thus reducing the risk 
involved with patient transportation.

 – LUS  involves no radiation exposure, 
compared to chest radiography or com-
puted tomography (CT) that do.

 – US devices  are readily available in 
smaller hospitals compared to other 
modalities of imaging including CT.

 – US is cheaper compared to other imag-
ing modalities and requires only a single 
operator to perform the procedure, thus 
reducing the cost.
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22.4  Concepts and Techniques 
Used in Lung Ultrasound

22.4.1  How Lung Ultrasound Works

The commonly held belief since the inception of 
ultrasound imaging is that air is an enemy of 
ultrasound as it dissipates and reflects the ultra-
sound wave. The lung is an aerated organ sur-
rounded by pleura, caged within the ribs 
and surrounded by soft tissue. The appearance of 
images on LUS depends upon a phenomenon 
called acoustic impedance (AI). AI is a measure 
of  the resistance of the US wave as it passes 
through a tissue. Acoustic impedance depends 
upon the density of the tissue and the speed of the 
sound waves. As the density of the tissue 
increases, AI increases accordingly. Soft tissue 
structures and air-filled alveoli provide a substan-
tial difference in AI to the penetrating ultrasound 
waves and thereby prevent the reconstruction of a 
real image of the organ while generating multiple 
artifacts. When the air-tissue interface is replaced 
with fluids and cellular materials, the AI between 
the two mediums narrows, and the US waves are 
transmitted faster back to the probe. Lung US 

takes advantage of these artifacts to provide the 
observers with diagnostic information. The pleu-
ral line is a hyperechoic line that appears deep 
between the ribs with repetitive movements pair-
ing with respiration and is used as a vantage point 
in lung US. The principles of using these artifacts 
in diagnosing lung disorders are similar to those 
used in gynecologic ultrasonography in the clas-
sification of ovarian masses [11, 12].

22.4.2  Basic Principles of Lung 
Ultrasound

As per Lichtenstein, LUS in critical illness 
depends upon seven important principles: [13].
 1. A simple instrument needed to perform LUS.
 2. The thorax is the site where gas and fluid are 

separated by gravity or are pathologically 
mixed to produce artifacts.

 3. The lung is the most voluminous organ 
and standardized points may be used to define 
areas of interest in it.

 4. All diagnostic signs arise from the pleural 
line.

 5. Artifacts are clinically relevant in LUS.
 6. The lung is a living organ therefore the signs 

arising from the pleural lines are dynamic.
 7. Almost all acute life-threatening lung disor-

ders involve the pleura.

22.4.3  Type of Probe for Lung 
Ultrasound

The probes used in critical care include transduc-
ers of varying frequency which should be selected 
based on the required use. The three basic trans-
ducers are, namely, the phased array, the  linear 
array, and the curvilinear probe [14]. Even though 
the micro-convex transducer is considered the 
probe of choice for identifying pneumothorax, 
using any of the three probes for LUS is appropri-
ate. The linear array probe has a high frequency 
with a range of 5–13  MHz and hence provides 
better visualization of superficial structures such 
as the pleural line. It has poor penetration at 
depths greater than 6 cm, hence deeper structures 

 – LUS has 90–100% accuracy compared 
to CT for diagnosing certain acute lung 
pathologies.

 – LUS can be repeated; allowing  fre-
quent  follow- up with consistent 
reproducibility.

Disadvantages
 – Air in the subcutaneous tissue signifi-

cantly impedes the penetration of US 
into the tissues, limiting  visualization 
and image interpretation.

 – LUS cannot penetrate deeper lung tis-
sues and therefore  cannot be used in 
investigation or diagnosis of deep lung 
disorders.

 – Excess tissue over the chest wall 
(e.g  obesity,  breast tissue)  can limit 
visualization of the lung field.
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and artifacts may not be well visualized. The cur-
vilinear (or convex probe) has a frequency of 
1–8  MHz which  enables  deeper tissue  penetra-
tion, allowing visualization to a depth of 30 cm. 
The disadvantages of curvilinear probes include 
poor visualization of superficial structures and 
the  posterolateral alveolar pleural syn-
drome (PLAPS); i.e. difficulty in accessing this 
specific anatomical  location  in obese supine 
patients. The phased array probe has a frequency 
of 2–8 MHz but has a smaller footprint compared 
to the curvilinear probe, which allows it to visual-
ize structures between the ribs [15] (Fig. 22.1).

22.4.4  Positioning for Lung 
Ultrasound

Lung US can be performed in the sitting, supine, 
or semi-recumbent position. However critically 
ill pregnant women and non-obstetric patients 
usually lie in the supine position. The probe is 
usually positioned longitudinally (rarely trans-
verse) with the marker directed cranially. Thus, 
cranial structures are visualized on the left side of 
the screen, whereas caudal structures are seen on 
the right. Examination of the thorax using US 
involves the division of the thorax into multiple 
segments. The literature is replete with ways of 
dividing the thorax; the different methods 
described are based on the acuity of presentation, 
severity of illness, and patient condition. The 

most  commonly  used method  involves dividing 
each lung into three zones with six segments. 
This bedside LUS in emergency (BLUE) proto-
col, has been validated and has also been shown to 
have excellent diagnostic accuracy. Some physi-
cians recommend dividing the thorax into four 
segments involving the anterior and lateral chest 
when diagnosing pulmonary edema [14, 16–18]. 
In an acute setting involving critically ill patients, 
the anterior two segments of the chest can be 
studied alone to rule out interstitial syndrome due 
to cardiogenic pulmonary edema as the etiology 
of respiratory failure [9].

22.4.5  Methods to Study Lung 
Ultrasound

Lung US involves studying predefined areas to 
investigate for lung abnormalities. A complete 
LUS examination involves dividing the entire tho-
rax into 12 regions. Each hemithorax is divided by 
the anterior and posterior axillary line into three 
zones, namely, anterior (zone 1), lateral (zone 2), 
and posterior zones (zone 3), and each segment is 
divided into upper and lower halves resulting in 
six areas for investigation. The posterior segment 
is best approached in a supine critically ill patient 
by crossing the arm across the chest and slight lat-
eral positioning (see Fig. 22.2) [16].

The BLUE protocol is an alternative method 
used for diagnosing causes of  acute respiratory 

Fig. 22.1 Common 
ultrasound probes for 
pulmonary exam
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failure using LUS. In this protocol, this compari-
son provided the name for the protocol. The 
hands of the clinician are placed partially over-
lapping  over the chest; the little finger of the 
upper hand should  touch the lower border  of 
the  clavicle with the  tips of  the longer  fingers 
touching the midline of the chest. The lower hand 
is placed over the upper hand with the thumbs of 
both hands overlapping. The upper blue point 
(UBP) is at the base of middle and ring finger of 
the upper hand, the lower blue point (LBP) cor-
responds to the middle of the lower hand, 
the phrenic line corresponds with the caudal edge 
of the lower hand, the phrenic point is identified 

at the junction where the phrenic line and the 
midaxillary line meet, and the PLAPS point 
is identified by an imaginary line drawn from the 
lower blue point to the posterior axillary line 
(Fig. 22.3) [19].

22.5  Selective List of Signs 
and Artifacts Used in Lung 
Ultrasonography

 1. Bat sign (Fig. 22.4): In the longitudinal scan, 
two consecutive ribs are identified by hyper-
echoic lines which are separated approxi-

Fig. 22.2 Exam zones for lung ultrasound

a b

Fig. 22.3 The five reference points of the BLUE protocol
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mately by 2  cm.  A  virtual line passing 
through the top of these ribs  forms the rib 
line. Roughly half a centimeter below is 
another horizontal hyperechoic line called 
the pleural line which represents the lung 
surface. This pattern formed by the ribs along 
with the pleural surface is reminiscent of a 
bat (blue outline). This is the basic step 
used in LUS to identify the lung surface.

 2. A-line (Fig. 22.5): A horizontal hyperechoic 
line artifact appears parallel to the pleural 
line. The artifact is formed when air blocks 
the ultrasound beam and returns to the cen-
tral unit. A-lines are a normal artifact and can 
be repetitive with the distance between the 
pleural line and the A-line equaling that of 
the skin-pleural line distance.

 3. B-line (Fig. 22.6): An abnormal fluid-air arti-
fact seen in interstitial syndrome. B-lines are 
long, vertical, hyperechoic artifacts arising 
from the pleural line. They obliterate the 

A-lines and move during lung sliding. Three 
or more B-lines visible in the longitudinal 
view between the ribs are called lung 
rockets.

 4. Seashore sign (Fig. 22.7): This is the equiva-
lent of lung sliding visualized in the B-mode 
of lung ultrasonography. In the M-mode, 
when the transducer is applied over the lung 
window, the immobile extrapleural struc-
tures appear as parallel lines to the transducer 
surface. The subpleural structures produce a 
speckled appearance  due to lung motion. 
The combination of parallel lines and speck-
led areas form the seashore sign.

 5. Stratosphere sign (Fig. 22.8): This sign indi-
cates absence of lung sliding when seen in the 
M-mode. It is characterized by the exclusive 
presence of horizontal lines  (which replace 
the normal combination of horizontal lines 
and speckled areas seen in the seashore sign).

Fig. 22.4 The bat sign

Fig. 22.5 A lines

Fig. 22.6 B-lines
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 6. Lung point: A pattern used in detecting pneu-
mothorax. Characterized by the absence of lung 
sliding or moving B-lines at a physical location 
where this pattern consistently transitions into 
an area of lung sliding. This point represents the 
physical limit of the pneumothorax.

 7. Lung pulse: A normal sign characterized by 
2D or M-mode visualization of pleural line 
vibrations transmitted from the cardiac pulse.

 8. Quad sign: One of the static signs used to diag-
nose pleural effusion. The quad is bordered by 
the pleural line, the upper and lower rib shad-
ows and the lung surface (four borders).

 9. Sinusoid sign: A dynamic sign used to iden-
tify  pleural effusion. A sinusoid pattern is 
observed in the M-mode as a result of varia-
tion in interpleural distances during 
the respiratory cycle.

 10. Tissue-like sign: A  pattern seen in acute 
trans-lobar consolidation. The lung appears 
as a tissue-like structure that is echoic and 
has trabeculations like the liver.

 11. Shred sign (Fig.  22.9): A  pattern seen in 
non  trans-lobar consolidation. A shredded 
fractal line demarcates the consolidated lung 
from the aerated lung.

Fig. 22.7 Seashore sign in B mode and M mode

Fig. 22.8 Stratosphere sign
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22.6  Critical Respiratory Illness 
during Pregnancy

Pneumothorax during pregnancy is a very rare 
phenomenon and can be primary (spontaneous) 
or secondary due to underlying lung disease. 
Spontaneous pneumothorax can occur during any 
trimester of pregnancy and most likely arises 
from the rupture of an apical bleb due to the 
increased respiratory demand of the peripartum 
period. The accelerated pattern of breathing, 
repeated Valsalva maneuvers, intubation, and 
positive pressure ventilation may increase the 
risk of further pneumothoraxes in pregnancy. 
Some of the risk factors for spontaneous pneu-
mothorax are cocaine use, asthma, hyperemesis 
gravidarum, previous episode of pneumothorax, 
and lung infection. The recurrence rate of pneu-
mothorax is particularly high in pregnant patients 
with rates up to 44%. Signs and symptoms of 
pneumothorax in pregnant women are no differ-
ent from the general population including pleu-
ritic chest pain and dyspnea, while physical signs 
include tachycardia, tachypnea, ipsilateral dimin-
ished or absent breath sounds, and cyanosis. 
While pneumothorax causes respiratory distress 
in the mother, it can also compromise oxygen 
supply to the fetus [20, 21].

Chest radiography is the initial diagnostic test 
for pneumothorax. However the detection rate of 
pneumothorax by anterior view in chest X-rays is 

31–37% in addition to exposure to potentially 
harmful radiation [22, 23]. Lung US has a 
 sensitivity and specificity of 91% and 98%, 
respectively, in detecting pneumothorax com-
pared to computed tomography of the  chest, 
which is considered the gold standard test in 
diagnosing pneumothorax. LUS also  has the 
advantage of no radiation exposure side effects 
compared to computed tomography and standard 
chest radiography [24]. Box 22.2 presents the 
LUS findings that should suggest a diagnosis of 
pneumothorax in pregnant women.

Management of pneumothorax in pregnant 
women is similar to the non-obstetric population 
with options including observation, single time 
aspiration, insertion of chest tube, and (rarely) 
video-assisted thoracostomy [25].

The  alveolar-interstitial syndrome is an 
umbrella term that includes several heterogenous 
conditions characterized by diffuse involvement 
of the interstitium and the alveoli with impair-
ment of the alveolar capillary exchange capacity. 
The term interstitial syndrome is frequently used 
in LUS and in the acute setting, denoting cardio-
genic and non-cardiogenic pulmonary edema 
characterized by fluid accumulation in the inter-
stitial spaces and/or alveoli of the lung. The alve-
olar syndromes include alveolar consolidation 
which may be caused by a variety of processes 
including pneumonia, pulmonary embolism, 
lung contusions, and atelectasis [26].

Pulmonary edema is a rare but potentially life- 
threatening condition when it occurs during preg-

Fig. 22.9 Shred sign

Box 22.2  LUS findings to diagnose 
pneumothorax in pregnant 
patients 

• Absence of lung sliding
• Absence of B-lines
• Absence of lung pulse
• Presence of lung point
• M-mode US—Absence of seashore sign 

and presence of stratosphere sign 
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nency. Its estimated incidence ranges from 0.08% 
to 1.3%. Pulmonary edema is a relatively com-
mon cause for respiratory failure in pregnant 
women [27, 28].

Pulmonary edema can occur during the ante-
natal, intrapartum, and postpartum periods but is 
most common antepartum and immediately post-
partum. The mechanism of pulmonary edema 
development is similar for both pregnant women 
and non-obstetric patients. It occurs secondary to 
alteration in the balance of oncotic and hydro-
static pressures between the capillary and lung 
interstitium or due to an increase in capillary per-
meability. Interstitial edema is defined as fluid 
accumulation in the interstitial spaces, which can 
be clinically silent and precedes the development 
of alveolar edema [29]. Interstitial and alveolar 
edema develop when the pulmonary venous pres-
sure rises above 25  mg and 30  mmHg, respec-
tively [30].

The LUS findings used  to diagnose pulmo-
nary edema/interstitial syndrome are presented in 
Box 22.3. Interstitial syndrome is defined when 
more than two B-lines are seen between two ribs 
using an ultrasound. The presence of three or four 
B-lines is identified as septal rockets, which cor-
relate with Kerley’s lines (subpleural interlobular 
septa). Five or more B-lines forms a pattern 
called ground-glass rockets, as they correlate 
with ground-glass lesions [31].

LUS has a sensitivity and specificity of 98% 
and 88%, respectively, compared to chest radio-
graph which has estimated sensitivity of 
50–68% and specificity of 76–83% in detecting 
pulmonary edema in non-pregnant women [10]. 
Several studies have  concluded that LUS 
detects lung fluids earlier than other radiologi-
cal tests. A recent small prospective LUS study 
performed in women with severe preeclampsia 
reinforced that the  presence of B-lines in 
asymptomatic pregnant women with known 
severe preeclampsia helps in identifying pul-
monary edema prior to severe deterioration of 
arterial oxygenation. LUS findings may there-
fore be used to direct administration of intrave-
nous fluids and to  avoid excessive  fluid 
administration in women with severe pre-
eclampsia [32].

Pneumonia in pregnancy. Community- 
acquired pneumonia (CAP) is the most common 
fatal non-obstetric infectious complication 
requiring hospital admission [33]. The inci-
dence of CAP is similar between pregnant 
women and non-obstetric patients with an inci-
dence ranging 0.2–8.5% per 1000 deliveries 
[34]. Pregnant women with pneumonia are more 
prone to develop preterm labor and pulmonary 
edema and increase the risk of preterm birth, 
small for gestational age, and lower Apgar 
score. Aspiration pneumonia is more common 
in pregnant women due to lower esophageal 
sphincter tone and slower gastric emptying par-
ticularly during peripartum airway manipula-
tion [35].

Thoracic CT scan is considered the gold stan-
dard in diagnosing pneumonia but this  imag-
ing is not likely to be used as the imaging modality 
of  first choice due to concerns about radiation 
exposure in pregnant women and due to the risks 
involved in transportation of critically ill patients 
in general. The sensitivity and specificity of LUS 
in diagnosing pneumonia compared to chest 
X-ray is 94% and 98%, respectively, based on a 
prospective observational study conducted in 
Europe, while meta-analysis of several studies 
have shown a pooled sensitivity and pooled spec-

Box 22.3  LUS findings to 
diagnose Pulmonary Edema (i.e. 
B-Lines) in pregnant patients: 

Always Present
 1. Comet-tail artifact
 2. Arises from the pleural line
 3. Moves in concert with lung sliding
Almost Always Present
 4. Has well-defined features
 5. Long and spreading without fading
 6. Obliterates A-line
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ificity ranging from 84–90% to 88–93%, respec-
tively [36, 37].

Alveolar consolidation, including pneumonia, 
can be diagnosed placing the ultrasound probe in 
the posterolateral alveolar pleural syndrome 
(PLAPS) point, and detects 90% of the cases. 
This differs from other respiratory disorders such 
as pleural effusion, pneumothorax, and intersti-
tial edema where extensive location of probe 
placement is needed for diagnosis. Box 22.4 
presents the common LUS findings in 
pneumonia.

22.7  Common Protocols Used 
in Lung Ultrasonography

22.7.1  BLUE (Bedside Lung 
Ultrasound in Emergency) 
Protocol

The BLUE protocol was demonstrated was spe-
cifically designed for rapid diagnosis of acute 
respiratory failure in a clinically challenging 
situation. In the hands of a trained physician, the 
entire study can be completed in 3 min, whereas 
a novice may require longer. The BLUE protocol 
can be used in pregnant women in the same way 
it is used  in  the non-obstetric population. The 
protocol integrates vascular and lung ultrasound 
findings to diagnose pneumonia, pulmonary 
edema, pulmonary embolism, chronic obstruc-

tive pulmonary disease (COPD) exacerbation or 
asthma, and pneumothorax. These constitute the 
diagnoses in 97% of patients with acute respira-
tory symptoms. The diagnosis made with LUS is 
accurate in 90.5% of the cases [38].

The BLUE protocol (Fig.  22.10) has eight 
profiles including three sub profiles when scan-
ning the anterior chest wall [9, 13, 31]:

• A-profile: Presence of lung sliding with repet-
itive A-lines, which indicates PAOP is less 
than 18 mm Hg [39].

• A-DVT profile: The presence of an A-profile 
along with a positive deep vein thrombosis 
scan identified using venous ultrasound. This 
profile is associated with PE and has a sensi-
tivity and specificity of 81% and 99% 
respectively.

• A-V PLAPS profile: The  presence of 
A-profile with no evidence of  deep vein 
thrombosis but with  identification of an ill-
defined structural image in the alveolar, pleu-
ral, or combined space at the PLAPS point. 
The A-V PLAPS profile has a sensitivity of 
42% and specificity of 96% for pneumonia.

• Nude profile: A-profile without DVT or 
PLAPS.  The nude profile is associated with 
COPD or asthma with a sensitivity and speci-
ficity of 89% and 97%, respectively.

• A’-profile: A-profile with abolished lung slid-
ing and exclusive A-line on the anterior area 
of supine patients. The A’-profile is suggestive 
of pneumothorax. When  a lung point is 
observed with this profile it confirms pneumo-
thorax with  a sensitivity and specificity of 
88% and 100%, respectively.

• B-profile: Combined lung sliding and lung 
rockets in the four anterior blue points. The 
B-profile  has a sensitivity and specificity of 
97% and 95%, respectively  in detecting pul-
monary edema.

• B’-profile: Absence of lung sliding and pres-
ence of anterior lung rockets. Indicates pneu-
monia  with a low sensitivity of 11% but 
a high specificity of 100%.

Box 22.4  LUS findings commonly found in 
pneumonia:

• Tissue-like sign: Echoic tissue-like pat-
tern with regular trabeculations

• Shred sign: Irregular, shredded pleural 
line

• Air bronchogram: presence of hyper-
echoic opacities

• Abolished lung sliding
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• A/B-profile: Predominant B-profile in one 
lung and predominant A-profile in  the other 
lung. Indicative of pneumonia.

• C-Profile: Presence or absence of lung sliding 
combined with anterior lung consolidative 
sign. The C-profile indicates pneumonia with a 
sensitivity and specificity of 21.5% and 99%, 
respectively.

22.7.2  FALLS Protocol

This acronym for fluid administration limited by 
LUS (FALLS) is a tool used  for identifying 
causes of circulatory failure using LUS 
(Fig. 22.11). It uses a sequential approach to rule 
out the main causes of shock based on the Weil- 
Shubin classification, namely, hypovolemic, car-
diogenic, obstructive, and distributive shock. The 
FALLS protocol has not been studied specifically 
in pregnant women. The protocol begins with 
evaluation of obstructive shock by viewing the 
pericardial space for any effusion/tamponade fol-

lowed by right ventricular volume to suggest 
 pulmonary embolism and then search for pneu-
mothorax. If obstructive shock is ruled out, 
a B-profile is sought as it could suggest cardio-
genic shock (in the right setting). The absence of 
a  B-profile makes cardiogenic shock unlikely. 
Following this, fluids are provided for possible 
hypovolemic or distributive shock with close 
ultrasound  follow-up to seek  for lung artifacts. 
Hypovolemic shock usually resolves prior to 
development of interstitial syndrome. A  transi-
tion such as disappearance of A-lines and appear-
ance of B-lines suggests that the patient has been 
adequately fluid resuscitated  and possibly has 
distributive shock [40].

Summary. Lung ultrasound is now well estab-
lished as a useful diagnostic and follow-
up tool in the critical care setting. Recent studies 
suggest that there is no difference in the imaging 
obtained from pregnant women and the non-
obstetric population, making LUS a useful bed-
side tool to assess and manage acute dyspneic 
gravid patients.

(upper and lower BLUE-points)

Lung sliding

PNEUMONIA

PNEUMONIA COPD or ASTHMA

PULMONARY
EMBOLISM

PULMONARY
EDEMA

PNEUMONIA

PNEUMOTHORAX

present

sequential
venous analysis

Thrombosed vein Free veins

Stage 3
(PLAPS-point)

PLAPS no PLAPS

B-profile A-profile A/B or
C-profile

plus
lung point

without
lung point

Need for other
diagnostic
modalities

This decision tree is not designed
for providing 100% of diagnoses of
acute dyspnea. It has been simplified
with the target of 90.5% of overall
accuracy

B'-profile A'-profile

any abolished

The
BLUE

protocol

Fig. 22.10 BLUE protocol algorithm
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23.1  Introduction

Respiratory failure occurs in approximately 1 in 
500 pregnancies [1], more commonly in the post-
partum period than during the pregnancy. 
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Bullet Points
• Respiratory failure affects approxi-

mately 1 in 500 pregnancies.
• Pregnancy-specific conditions causing 

respiratory failure include preeclampsia 
and amniotic fluid embolism.

• Respiratory failure may also be caused 
by conditions aggravated by the preg-
nant state (e.g., gastric aspiration, 
venous thromboembolism, cardiac val-
vular lesions).

• Conditions unrelated to pregnancy (e.g., 
asthma, bacterial pneumonia) can also 
lead to respiratory failure during preg-
nancy, as seen in the general population.

• The main adaptations of management to 
the presence of pregnancy are adjust-
ment to the altered maternal respiratory 

physiology, expert care during the high- 
risk intervention of endotracheal intuba-
tion, and the need to balance maternal 
benefit with fetal risk with regard to 
fetus radiological investigations and 
drug therapy.

• Noninvasive ventilation may be useful 
in conditions with a short-term require-
ment for ventilator support.

• Limited data exist regarding prolonged 
invasive mechanical ventilatory man-
agement in pregnancy.

• Hypoxemia is likely harmful to the 
fetus, but the precise targets are 
unknown.

• Hypocapnia should be avoided, and the 
pregnant woman (and fetus) may toler-
ate some degree of hypercapnia.

• Delivery of the fetus may be considered, 
provided benefit (or at least no harm) is 
anticipated for the mother as well as the 
fetus.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_23&domain=pdf
https://doi.org/10.1007/978-3-030-43477-9_23#DOI
mailto:Julien.vl@gmail.com
mailto:Stephen.lapinsky@utoronto.ca


320

Pregnancy increases the risk or severity of sev-
eral conditions, including asthma, aspiration, 
thromboembolism, and viral pneumonitis. 
Furthermore, several pregnancy-specific condi-
tions may precipitate respiratory failure, such as 
preeclampsia, amniotic fluid embolism, and peri-
partum cardiomyopathy.

Management of respiratory failure during 
pregnancy is influenced by the altered maternal 
respiratory physiology (see Chap. 20) and the 
high-risk intervention of endotracheal intubation 
(see Chap. 21). The presence of a fetus can affect 
investigations and management in these patients. 
Limited data exist regarding prolonged mechani-
cal ventilation management in pregnancy, particu-
larly regarding oxygenation and carbon dioxide 
targets. Delivery of the fetus may be considered in 
an attempt to improve maternal respiratory func-
tion, but this should usually be reserved for cases 
where benefit to the fetus is also anticipated.

23.2  Causes of Acute Maternal 
Respiratory Failure

Respiratory failure during pregnancy and the 
peripartum period may result from pregnancy- 
specific conditions, pulmonary or cardiac condi-
tions which are aggravated or precipitated by the 
pregnant state, or conditions unrelated to preg-
nancy (Table 23.1).

23.2.1  Cardiogenic Pulmonary 
Edema

Pulmonary edema may occur during pregnancy 
as a result of preeclampsia, cardiac disease, or 

other conditions, both specific and nonspecific to 
pregnancy.

Preeclampsia is complicated by pulmonary 
edema in about 2.9% of patients with this condi-
tion [2]. The hemodynamic findings in pre-
eclampsia include increased afterload, normal or 
low left ventricular preload, and a normal or low 
cardiac output. Impaired systolic and diastolic 
function may also occur [3]. Pulmonary edema 
associated with preeclampsia usually presents in 
the immediate postpartum period due to increased 
central volume. This is usually related to peripar-
tum fluid administration and the return of blood 
from the contracting uterus. Low colloid oncotic 
pressure and abnormal vascular permeability 
likely also contribute. Mirror syndrome is a rare 
cause of respiratory failure, associated with fetal 
hydrops [4]. The pathophysiology is unclear, but 
the mother develops edema and pulmonary 
edema “mirroring” the fetal syndrome, and this 
can mimic pulmonary edema secondary to 
preeclampsia.

Women with preexisting heart disease are at 
risk of cardiac decompensation during and after 
pregnancy as the blood volume and cardiac out-
put requirements increase. Women with cyanotic 
heart disease, mitral and aortic valve stenotic 
lesions, or systolic dysfunction are most at risk 
[5]. Pulmonary edema may occur during preg-
nancy or in the postpartum period, related to 
shifts in intravascular volume associated with 
delivery. For example, during pregnancy, the ele-
vation in cardiac output and heart rate increases 
the gradient across a stenotic mitral valve [6]. 
The reduced systemic vascular resistance (SVR) 
occurring in pregnancy actually mitigates the 
adverse effects of mitral and aortic regurgitation. 
However, the low SVR may worsen the effects of 
Eisenmenger’s syndrome and uncorrected tetral-
ogy of Fallot. These pregnancy-related changes 
in SVR and cardiac output may increase shunt 
fraction, producing hypoxemia and precipitating 
pulmonary edema. Pulmonary edema may also 
occur in the presence of a cardiac condition spe-
cific to pregnancy such as peripartum cardiomy-
opathy, a disorder occurring in 1 of 1000–4000 
pregnancies [7]. The pregnant woman may pres-
ent with acute left ventricular failure with resul-
tant congestive heart failure. This condition is 

Table 23.1 Causes of respiratory failure in pregnancy

Unrelated to 
pregnancy

Aggravated by 
pregnancy

Unique to 
pregnancy

Bacterial 
pneumonia
Restrictive 
lung disease
Obstructive 
lung disease
Cystic fibrosis

Pulmonary edema 
due to preexisting 
cardiac disease
ARDS
Aspiration 
pneumonitis
Viral pneumonia
Pulmonary 
embolism

Preeclampsia
Amniotic fluid 
embolism
Pulmonary 
edema due to 
peripartum 
cardiomyopathy
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also associated with an increased risk of pulmo-
nary and systemic thromboembolism [8].

23.2.2  Acute Respiratory Distress 
Syndrome (ARDS)

ARDS is a diffuse lung inflammatory process 
leading to capillary leak and surfactant loss [9]. It 
manifests clinically with hypoxemia and bilateral 
lung opacities on chest imaging. Pregnant 
patients appear to be predisposed to ARDS com-
pared to nonpregnant patients due to their 
increased circulating blood volume, decreased 
serum albumin level, and an upregulation of 
components of the acute inflammatory response 
[10, 11]. ARDS is a clinical syndrome caused by 
various etiologies. These etiologies may be unre-
lated to pregnancy such as sepsis, overrepre-
sented in pregnancy such as aspiration pneumonia, 
or unique to pregnancy such as amniotic fluid 
embolism. ARDS is relatively rare during preg-
nancy (59.6 per 100,000 live births in 2012), but 
its incidence may rise in specific situations such 
as the recent H1N1 influenza epidemic [12]. In 
contrast, maternal mortality related to ARDS is 
decreasing with improvements in management 
and earlier diagnosis of less severe cases [12]. 
Neonatal outcomes in maternal ARDS are not 
well studied, but observational evidence suggests 
high rates of fetal death, prematurity, and perina-
tal asphyxia [13].

Pneumonia is the most common cause of 
ARDS during pregnancy, including chemical 
pneumonitis related to aspiration events [12]. 
Factors predisposing to aspiration during preg-
nancy include increased intra-abdominal pres-
sure, decreased tone of the lower esophageal 
sphincter, and the use of the supine position for 
delivery [14]. Most cases of aspiration occur in 
the delivery suite. As noted above, pregnant 
women are also susceptible to respiratory com-
plications of viral pneumonitis especially from 
influenza and varicella viruses [15].

Transfusion-related acute lung injury (TRALI) 
occurs as a complication of blood component 
therapy in pregnant and nonpregnant patients 
[16]. This manifests as sudden dyspnea during or 
within 6  h of transfusion of plasma-containing 

blood products. The clinical picture is similar to 
ARDS from other causes, and the differential 
diagnosis includes transfusion-associated circu-
latory fluid overload (TACO).

Amniotic fluid embolism is an uncommon but 
devastating condition occurring in about 7.7 per 
100,000 pregnancies, with a mortality as high as 
86% and accounting for 14% of all maternal 
deaths [17, 18]. This condition is usually associ-
ated with uterine manipulation or labor and deliv-
ery. It is characterized by sudden cardiovascular 
collapse with respiratory failure. The pathophysi-
ology involves traumatic opening of uterine ves-
sels with amniotic fluid contents precipitating 
acute pulmonary hypertension and biventricular 
dysfunction. Survivors of the initial event may 
develop disseminated intravascular coagulation 
and ARDS.

Other conditions associated with ARDS dur-
ing pregnancy are preeclampsia, sepsis especially 
due to pyelonephritis or puerperal infections, and 
trophoblastic embolism.

23.2.3  Other Conditions

Pulmonary infections: Changes that occur in the 
immune system during pregnancy to allow toler-
ance to paternally derived fetal antigens increase 
maternal susceptibility to certain infections [15]. 
The major effect is a down regulation of cell- 
mediated immunity, with an intact or upregu-
lated humoral immune response [19] (See also 
Chap. 15).

The incidence of community-acquired pneu-
monia is no higher in the pregnant population 
than in the general population, but this condition 
is an important cause of maternofetal morbidity 
and mortality [20]. An increased incidence of 
complications of pneumonia, including respira-
tory failure, occurs in pregnancy. Furthermore, 
pneumonia may adversely affect the pregnancy, 
precipitating preterm labor, small for gestational 
age, and intrauterine and neonatal death [20, 21]. 
The microbiological spectrum is similar to non-
pregnant patients. Delayed diagnosis may occur, 
because of reluctance by physicians or the patient 
to obtain a chest radiograph due to inappropriate 
concern of radiation exposure. Treatment uses a 
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similar antibacterial approach to that in the non-
pregnant patient, but some drugs such as tetracy-
clines and quinolones should be avoided if 
possible [21].

Influenza pneumonitis may cause significant 
morbidity in pregnancy; during influenza epi-
demics, the maternal mortality rate is higher than 
that of the general population [22]. During the 
2009 influenza A (H1N1) pandemic, pregnant 
women had a seven times higher risk of ICU 
admission than nonpregnant women of similar 
age, and mortality in this group ranged from 8% 
to 11% [23]. Varicella pneumonia may also be 
associated with increased morbidity and mortal-
ity during pregnancy, even though not all studies 
have confirmed this increased risk [24]. Although 
the fungal infection coccidioidomycosis is 
uncommon, it is more likely to disseminate in 
pregnant women, producing severe disease with 
respiratory failure [25].

Asthma: Asthma affects up to 10% of the gen-
eral population and is therefore a common disor-
der in pregnancy [26]. The effect of pregnancy on 
asthma is variable, but approximately one-third 
of asthmatics will deteriorate during their preg-
nancy [27]. Labor and delivery may increase the 
risk for asthmatic patients, related in part to the 
drugs commonly administered. Oxytocin used 
for labor induction and for postpartum hemor-
rhage carries little risk, but 15-methyl prostaglan-
din F2-alpha, methylergonovine, and ergonovine 
may cause bronchospasm. Many narcotics (other 
than fentanyl) release histamine, which can 
worsen bronchospasm. Status asthmaticus in 
pregnancy is a rare, life-threatening condition, 
and management is similar to nonpregnant 
patients [28]. Chronic obstructive pulmonary dis-
ease (COPD) remains relatively uncommon in 
pregnant women despite increasing maternal age. 
Management is similar to the nonpregnant 
patient.

Pulmonary thromboembolic disease: 
Thromboembolism occurs during pregnancy 
with an incidence about 5 times as great as in 
matched nongravid controls. It is a leading cause 
of maternal mortality, accounting for about 10% 
of pregnancy-related deaths in the United States 
[29, 30]. The incidence of thromboembolism 

peaks in the postpartum period, particularly after 
cesarean section. The source may be identified by 
duplex ultrasonography, particularly if there are 
deep venous thrombosis symptoms. Diagnosis is 
performed using ventilation-perfusion (V/Q) 
scanning or computed tomography (CT) pulmo-
nary angiography, both of which can be safely 
performed in pregnancy [31]. During pregnancy, 
V/Q scanning usually produces high-quality 
scans, due to these patients’ lack of comorbidity 
and younger age, while CT angiography exposes 
the mother’s breast tissue to a significant dose of 
radiation with concerns about an increased risk 
of breast cancer [32]. Both tests are associated 
with a low fetal radiation exposure.

Restrictive lung disease: Most interstitial lung 
diseases (ILD) occur in populations older than 
woman in their childbearing years and are there-
fore relatively uncommon during pregnancy. 
Conditions which do occur in this age group 
include lymphangioleiomyomatosis and sys-
temic lupus erythematosus, both of which may 
worsen as a result of pregnancy [33, 34]. The 
adverse physiological effect of these conditions 
is hypoxemia. The pulmonary diffusion defect is 
aggravated by the increased cardiac output in 
pregnancy which shortens alveolar capillary tran-
sit time. This situation is obviously worsened by 
the increased oxygen requirement during 
pregnancy.

Women with chest wall abnormalities produc-
ing a restrictive disease (e.g., kyphoscoliosis or 
neuromuscular weakness) have a different physi-
ological problem – the potential inability to meet 
the increased ventilation requirements of preg-
nancy. Oxygenation is less of a concern, but these 
patients are at risk of developing hypercapnic 
respiratory failure [35].

Cystic fibrosis: Median survival for cystic 
fibrosis (CF) has increased, and pregnancy is 
increasingly common in this patient group [36]. 
Due to the significant pulmonary effects of this 
condition, respiratory failure is a concern. Poor 
prognostic factors include an FEV1 less than 
60% predicted and pulmonary hypertension. 
Although the risk of mechanical ventilation and 
mortality is increased in women with CF, the 
overall risk is low [36].
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23.3  Ventilatory Targets 
(Table 23.2)

23.3.1  Oxygen

Little data exist to identify the optimal oxygen 
and carbon dioxide goals for ventilatory support 
during pregnancy. Although it has been suggested 
that maternal oxygenation should be maintained 
at an arterial PaO2 greater than 70  mmHg (or 
saturation  >  95%) [13], there are no studies to 
support this threshold. It is important to recog-
nize that maternal oxygen saturation is only one 
of the factors affecting fetal oxygenation – uter-
ine blood flow and placental perfusion impact 
oxygen delivery and may be affected by catechol-
amines, the presence of alkalosis, or reduced 
venous return produced by elevated intrathoracic 
pressure [37]. Studies have attempted to address 

the issue of maternal oxygenation in a variety of 
ways. A mathematical model using animal data 
suggested that decreasing maternal arterial oxy-
gen saturation from 96% to 85% would decrease 
fetal umbilical vein saturation from about 
70–55% [38]. A short-term clinical study using 
inhalation of 10% oxygen to generate controlled 
maternal hypoxemia (saturation < 85%) demon-
strated no adverse effects on fetal monitoring 
[39]. While optimizing maternal oxygenation 
should always be the target, harm from mild 
maternal hypoxemia has not been clearly estab-
lished, and emerging data from nonpregnant pop-
ulations suggests that hyperoxia could be harmful 
[40, 41]. Hypoxemia caused by shunt (intrapul-
monary or intracardiac) or by marked ventilation- 
perfusion mismatch is less responsive to increased 
FiO2. Strategies aimed at improving mixed 
venous oxygen saturation (i.e., improving cardiac 
output) may be especially beneficial in this 
situation.

23.3.2  Carbon Dioxide (PaCO2)

PaCO2 levels in mid to late pregnancy are reduced 
to about 28–32  mmHg, due to the increased 
respiratory drive generated by progesterone. The 
question arises as to whether this should be the 
ventilation target and whether permissive hyper-
capnia is harmful. Excessive hypocapnia and 
alkalosis may cause fetal harm by reducing pla-
cental perfusion [42]. Permissive hypercapnia 
has become an accepted approach during 
pressure- limited ventilation in the nonpregnant 
patient, but the effects of hypercapnia on the 
fetus have not been adequately studied. The theo-
retical concerns include reducing the gradient for 
excretion of fetal CO2 and the development of 
fetal respiratory acidosis. Although this fetal aci-
dosis may affect oxygenation by right-shifting 
the oxyhemoglobin dissociation curve, it likely 
does not have the same ominous implications for 
the fetus as lactic acidosis secondary to hypoxia. 
A small observational clinical study in women 
undergoing cesarean section compared mildly 
reduced CO2 levels (mean 23 mmHg) with mild 
hypercapnia (mean 39.3  mmHg) [43]. Women 

Table 23.2 Mechanical ventilation during pregnancy: 
comparison with the nonpregnant patient

Parameter
Nonpregnant 
patient Pregnant patient

Tidal 
volume

6 mL/kg 
IBW

6 mL/kg IBW

Plateau 
pressure 
limit

<30 cmH2O Accept higher (e.g., 
35 cmH2O or based on 
transpulmonary pressure 
estimation)

Oxygen 
saturation 
goal

Usually 
>88–92%
Avoid 
hyperoxia

Usually >94%—Unclear 
if this is necessary
Avoid hyperoxia

Arterial 
carbon 
dioxide 
(PaCO2) 
limit

Permissive 
hypercapnia 
(sometimes 
as high as 
100 mmHg)

Avoid hypocapnia and 
alkalosis. Pregnancy 
normal = 28–32 mmHg
Limited data on 
hypercapnia, but 
moderate levels (e.g., 
50 mmHg) may be safe

Patient 
positioning

Semi-upright 
(45 degree)

Left lateral decubitus for 
hemodynamics
Head elevation 
important to avoid 
reflux

Prone 
positioning

Good data of 
benefit in 
ARDS

Technically difficult, 
(since COVID): “Likely 
also beneficial”

IBW ideal body weight (based on height), PEEP positive 
end-expiratory pressure, FiO2, fraction of inspired 
oxygen
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with low CO2 levels delivered babies with a lower 
Apgar score and delayed neonatal breathing. In 
another study, CO2 levels during delivery were 
altered by local versus general anesthesia, with or 
without a CO2 absorber [44]. Hypercapnic 
women (mean CO2 57.6 mmHg) delivered babies 
with statistically higher Apgar scores compared 
with two other groups with CO2 levels of 26.4 
and 30.1 mmHg. Case reports and series describ-
ing status asthmaticus during pregnancy have 
described severe maternal hypercapnia with 
PaCO2 levels greater than 100 mmHg for more 
than 24 h, with good maternal and neonatal out-
comes [28]. These studies suggest that transient 
hypercapnia is likely to be tolerated by the fetus 
and that avoidance of marked hypocapnia is wise.

23.4  Ventilation Management

23.4.1  Noninvasive Ventilation

Noninvasive ventilation (NIV) is increasingly 
used in nonpregnant patients for short-term ven-
tilatory support to avoid potential complications 
associated with endotracheal intubation and 
sedation. The use of NIV in pregnancy may be 
hampered by concerns regarding the risk of aspi-
ration due to the decreased gastroesophageal 
sphincter tone, increased intragastric pressure, 
and decreased gastric emptying occurring in 
pregnancy [14]. However, this modality is clearly 
beneficial in some situations and has a role in 
obstetric respiratory complications which reverse 
rapidly [45]. When determining whether initiat-
ing NIV is appropriate for a pregnant woman, 
one should always consider the risk versus the 
potential benefit of avoiding invasive ventilation. 
High-flow nasal cannula may be preferred when 
the risk of aspiration is particularly high, as this 
method does not require pressurized sealing of 
the airway.

Most studies in pregnant patients report NIV 
for chronic respiratory failure in the context of 
neuromuscular disease [46]. Few data are avail-
able on initiation of NIV in the acute setting. It 
has been used in hypoxemic respiratory failure 
due to pulmonary edema, ARDS, and pneumonia. 

When NIV was successful, most cases required 
less than 12 h of ventilation [45]. Among a cohort 
of 186 pregnant women requiring mechanical 
ventilation for H1N1, 83 (45%) of them initially 
received NIV, and invasive ventilation was ulti-
mately avoided in 38 (46% of the NIV group) 
[47]. NIV failure was associated with more severe 
respiratory failure, septic shock, neurological 
symptoms, and a higher mortality. NIV is usually 
administered using a face mask, but the use of the 
helmet interface has also been described [48].

For critically ill pregnant patients, NIV should 
only be used if the patient is alert and protecting 
her airway with good spontaneous respirations 
and when the disease process potentially requir-
ing mechanical ventilation is expected to be rela-
tively brief.

23.4.2  Invasive Mechanical 
Ventilation

Pregnant women were predominantly excluded 
or not reported as a subgroup in the major 
mechanical ventilation trials. Data and recom-
mendations are therefore based on observational 
studies, physiological concepts, and expert opin-
ions (Table  23.2). Physiological changes of the 
respiratory system increase with pregnancy dura-
tion and therefore are mostly relevant for 
mechanical ventilation during the third trimester. 
In terms of respiratory mechanics of positive 
pressure ventilation, the main physiological 
effect of pregnancy is a reduced chest wall com-
pliance generated by the enlarging uterus.

No data exist to guide the choice of ventilator 
mode in pregnancy. A case control study compar-
ing ventilation of pregnant versus nonpregnant 
patients in Australia during the 2009 influenza 
pandemic showed no difference in mode and ven-
tilator settings used [49]. Small case series sug-
gest a potential benefit from the use of airway 
pressure release ventilation (APRV) in pregnant 
women with lung injury, as this mode provides 
non-injurious ventilation but still optimizes lung 
volumes [50, 51]. This remains an area to be fur-
ther studied both in pregnant and nonpregnant 
patients.
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Low tidal volume ventilation (5–6 mL/kg of 
ideal body weight) is considered optimal man-
agement for patients with [52, 53] and without 
ARDS [54]. Lung volumes are stable throughout 
pregnancy, although tidal volume increases [55]. 
Ideal body weight based on height can still be 
used in pregnant women. In patients with severe 
lung disease, established benefits of low tidal vol-
ume ventilation must be weighed against the 
potential risk of permissive hypercapnia (see 
Ventilatory targets).

Increased abdominal content with gravidity 
will lead to a decreased functional residual capac-
ity (FRC) which renders pregnant women sus-
ceptible to atelectasis and alveolar de-recruitment 
[55]. Recruitment maneuvers and higher PEEP 
levels applied at the beginning of mechanical 
ventilation could prevent alveolar de-recruitment 
and may be beneficial [56]. Careful  hemodynamic 
monitoring must be provided to detect secondary 
decreases in cardiac output, as this may be asso-
ciated with hypotension that is potentially delete-
rious to the fetus.

Due to the reduced chest wall compliance, air-
way pressures in pregnant women will be higher 
for a given tidal volume. The increase in airway 
pressures expected during pregnancy is unknown 
and likely depends on the added abdominal vol-
ume. Plateau (end-inspiratory occlusion) pressure 
is often monitored as a surrogate for assessing 
lung distension. Avoidance of alveolar overdisten-
tion is part of the management of low tidal vol-
ume ventilation in ARDS [52, 53]. Plateau 
pressure is affected by lung volume, total positive 
end-expiratory pressure (PEEP), and the lung and 
chest wall compliance. The increase in airway 
pressures caused by decreasing chest wall compli-
ance is not harmful, as it does not contribute to the 
transpulmonary pressure applied to the alveolus 
and does not create lung strain [57, 58]. 
Unfortunately, routine monitoring of airway pres-
sures does not allow differentiation between the 
contributions of the lung and the chest wall to 
overall compliance. One method of separating the 
two components in order to monitor transpulmo-
nary pressure alone is the use of esophageal pres-
sure balloon catheters [58]. Esophageal pressure 
is used as a surrogate for pleural pressure in order 

to determine the chest wall contribution to the air-
way pressures and calculate the transpulmonary 
pressure (Fig. 23.1). This method can also be used 
to set PEEP in ARDS [59]. It may therefore have 
a role in guiding mechanical ventilation in preg-
nant women, although its exact significance is still 
a matter of controversy. Transpulmonary peak 
end-expiratory pressure should be set at greater 
than zero cmH2O, and peak inspiratory pressures 
should be minimized, but no data exist to identify 
a safe upper-limit transpulmonary peak and pla-
teau or delta transpulmonary pressure.

For pregnant patients with refractory hypox-
emia, case reports and small series have described 
the use of neuromuscular blockers (NMB), 
recruitment maneuvers, high-frequency oscilla-
tion ventilation (HFOV), inhaled nitric oxide 
(iNO), and prone positioning [60–63].

NMB are often used to decrease patient- 
ventilator asynchrony in patients with refractory 
hypoxemia in the setting of ARDS. Such use was 
considered controversial after meta-analyses of 
observational data demonstrated increased mor-
tality among ARDS patients treated with NMBs. 
Later meta-analyses [64] and a randomized trial 

Fig. 23.1 Explanation of pulmonary pressures. Alveolar 
pressure (A) represents the difference between the pres-
sure in the alveolus and atmosphere. Transpulmonary 
pressure (B) is the pressure distending the alveolus mea-
sured by the difference between the alveolar and pleural 
pressures. Transpulmonary pressure can be estimated by 
the difference between the airway pressure and the esoph-
ageal balloon pressure (C)
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demonstrated a significant mortality benefit in 
patients with early ARDS (with a P/F ratio < 150) 
of a 48  h infusion of specific NMBs [65]. The 
RCT excluded pregnant patients from the trial 
due to safety concerns regarding the use of NMBs 
during pregnancy. Although sporadic doses of 
NMBs seem to be safe during pregnancy, a 48 h 
infusion may carry some risks [66] (see below: 
Imaging and Drug therapy).

Prone positioning has been proven beneficial on 
mortality in ARDS patients with a P/F ratio < 150 in 
a landmark study [67]. Pregnant women were 
excluded from this study as well; it remains 
unknown whether they would similarly benefit. 
While the prone position may be considered to pro-
duce pressure effects on the uterus and maternal 
blood vessels, a prospective study showed that 
prone position provides complete relief of uterine 
compression of the large maternal vessels [68]. A 
small number of published case reports and confer-
ence abstracts have described successful use of 
prone positioning in pregnancy [60, 69].

HFOV and iNO have both been reported as 
rescue therapies during pregnancy [70, 71]. 
These two strategies are less commonly used for 
the management of severe ARDS due to negative 
results of recent trials [72–74]. HFO may still be 
beneficial as a rescue intervention for severe 
ARDS, although the role in pregnant patients is 
unknown [75].

During the 2009 H1N1 influenza pandemic, a 
significant number of pregnant women were 
managed with veno-venous extracorporeal life 
support (VV-ECLS) for ARDS with reasonably 
good outcome [76]. Evidence is therefore increas-
ing for efficacy of this technique, and patients 
have even recovered and gone on to deliver 
healthy babies after ECLS [77] (see also Chap. 
14 regarding the use of ECMO during pregnancy 
and the postpartum period).

23.5  Other Aspects of Management

23.5.1  Role of Delivery

It is possible that urgent delivery of the pregnant 
patient with respiratory failure may be beneficial 
for the mother’s respiratory status and for the 

fetus [78]. However, this benefit to the mother has 
not been demonstrated in all studies [79–81]. We 
retrospectively analyzed the respiratory effects of 
delivery in ten women ventilated with respiratory 
failure [81]. Only six patients demonstrated 
improvement in oxygenation (50% decrease in 
oxygenation index) or compliance (50% increase) 
[81]. A recent case series of pregnant women with 
respiratory failure documented the maternal 
effects of delivery in 71 women requiring mechan-
ical ventilation who underwent cesarean section 
within 48 h of intubation. Patients with an obstet-
ric cause for ARDS (e.g., preeclampsia) demon-
strated an improvement in oxygenation and 
shorter duration of ventilation, findings which 
were not observed in women with non-obstetric 
causes for ARDS [82]. Potential indications for 
delivery in acute respiratory failure are therefore 
limited to fetal distress, obstetrical disease requir-
ing delivery such as severe preeclampsia, and 
severe lung disease where risks to the fetus are 
prohibitive. If the fetus is at potential risk due to 
severe maternal hypoxemia and is at a gestational 
age with an expectation of reasonable pulmonary 
function, there may be a benefit to the fetus in 
delivery. This decision will require input from a 
multidisciplinary team including critical care, 
maternal-fetal medicine, and neonatology.

The mode of delivery should be determined by 
the obstetrician, based on usual obstetrical prin-
ciples. Oxygen consumption may theoretically 
be increased by labor and vaginal delivery, which 
potentially could be avoided by operative deliv-
ery. Cesarean section also allows more rapid 
delivery, but the increased physiological stress 
might be associated with higher mortality [83]. In 
the situation of a ventilated woman with a preg-
nancy at a viable gestational age, the ICU should 
be prepared for urgent delivery and neonatal 
resuscitation. All necessary equipment and drugs 
should be immediately available, as well as con-
tact details for obstetric and neonatal support.

23.5.2  Imaging

Thoracic imaging is not uncommonly needed 
during pregnancy and is essential to the manage-
ment of the ventilated patient. Modalities often 
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required are chest radiography and chest com-
puted tomography (CT). Fetal teratogenicity 
risks are thought to be greatest during the first 
trimester and related to the total dose adminis-
tered (usually requiring >50  mGy) [84]. 
Carcinogenesis (childhood cancer) arises due to 
random DNA mutations which can occur at any 
radiation dose with no lower safe threshold. 
However, the risk at low fetal exposure is mini-
mal, increasing to roughly a doubling of the risk 
of fatal childhood cancer at a fetal dose of 
50 mGy [84]. When in doubt, benefits and risks 
of imaging during pregnancy should be discussed 
with radiology, as safer imaging modalities may 
be indicated.

Fetal radiation exposure of a single chest radi-
ology during pregnancy is minimal (Table 23.3) 
and can be decreased by using abdominal shield-
ing and a collimated X-ray beam. The amount of 
radiation to the fetus using abdominal shielding 
is 0.01  mGy [84]. For patients undergoing 
mechanical ventilation, routine chest radiogra-
phy is not necessary [85], but it is appropriate not 
to refrain from ordering clinically indicated chest 
radiographs. Chest CT involves a higher fetal 
radiation up to 0.66 mGy [84], but is still consid-
ered safe in pregnancy with or without contrast 
[31, 86].

Point-of-care cardiac and lung ultrasound is 
an emerging imaging modality in the ICU and is 
recommended for the assessment of respiratory 
failure [87]. Ultrasound is generally a safe 
modality for fetuses, but ultrasound thermal 
effects can be harmful, and the uterus should not 
be imaged by inexperienced personnel [88] (see 
Chap. 22 for more details on the topic of lung 
ultrasound).

23.5.3  Drug Therapy

Optimal ventilation often requires analgesic, seda-
tive, and neuromuscular-blocking (NMB) medica-
tions. The safety of continuous analgesia and 
sedation in pregnant patients and their fetuses is 
unknown (see Chap. 38 for Medication use during 
pregnancy). If sedation, analgesia, or NMBs are 
used, the obstetrical team and neonatal team should 
be informed of the potential risk of neonatal respi-
ratory depression and withdrawal after delivery.

Opioids are provided to patients undergoing 
mechanical ventilation to treat pain associated 
with intubation and other painful conditions. No 
malformations have been described with the 
short-term use of morphine or fentanyl [89].

Benzodiazepines are used in the ICU as both 
anxiolytic and amnestic medications.

Some studies have found a link between their 
use in the first trimester and major congenital 
malformations, but controversy exists about this 
association [90, 91]. When administered during 
the third trimester or close to delivery, benzodiaz-
epines can cause a neonatal withdrawal syndrome 
or the floppy infant syndrome [92].

No human clinical data suggests teratogenic-
ity with the use of propofol [89]. Case reports 
describe its use during mechanical ventilation 
with no significant harm other than hypotension 
with an associated decrease in uteroplacental per-
fusion. A single report of propofol infusion in 
two pregnant women undergoing prolonged neu-
rosurgical procedures describes development of 
an acidosis not typical of a propofol infusion 
 syndrome [93].

Dexmedetomidine, a relatively new sedative 
alpha-2-agonist agent, has been used during 
cesarean delivery both intravenously and intra-
thecally. Its use as an infusion in the ICU for ven-
tilated pregnant women has been described in 
one case report [94]. Dexmedetomidine crosses 
the placenta [95] and its impact on the newborn is 
unknown. The drug can also induce uterine con-
tractions [89].

The optimal analgesic and sedative regimen 
during pregnancy is not known, but it may be 
wise to avoid benzodiazepine during the first tri-
mester and dexmedetomidine at any point until 

Table 23.3 Estimated fetal and maternal radiation expo-
sure to chest imaging modalities (Adapted from [31])

Estimated 
fetal dose 
(mGy)

Effective 
maternal 
dose to 
whole body 
(mSv)

Estimated 
maternal dose 
to breasts 
(mGy)

Chest 
radiography

0.002 0.1 –

CT 0.32–0.74 1–2.5 10–60
V/Q scan 0.03–0.66 4–18 0.98–1.07
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further evidence of its safety. In 2017, the Food 
and Drug Administration of the United States 
submitted a warning stating that repeated or 
lengthy use of general anesthetic or sedative 
drugs in pregnant women during their third tri-
mester may affect the development of children’s 
brains [96]. The statement is controversial as it 
was based largely on animal studies; human data 
is sparse and inconclusive. Nevertheless, the cur-
rent standard of care in the ICU is to minimize 
sedation, and this practice is even more relevant 
in the pregnant patient. Further studies on the 
long-term cognitive and developmental impact 
on human offspring are much needed.

NMBs are used in the ICU for intubation and 
for prevention of ventilator asynchrony and 
ARDS.  Depolarizing NMBs such as succinyl-
choline are not appropriate for indications other 
than intubation due to their short duration of 
action. Non-depolarizing NMBs cross the pla-
centa in variable amounts. The fetal-maternal 
drug concentration ratio of atracurium, 
vecuronium, rocuronium, and pancuronium var-
ies between 0.07 and 0.26 [66]. The significant 
physiological changes occurring in pregnancy 
and the peripartum period alter the pharmacoki-
netics and dynamics of most neuromuscular- 
blocking agents [89, 97]. There are no human 
data for cisatracurium except for occasional case 
reports [98].

Most data on NMB during pregnancy has 
been obtained during cesarean delivery or other 
surgical interventions during the second and third 
trimesters [66]. Little is known about the effects 
of a NMB infusion or exposure during the first 
trimester. One report described prolonged admin-
istration for 10 days leading to fetal paralysis and 
resultant neonatal arthrogryposis [99]. On the 
other hand, one case report described good out-
comes after a 10 h pancuronium infusion during 
the third trimester [100]. Thus, use of multiple 
doses or prolonged infusion of NMBs should be 
avoided or used with caution and for the shortest 
time possible.

Other unique considerations for the use of 
NMBs during pregnancy include exacerbation of 
prolonged neuromuscular blockade with hyper-
magnesemia induced for prevention of seizures 

in preeclampsia [101]. In mothers with pseudo-
cholinesterase deficiency, both they and the 
affected infants can develop prolonged neuro-
muscular blockade [89].

23.6  Outcome after Mechanical 
Ventilation during 
Pregnancy

Maternal and neonatal outcomes after mechani-
cal ventilation are poorly studied. They depend 
on multiple factors including the presence of 
maternal comorbidities, indications for mechani-
cal ventilation (i.e., case mix), duration of venti-
lation, and number and severity of failing organs.

One study that used administrative data found 
a maternal mortality of 9% for pregnant women 
mechanically ventilated for ARDS [12]. Mortality 
increased with increased duration of mechanical 
ventilation from 6.9% for less than 96 h to 14.0% 
when greater than 96 h. Functional and psycho-
logical maternal outcomes after mechanical ven-
tilation during pregnancy are entirely unknown.

Neonatal outcomes are poorly studied as well. 
Neonatal mortality after maternal respiratory 
failure and mechanical ventilation in pregnancy 
ranges from 0% to 24.4% in different studies [47, 
79, 82, 102]. Other potentially important neona-
tal outcomes such as admission to a neonatal ICU 
and complications are rarely described. Only one 
study has provided some data on long-term neo-
natal outcome after maternal ventilation in the 
ICU [82]. This retrospective review of 71 women 
with gestation greater than 25 weeks ventilated 
due to with respiratory failure demonstrated a 
hospital maternal mortality of 5.6%. Neonatal 
survival to hospital discharge was 100%, although 
20% of babies required mechanical ventilation 
and 20% demonstrated neurological impairment 
at 6 months [82].
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Brain Function Monitoring 
of Critically Ill Pregnant Patients

Evgeni Brotfain, Alexander Zlotnik, and Moti Klein

24.1  Physiologic Changes in Brain 
Function during Pregnancy

The central nervous system (CNS) undergoes 
significant changes during pregnancy [1]. Using 
volumetric magnetic resonance imaging (MRI), 
Oatridgea et  al. [2] showed that the brain 
decreases in size during pregnancy while no sig-
nificant change occurs in the size of the ventri-

cles. The pituitary gland increases in size during 
pregnancy [3], and the volume of the epidural 
space decreases [2, 3]. The decrease in epidural 
space was until recently thought to be caused by 
engorgement of the epidural venous plexus sec-
ondary to aortocaval compression by the large 
gravid uterus [2, 3]. However, a more recent 
report has shown that the epidural space volume 
decreases as early as the eighth to 12th week of 
pregnancy [4, 5]. A small gravid uterus is not 
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Bullet Points
• The human brain undergoes unique ana-

tomical changes during pregnancy.
• The cerebral blood flow increases up to 

22% during the pregnancy.
• Recent studies demonstrated neuropro-

tective effects of estrogen and proges-
terone, especially in traumatic brain 
injury setup.

• Two categories of pregnant patients may 
require neuromonitoring in ICU: those 
with typical obstetric disorders and those 
with common neurological injuries.

• The clinical examination is a corner-
stone component of neuromonitoring in 
the ICU.

• The main aim of invasive ICP monitor-
ing is to keep the ICP lower than 
20 mmHg.

• O3 regional oximetry is a new noninva-
sive method for assessing cerebral tissue 
oxygenation in the ICU.

• MRI brain has the advantage over CT of 
not requiring ionizing radiation.

• Ultrasound is an accurate, noninvasive 
tool for assessment of pupil size and 
optic nerve diameter.

• Repeated EEG assessment has to be 
done for differential diagnosis of epi-
lepsy or exclusion of nonconvulsive sta-
tus in pregnant patients.
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expected to cause mechanical obstruction, 
 suggesting that other factors may be responsible 
for this phenomenon. Among these have been 
proposed the compensated respiratory alkalosis 
of pregnancy, the decrease in plasma and cere-
brospinal fluid protein levels during pregnancy, 
and the influence of circulating pregnancy hor-
mones [4, 5]. Of note, intracranial pressure (ICP) 
remains within the physiologic range throughout 
pregnancy [5].

24.1.1  Cerebral Blood Flow (CBF)

The brain undergoes a dramatic increase in blood 
flow during pregnancy, culminating in a 22% 
increase in cerebral blood flow (CBF) in the third 
trimester of pregnancy compared to the nonpreg-
nant state [5]. Nevo et  al. [6] demonstrated a 
decrease in cerebrovascular resistance (CVR) 
during pregnancy which was inversely propor-
tional to the increase in the CBF. The decrease in 
CVR and the resultant increase in CBF may be 
due to intracerebral vasodilation induced by 
estrogen [6, 7]. In normotensive adults, CBF 
approximates 50  mL/100  g/min, provided that 
cerebral perfusion pressure remains between 60 
and 160 mmHg [8]. Above and below these lim-
its, CBF becomes linearly dependent on perfu-
sion pressure. Cerebral autoregulation appears to 
remain intact during normal pregnancy (based on 
assessments made using the transient hyperemic 
response test and trans-cranial Doppler) [9]. Of 
note, the subarachnoid pial arteries, which are 
important contributors to the CVR [10, 11], 
undergo very little structural and functional 
change during pregnancy [5].

24.2  The Neuroprotective Role 
of Estrogen and Progesterone

Research during the past three decades has pro-
vided increasing evidence that estrogen and pro-
gesterone are neuroactive hormones and that 
they exert significant neuroprotective effects 
[12]. Epidemiological studies have found sex 
differences in the incidence of a wide range of 

unrelated neurological and psychiatric disorders, 
and it has been suggested that among other fac-
tors, estrogen and progesterone may contribute 
to these differences [13]. Studies on laboratory 
animals receiving estrogen after traumatic brain 
injury (TBI) demonstrated a reduction in brain 
edema, less disruption of the blood-brain barrier, 
and an improvement in neuronal survival [14–
16]. Studies in humans demonstrate that females 
have lower mortality rates and better functional 
outcomes after TBI compared to males, suggest-
ing a possible neuroprotective role of estrogen 
[17, 18]. Furthermore animal models also show a 
strong correlation between the degree of reduc-
tion in brain edema and plasma progesterone 
concentrations after severe head injury [19]. 
These promising laboratory data have already 
led to a series of randomized clinical trials to 
assess the effect of progesterone administration 
in patients suffering from TBI [17–19].

24.3  Brain Function Monitoring 
in the Intensive Care Unit 
(ICU)

Adverse cerebral outcomes are a well-recognized 
complication of a variety of surgical procedures 
[20]. Despite this, monitoring of cerebral func-
tion is not as frequently applied as cardiovascular 
hemodynamic monitoring and probably remains 
underutilized.

Clinical examination remains the foundation 
of neuromonitoring in the ICU [20]. This state-
ment remains true for pregnant women being 
treated in the ICU. First and foremost is patient 
level of awareness. However, this assessment 
must take into account the effect of sedative 
drugs which can markedly influence neurological 
responses. The Clinical Practice Guidelines for 
Management of Pain, Agitation, and Delirium in 
Adult Patients in the Intensive Care Unit recom-
mend daily clinical assessment of visual and 
motor responses to verbal orders and noxious 
stimuli [21]. Depth of coma can be evaluated 
using the Glasgow Coma Scale (GCS) [22].

Numerous noninvasive and invasive tech-
niques are available for monitoring cerebral func-
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tion. Noninvasive techniques for monitoring the 
brain include multichannel continuous electroen-
cephalography (EEG); bispectral index (BIS) 
monitors; O3® regional oximetry; devices for 
monitoring somatosensory evoked potentials 
(SSEPs); and serial use of imaging techniques 
such as trans-cranial Doppler TCD, computer-
ized tomography (CT), magnetic resonance 
imaging (MRI), and cerebral angiography [20]. 
The invasive neuromonitoring techniques most 
commonly used are intracranial pressure (ICP) 
and jugular venous bulb oxygen saturation (SjO2) 
monitoring systems.

Invasive monitoring techniques are often 
unavailable in medical centers that do not provide 
neurosurgical services. Imaging therefore remains 
the mainstay of brain monitoring in many ICUs. 
Regardless, CT is the imaging modality of choice 
in the initial evaluation of traumatic brain injury 
or when acute hemorrhage is suspected. It may 
assist in determining the presence of a mass 
requiring surgical  intervention and in identifying 
early signs of intracranial hypertension. MRI has 
excellent spatial resolution. This is particularly 
useful for patients with traumatic brain injury 
because it enables identification of pathologic 
abnormalities that remain undetected or poorly 
characterized by CT (e.g., traumatic axonal injury, 
fat embolism to the brain). MRI has the additional 
advantage of not requiring ionizing radiation [23, 
24]. However, while both CT and MRI provide 
important structural information, neither provides 
data regarding the severity of functional injury. 
Both CT and MRI may be used during pregnancy 
if indicated (see below).

Intracranial pressure is the neurological 
parameter most frequently monitored invasively 
in the ICU. It is usually recorded via a ventricu-
lostomy drain or an intraventricular catheter. ICP 
monitoring is especially useful in patients suffer-
ing from severe acute cerebral syndromes (e.g., 
subarachnoid hemorrhage) and in patients with 
traumatic brain injury with a GCS score of less 
than 8 and/or abnormal brain CT findings (e.g., 
hematoma, contusion, swelling, herniation, or 
compression of the basal cisterns) [25]. The main 
aim of ICP monitoring is to forestall a rise of ICP 
to values greater than 20  mmHg. Such an 

increase, combined with loss of autoregulation 
(often seen in cases of subarachnoid hemorrhage 
or traumatic brain injury), can result in a critical 
reduction in cerebral perfusion pressure and 
blood flow, leading to secondary cerebral isch-
emia [25]. Cerebral perfusion is a function of the 
mean arterial pressure minus the ICP, thus the 
importance of maintaining a low ICP value.

Cerebral blood flow can also be accurately 
measured by cerebral CT, direct angiography, or 
positron emission tomography (PET). However, 
these procedures are not only expensive and time 
consuming but also entail risk; they require that 
the patient be transported to the imaging suite, the 
use of contrast agents, and exposure to radiation. 
Of note, CBF can also be determined indirectly by 
trans-cranial Doppler (TCD). TCD measures the 
velocity of blood flow in the cerebral arteries 
using only an ultrasound probe [26]. This tool 
may therefore be preferred during pregnancy, pro-
viding it yields the required information.

Several methods are available for measuring 
brain oxygenation. Among these the most com-
monly used are direct jugular venous bulb oxy-
gen saturation (SjO2) and brain tissue oxygen 
(PbtO2) monitoring systems and noninvasive 
techniques for monitoring cerebral metabolic 
oxygen saturation [22, 25, 26]. SjO2 is measured 
via a catheter placed in the jugular bulb which 
allows sampling of blood almost exclusively 
drained from the intracranial circulation [25, 26]. 
Low cerebral blood flow and the presence of 
ischemia are both factors that increase oxygen 
extraction and consequently decrease the SjO2. 
Normal SjO2 values range between 50% and 75% 
[25, 26]. SjO2 values that are either too low or too 
high are associated with a poor outcome [27, 28]. 
Direct PbtO2 monitoring systems (e.g., the 
Integra Licox Oxygen Monitoring System) are 
commonly used in the ICU for assessing cerebral 
oxygenation. Such systems are incorporated 
within standard ICP/CPP probe monitors inserted 
through a burr hole into an area of brain tissue 
that appears normal on CT (usually the frontal 
lobe on the side of maximum injury) [29]. The 
probe can also be used to continuously measure 
the level of metabolites indicating brain injury 
(e.g., lactate, pyruvate, and glutamate) and  
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estimate the pyruvate-to- lactate ratio and to mea-
sure the level of intraparenchymal brain glucose 
[29]. O3® regional oximetry is another method 
for assessing cerebral tissue oxygenation [30]. 
This noninvasive technology uses near-infrared 
spectroscopy (NIRS) to obtain continuous assess-
ment of tissue oxygenation [30].

SSEPs constitute evoked EEG responses to an 
electrical stimulus typically applied to the median 
or tibial nerve. The main variable used for prog-
nosis is the cortical response [31–33]. 
Multichannel continuous scalp SSEP monitoring 
can fill an important role in the ICU particularly 
when the nature of the injury or the need for 
heavy sedation limits the usefulness of the clini-
cal examination for providing information about 
the acutely injured brain [34]. Importantly, 
SSEPs are less affected by pharmacological 
agents or hypothermia than is the EEG.  Thus, 
SSEPs can be measured during long periods of 
sedation and even hypothermia [31–34]. The use 
of SSEPs during pregnancy requires no special 
considerations.

24.4  Brain Function Monitoring 
in Critically Ill Pregnant 
Patients

Two categories of pregnant ICU patients may 
require neuromonitoring: those with typical 
obstetric disorders (e.g., eclampsia, preeclamp-
sia, intracranial hemorrhage, benign intracranial 
hypertension) and those with neurological inju-
ries that may also occur in the general population 
(e.g., severe TBI). The latter often also requires 
prolonged sedation in the ICU which complicates 
neuromonitoring [35, 36].

Most pregnant women (50–80%) are admitted 
to the ICU due to obstetric problems, particularly 
hemorrhagic or hypertensive disorders [35–37]. 
Among those admitted with neurological com-
promise, most require intensive brain function 
monitoring [38].

Clinical neurological examination remains 
the mainstay of neuromonitoring during the 
ICU stay of any pregnant patient. This includes 
periodic estimation of GCS and pupil size and 

daily evaluation of focal neurologic deficits 
[35–39].

Measurement of pupil size by ultrasound is 
more accurate than visual assessment and is 
especially advantageous when visual assessment 
is impossible (e.g., in patients with severe perior-
bital edema) [35–39]. Furthermore, noninvasive 
sonographic measurements of optic nerve sheath 
diameter correlate well with ICP values mea-
sured using invasive techniques [40]. An optic 
nerve diameter greater than 6  mm is strongly 
associated with an elevated ICP [40].

Radiographic studies indicated for maternal 
evaluation, including CT of the head, should not 
be deferred or delayed due to concerns regarding 
fetal exposure to radiation (see Guidelines for the 
Management of a Pregnant Trauma Patient [41]). 
The decision to use any imaging modality should 
be driven by maternal wellbeing first and fore-
most. If specific imaging is required to determine 
optimal maternal management, the wellbeing of 
the unborn child should not prevent its use, 
although all possible measures should be taken to 
protect the fetus during imaging. Both the mother 
and family should be informed of the risk.

CT has been associated with increased fetal 
exposure to radiation. The degree of exposure 
varies depending on the maternal body part being 
scanned, the gestational age of the fetus, the 
number and thickness of scanning slices, and the 
type of imaging equipment. Despite the theoreti-
cal potential risk of radiation exposure, studies 
have shown that the dose of radiation absorbed 
by the fetus during CT of the head of the mother 
is negligible [42]. Exposure to radiation after the 
tenth week of pregnancy tends to produce growth 
restriction or CNS effects rather than teratogenic 
changes [39, 40, 43–45].

With regard to MRI, no known adverse have 
been reported in human fetuses to date [23, 24, 
39]. However, the gadolinium-based contrast 
agents used during MRI may cross the placenta 
[23, 24, 39]. Animal investigations have demon-
strated potential toxic fetal effects, including 
growth retardation and congenital anomalies fol-
lowing exposure to gadolinium, but the doses 
studied were 2–7 times higher than those rou-
tinely used in human MRI studies [39].
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24.5  Brain Monitoring in Specific 
Pathologic States during 
Pregnancy (Table 24.1)

24.5.1  Preeclampsia/Eclampsia

Preeclampsia is associated with endothelial dys-
function and increased permeability across the 
vascular wall, which could possibly contribute to 
cerebral edema in severe cases [2, 46]. Moreover, 
it has been proposed that the endothelial dysfunc-
tion in preeclampsia may also lead to an increase 
in maternal CBF, although this remains uncertain 
[6, 46]. Some studies have documented that pre-
eclampsia is associated with increased cerebral 
perfusion pressure and that eclampsia is associated 
with loss of autoregulation of CBF and conse-
quently with cerebral hyperperfusion [6, 46]. 
Thrombocytopenia is also not infrequent in 
 preeclampsia. Increased cerebral perfusion pres-
sure, hyperperfusion, and thrombocytopenia may 
all contribute to the increased risk of intracaranial 
hemorrhage in patients with preeclampsia or 
eclampsia [11]. The diagnosis of eclampsia is 
based on the findings of encephalopathy or sei-
zures in late pregnancy or in the postpartum period, 
combined with typical findings on imaging [11]. 
Pregnant women presenting with encephalopathy 
or seizures should undergo brain CT or MRI in 
order to exclude edema, hemorrhage, or other 
brain lesions. Women with preeclampsia who are 
sedated and suffer recurrent seizures or delayed 
awakening may also require EEG assessment to 
rule out epilepsy or nonconvulsive status [22, 26].

24.5.2  Intracranial Hemorrhage

The incidence of intracranial hemorrhage during 
pregnancy ranges from 3.8 to 18.1 per 100,000 
deliveries [47, 48]. There are two major causes of 
intracranial hemorrhage in pregnancy: cerebro-
vascular disease and arterial-venous malforma-
tions [47]. The diagnosis of intracranial or 
subarachnoid hemorrhage can be verified by CT 
and lumbar puncture (in that order) [48, 49]. In 
cases of arterial-venous malformation, cerebral 
angiography may be required [48, 49].

The Clinical Practice Guidelines for 
Management of Pain, Agitation, and Delirium in 
Adult Patients in the Intensive Care Unit state 
that daily neurologic assessment and continuous 
ICP monitoring are the cornerstones of neuro-
monitoring for pregnant women with intracranial 
hemorrhage [21]. Insertion of an intraventricular 
catheter can facilitate both ICP monitoring and 
intraventricular blood drainage [48, 49]. Daily 
trans-cranial Doppler studies can assist in ruling 
out progression of vasospasm [49, 50].

24.5.3  Intracranial Tumors

Intracranial tumors often present with symptoms of 
increased ICP.  Unfortunately, the symptoms of 
increased ICP (i.e., headache, nausea, vomiting) 
are similar to those of early normal pregnancy as 
well as to those of eclampsia and preeclampsia. 
This similarity may delay diagnosis, potentially 
affecting maternal care. Neuroimaging should 
therefore be considered to differentiate between 
these conditions should questions arise regarding 
the severity of these symptoms in a pregnant 
woman. Imaging should not be postponed due to 
concerns regarding fetal exposure to radiation lest 
maternal (and thereby fetal) condition deteriorate 
due to unnecessary deferral of treatment. MRI is 
the imaging of choice in the first trimester as it 
involves no exposure to ionizing radiation [51, 52].

The incidence of diagnosis of intracranial 
tumors during pregnancy has been suggested to be 
higher than the observed equivalent nonpregnant 
populations [51]. However, there are no statistics to 
support this clinical observation. The intracranial 
tumors most commonly diagnosed in pregnant 
women are pituitary tumors, meningiomas, glio-
mas, and metastases from breast cancer [51, 52].

24.5.4  Other Cerebral Disorders 
in Pregnancy

Benign or idiopathic intracranial hypertension is 
a rare disorder of unknown etiology most often 
seen in obese women of reproductive age. 
Pregnancy and exogenous estrogens may both 
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promote or aggravate idiopathic intracranial 
hypertension [52]. The signs and symptoms of 
idiopathic intracranial hypertension and the prog-
nosis of visual outcome following this condition 
are similar in pregnant and nonpregnant women 
[53]. The cornerstone of diagnosis and monitor-
ing in idiopathic intracranial hypertension is 
daily neurological and ophthalmological assess-
ment [52, 53]. If the condition continues to prog-
ress, repeated lumbar punctures or continuous 
spinal fluid drainage for 48 h may improve vision.

24.6 Summary

In summary, neuromonitoring of pregnant women 
in the ICU should follow convention. Time is of 
the essence in many neurological conditions. 
Hence deferral of maternal treatment may ulti-
mately affect maternal, and thereby also fetal, 
outcome. The presence of the fetus should there-
fore not deter the clinician from using the required 
diagnostic modalities or performing the treatment 
procedures indicated. This holds true regardless 
of whether the cause of maternal ICU admission 
is a typical obstetric disorder or a neurological 
injury incidental to pregnancy.
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Bullet Points
• Stroke is a rare complication of preg-

nancy, but a leading cause of maternal 
morbidity and mortality, particularly in 
high-risk populations such as women 
with preeclampsia.

• The term “stroke” refers to a heteroge-
neous group of acute cerebrovascular 
disorders, including arterial ischemic 
stroke, venous infarction due to cerebral 
venous thrombosis, and nontraumatic 
intracerebral and subarachnoid hemor-
rhage, which vary considerably in their 
pathophysiology and management.

• The majority of pregnancy-related 
strokes occur postpartum, often after 
hospital discharge.

• Any new onset neurological deficit in a 
pregnant or postpartum woman should 

trigger activation of a rapid response 
stroke protocol, which typically includes 
immediate evaluation by a neurologist, 
either in person or via telemedicine, and 
emergent brain imaging within 
20–30 min.

• The management of pregnancy-related 
stroke requires an interdisciplinary 
approach including neurologists, inten-
sivists, and obstetricians.

• Fibrinolytic therapy with alteplase for 
acute ischemic stroke may be given in 
pregnancy after careful interdisciplinary 
consideration of the relative risks and 
benefits, and mechanical thrombectomy 
should be offered to selected patients 
with large artery occlusions.

• Intracerebral or subarachnoid hemor-
rhage in pregnant and postpartum 
patients requires specialized manage-
ment, either in a neurocritical care unit 
or in a general critical care unit with 
close involvement of neurology and 
neurosurgery consultants.

• Delivery method after stroke should be 
decided on a case-by-case basis, based 
on obstetric considerations. Prior stroke 
does not necessarily preclude vaginal 
delivery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_25&domain=pdf
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25.1  Introduction

Although pregnancy-related stroke is rare, occur-
ring in about 34 per 100,000 deliveries [1], it 
remains a leading cause of maternal mortality 
[2]. Certain subpopulations, such as women with 
preeclampsia, are at considerably higher risk [3, 
4]. This chapter provides an overview of 

pregnancy- related stroke, including epidemiol-
ogy, stroke symptoms, acute stroke management, 
and long-term complications.

25.2  Definitions, Epidemiology, 
and Risk Factors

The term “stroke” encompasses a heterogeneous 
group of disorders with a wide range of presenta-
tions, causes, and treatments. Stroke falls into 
two broad categories: ischemic stroke, caused by 
interruption of blood supply to a specific area of 
the brain or spinal cord, and hemorrhagic stroke, 
with nontraumatic bleeding into the subarach-
noid space, ventricles, or brain parenchyma [5]. 
Both ischemic and hemorrhagic strokes exhibit a 
wide range of pathophysiological mechanisms. 
(Tables 25.1 and 25.2).

Table 25.1 Ischemic stroke mechanisms and risk factors

Mechanism Risk factors
Cardioembolism Atrial fibrillation (may be paroxysmal/occult)

Patent foramen ovale (“paradoxical” embolism)
Amniotic fluid embolism
Endocarditis
Rheumatic heart disease
Congenital heart disease
Valvular heart disease
Congestive heart failure
Cardiomyopathy (including postpartum cardiomyopathy)
Cardiac tumors (myxoma, fibroelastoma)
Cardiac procedures/surgery

Large artery atherosclerosis (aortic arch, extracranial 
carotid arteries, intracranial large arteries); may cause 
artery-to-artery embolus or symptomatic stenosis/
thrombosis

Hyperlipidemia
Peripheral arterial disease
Diabetes

Small vessel disease Hypertension
Hyperlipidemia
Diabetes
Small vessel arteriopathy

Cryptogenic Young age
Lack of other risk factors

Cervical artery dissection (carotid or vertebral) Fibromuscular dysplasia
Marfan syndrome
Connective tissue disorders (Ehlers-Danlos type IV)
Trauma (chiropractic adjustment, motor vehicle accident)

Arteritis/vasculitis Rheumatological/autoimmune disorders
Infections (herpesviruses, syphilis, HIV)

• Obstetricians should discuss warning 
signs for stroke with high-risk patients 
prior to hospital discharge. The BE- 
FAST mnemonic (Balance, Eyes, Face, 
Arm, Speech, Time to call the emer-
gency medical service) can help to rec-
ognize stroke symptoms.

E. C. Miller and L. Leffert
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Table 25.1 (continued)

Mechanism Risk factors
Vasospasm (reversible cerebral vasoconstriction 
syndrome)

Drug use (cocaine, methamphetamines, marijuana, 
synthetic cannabinoids)
Serotonergic or sympathomimetic medications 
(antidepressants, antiemetics, antipsychotics, 
vasopressors, stimulants)
Postpartum state
Migraine
Female sex

Venous infarction (cerebral venous sinus thrombosis) Sickle cell disease
Primary hypercoagulable states
Connective tissue disorders
Postpartum
Oral contraceptive use
Hormone replacement therapy
Malignancy

Moyamoya syndrome/disease Sickle cell disease
Down syndrome
Neurofibromatosis type I
Idiopathic moyamoya disease (regional variants)

Genetic disorders causing stroke CADASIL
CARASIL
Susac syndrome
MELAS
Fabry disease
Sickle cell disease
RCVL (cerebroretinal vasculopathy syndrome)

HIV human immunodeficiency virus; CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy, CARASIL cerebral autosomal recessive arteriopathy with subcortical infarcts and leukoencepha-
lopathy, MELAS mitochondrial encephalopathy with lactic acidosis and stroke-like episodes, RCVL retinal vasculopa-
thy with cerebral leukodystrophy

25.2.1  Epidemiology

The incidence of pregnancy-related stroke 
appears to be rising [6, 7]. Although the effect of 
pregnancy on stroke risk is most prominently 
seen in younger women who are less likely to 
have other stroke risk factors [8–10], older preg-
nant women are at higher absolute risk of stroke 
than their younger counterparts [10, 11]. Stroke 
is a component of many of the leading causes of 
maternal mortality including cardiovascular dis-
ease and preeclampsia [12]. While many young 
women recover well from pregnancy-associated 
strokes, mortality may be as high as 13% in some 
high-risk groups [13]. The majority of pregnancy- 
associated strokes occur postpartum, often after a 
woman has been discharged home after delivery 
[11]. Stroke risk is highest in the first 2  weeks 
postpartum, but the increased risk extends out to 
12 weeks postpartum [14].

25.2.2  Risk Factors

While traditional vascular risk factors such as 
older age, hypertension, hyperlipidemia, diabetes, 
heart disease (including atrial fibrillation), and 
smoking may be present in women with preg-
nancy-related stroke, many unique pregnancy- 
related mechanisms such as preeclampsia- related 
vasculopathy, amniotic fluid embolism, or peri-
partum cardiomyopathy may occur [15, 16].

Hypertensive disorders of pregnancy: Up to 
40–70% of maternal preeclampsia-related deaths 
are due to stroke, the majority of which are hem-
orrhagic [12, 17]. Women with hypertensive dis-
orders of pregnancy are at five- to six-fold risk of 
pregnancy-associated stroke compared with 
pregnant women without these disorders [7, 18]. 
Preeclampsia is strongly associated with the vas-
culopathy known as “reversible cerebral vaso-
constriction syndrome” (RCVS), often with 
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accompanying posterior reversible encephalopa-
thy syndrome (PRES), which can result in both 
hemorrhagic and ischemic stroke [19–21]. (See 
below Reversible cerebral vasoconstriction syn-
drome and posterior reversible encephalopathy 
syndrome.) Having traditional vascular risk fac-
tors further increases stroke risk in women with 
preeclampsia, as do some infections [13, 19].

Hematological disorders: Women with hema-
tological disorders are at higher risk for both 
thrombotic and hemorrhagic stroke during preg-
nancy and the postpartum period [22–24]. Sickle 
cell disease is a risk factor for preeclampsia [25] 
and for stroke [7]. Women with known 
 antiphospholipid syndrome are often placed on 

therapeutic anticoagulation during pregnancy to 
decrease stroke risk, although this approach is 
controversial [26, 27]. Women with rheumato-
logical disorders such as lupus and connective 
tissue diseases may also be at increased risk for 
stroke during pregnancy [28]. Any woman with a 
stroke during pregnancy without a clearly identi-
fiable cause warrants evaluation for underlying 
 prothrombotic disorders, coagulopathies, or 
rheumatological disorders.

Heart disease, including congenital heart dis-
ease, cardiomyopathy, and valvular disease: 
Women with congenital and acquired heart dis-
ease are at higher lifetime risk for thromboem-
bolic events, including stroke. The causes of this 

Table 25.2 Hemorrhagic stroke mechanisms and risk factors

Mechanism Risk factor
Intracerebral (intraparenchymal) hemorrhage Hypertension

Coagulopathy
Antithrombotic medications
Cerebral amyloid angiopathy (elderly)
Preeclampsia/eclampsia
Arteriovenous malformation
Dural arteriovenous fistula
Cavernous malformation
Brain tumors or metastases
Brain abscess
Moyamoya disease or syndrome

Aneurysmal subarachnoid hemorrhage (aSAH) Female sex
Japanese ancestry
Smoking
Heavy alcohol use
Cocaine use
First-degree relative with aSAH
Autosomal dominant polycystic kidney disease
Type IV Ehlers-Danlos syndrome
Endocarditis (mycotic aneurysms)

Non-aneurysmal subarachnoid hemorrhage Reversible cerebral vasoconstriction syndrome
Septic emboli
Cortical vein thrombosis
Perimesencephalic venous bleeding

Spontaneous intraventricular hemorrhage Hypertension
Coagulopathy

Cerebral venous sinus thrombosis with hemorrhage Sickle cell disease
Primary hypercoagulable states
Postpartum
Oral contraceptive use
Hormone replacement therapy
Malignancy

Hemorrhagic conversion of arterial ischemic stroke Uncontrolled hypertension
Antithrombotic medication use
Embolic infarct
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association are complex; heart disease is usually 
associated with ischemic stroke, hypertension 
and underlying vascular lesions are associated 
with more hemorrhagic strokes, and ischemic 
heart disease is often accompanied by hyperten-
sion. Regardless of cause, such women require a 
multidisciplinary approach to their obstetric care 
[29]. Chronic anticoagulation for mechanical 
heart valves should be continued during preg-
nancy and postpartum [30, 31]. Although warfa-
rin provides significantly better protection against 
maternal stroke than low molecular weight hepa-
rin or unfractionated heparin, there is a risk of 
embryological complications if warfarin is given 
before 12  weeks gestational age. At warfarin 
doses of less than 5 mg/day, the fetal risks of war-
farin and low molecular weight heparin appear to 
be similar [32]. Evidence does not support the 
benefit of anticoagulation for stroke prevention in 
most patients with congestive heart failure [33], 
although the trials have not included pregnant 
women. Patent foramen ovale, a condition pres-
ent in 25% of the population, is associated with 
cryptogenic stroke particularly when combined 
with an underlying hypercoagulable state (includ-
ing pregnancy) [34, 35]. The management of 
pregnant women with heart disease is discussed 
further in Chap. 10.

Migraine: A history of migraines has been 
associated with a 15-fold increased odds of 
pregnancy- related stroke, increasing the risk of 
both ischemic stroke and intracerebral hemor-
rhage [36]. Proposed mechanisms include the 
association of migraine with vascular risk factors 
such as obesity, smoking, and hyperlipidemia 
[36], the increased prevalence of patent foramen 
ovale among migraineurs [37], and pro- 
inflammatory responses in migraine contributing 
to endothelial dysfunction [38]. A pregnant 
woman should be questioned about history of 
migraine, particularly with high-risk features 
(e.g., history of aura or neurological symptoms 
such as numbness, hemiplegia, or aphasia) to 
help to establish her risk profile. Migraines typi-
cally improve during pregnancy and often recur 
postpartum due to hormonal shifts [39]. Therefore 
when headache occurs during pregnancy or in the 
early postpartum period, the characteristics and 

context of the headache need to be clearly estab-
lished. For example, preeclampsia-associated 
headache may be mistaken for migraines. Sudden 
onset of severe “thunderclap” headache, head-
ache that worsens in the supine position, or any 
headache associated with a new neurologic 
 deficit, including visual symptoms, should be 
urgently evaluated by a neurologist.

Vascular malformations and cerebral aneu-
rysms: Evidence conflicts as to whether the risk 
of cerebral aneurysm and arteriovenous malfor-
mation (AVM) rupture is higher during preg-
nancy and the puerperium [26, 40–46]. When 
ruptures do occur during pregnancy, they tend to 
be in the second and third trimesters [47, 48]. 
Caution should be exercised in recommending 
intervention on asymptomatic, unruptured AVMs, 
as the risks of intervention may outweigh the 
risks of bleeding [49]. Similarly, risk of aneu-
rysm rupture depends on multiple factors such as 
size, rate of aneurysm growth, and morphology; 
decisions should be made on a case-by-case basis 
in consultation with a vascular neurologist and/or 
neurosurgeon [50]. Decisions about delivery 
method for patients with unruptured cerebral 
aneurysms and AVMs should include interdisci-
plinary consultation between neurology experts, 
obstetric providers, and anesthesiologists. In 
many instances, these women can deliver vagi-
nally, unless otherwise indicated by maternal sta-
tus or obstetric considerations, without increase 
in risk of rupture [51]. Neuraxial labor analgesia 
and anesthesia have been successfully used for 
vaginal and cesarean deliveries in pregnant 
women with unresected, partially or fully resected 
AVMs, or cerebral aneurysms [52, 53].

25.3  Anatomy, Signs, 
and Symptoms of Stroke

Symptoms of stroke depend on the lesion 
 location, making warning signs challenging 
for  patients and physicians to recognize. 
Nevertheless, certain common patterns emerge: 
“anterior circulation” stroke syndromes result 
from occlusion of the internal carotid artery or its 
branches and typically affect language, attention, 
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and motor and/or sensory function. “Posterior 
circulation” strokes result from occlusion of 
arteries originating in the vertebrobasilar system 
and affect vision, balance, sensation, and cranial 
nerve functions.

Hemorrhagic strokes may also present with 
focal symptoms and/or signs of global cerebral 
dysfunction, such as severe headache, nausea/
vomiting, blurred vision, confusion, and 
decreased level of consciousness. Cerebral 
venous sinus thrombosis (CVST) may present 
insidiously with gradually worsening headache 
over several days, progressing to signs or symp-
toms of increased intracranial pressure (ICP) 
such as blurred or double vision, stiff neck, nau-
sea and vomiting, and papilledema.

Many women may initially ignore stroke 
symptoms, particularly in the first days or weeks 
postpartum when the stress of caring for a new-
born can be overwhelming. Obstetricians should 
discuss warning signs for stroke with patients 
prior to hospital discharge. The BE-FAST mne-
monic (Balance, Eyes, Face, Arm, Speech, Time 
to call the emergency medical service) can help 
to recognize stroke symptoms [54]. Women at 
high risk (e.g., those with preeclampsia) should 
be monitored for high blood pressure and new 
neurological symptoms in the early weeks 
postpartum.

25.4  Management of Acute 
Stroke

A detailed guide to management of ischemic and 
hemorrhagic stroke is beyond the scope of this 
chapter, but some guiding principles apply.

25.4.1  Acute Ischemic Stroke

The management of acute ischemic stroke begins 
with prompt recognition of symptoms, often the 
weak point in the “stroke chain of survival.” Any 
sudden onset neurological deficit should trigger 
activation of a rapid response stroke protocol, 
often termed a “Code Stroke,” including immedi-
ate evaluation by a neurologist (either in person 

or through telemedicine). Emergent computed 
tomography (CT) or magnetic resonance imaging 
(MRI) should be obtained, ideally within 20 min 
of arrival to the hospital or symptom discovery (if 
the stroke occurs in-house) [55]. After 25 weeks’ 
gestation, the risks to the fetus of radiation from 
CT are negligible; before this, the slight risks can 
be discussed with the patient and her family and 
are generally outweighed by the maternal benefit 
of rapid diagnosis and treatment. Iodinated con-
trast may be given in pregnancy, although it con-
fers a theoretical risk of neonatal hypothyroidism; 
however, again, this risk must be weighed against 
the risk of catastrophic maternal stroke. MRI 
without gadolinium contrast is generally consid-
ered safe in pregnancy [56], but is more time- 
consuming and may lead to delays in diagnosis 
and treatment.

The American Heart Association (AHA) and 
the American Stroke Association (ASA) recom-
mend consideration of alteplase or thrombec-
tomy in pregnancy or postpartum when perceived 
benefits outweigh the risks of bleeding [55]. In 
the absence of hemorrhage, fibrinolytic therapy 
with recombinant tissue plasminogen activase 
(alteplase) should be considered in all patients 
(regardless of pregnancy), if the onset of symp-
toms was within 4.5  h [57–59]. The recom-
mended dose is 0.9 mg/kg up to a maximum of 
90  mg, with 10% of the dose given as a bolus 
over 1 min and the remainder as an infusion over 
60 min. There is no evidence of teratogenicity of 
alteplase at stroke treatment doses in animal stud-
ies [59]. Administration of fibrinolytic therapy 
should not be delayed by waiting for routine lab-
oratory results (other than serum glucose level), 
electrocardiogram, or additional imaging beyond 
the initial study to rule out intracerebral hemor-
rhage, unless there is high suspicion for a 
 coagulopathy or acute cardiac process such as 
aortic dissection. Women being treated with anti-
platelet therapies may be given alteplase, but 
therapeutic anticoagulation is an absolute contra-
indication. After treatment with alteplase is initi-
ated, cerebrovascular imaging (usually CT 
angiography) should be obtained if a large vessel 
occlusion is suspected. If a large vessel occlusion 
is identified via CT angiography, women with 
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acute stroke should be considered for mechanical 
thrombectomy [60–64]. Decisions regarding 
fibrinolytic therapy and thrombectomy in preg-
nant or newly postpartum patients should always 
be made in consultation with a neurologist, in 
collaboration with the obstetrician, and if feasi-
ble, with the patient, herself. Telemedicine proto-
cols may be used to consult emergently with a 
neurologist if there is none available on-site [55].

Complications of alteplase include headache, 
angioedema, and bleeding complications, includ-
ing systemic bleeding, hemorrhagic conversion 
of cerebral infarction, or potentially placental 
hemorrhage. Any neurological deterioration dur-
ing administration of alteplase should prompt 
cessation of the infusion and immediate head CT 
without contrast to assess for bleeding. If intra-
cranial hemorrhage is found, coagulation studies 
and fibrinogen levels should be obtained, and 
alteplase should be reversed with cryoprecipitate 
(10 units over 10–30 min). Additional treatment 
options include tranexamic acid 1000 mg infused 
over 10  min or ε-aminocaproic acid (Amicar) 
4–5 g over 1 h [55]. Tranexamic acid has been 
safely administered in pregnancy [65], though 
Amicar is considered a Pregnancy Category C 
drug and should only be given if the benefits out-
weigh the risks.

Recent major surgery (e.g., cesarean delivery) 
within the prior 14 days is typically a warning cat-
egory for fibrinolytic therapy use; in some cases, 
the benefit of alteplase may outweigh the bleeding 
risk, and the decision to administer it should be 
made in consultation with the obstetrician. 
Similarly, recent dural puncture is not an absolute 
contraindication to fibrinolytics and should be 
considered on a case-by-case basis [55, 59]. 
Women with acute pregnancy-related ischemic 
stroke who received reperfusion therapy either 
with alteplase or mechanical thrombectomy have 
been shown to have similarly favorable maternal 
functional outcomes when compared with non-
pregnant women who underwent such treatment 
[15, 66–78]. Fetal outcome data is sparse, with 
some early fetal losses that may be related to the 
underlying disease process itself. Choice of deliv-
ery method after ischemic stroke should be based 
on obstetric indications [79].

25.4.2  Intracerebral Hemorrhage 
(ICH)

Up to half of pregnancy-related strokes are hem-
orrhagic, many of which occur postpartum [16, 
80]. While these women typically have better out-
comes when compared with nonpregnant women 
with hemorrhagic stroke [16], the mortality rate 
remains around 10%. ICH accounted for 70% of 
maternal mortality in women with hypertensive 
disorders of pregnancy in one study [12]. Early 
life-threatening complications of ICH include 
expansion of the hematoma, hydrocephalus, 
increased intracranial pressure (ICP), and brain 
herniation. Strategies for preventing rebleeding 
include blood pressure management [81, 82], 
reversal of anticoagulant medications, and source 
control. The clinical significance of additional 
hemorrhage exceeds the risk of thrombosis even 
given the prothrombotic state of pregnancy, justi-
fying reversal. After the initial CT identifying the 
bleed, repeat CT should be obtained within 6 h (or 
sooner, if neurological exam deteriorates) to 
assess for hematoma expansion. CT or conven-
tional angiography should be performed to iden-
tify vascular lesions amenable to endovascular or 
neurosurgical intervention [83].

Hydrocephalus due to obstruction of the cere-
bral ventricular drainage system can develop rap-
idly. Management of severe hydrocephalus may 
require placement of an external ventricular drain 
to relieve increased ICP.  Signs of high ICP 
include severe headache, hyperreflexia, nausea, 
vomiting, blurred or double vision, and decreased 
level of consciousness. Management of increased 
ICP includes elevation of the head of the bed, 
judicious use of analgesic and anxiolytic medica-
tions such as propofol to minimize pain and agi-
tation, hyperosmolar therapy (e.g., with mannitol 
(1  g/kg), and maintenance of normothermia 
(including the use of cooling devices when war-
ranted). Mannitol may be given during pregnancy 
without deleterious fetal effects [84, 85]. 
Hypertonic saline (30 mL bolus of 23.4% NaCl) 
is used in life-threatening situations with impend-
ing brain herniation, but published data on fetal 
outcomes are not available. Corticosteroids are 
not recommended for treatment of cytotoxic 
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edema and may worsen outcomes in patients with 
cerebral edema due to ischemic stroke [86] or 
PRES [87], a common cause of ICH in patients 
with eclampsia (see Posterior reversible enceph-
alopathy syndrome). Central venous catheters 
should be placed in the subclavian or femoral 
veins, if feasible, rather than in the internal jugu-
lar vein, and the head should be kept midline to 
help prevent cerebral venous congestion.

Seizures should be aggressively controlled in 
women with ICH.  Electroencephalography 
should be performed for at least 24  h in any 
woman who is comatose following a hemor-
rhagic stroke, as more than half of seizures may 
be subclinical [88]. Brief use of hyperventilation 
(goal pCO2 25–35 mmHg) may be employed as 
a temporizing measure pending emergent sur-
gery, but should not be continued for more than 
30 min due to risk of cerebral and placental isch-
emia from vasoconstriction [89]. Some women 
may require emergent decompressive craniec-
tomy and clot evacuation.

25.4.3  Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH), or bleeding 
into the space between the brain parenchyma and 
the arachnoid matter, may occur due to aneurys-
mal rupture or other mechanisms (see Table 25.2). 
SAH has been reported in rare cases as a compli-
cation associated with dural puncture in obstetric 
patients [90]. Classically, SAH is heralded by a 
sudden onset “thunderclap” headache often 
described by the patient as the “worst headache 
of my life.” The initial management of SAH is 
similar to that of ICH: blood pressure manage-
ment, reversal of anticoagulant medications, and 
source control. Prompt CT angiography or con-
ventional angiography should be performed to 
assess for a “culprit” aneurysm which may be 
either clipped or coiled; both procedures have 
been successfully performed in pregnant women 
[47]. SAH may be complicated by hydrocepha-
lus, cerebral edema, increased ICP, and delayed 
cerebral ischemia due to vasospasm [91]. 
Nimodipine, which is commonly given for neu-
roprotection as part of post-SAH protocols, is 

safe during pregnancy [92]. SAH should be man-
aged in a subspecialized neurocritical care unit, if 
possible.

25.4.4  Cerebral Venous Sinus 
Thrombosis

Cerebral venous sinus thrombosis (CVST) occurs 
when a clot arises in the dural sinuses, into which 
the large cerebral veins drain. As the clot propa-
gates, venous congestion, cerebral edema, 
increased ICP, infarction, and hemorrhage may 
develop. Because this condition develops slowly, 
patients may only present for medical attention 
when headache pain becomes intolerable or cata-
strophic bleeding occurs.

Pregnancy or the postpartum state is a common 
cause of CVST in women, likely due to the associ-
ated hypercoagulability, venous stasis, and endo-
thelial damage [93, 94]. There are also rare reports 
of inadvertent dural puncture during epidural 
placement that are associated with CVST [95, 96]. 
Cesarean delivery, preeclampsia, and infections all 
increase the risk of puerperal CVST [97].

The recommended treatment for CVST is 
therapeutic anticoagulation. In the case of CVST 
with concomitant ICH, anticoagulation can still 
be given, with limited evidence suggesting no 
associated increased bleeding risk in pregnant 
and postpartum women [93, 94].

25.4.5  Reversible Cerebral 
Vasoconstriction Syndrome 
and Posterior Reversible 
Encephalopathy Syndrome

RCVS (also known as postpartum angiopathy or 
Call-Fleming syndrome in the postpartum setting 
[98]) is a disorder of transient dysregulation of 
cerebrovascular tone, with poorly understood 
pathogenesis, but often seen in the setting of 
sympathetic overactivity [99]. Among the non-
pregnant population, it is often associated with 
use of vasoactive substances, including sympa-
thomimetic medications, recreational drugs 
including cannabis, and serotonergic medica-
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tions, including antidepressants [99, 100]. 
Symptoms are thought to be caused by transient 
vasoconstriction and/or vasodilation of cerebral 
arteries and typically include recurrent “thunder-
clap” or sudden onset headaches (reaching peak 

intensity within 1 min). RCVS ranges in severity 
from mild to fulminant [101] and can result in 
ischemic or hemorrhagic strokes, or both 
(Fig.  25.1) [100–106]. This disorder, which 
shares features with preeclampsia and with the 

a b

c d

Fig. 25.1 Pregnancy-related stroke. (a) Diffusion- 
weighted magnetic resonance image of left middle cere-
bral artery acute embolic infarct in a 33-year-old woman, 
4 weeks postpartum. Note midline shift due to swelling. 
(b) Computed tomography without contrast enhancement, 
showing right frontal infarction with hemorrhagic conver-
sion in a young woman with sickle cell disease and pre-
eclampsia, postpartum day 1. (c) Computed tomography 

without contrast enhancement, showing intracerebral 
hemorrhage on postpartum day 4, after uncomplicated 
pregnancy. (d) Cerebral angiogram demonstrating diffuse 
vasospasm (red arrows) in the patient from (c), due to 
reversible cerebral vasoconstriction syndrome (postpar-
tum angiopathy). Vasospasm subsequently resolved, but 
the patient remained neurologically devastated
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posterior reversible encephalopathy syndrome 
(PRES), has emerged as a prominent cause of 
pregnancy-related stroke [20, 21, 107–114]. 
There is no established treatment for pregnancy- 
related RCVS. Reported therapies include intra-
venous magnesium, calcium channel blockers 
such as verapamil or nimodipine, or in refractory 
cases, interventional therapies such as intraarte-
rial calcium channel blockers or balloon angio-
plasty [105, 115–121]. Steroids are generally 
ineffective and may be harmful [122]. Use of 
sympathomimetic and serotonergic medications 
should be avoided. (Table  25.3). Transcranial 
Doppler can be used to monitor for developing 
vasospasm and may be repeated at regular inter-
vals in the inpatient or outpatient setting during 
the highest-risk period [123, 124].

Posterior reversible encephalopathy syndrome 
(PRES), sometimes referred to as reversible pos-
terior leukoencephalopathy syndrome or hyper-
tensive encephalopathy, is a syndrome of 
subcortical and cortical cerebral edema, often pre-
dominantly affecting the parietal and occipital 
lobes and thus highly associated with visual 
symptoms. While PRES is not limited to obstetric 
patients, it is frequently seen in association with 
RCVS or preeclampsia, often in the postpartum 
period. Up to 97% of patients with eclampsia 
[125] and, in one series, up to 20% of patients 
with preeclampsia and neurological symptoms 
[126] showed signs of PRES on MRI. Despite its 
moniker, PRES is not always reversible and not 
always posterior and can result in devastating 
complications including status epilepticus, isch-
emic stroke, intracerebral hemorrhage, and malig-
nant cerebral edema requiring decompressive 
craniectomy [127, 128]. Preeclampsia- associated 

PRES should be treated with aggressive blood 
pressure control, intravenous magnesium, seizure 
control, and immediate delivery (if occurring 
antepartum). Mannitol has not been shown to be 
superior to magnesium in treatment of eclampsia-
associated PRES. [84] Steroids may precipitate 
PRES and should not be used to treat PRES-
associated cerebral edema [87].

25.4.6  Blood Pressure Management 
after Acute Stroke

Acute brain injury (including stroke) results in 
disruption of cerebral autoregulation, making 
blood pressure (BP) management of critical 
importance. BP goals after acute stroke depend 
on the subtype and mechanism of the stroke. 
After ischemic stroke, a strategy of “permissive 
hypertension” is often adopted with the goal of 
maximizing collateral vessel perfusion to the 
ischemic penumbra, but this approach is not 
clearly advantageous [129]. In women with pre-
eclampsia, blood pressure may be controlled 
after acute ischemic stroke, but patients should 
be monitored for worsening of neurological defi-
cits, and hypotension should be avoided. 
Preferred antihypertensive agents include nicar-
dipine and labetalol, both of which are safe dur-
ing pregnancy and lactation. Some ischemic 
stroke patients, particularly those with large arte-
rial occlusions, may develop a “pressure- 
dependent exam”: a worsening of neurological 
function at lower blood pressures with subse-
quent recovery at higher pressures. This can be 
tested clinically at the bedside by testing neuro-
logical function before and after placing the 
patient in the Trendelenburg position. Any 
pressure- dependent stroke patient should be 
managed in a neurocritical care unit, if possible. 
If none is available, she should be monitored in 
an intensive care unit with hourly neurological 
checks, invasive blood pressure monitoring, and 
in selected cases, use of pressors to maintain 
blood pressure goals. After rtPA, BP should be 
kept under 180/105 mmHg to reduce the risk of 
hemorrhagic conversion [129]. BP goals are gen-
erally lower after ICH and SAH, with the goal of 
avoiding hematoma expansion or catastrophic 

Table 25.3 Medications to avoid in reversible cerebral 
vasoconstriction syndrome (RCVS)

Selective serotonin reuptake inhibitors
Norepinephrine
Phenylephrine
Triptans
Monoamine oxidase inhibitors
Ergot derivatives (bromocriptine, methergine)
Nasal decongestants (phenylephrine or ephedrine 
based)
Calcineurin inhibitors
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rebleeding [81, 82, 130]. Women with PRES/
RCVS may need lower goals (SBP < 140), but 
the efficacy of this approach is unknown. BP 
management after stroke must be balanced with 
the need for placental perfusion prior to delivery.

25.4.6.1  Early Poststroke Risks 
and Care

Common poststroke complications include uri-
nary tract infections, aspiration pneumonia, 
thromboembolic events, pressure ulcers, delir-
ium, and depression. As many are preventable by 
vigilant protocolized nursing care, the AHA/
ASA recommends that all stroke patients be 
admitted to a specialized stroke unit for early 
poststroke care [129] (Table 25.4).

25.4.7  Delivery after Antepartum 
Stroke

Delivery risks in patients with stroke during preg-
nancy depend on the mechanism, timing, and 
severity of the stroke. In patients with ICH or 
SAH related to vascular lesions (e.g., AVM), vag-

inal delivery appears to be safe so long as the cul-
prit lesion has been treated and the patient does 
not have signs or symptoms of obstructive hydro-
cephalus or increased ICP or have obstetric indi-
cations for cesarean delivery [52, 131] Peripartum 
planning by a treating team of obstetricians, neu-
rologists/neurosurgeons, obstetric anesthesiolo-
gists, and intensivists should include assessment 
of whether it is safe and feasible for the woman to 
push during the second stage of labor and, if not, 
whether she is a candidate for a low-valsalva and 
forceps or vacuum assisted delivery with a neur-
axial anesthetic. The same is true for women 
delivering soon after ischemic stroke [132] 
Cesarean delivery is not necessarily routinely 
recommended unless the maternal condition pre-
cludes a vaginal delivery or there are obstetric 
indications for a cesarean delivery [133].

The peripartum anesthetic management of 
these pregnant women follows the same princi-
ples as for patients with other intracranial lesions, 
including multidisciplinary care. Concerns about 
increased ICP, obstructed ventricles, or other fea-
tures that might precipitate neurologic deteriora-
tion in the setting of general anesthesia or dural 

Table 25.4 AHA/ASA recommendations for early poststroke carea

Recommendation Description
Admission to a stroke 
unit

Patients should be admitted to a specialized stroke unit that incorporates rehabilitation, 
if possible

Dysphagia screening Patients should be screened for dysphagia before eating, drinking, or receiving oral 
medications, to identify patients at higher risk for aspiration events

Aspiration pneumonia 
precautions

May include instrumental evaluation (i.e., fiberoptic endoscopic evaluation of 
swallowing, videofluoroscopy, fiberoptic endoscopic evaluation) by a speech-language 
pathologist; antiseptic mouth care such as chlorhexidine swabs or rinses; early enteral 
feeding when patient unable to meet nutritional needs due to dysphagia

Oxygen Supplemental oxygen is recommended to sustain oxygen saturation > 94%, in hypoxic 
patients only

Urinary catheters Avoidance of indwelling catheter
Deep vein thrombosis Intermittent pneumatic compression devices recommended for prophylaxis in all 

immobile stroke patients; elastic compression stockings not recommended; benefits of 
routine use of subcutaneous heparin for prophylaxis are uncertain

Mobilization Physical and occupational therapy evaluation and treatment
Comorbidity management Prompt treatment of urinary tract infection, congestive heart failure, or acute kidney 

injury; avoidance of hyperthermia and hyperglycemia
Nutritional 
supplementation

Identification of malnourished or at-risk patients for supplementation

Depression screening and 
treatment

Structured screening is recommended although the optimal method and timing is not 
known; patients with depression should be treated unless contraindications exist

aPowers WJ, Rabinstein AA, Ackerson T, et al. 2018 Guidelines for the Early Management of Patients With Acute 
Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke 
Association. Stroke. January 2018:STR.0000000000000158. doi:https://doi.org/10.1161/STR.0000000000000158
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puncture are crucial to decision-making. These 
women are often appropriate candidates for neur-
axial analgesia or anesthesia if not otherwise 
contraindicated by anticoagulation or antiplatelet 
agents [134], depressed level of consciousness, 
or other neurologic concerns [135].

If general anesthesia is warranted, the same 
basic principles apply for any patient with intra-
cranial lesion, pregnant or not. If there is concern 
for increased ICP, then consider adding an 
adjunct (e.g., remifentanil 0.5–1.0 μ/kg) to blunt 
the response to laryngoscopy. Patients with sig-
nificant poststroke motor weakness (e.g., hemi-
paresis) may have altered response to muscle 
relaxants: a depolarizing relaxant may cause 
hyperkalemia, and a prolonged block may 
accompany non-depolarizing muscle relaxant use 
[136]. In these cases, high-dose remifentanil 
(e.g., 4 μ/kg) can be substituted for succinylcho-
line and be paired with an induction agent for 
rapid sequence induction [137]. The successful 
use of intracranial pressure-moderating tech-
niques such as mild hyperventilation (keeping 
maternal paCO2 at approximately 25–30 mmHg) 
[138] and judicious use of furosemide and man-
nitol have also been described in pregnant 
patients with increased ICP [139, 140].

Patients who have suffered strokes may 
exhibit “recrudescence” of prior neurologic defi-
cits in the setting of hypotension, surgery or 
anesthetic agents, or other metabolic stressors 
[141–143]. It is imperative to document a base-
line neurological exam in patients with a history 
of stroke and activate a new “code stroke” should 
acute neurological changes occur during or after 
delivery.

25.5  Long-Term Effects 
of Pregnancy-Associated 
Stroke

Women who suffer pregnancy-related strokes 
and their families will have many questions about 
their prognosis and their future health. Involving 
a multidisciplinary team of providers to answer 
these questions can allay the anxiety that natu-
rally follows such an unexpected event.

25.5.1  Recovering from Stroke

Although young patients have better functional 
outcomes after stroke compared to older patients 
[144], they often suffer severely diminished 
quality of life and ability to function after a 
stroke [145, 146]. Many patients suffer debili-
tating poststroke fatigue [147], which may 
affect a young woman’s ability to work and care 
for her family. As depression is a common 
symptom after stroke [148] and childbirth, these 
women should be screened for depression at 
follow-up visits. Some evidence suggests that 
selective serotonin reuptake inhibitors, which 
are generally considered safe for breastfeeding, 
may aid in poststroke motor recovery [149]; 
however, serotonergic drugs should be avoided 
in patients with a history of RCVS.  Cognitive 
behavior therapy is also effective for poststroke 
depression [150]. Modafinil may help severe 
poststroke fatigue [151]; however, the safety of 
this drug while pregnant or breastfeeding is 
unknown. A sleep study can help to diagnose 
occult obstructive sleep apnea, a common post-
stroke complication which can cause fatigue 
and nocturnal hypertension [152]. Support 
groups for young stroke survivors and their fam-
ily members may help to mitigate feelings of 
isolation and depression. Social engagement 
and return to work, if possible, should be 
encouraged, as both appear to improve quality-
of-life outcomes after stroke [153].

25.5.2  Long-Term Prognosis

There is little evidence to inform the risk of recur-
rent stroke in future pregnancies. One study 
found an almost ten-fold relative risk of recurrent 
stroke during the postpartum period compared to 
the nonpregnant state and an absolute recurrence 
rate of stroke during pregnancy or puerperium to 
be 1.8% at 5 years [154]. The pooled incidence of 
recurrent CVST in future pregnancies is approxi-
mately 8/1000 pregnancies (95% CI 3–22), 
according to an updated systematic review, and 
women with previous CVST may benefit from 
LMWH thromboprophylaxis [155, 156]. The 
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AHA/ASA does not recommend against future 
pregnancies in patients with prior stroke and rec-
ommends antiplatelet or anticoagulation as indi-
cated based on defined low- or high-risk 
conditions, respectively [26, 79].

Any woman with a pregnancy-related stroke 
should be referred to a neurologist who subspe-
cialized in stroke and cerebrovascular disease for 
follow-up after the acute rehabilitation phase is 
completed. Women with hypertensive disorders 
of pregnancy are at higher risk of cardiovascular 
and cerebrovascular disease later in life [157–
167]. Modifiable risk factors such as obesity, 
hypertension, physical inactivity, tobacco use, 
poor diet, or substance abuse disorder are all 
potentially amenable to interventions during this 
period. Partnering with women to address these 
risk factors during the recovery period may reap 
substantial long-term benefits.
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Neurological Crises
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26.1  Maternal Seizures

Pregnant women previously diagnosed with epi-
lepsy frequently experience seizures during preg-
nancy. Status epilepticus occurs in 1.8% of 
pregnant women with epilepsy [1]. Pregnant 
women may be reluctant to take anti-epileptic 
drugs (AEDs) due to concerns regarding terato-
genicity. All anticonvulsants cross the placenta. 
Chap. 38 discusses the risks associated with 
pharmacologic management of pregnant women 
for convulsions. AED therapy should be contin-
ued throughout pregnancy despite potential fetal 
risks. Patient education is crucial to ensure drug 
compliance. Any AED changes should be 
physician- guided [2]. Sudden unexpected death 
in epilepsy is usually associated with uncon-
trolled seizures [3].

The effect of maternal seizures on the fetus: 
Maternal seizures have been associated with an 
increased risk of low birth weight and preterm 
delivery [4]. Early case reports from [5], and from 
1998 [6], noted fetal heart rate decelerations after 
maternal generalized tonic-clonic seizures, but 
these reports did not attribute clinical significance 
to this finding [5, 6]. There is a possibility that 
maternal seizures may cause redistribution of pla-
cental blood flow and post-ictal hypopnea and 
hypoxemia. However, later studies have also high-
lighted the notion that even if transient fetal hypoxia 
does occur, the clinical effect of hypoxia remains 
unclear [7, 8]. Non-convulsive seizures are consid-
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Bullet Points
• Epilepsy in pregnancy should always be 

considered to be eclampsia unless or 
until this can be ruled out.

• Eclampsia often presents as epilepsy 
without other signs of preeclampsia.

• Women with epilepsy may modify or stop 
treatments due to fetal risk concerns.

• Stopping anti-epileptic drugs is associ-
ated with seizures, with severe maternal 
and fetal morbidity and even mortality, 
and should be discouraged.

• The most common causes of increasing 
maternal weakness are intracranial 
pathology and stroke (discussed in other 
chapters), magnesium overdose, and 
myasthenia gravis crisis.

• Myasthenia gravis may improve, 
worsen, or remain static in pregnancy 
with no relation to the patient’s pre-
pregnancy condition.
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ered less dangerous, but one case report [7] docu-
mented significant fetal bradycardia during 
complex partial seizures. Additional rare risks of 
maternal seizures to the fetus have been reported, 
including three cases of congenital malformations 
[9], one case of fetal intracranial hemorrhage [10], 
and two cases of subsequent fetal death [9, 10].

The differential diagnosis for seizures in preg-
nant women includes metabolic conditions such as 
hyponatremia, hypoglycemia, and intracranial 
pathologies such as space-occupying lesions, sinus 
vein thrombosis, posterior reversible encephalopa-

thy syndrome, reversible cerebral vasoconstriction 
syndrome, and cardiac conditions such as arrhyth-
mia, syncope, and Addisonian crisis [3].

Treatment. The first-line treatment for acute con-
vulsion for any reason is management of airway 
obstruction and avoiding aspiration. Figure  26.1 
presents a treatment and diagnostic algorithm for 
pregnant women with convulsions. Left lateral posi-
tioning is simple to implement and promote clear-
ance of secretions as well as stabilization of patient 
hemodynamics. Airway control is best achieved 
with expert assistance, given the increased likeli-

Convulsions in woman of childbearing age

Yes/Unknown No

Pregnant (>20 weeks)

Conventional
treatment

No Yes/unknown
(new-onset seizure without identifiable cause)

New-onset seizures

Midazolam 1-2 mg, can be repeated 5-10 mins
(or other benzodiazepine)

Magnesium 4-6G loading dose over 15-20 mins
Phenytoin 1000 mG over 10 mins

Midazolam 1-2 mg,
can be repeated 5-

10 mins 
Phenytoin loading

dose 1000 mg over
20 mins

As needed
Consider Eclampsia

Left lateral decubitus
Open airway

Obtain intravenous access 

Check Sodium, Glucose
Perform CT/MRI if diagnosis may not be Eclampsia

Consider Lumbar puncture
Consider Echo if diagnosis may be embolus (rule out PFO)

Continue conventional workup for convulsion if diagnosis may not be Eclampsia

Assume Eclampsia
until proven otherwise

Continued workup parallel to treatment 

Fig. 26.1 Seizure’s 
algorithm in pregnants
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hood for challenging airway management among 
pregnant women, discussed in further detail in 
Chap. 21. Treatment with short-acting anticonvul-
sants should be initiated immediately. Benzo-
diazepines (preferably midazolam because of its 
relatively short half- life) are the drugs of choice 
because of their safety profile when considering 
maternal airway and breathing and fetal teratoge-
nicity. If the need for intensive neurological exami-
nation arises, propofol (1 mg/kg) may be considered, 
but the potential benefit of using this ultra-short-
acting drug must be weighed against the risk of 
maternal aspiration and loss of airway control.

The California Maternal Quality Care 
Collaborative (CMQCC) published a safety bun-
dle with recommendations regarding eclampsia 
management [11].

Seizure-control medications can be adminis-
tered as follows:

• Midazolam—Intravenous boluses 1–2  mg, 
can be repeated 5–10 min.

• Lorazepam 4  mg, can be repeated every 
2–5 min.

• Diazepam 5–10  mg, can be repeated every 
15–30 min.

• Phenytoin—Phenytoin loading dose 1000 mg 
over 20 min.

• Sodium valproate—Current advice is that val-
proate should not be used by women of child-
bearing potential, much less in the pregnant 
state, unless other treatments are ineffective or 
not tolerated [12].

Eclampsia should always be considered in 
women with seizures of childbearing age.

If relevant, magnesium therapy should be ini-
tiated in parallel (see Chap. 16).

Once convulsions have been controlled, vital 
signs, heart rate, blood pressure, and saturation 
should be assessed. Oxygen saturation below 
92% may be treated with 2–3 L of oxygen admin-
istered via nasal cannula. An arterial blood gas 
should be obtained for assessment of the severity 
of metabolic derangement incurred by (or caus-
ing) the convulsion. Women with elevated lactate 
levels and/or any evidence of eclampsia should 
be admitted to a highly monitored environment 

following appropriate neurological workup, as 
these women represent a subset of the population 
more likely to be at risk for continued deteriora-
tion or repeat convulsions [13].

The option of an adjunct ketogenic diet should 
also be considered as a strategy for seizure control 
in pregnant epileptic women, although currently 
there are less than a handful of case studies on this 
topic in the literature [14]. A mice model of keto-
genic diet during pregnancy suggested that such a 
diet may lead to alterations in embryonic organ 
growth (i.e., an increase in cardiac size and a 
decrease in brain and cord size) [15]. However, the 
potential effects of a ketogenic diet on the develop-
ing human fetus remain unknown at this time [16].

26.2  Maternal Weakness

The most common causes of increasing maternal 
weakness are intracranial pathology (Chap. 36), 
stroke (Chap. 25), magnesium overdose, and 
myasthenia gravis crisis.

Magnesium overdose is characterized by 
flushing, drowsiness, sweating, malaise, respira-
tory depression, and weakness. Treatment with 
magnesium should be discontinued immediately, 
and the diagnosis can be confirmed by laboratory 
testing as discussed in Chap. 16.

A neurologist should be consulted to aid with 
the diagnosis and management of these cases.

26.2.1  Myasthenia Gravis Crisis

Myasthenia gravis (MG) is an autoimmune disor-
der in which antibodies ravage nicotinic acetyl-
choline receptors at the junction between the 
nerve and muscle, thus disrupting nerve impulse 
transmission and impair muscle contracture. This 
disorder typically manifests as fluctuating weak-
ness and rapid fatigue of voluntary muscles (e.g., 
periocular, limb, or oropharyngeal). The 
 prevalence of MG has been estimated to be 
1/5000  in the general population [17], and the 
incidence in women is double than in men. 
Symptoms may appear at any age, but the highest 
incidence is in the third decade of life [18].

26 Neurological Crises
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Workup and diagnosis: Unless the existence 
of MG was known before pregnancy, clinical evi-
dence of undue maternal weakness should prompt 
referral of the pregnant woman to diagnostic 
studies. These include electrodiagnostic studies 
and blood sampling for acetylcholine receptor 
(AChR)-binding antibodies and anti-muscle- 
specific kinase (MuSK) levels. The electrophysi-
ology tests that demonstrate faulty neuromuscular 
transmission are repetitive nerve stimulation 
studies and the more sensitive single-fiber elec-
tromyography (SF-EMG). Both may safely be 
performed during pregnancy. Symptomatic 
weakness together with electrophysiology evi-
dence of abnormal neuromuscular transmission 
or elevated serum levels of AChR or MuSK con-
firm the diagnosis.

Myasthenia gravis may be triggered or exacer-
bated by infection, changes in thyroid function, 
certain medications, emotional or physical stress, 
or menses [19]. In maternal cases, worsening of 
symptoms occurs most frequently either in the 
first trimester or postpartum [20]. Thymoma is an 
uncommon cause of MG in women of childbear-
ing age, particularly if AChR antibody testing is 
negative [21, 22]. The decision to perform thymic 
imaging depends on the importance of a defini-
tive diagnosis and on the likelihood of a positive 
finding (which is low in antibody-negative 
women). In most cases, imaging may be post-
poned until after delivery, since thymectomy is 
unlikely to confer clinical benefit during preg-
nancy. Nevertheless, if considered imperative, 
chest computerized tomography (CT) imaging 
without contrast may be performed, as this test 
confers minimal risk to the fetus. Though chest 
magnetic resonance imaging (MRI) does not 
involve radiation, MRI is inferior to CT for visu-
alization of the anterior mediastinum.

Follow-up on MG during pregnancy: The 
effect of pregnancy on the course of MG is unpre-
dictable [20, 23]. The severity of weakness at the 
beginning of pregnancy does not forecast either 
remission or exacerbation; some women may 
improve, while others may worsen or remain in 
the same condition. MG may be unmasked or 
worsened in approximately one-third of patients 
during pregnancy [20], thus close monitoring of 

maternal condition is mandatory, as respiratory 
crises may occur. Postpartum disease exacerba-
tions are more prevalent after the first delivery 
[24]. While treatment is less complicated at this 
time, a high level of suspicion is required, as 
symptoms such as fatigue may be attributed to 
the presence of new challenges at home rather 
than to disease exacerbation.

Respiratory failure manifesting as severe 
hypoventilation usually occurs due to extreme 
respiratory muscle weakness combined with 
restriction of diaphragmatic excursion, by the 
rapidly enlarging uterus. Bedside spirometry 
tests that may assist in identifying impending 
respiratory failure in patients without obvious 
respiratory distress include forced vital capacity 
and maximal inspiratory and maximal expiratory 
pressures. However, as the predictive values of all 
of these tests are based on studies in the non- 
pregnant population, it is reasonable to consider 
sequential testing in pregnant women.

Treatment of MG crisis during pregnancy: 
Treatment of the pregnant woman presenting 
with MG requires multidisciplinary input 
throughout pregnancy and the peripartum period 
[25]. During MG crisis, the mainstays of therapy 
are similar to those of the non-pregnant state, 
including supportive ventilation with concomi-
tant infection control, plasma exchange, intrave-
nous gammaglobulins (IVIG), and 
immune-modulating therapies.

Indications for mechanical ventilation include 
clinical signs of respiratory distress, progressive 
hypercapnic respiratory acidosis despite therapy 
and inadequate secretion clearance (e.g., recur-
rent episodes of acute hypoxemia due to mucus 
plugging). Endotracheal intubation should pref-
erably be performed semi-electively rather than 
emergently in order to maximize situational con-
trol and minimize complications. In the general 
population, serial measurements showing a 
decrease in forced vital capacity below 15–20 mL/
kg or a mean inspiratory pressure between 0 and 
−30 cmH2O are considered possible triggers for 
intubation, but these measurements may not be 
valid for pregnant women. Serial measurement 
deterioration is likely a better measure in this 
population. If required, intubation is best facili-
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tated by short-term neuromuscular blockers. 
Following endotracheal intubation, any form of 
adaptive support ventilation is probably more 
conducive to preserving residual muscle strength 
rather than implementing full sedation without 
spontaneous respiratory effort.

During pregnancy, myasthenia gravis exacer-
bations are ideally treated with steroids (oral pred-
nisone 60–80  mg once daily or the intravenous 
equivalent). Intravenous cholinesterase inhibitors 
are best avoided unless delivery is imminent, since 
these medications may trigger uterine contrac-
tions. Steroids are less invasive than plasma 
exchange and probably more beneficial to the 
fetus than intravenous immunoglobulin (IVIG). 
Furthermore, the onset of steroid effect is rela-
tively rapid compared to other immune-modulat-
ing medications (hours vs. days), and the effect of 
steroids is sustained for the duration of treatment, 
whereas plasma exchange and IVIG confer a more 
fleeting benefit [26]. However, inadequate mater-
nal response to steroid therapy should lead to con-
sideration of alternative treatment options. 
Cyclosporine is considered relatively safe for 
pregnant women [27, 28]. Azathioprine may be 
used as the next line of treatment during maternal 
crises despite the presence of the fetus. However, 
this medication is controversial; in Europe it is the 
nonsteroidal immune suppressive medication of 
choice for MG in pregnancy [26]. One retrospec-
tive case series of gravid women with inflamma-
tory bowel disease reported no fetal congenital 
abnormalities despite azathioprine use [29]. It has 
been hypothesized that although azathioprine does 
cross the placenta, the fetal liver lacks the enzyme 
that converts the drug to its active metabolites, thus 
this enzyme deficiency seems to be protective 
[30]. However, there are also reports of impaired 
fetal hemopoiesis and perhaps also its complica-
tions due to this therapy [31]. In the United States, 
azathioprine is considered a high- risk medication 
during pregnancy. Mycophenolate mofetil and 
methotrexate significantly increase the risk of tera-
togenicity and should therefore not be used unless 
the life of the mother is at risk and alternative treat-
ments are unavailable [25].

As described above, plasma exchange and 
IVIG are both temporizing measures. In the gen-

eral MG population, IVIG has been associated 
with efficacy similar to that of plasma exchange 
[32]. A single case series describing the use of 
IVIG during pregnancy has shown some promise 
[33]; therefore, among the two options, this mode 
of therapy should be considered preferable. 
Variable degrees of success have been described 
with plasma exchange used for other immune 
disorders during pregnancy [34–37], but there is 
no data on this mode of therapy during preg-
nancy, and it is clearly a more invasive procedure. 
Thus, plasmapheresis should likely not be the ini-
tial choice of therapy in the gravid state. In gen-
eral, decisions regarding the use of these measures 
should balance potential maternal benefit with 
the likelihood of both maternal and fetal 
complications.

In women with MG and preeclampsia, magne-
sium sulfate should be used with extreme cau-
tion, since it may exacerbate neuromuscular 
weakness [38] as noted above. If eclampsia does 
occur, barbiturates or phenytoin usually provide 
adequate treatment (see Chap. 6).

Labor and delivery: Unlike striated muscle, 
the uterine smooth muscle is unaffected by ace-
tylcholine receptor antibodies. Spontaneous vag-
inal delivery is therefore encouraged in women 
with MG, as labor contractions are preserved. 
However, early-onset fatigue and extreme weak-
ness may occur during the second stage of labor 
when striated muscle is involved, requiring 
assisted delivery. If anesthesia is required, neur-
axial blockade is preferred to general anesthesia 
(due to its lesser systemic effects) and has been 
used safely for delivery in women with MG [39, 
40]. Regardless of the severity of maternal MG, 
all neonates must be received and treated by an 
expert neonatal team, as upon birth they too may 
manifest transient weakness [23].

26.3  Summary

Neurological crises in pregnant women may be 
related to preexisting conditions, such as epilepsy 
or myasthenia gravis, or to obstetric conditions, 
primarily eclampsia. The two most common neu-
rological crises likely to be encountered by the 
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clinician treating a critically ill pregnant woman 
are seizures and severe weakness. This chapter 
discussed the differential diagnoses and treat-
ment recommendations that should be considered 
in these clinical conditions.
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27.1  Introduction

Cardiac arrest in pregnancy is rare, but the inci-
dence may be increasing in some countries [1]. 
Recent publications suggest a low incidence in 
developed countries; 1:16,000 deliveries in the 
United Kingdom (UK) [1] and 1:12,000 deliveries 

in the United States (USA) [2]. These figures rise 
dramatically if resource-poor areas of the world 
are included.

Just over a decade ago, the prevailing view was 
that cardiac arrest in pregnant women resulted in 
such poor outcomes that resuscitation was likely 
to be futile [3]. Studies from across the world 
revealed lack of knowledge of resuscitation of the 
pregnant woman amongst frontline healthcare 
providers [4]. Such findings led authors of one 
study to conclude: ‘In the current situation, even if 
a pregnant woman were to suffer a cardiac arrest 
in front of a trained physician, this might not 
improve her likelihood of survival’ [5]. The situa-
tion has appeared to improve: survival from an in-
hospital cardiac arrest in a pregnant woman is 
now more likely than in non-pregnant women of 
reproductive age [6, 7], with survival rates ranging 
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Bullet Points
• Maternal cardiac arrest is a rare event.
• Inadequate care contributes to fatal 

outcomes.
• The gravid uterus can significantly 

impede resuscitation.
• The standard adult hand position should 

be used for chest compression with min-
imal interruptions.

• Early airway protection is required with 
active and aggressive treatment of 
hypoxia.

• Anticipate a difficult airway.
• Manual uterine displacement is the rec-

ommended method to relieve aortocaval 
compression and should be maintained 

throughout resuscitation and after return 
of spontaneous circulation.

• Early defibrillation with standard adult 
energies should be provided if the 
rhythm is shockable.

• Use standard adult resuscitation drugs 
and doses.

• Perimortem caesarean delivery should 
be performed early and at the site of 
collapse.
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between 54% and 65% [1–3, 8]. Of those women 
who survive, most survive with good neurological 
outcomes, with 78.4% mothers and 52.3% neo-
nates having cerebral performance category out-
comes of 1–2 [8] (Table  27.1). Nevertheless, in 
the UK, analysis of maternal deaths occurring 
between 2012 and 2014 suggested that a fatal out-
come might have been avoided with different care 
in 42% of cases [9].

The first stand-alone guidelines for the treat-
ment of cardiac arrest in pregnancy were published 
in 2014 by The Society of Obstetric Anesthesia 
and Perinatology (SOAP) [10], closely followed in 
2015 by the American Heart Association (AHA) 
scientific statement on maternal resuscitation [11]. 
These guidelines are based on small case series, 
simulation studies, expert opinion and extrapo-
lated data from the non- pregnant cardiac arrest 
population [12, 13]. This chapter examines the 
current evidence for the management of non-trau-
matic maternal cardiac arrest.

27.2  Physiological Changes 
in Pregnancy

Maternal resuscitation is unlikely to succeed 
unless modified to encompass the physiological 
and anatomical changes of pregnancy. The most 
significant changes are those affected by the 
gravid uterus on cardiac output and the efficacy 
of cardiac compressions. Splinting of the dia-
phragm necessitates exertion of greater force to 
generate an adequate ejection fraction during 
chest compression. Obstruction of the inferior 
vena cava leads to a decrease in maternal venous 

return, further compromising cardiac output. In 
the supine position, from approximately 12 
weeks gestation, the gravid uterus causes inferior 
vena cava compression and to a lesser extent 
compression of the aorto caval compression 
(ACC). At term, the vena cava is completely 
occluded in the supine position in 90% of healthy 
pregnant women, with significant effects on 
stroke volume (SV) and cardiac output (CO) [14, 
15]. During CPR, ACC reduces the CO that can 
be generated by approximately 90% compared 
with that achieved in non-pregnant patients [16].

There is also an increased risk of aspiration 
during pregnancy; therefore, the airway requires 
early protection. Hypoxia and acidosis occur ear-
lier due to a combination of reduced functional 
residual capacity, increased maternal oxygen 
consumption and increased intrapulmonary 
shunting. The oxygen dissociation curve is 
shifted to the right, so higher partial pressures of 
oxygen are required to achieve a given saturation 
[11, 16, 17]. All of these justify early consider-
ation of intubation. However, tracheal intubation 
is more difficult and outright failure more com-
mon. Therefore, tracheal intubation is best per-
formed by an experienced operator (see below).

27.3  Resuscitation

All healthcare personnel caring for pregnant 
women should be trained to diagnose cardiac 
arrest and initiate basic life support (BLS). The 
contents of the AHA cardiac arrest in pregnancy 
in-hospital BLS algorithm (under AHA copyright) 
can be accessed via the following link (supplied 

Table 27.1 Cerebral performance categories (CPC) scale

CPC 1 Good cerebral performance
(Normal life)

Conscious, alert, able to work. Possible minor 
neurological or psychological deficits

CPC 2 Moderate cerebral disability
(disabled but independent)

Conscious, independent in activities of daily life. Able 
to work in sheltered environment

CPC 3 Severe cerebral disability
(conscious but disabled and dependent)

Conscious, dependent on others for daily support. 
Ranges from ambulatory state to severe dementia or 
paralysis

CPC 4 Coma or vegetative state
(unconscious)

Unconscious, no cognition. No verbal or psychological 
interaction with environment

CPC 5 Brain death Apnoea, areflexia
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by AHA) http://circ.ahajournals.org/content/cir-
culationaha/132/18/1747/F2.large.jpg [11].

27.4  Cardiac Compressions 
and Defibrillation

Cardiac compressions should be delivered with 
the standard hand position for adults on the cen-
tre of the chest, as imaging studies have estab-
lished that there is no displacement of the heart in 
pregnancy [11, 18, 19]. Table 27.2 lists the char-
acteristics of effective cardiac compressions. The 
quality of compressions deteriorates rapidly even 
in the most expert hands and the provider should 
change every 2 min [20, 21].

Shockable rhythms (i.e. ventricular tachycardia, 
ventricular fibrillation) are rare in the obstetric pop-
ulation [2]. However, when they occur, they require 
immediate defibrillation as chances of success 
deteriorate with time [14]. Defibrillation should not 
be withheld because of concerns regarding the 
effect of defibrillation on the foetus [11, 12]. 
Minimal energy is transmitted to the foetus.

Defibrillation should be performed within 
3  min of collapse in a hospital setting [10, 11, 
21]. Pads should be placed in the anterolateral 
position, with the anterior pad beneath the right 
clavicle and the left lateral pad under the breast 
tissue in the V6 position, mid-axillary line [11, 
19]. Biaxillary pads may also be used [19]. (See 
accompanying PowerPoint slides for the 
Resuscitation Council (UK) adult advanced life 
support algorithm, reproduced with kind permis-
sion of the Resuscitation Council (UK)). Standard 

adult energies should be used as thoracic imped-
ance is unchanged in pregnancy [12].

There is conflicting advice about fetal moni-
toring. Theoretically the risk is greatest if fetal 
scalp electrodes are applied [17]. Some authori-
ties advise their removal prior to defibrillation to 
avoid the risk of electrocution. The AHA, how-
ever, considers monitoring safe and arcing 
unlikely [11]. A pragmatic approach is to remove 
fetal monitoring if this does not delay defibrilla-
tion [10]. Fetal monitoring should certainly not 
be applied during maternal resuscitation.

27.5  Airway, Oxygenation 
and Ventilation

A difficult airway should be anticipated. Indeed, 
hypoxia resulting from difficulties with intuba-
tion may be the cause of the arrest [11]. Only two 
attempts at intubation should be made and only 
by an experienced operator [22, 23]. If intubation 
cannot be achieved or an operator with the requi-
site skills is not available, a supraglottic airway 
device (SGA) should be inserted—again using a 
maximum of two attempts—to ensure oxygen-
ation [23]. As a last resort, front of neck access 
should be attempted. Surgical cricothyroidotomy 
is the recommended technique [24] (Fig. 27.1).

The use of cricoid pressure remains controver-
sial and does not necessarily protect from aspira-
tion [17]. The European Resuscitation Guidelines 
[20] state that in a cardiac arrest the use of cricoid 
pressure is not routinely recommended. The 
AHA and the SOAP concur that there is no evi-
dence for use of cricoid pressure during CPR [10, 
11, 21], while the Resuscitation Council (UK) 
makes no mention of cricoid pressure. There is 
consensus that cricoid pressure should be 
removed early if there is difficulty maintaining 
oxygenation or intubating [10, 11, 20, 23].

Ventilation may be challenging due to limited 
diaphragmatic and chest wall excursion second-
ary to the gravid uterus and increased breast tis-
sue. Smaller tidal volumes may be required [14, 
17]. Hyperventilation should be avoided as 
excessive ventilation has been shown to exacer-
bate circulatory compromise in low-flow states 

Table 27.2 Characteristics of effective cardiac compres-
sions [10, 19, 21]

Rate: 100–120 compressions per minute
Depth: 5–6 cm
Ratio of compressions to breaths: 30:2
Full release of pressure on the chest during upstrokes
Minimal interruptions, <5 s
Regular changes of CPR provider, ideally every 2 min
Continued compression during application and 
charging of defibrillator
No evidence for routine use of mechanical chest 
compression devices

27 Maternal Resuscitation
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[25]. Respiratory alkalosis also contributes to 
uterine vasoconstriction and therefore fetal 
hypoxia and acidosis [11, 26].

27.6  Circulation

If possible, two large bore (> = 16G) intravenous 
access lines should be secured above the level of 
the diaphragm [13, 16, 19]. Intraosseous (IO) 
access is an alternative [17]. In patients with 
severe preeclampsia (PET) and eclampsia, fluid 
resuscitation should be undertaken with caution 
due to an increased risk of precipitating pulmo-
nary edema [16]. Blood and blood products 
should be given as early as possible during hypo-
volemic collapse due to hemorrhage.

27.7  Relieving Aortocaval 
Compression

Relief of ACC must be maintained throughout 
resuscitation and at return of spontaneous circu-
lation (ROSC) [11]. Manual uterine displace-
ment (MUD) is the recommended method for 
relieving ACC during CPR [10, 11, 19]. A 15° 
left lateral tilt with the woman lying on a firm 
surface such as an operating table, Cardiff wedge 
or someone’s knees is a widely recommended 
method for reducing ACC [16]. However, ran-
domised controlled trials in healthy women 
undergoing Caesarean section demonstrate that 
there is less hypotension and the vasopressor 
requirements are lower when the uterus is manu-
ally displaced, compared to tilting the table [27]. 

Ventilate
100% O2

Prepare &
Position

Primary
Attempt

Secondary
Attempt

Alternative
Airway
Control

Airway Controlled

• DON’T INTERRUPT CHEST COMPRESSIONS!
• Jaw thrust + chin lift
• Bag mask (2 handed + oral airway if necessary)
•  Cycles of 30 chest compressions : 2 breaths
•  2 breaths, each over 1 second

•  Call for expert airway help and difficult airway cart
•  Portable suction + airway equipment
•  Endotracheal tube (consider smaller, e.g. 6.0 mm)
•  Optimize poisition
•  Don’t interrupt chest compressions!

•  Direct or video-laryngoscopy
•  Bougle if available

•  Alternative laryngoscopic technique
•  Adjust/release cricoid pressure if applied
•  Return to mask ventilation if unsuccessful
•  Prepare supraglottic airway (+/- gastic port)

•  Insert supraglottic airway (e.g., LMA)
•  If ventilation inadequate, return to mask ventilation
•  If mask ventilation inadequate → Cricothyrotomy

•  Confirm ETT placement*
•  Secure ETT or SGA
•  10 breaths per minute
•  Deliver 500 - 700 mL per breath

Fig. 27.1 The Society 
of Obstetric Anesthesia 
and Perinatology 
consensus airway 
algorithm for cardiac 
arrest in pregnancy, 
reproduced with kind 
permission [10]
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Furthermore, tilting to an 15° is difficult to 
achieve, and it appears that ACC can occur at 
excessive lateral tilt [11, 17]. Tilting the table 
also reduces the force of cardiac compressions 
[28]. Finally, airway management, defibrillation 
and perimortem caesarean delivery (PMCD) are 
all easier with the patient supine [12, 17].

Manual displacement can be undertaken 
from either side of the patient [10]. With the 
operator on the left, the uterus is lifted up and to 
the left, off the maternal vessels. From the right 
side, the uterus should be pushed up and to the 
left [11]. The aim is to apply leftward pressure 
to the right upper uterine border thereby dis-
placing the uterus 1.5 inches laterally from the 
midline [27].

27.8  Monitoring

The use of continuous capnography is strongly 
recommended. Capnography provides infor-
mation regarding airway patency, appropriate 
ventilation, efficacy of CPR and can indicate 
ROSC [11, 17, 19]. Clinical diagnosis of ‘chest 
wall excursion’ does not comprise evidence of 
actual ventilation. The chances of ROSC are 
improved when end tidal carbon dioxide 
(ETCO2) is maintained above 1.3  kPa 
(>10 mmHg) [11]. If capnography is not imme-
diately available, resuscitation efforts should 
not be delayed [10].

The use of ultrasound may be helpful to con-
firm pregnancy and in the diagnosis of potential 
reversible causes of cardiac arrest [12].

27.9  Drugs

Although pharmacodynamics are altered in preg-
nancy, there is insufficient evidence to recom-
mend drug dose alterations. Standard adult drug 
doses should be used [29]. No drugs should be 
withheld due to concerns regarding potential 
harm to the fetus, not least because all the evi-
dence suggests that the best outcome for the fetus 
is associated with return of maternal spontaneous 
circulation [11].

27.10  Reversible Causes

In the obstetric population, pregnancy specific 
causes of collapse should be considered in addi-
tion to those in the general population. (See 
accompanying PowerPoint slides for the 4 Hs 
and 4 Ts, reproduced with kind permission of the 
Resuscitation Council (UK).).

Hemorrhage is a common cause of cardiac 
arrest in pregnancy. As the uterus has a blood 
flow of approximately 700 mL/min at term, life- 
threatening hypovolemia can develop rapidly 
[30]. Uterine atony is the most common cause of 
postpartum hemorrhage and early use of utero-
tonics should be part of the resuscitation strategy. 
Oxytocin should be used with caution due to its 
vasodilatory and negative inotropic effects [10, 
11]. The specifics of obstetric and surgical man-
agement are outside the scope of this chapter. 
However, early recourse to hysterectomy may be 
life-saving. Blood and coagulation products, 
including tranexamic acid, should be given as 
early as possible.

Hypoxia features frequently in maternal car-
diac arrest. The causes of hypoxia include loss of 
airway, intracerebral events, anesthetic complica-
tions, pulmonary embolism, pneumonia, pulmo-
nary edema, venous air embolus and influenza 
[11]. Cardiac arrest following respiratory depres-
sion secondary to opiates appears to be associ-
ated with particularly poor outcomes, with 73% 
of such patients dying or sustaining permanent 
brain injury [31].

Ischemic heart disease heart in pregnancy is 
increasingly common [9, 12]. An incidence of 0.7 
myocardial infarctions (MI) per 100,000 mater-
nities is likely to be an underestimation [32]. The 
mortality from MI in the peripartum period is 
double that of a MI in non-pregnant women of a 
similar age [33]. Presentation may be atypical, 
with epigastric pain and vomiting [13] and such 
cases may be misdiagnosed as reflux. 
Percutaneous coronary intervention (PCI) is the 
first line treatment for ST Elevation MI (STEMI), 
and thrombolysis should be considered when PCI 
is not available [13].

If thromboembolism is suspected to be the cause 
of cardiac arrest, thrombolysis may be indicated as 
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part of resuscitation. The literature supports safe use 
of thrombolysis in pregnancy [34, 35]. Most pub-
lished data of thrombolysis in pregnancy is for 
streptokinase, but urokinase and recombinant tissue 
plasminogen activator have also been safely used in 
pregnancy [34]. Tenecteplase has yet to be studied 
in pregnancy [34].

Regarding amniotic fluid embolism (AFE), 
although one-quarter of women who suffer AFE 
will experience a cardiac arrest, over half survive 
[2]. The mainstay of treatment is supportive [12, 
36]. However, the successful use of extracorpo-
real life support has been reported for AFE [37, 
38] as well as for other causes of maternal car-
diac arrest (See Chap. 14).

A recent study found that 24% of maternal 
cardiac arrests were solely attributable to anes-
thesia [1]. The majority of these (63%) were due 
to high blocks following de novo spinals. 
Seventy-five percent of the patients were obese. 
In contrast to the cohort who suffered cardiac 
arrest from other causes, there were no deaths, 
presumably because all these were witnessed and 
resuscitation promptly instituted. However, other 
evidence suggests complications of general anes-
thesia such as aspiration to be responsible for 7% 
maternal cardiac arrests [2].

Magnesium sulphate, local anesthetic (LA) 
agents, opiates, and anaphylactic and blood trans-
fusion reactions are other causes of cardiac arrest 
in the obstetric population. The use recent UK 
data shows that of 20% intralipid solution to treat 
LA toxicity in pregnancy has not been evaluated, 
but its use in severe hyperemesis appears safe [10, 
39, 40]. Magnesium toxicity is more common in 
the presence of renal dysfunction [11]. 
Hypermagnesemia should be treated with intrave-
nous 10% calcium chloride.

27.11  Perimortem Caesarean 
Delivery

Perimortem caesarean delivery (PMCD), or 
‘resuscitative hysterotomy’ [41] refers to caesar-
ean delivery performed after CPR has com-
menced [17].

The gravid uterus may hinder maternal resus-
citation, and emptying it can therefore improve 

the chances of survival for both mother and fetus 
[3, 11, 13]. Relief of ACC is likely to reduce the 
oxygen consumption and improve the thoracic 
compliance of the compromised mother [14, 16, 
17]. In one case series, 66% of women achieved 
ROSC immediately following PMCD [3]. PMCD 
should not be delayed to confirm fetal viability 
[42]. Although ultrasound is a more accurate tool 
than palpation for estimating gestational age, the 
equipment and expertise for this may not be 
immediately available and should not delay the 
procedure [13] Furthermore, as noted above, neo-
natal survival directly correlates with maternal 
survival [1].

Limited evidence suggests that PMCD should 
be carried out if ROSC is not achieved within 
4 min of arrest in women with a uterine fundus at 
or above the umbilicus despite relief of ACC and 
effective cardiac compressions [17, 19, 42, 43]. 
Practically, PMCD should be considered as soon 
as cardiac arrest is confirmed [11]. Although irre-
versible hypoxic brain damage starts to occur 
within 4  min in a patient without cardiac  
output [11, 16], there is evidence that PMCD 
may benefit both mother and fetus even when ini-
tiated more than 5 minutes from cardiac arrest. A 
significant difference between the arrest to deliv-
ery interval has been found between survivors 
and non-survivors of maternal cardiac arrest 
(10.0 ± 7.2 min vs 22.6 ± 13.3 minutes, respec-
tively (p < 0.001)) [8]. The recommended time-
frame of 5 minutes appears difficult to achieve, 
and this may lead to a reluctance to embark on 
PMCD at all [8, 44, 45]. Furthermore, one review 
found that only 7% of PMCDs were carried out 
within the recommended time frame [8]. 
However, the most recent UK data shows that 
61% of PMCDs were achieved within less than 
5  minutes [1]. There is no evidence of harm 
caused by PMCD [3, 8, 11]. It is therefore recom-
mended that PMCD be undertaken regardless of 
the time since cardiac arrest, as long as maternal 
resuscitation itself is not considered futile.

Maternal survival is greater when PMCD is 
performed at the site of collapse, compared with 
transferring to the operating theatre (72% vs 
36%, respectively) [1]. This difference can prob-
ably be attributed to the quality of resuscitation 
provided during maternal transfer [45, 46].
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CPR with MUD should be continued during the 
procedure [10, 16, 46, 47]. Minimal equipment is 
required in order to conduct PMCD. This equip-
ment should be kept on all cardiac arrest trolleys in 
areas where maternal collapse may occur [14]. A 
urinary catheter does not need to be inserted prior 
to PMCD [48]. An aseptic technique is also not 
required as this would delay delivery [11]. The 
incision used is at the discretion of the operator. A 
classical incision may offer better visualisation of 
the abdomen and pelvis, but the Pfannenstiel may 
be a more familiar approach [16]. No anaesthetic is 
required until ROSC. Triggering the major obstet-
ric  hemorrhage (MOH) protocol should be consid-
ered at the time of PMCD in anticipation of 
bleeding should ROSC be achieved, especially if 

an AFE is suspected [42]. With the abdomen open, 
direct cardiac massage is also possible [14, 16, 17].

If ROSC is achieved and the mother is stable, 
transfer to the operating theatre can be under-
taken in order to complete surgery and improve 
hemostasis. Antibiotics and uterotonics may also 
be considered. Figure  27.2 illustrates a PMCD 
flow diagram.

27.12  Vaginal Delivery

If the cervix is fully dilated, the fetal head is at an 
appropriate station, and it is likely that delivery 
can be accomplished within 5 minutes, assisted 
vaginal delivery for emptying the uterus may be 

MATERNAL COLLAPSE

4 minutes

Return of spontaneous circulation

Gestational age ≥ 24 weeks
(Per history or fundal height)

No Yes

No Yes

No Yes

Successful resuscitation

Aesthetic wound closure Hemostasis - meticulous
Layered sutures
Uterotonics administration
Antibiotic prophylaxis

Ignore:
• Informed consent
• Technique sterility
• urinary catheter

• Stabilize
• Transfer to ICU

• Left lateral shift
• Do not transport

Call for help:
• Resuscitation team
• Obstetric surgeons
• Neonatologists
Order blood productsCardiopulmonary

resuscitation

Perimortem Cesarean Section
Continue CPR

Fig. 27.2 A perimortem 
caesarean delivery 
decision- making flow 
diagram, reproduced 
with kind permission 
[48]
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feasible. Resuscitation should not be interrupted 
during delivery [11, 17].

27.13  When to Stop

Current guidance states that resuscitation should 
be continued while the patient remains in a 
shockable rhythm, or until all resources and 
attempts to achieve ROSC have been exhausted 
[17]. The decision to stop should be made by a 
senior obstetrician and anaesthetist in consulta-
tion with the arrest team and should be unani-
mous if possible [16].

27.14  Aftermath

Family members should be kept fully informed 
during resuscitation. Although the literature cur-
rently supports having family members present at 
the time of resuscitation, there is no literature on 
the topic in the maternal population. Given the 
potential need to perform urgent surgery, this 
concept may not hold true for this special popula-
tion. After the resuscitation, staff debriefing 
should be undertaken by a competent profes-
sional [16]. There is little literature on survivors 
of maternal cardiac arrest or PMCD, but it is 
likely that both mother and child will require a 
period of intensive care.

27.15  Human Factors 
and Teamwork

In every resuscitation, a team leader should be 
identified. Systematic delegation of tasks, regular 
reassessment of progress and the use of check-
lists and visual aids are recommended [10]. 
Closed loop communication is most effective in 
the emergency setting. Therefore, instructions 
should be issued directly to a specific team mem-
ber, and their performance should be verbally 
reported to the team leader.

Simulation studies and reviews of clinical 
practice indicate that care during obstetric resus-
citations is often suboptimal [9, 49]. Regular 

multidisciplinary simulation and practice drills 
are strongly recommended to improve team per-
formance [10, 47, 50].

All maternity staff should complete annual 
formal training in life support and the manage-
ment of maternal collapse [16]. There is evidence 
that the MOET (Managing Obstetric Emergencies 
and Trauma) training course in obstetric resusci-
tation has led to greater use of PMCD during 
maternal cardiac arrest both in the UK [1, 14, 16] 
and Europe [44].

27.16  Conclusion

Management of obstetric cardiac arrest should pri-
oritise the mother. Successful management of the 
mother maximises the chances for the fetus. 
Effective CPR should be commenced immediately 
with minimal interruptions of chest compressions 
and early defibrillation of shockable rhythms. 
Hypoxia must be treated quickly and a difficult 
airway anticipated. Manual uterine displacement 
should be maintained throughout resuscitation. 
Early PMCD is associated with improved chance 
of ROSC and maternal survival [3, 10, 11]. Early 
senior and multidisciplinary involvement from 
obstetricians, anaesthetists, neonatologists, inten-
sivists and cardiologists are essential [10, 16].
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Bullet Points
• Cardiac arrest is uncommon in pregnant 

patients. Therefore, few intensivists 
have experience with post-cardiac arrest 
care in pregnancy.

• Pregnant post-cardiac arrest patients 
should receive tailored intensive care 
considering the state of pregnancy, gen-
eral principles of post-cardiac arrest 
care and the disease causing the arrest.

• Cardiac causes commonly lead to ven-
tricular fibrillation or ventricular tachy-
cardia and may result from a myocardial 
infarction, cardiomyopathy or 
myocarditis.

• Non-cardiac causes such as hypovole-
mia related to bleeding, hypoxia, throm-
boembolism, maternal fluid embolism 
and air embolism as well as intracranial 
bleeding are possible causes of cardiac 
arrests with a non-shockable rhythm 
such as pulseless electrical activity or 
asystole.

• Immediately after return of spontaneous 
circulation, the patient should be 
assessed according to an ABCD 
approach.

• The airway should be secured in all 
patients after cardiac arrest unless they 
are conscious and have stable vital signs. 
Endotracheal intubation may be difficult 
and should be done with diligence.

• Hypoxia, extreme hyperoxia as well as 
hypo- and hypercarbia should be 
avoided. Mechanical ventilation should 
be undertaken utilising a lung-protective 
strategy.

• Blood pressure may be high immedi-
ately after return of spontaneous circu-
lation if the patient has received 
adrenaline during cardiopulmonary 
resuscitation but afterwards patients 
may require intravenous fluid and/or 
vasopressors. The blood pressure target 
should be between 65 and 70 mmHg.

• Manage patient temperature targeting to 
33–36 °C.  In patients with bleeding or 
severe shock, targeting to 36° may be 
preferable.

• Use short-acting sedative agents such as 
propofol and remifentanil to facilitate 
early extubation in the neurologically 
improving patient.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_28&domain=pdf
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28.1  Introduction 
and Epidemiology

Given the rarity of cardiac arrest in pregnancy, 
most intensivists will have limited practical expe-
rience in post-cardiac arrest care of maternal 
patients. The United Kingdom cardiac arrest in 
pregnancy study (CAPS) published in 2017 iden-
tified 66 maternal deaths occurring in 1  year, 
equalling an incidence of 2.78 cases per 100,000 
maternities [1]. Most of these deaths occurred in 
the hospital, and many were related to an anaes-
thetic procedure. The 12-month FINNRESUSCI 
study conducted in Finland (two large emergency 
medical  systems and all Finnish intensive care 
units) identified no pregnant women among the 
548 cardiac arrest patients who survived to inten-
sive care unit (ICU) admission [2, 3]. In the 
United States, related at least in part to the opioid 
crisis, critical cardiovascular events such as car-
diac arrests are increasing during pregnancy [4]. 
This trend may lead to a rise in the number of 
pregnant women with cardiac arrest who will 
require ICU care in the future.

All randomised controlled trials on post- 
resuscitation care have excluded pregnant 
patients [5–8]. Thus, the discussion regarding 
management of pregnant patients after cardiac 
arrest in this chapter is based on interpretation of 
the applicability, benefits and possible harms of 
the available therapeutic interventions given the 
state of the pregnancy, as well as on generally 
accepted principles of critical care management 
of the pregnant patient.

28.2  Pathophysiology of the Post- 
Cardiac Arrest Syndrome

Non-pregnant patients who initially survived car-
diac arrest to be admitted to an ICU die mostly 
due to brain injury and less commonly due to car-
diac injury [9, 10]. The main cause of brain injury 
is global hypoxia, which initiates a series of 
events that result in various degrees of hypoxic- 
ischaemic brain injury (HIBI) or hypoxic- 
ischaemic encephalopathy (HIE) [11, 12]. The 
damage occurring after cardiac arrest is usually 
described as a ‘two-hit model’. The primary 
injury occurs during cardiac standstill and is 
highly dependent on both the no-flow time (the 
period the patient is in cardiac arrest and does not 
receive any basic life support) and the low-flow 
time (the period of chest compression, during 
which there is some circulation) [13]. The devel-
opment of HIBI appears to be predominantly 
related to the length of the no-flow state, accentu-
ating the importance of immediate basic life sup-
port. The magnitude of pre-arrest hypoxia and 
hypotension also seem to be important [14]. 
Patients with cardiac arrest related to hypoxia 
(suffocation, hanging) appear to develop a severe 
form of HIBI and have a worse prognosis [15]. 
There are limited data about the cause of death in 
pregnant patients treated in the ICU after cardiac 
arrest, and there is little likelihood of data on this 
topic forthcoming soon. At this time, it is there-
fore reasonable to assume that these findings may 
be relevant in the pregnant population as well.

If return of spontaneous circulation (ROSC) is 
achieved, the second hit develops over the fol-
lowing 24–48  h [16]. The pathophysiology 
behind the second hit neurological injury is com-
plex but includes reperfusion injury, disturbed 
autoregulation, local brain hypoxia and brain tis-
sue oedema [11, 17]. Fever is a common feature 
and multiple studies have suggested harm from 
fever after cardiac arrest. During the first 24 h, 
cerebral blood flow decreases and oxygen deficit 
develops [18, 19]. In severe cases, catastrophic 
cerebral oedema may develop, leading to brain 
death. Patients may also develop a generalised 
systemic inflammatory response similar to that 
observed in sepsis, with elevation of inflamma-
tory marker and cytokine levels [20, 21]. This 

• Avoid hyper- and hypoglycaemia using 
insulin if needed. If the patient is not 
arousable within 48–72 h, a multimodal 
approach should be used to determine 
prognosis and guide future care. Include 
a thorough neurological examination, 
electroencephalography, a computed 
tomography of the brain, somatosensory 
evoked potentials and biomarkers.

• Recovery from cardiac arrest takes time 
and may require rehabilitation and sup-
port for both patient and family.
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inflammatory response tends to manifest in 
patients who also develop extracranial organ fail-
ure [22, 23]. Myocardial dysfunction, which typi-
cally occurs during the first 24 h following ROSC 
and then tends to abate, is probably an important 
cause of this organ failure [24]. Treatment in 
cases with an evolving inflammatory response 
remains mainly supportive [22]. High-volume 
haemofiltration has been tried as a means of 
reducing inflammatory cytokine levels with 
inconclusive results [25].

28.3  Stage of Pregnancy 
and Change in Physiology 
Relevant to the ICU Physician

The stage of pregnancy will influence the type of 
ICU care provided after cardiac arrest [26]. 
During early pregnancy (up to a gestational age 
of 20 weeks), post-resuscitation treatment of the 
pregnant woman should adhere to the principles 
of post-resuscitation management for the general 
population [12]. At this time, the most profound 
physiological changes of pregnancy have yet to 
occur, and the fetus is not viable. Thus, the strat-
egy should be to maximise the likelihood of ben-
efit for the mother and, by proxy, that of the fetus. 
After 20  weeks of gestation, the physiological 
changes of pregnancy become more apparent and 
therefore merit greater consideration when plan-
ning care.

28.4  Immediate Management 
after Return of Spontaneous 
Circulation

Immediately after return of spontaneous circula-
tion (ROSC) the woman should be surveyed 
according to an ABCD type approach.

Airway: Evidence shows that most women 
undergoing in-hospital resuscitation are intu-
bated during the cardiac arrest [27]. However, the 
importance of intubation during CPR has recently 
been challenged [27]. Therefore, more patients 
may undergo cariopulmonary resuscitaiton 
(CPR) with only bag-valve-mask ventilation or 
airway devices in the future. After ROSC, the air-

way must be secured, with the sole exception of 
the completely conscious patient who has experi-
enced a very brief cardiac arrest. Pregnant women 
also have an increased risk of regurgitation, plac-
ing even greater importance on securing of the 
airway with an endotracheal tube (ETT). Since 
endotracheal intubation is more difficult in preg-
nant women than in the general population, this 
should be performed in a controlled manner. 
Ideally, an airway checklist should be used 
(Table 28.1) [28]. Correct placement of the endo-
tracheal tube is best confirmed by combining 
visual inspection of chest rise, fogging of the 
tube, continuous capnography and assessment of 
tube location by auscultation (i.e. absence of 
auditory sound over the stomach indicating 
oesophageal intubation followed by auditory 
signs indicating entry to air into the lungs during 
inspirium) [29]. Initially the tube should be 
placed and secured at a depth of 21–23  cm. 
Placement at the correct depth is then verified by 
chest radiography or direct fiberoscopy (see also 
Chap. 21).

Breathing: Most pregnant/post-partum women 
after cardiac arrest will likely require ventilator 
support. While there is no direct evidence to sup-
port this assumption, controlled mechanical ven-
tilation may be less damaging than manual 
ventilation with unknown and probably dynamic 
parameters. Thus, mechanical ventilation is best 
initiated early after ROSC.  Minute ventilation 
increases up to 50% during pregnancy [30]. 
Initial ventilation settings should take this change 
into consideration. As a rule of thumb, the aim 
should be for 14–16 breaths per minute, a tidal 
volume of between 400 and 500 mL (6–8 mL/kg 
ideal body weight) and a positive end-expiratory 
pressure (PEEP) of 6 cmH2O.

During CPR, all patients receive 100% oxy-
gen, and there is no accurate way to monitor the 
adequacy of oxygenation. After ROSC, oxygen-
ation should be monitored using pulse oximetry 
(peripheral oxygen saturation) and by sampling of 
arterial blood gases. The fraction of inspired oxy-
gen (FiO2) should be titrated to achieve an oxy-
gen saturation of 94–98% [29]. If the woman is 
still undergoing bag-valve-mask ventilation, FiO2 
may be adjusted by regulating fresh oxygen flow 
[31]. The FiO2 achieved will depend on minute 

28 Intensive Care Management of the Pregnant Patient after Cardiac Arrest
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ventilation; with an oxygen flow of 4 L/min, the 
FiO2 approximates 50% [31]. Most women will 
not require prolonged ventilation with 100% oxy-
gen. However, if arrest had occurred secondary to 
hypoxia (e.g. suffocation, acute asthma, pulmo-
nary embolism or aspiration), ongoing treatment 
with high FiO2 may be required to maintain 
appropriate oxygen saturation. If the cause of the 
arrest was cardiac and CPR was promptly initi-
ated, less oxygen will probably be required. In 
this situation, prolonged use of 100% oxygen will 
result in extreme hyperoxia [32].

Ventilation should be adjusted to achieve a 
PaCO2 of around 32–34 mmHg, which is normal 
during pregnancy [30]. Hyperventilation 
(PaCO2 < 32 mmHg) is harmful both during and 
after cardiac arrest in the non-pregnant patient 
[33, 34]. In pregnant women, hyperventilation 
may also cause vasoconstriction with a resultant 

decrease in uterine blood flow, which may lead to 
foetal distress [35]. End-tidal CO2 level moni-
tored by capnography may provide some guid-
ance for setting ventilation after the woman has 
stabilised. However, in the first hours after car-
diac arrest, there may be a large arterial-alveolar 
difference due to faulty tissue perfusion (includ-
ing the lungs). Thus, setting the correct minute 
ventilation requires frequent arterial blood gas 
sampling in the first hours of ventilation [36]. 
This will also aid in adjusting FiO2.

28.4.1  Circulation

During the first 20 min after ROSC, the risk of 
re-arrest is high. Efforts should be invested in 
ensuring adequate monitoring of patient vital 
signs. This should include continuous 

Table 28.1 Checklist to be used for safe management of the airway outside the operating room. All parts of the list are 
addressed by the whole team prior to initiating the procedure (modified from a list used since 2011 in the ED of Helsinki 
University Hospital and developed by RN M Kemppainen, RN A Rantanen, MD S Urtamo, MD J Puolakka)

Aim Action
Preoxygenation O2 flow of >15 L, ensure the reservoir bag of the bag-valve-mask is full
Intravenous access Ideally two iv lines with fluid running
Patient monitoring   1. Peripheral oxygenation saturation

  2. Electrocardiography
  3.  Invasive blood pressure if possible, or non-invasive measurement set to measure every 

2 min
  4.  Capnography connected to the bag-valve-mask with curve shown on screen (ensure it 

functions by using it during preoxygenation)
  5. Assign one person to follow vital signs during the procedure

Medications   1. Anesthetic drugs
  2. Norepinephrine infusion prepared and connected to an intravenous line 
  3.  A bolus of vasopressor (diluted norepinephrine or diluted epinephrine) prepared in a 

5 ml syringe
Airway equipment   1. Endotracheal tube - prepare two sizes and a 10 ml syringe for filling cuff

  2. Laryngoscope ready and checked
  3. Stylet or bougie ready to be used with lubricant
  4. Tape or lace for securing the endotracheal tube
  5. Suction ready and checked
  6.  Plan for difficult intubation. Consider and prepare a videolaryngoscope and an 

supraglottic airway
Prepare the patient   1. Optimise patient positioning, use the ‘sniffing position’

  2. Optimise work conditions for the person performing intubation 
  3. Clarify the person allocated to each of the following roles: 
     (a) Performance of cricoid pressure (if required) 
    (b) Moving the larynx into an optimal position
    (c) Positioning the side of the patients’ mouth to facilitate tube insertion
  4.  Decide on a strategy of there is a circulatory collapse and the patient requires 

cardiopulmonary resuscitation
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 electrocardiography  (ECG), blood pressure and 
capnography. A sudden drop in end-tidal CO2 
suggests impending re-arrest; this can be verified 
by identifying lack of a palpable pulse and loss of 
an organised cardiac rhythm on the ECG.  The 
treating staff should be prepared to identify and 
rapidly manage re-arrest should this occur. If the 
woman had a shockable initial rhythm and 
sequences of shock-resistant ventricular fibrilla-
tion/tachycardia (VF/VT), these arrhythmias 
may recur. In such cases, a defibrillator must 
remain available nearby. If the woman was resus-
citated from a non-shockable rhythm such as 
pulseless electrical activity (PEA) or asystole, 
recurrent PEA or severe hypotension are more 
likely. These can only be identified if blood pres-
sure is measured continuously parallel to moni-
toring of electrocardiography. A high-monitoring 
environment and invasive blood pressure mea-
surement are preferred as these will facilitate the 
response to possible maternal re-arrest.

Adrenaline received during resuscitation can 
sometimes greatly elevate systemic blood pres-
sures. The half-life of adrenaline approximates 
5 min, therefore the treating clinician should be 
alert to the option of hypotension occurring 
shortly (within 5–10 min) after ROSC [12]. The 
likelihood of such occurrence may even be higher 
in women whose cause of arrest was hypovole-
mia (e.g. hemorrhage).

Disability: A brief neurological examination 
should be undertaken after ROSC. If the woman 
has received adrenaline or atropine her pupils 
may be dilated. If the patient is restless or com-
bative, a sedative agent or opiate should be 
administered. Generally, extubation should not 
be performed shortly after ROSC; the added 
work of spontaneous breathing may augment 
post-arrest intracellular energy deficit, and the 
patient may not be able to protect her airway, 
resulting in gastric aspiration. Sedation must be 
tailored first and foremost to maternal condition, 
as foetal well-being hinges on maternal well- 
being. Additional considerations affecting the 
choice of sedation are the stage of pregnancy and 
the pregnancy management plan. If immediate 
delivery is planned, an obstetric anaesthesiologist 
and a neonatologist should be involved in the 

decision-making process at this stage. For exam-
ple, if caesarean delivery is being planned, seda-
tion should be kept to a minimum in order to 
diminish the likelihood of neonatal respiratory 
depression. See below the discussion regarding 
sedation options.

28.5  Logistics of ICU Care

Comatose post-ROSC patients commonly require 
intensive care for a minimum of 48–72  h. 
Observational data from non-pregnant out of hos-
pital cardiac arrest patients suggests that transfer 
from the scene of the arrest to a specialised car-
diac arrest centre may be associated with better 
outcomes than transfer to the nearest hospital 
[37–39]. Pregnant and peripartum women who 
have arrested outside the hospital, and achieved 
ROSC should be transferred to a hospital with 
both intensive care and obstetric expertise. The 
details of the arrest and the clinical condition of 
the patient after ROSC should be ascertained 
from the emergency medical service (in case of 
out-of-hospital arrest) or the resuscitation team 
(in case of in-hospital arrest) and diligently docu-
mented. These details are of paramount impor-
tance for decisions at a later stage of intensive 
care (Table  28.1). A protocol should ideally be 
used in all intensive care units when managing 
patients after cardiac arrest [40]. This is particu-
larly true for pregnant women, as care is being 
delivered to two patients rather than one.

28.6  Determining the Cause 
of the Arrest

Important information regarding cardiac arrest 
management will provide clues on arrest cause, 
and should be collected from the CPR providers, 
either the emergency medical service providers 
or members of the in-hospital cardiac arrest team 
(Table 28.2). Acute myocardial infarction is the 
most common cause for cardiac arrest in non- 
pregnant patients, but it is less common in preg-
nant patients [41]. In pregnant women, heart 
failure due to exacerbation of pre-existing heart 
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disease, cardiomyopathy or myocarditis are more 
common [42] and may cause a primary cardiac 
arrhythmia. However, myocardial infarction has 
also been reported during pregnancy [43]. 
Ventricular fibrillation may also be related to cer-
tain electrolyte disturbances and intoxications 
[44].

The diagnostic workup of patients resusci-
tated from a shockable rhythm should start with a 
12-lead ECG.  In cases of prolonged CPR with 
use of adrenaline, changes suggesting ischaemia 
may be seen immediately after ROSC. Therefore 
decisions should be made based on the findings 
of an ECG obtained 20 min from ROSC [42].

If ongoing ST-segment elevation is observed, 
additional investigations should be undertaken 
without delay regardless of pregnancy [43, 45]. 
The value of measuring cardiac enzyme levels 
early after cardiac arrest remains unclear even in 
the general population [46]. An echocardiogram 
(ECHO) may reveal regional wall motion abnor-
malities, valvular abnormalities (e.g. aortic ste-
nosis, mitral regurgitation), cardiomyopathy or 

severe cardiac failure. Computed tomography 
may be required to rule out alternative causes 
(e.g. aortic or coronary dissection). If indicated, 
iodinated contrast media may be used despite 
ongoing pregnancy. To date, no teratogenic 
effects have been clearly attributed to exposure to 
the newer generation of low-osmolality contrast 
media during pregnancy [47].

The option of coronary artery disease as the 
cause of cardiac arrest is commonly overlooked 
even in non-pregnant women [48]. While preg-
nant women are younger, aortic dissection, 
 coronary artery dissection and clinically signifi-
cant atherosclerotic coronary artery disease have 
all been described during pregnancy [49]. 
Maternal mortality from myocardial infarction 
ranges between 5% and 37% even in developed 
countries [47, 50, 51]. Therefore, regardless of 
pregnancy, the mother should receive appropriate 
workup and treatment. In the presence of ongo-
ing ST-elevation (and in some cases with non-
 ST  elevation  myocardial infarction), early 
coronary angiography may be indicated [52]. 

Table 28.2 Pre- and intra-arrest factors that should be ascertained from the emergency medical service (in case of out-
of-hospital arrest) or the resuscitation team (in case of in-hospital arrest) and diligently documented. These details are 
of paramount importance for decisions at a later stage of intensive care

Factor Relevance and how to avoid pitfalls
Relevant symptoms prior to the 
arrest

May provide insight regarding the etiology of the arrest
Headache may suggest an intracranial process. Dyspnea may suggest heart 
failure or pulmonary embolism. Chest pain may suggest myocardial infarction 
or arterial dissection

Clinical status prior to the arrest Seizure in late pregnancy is most commonly pre-eclampsia. Other possible 
causes are intracranial pathologies such as subarachnoid hemorrhage, other 
forms of intracerebral hemorrhage or sinus vein thrombosis. Cardiac arrest in 
such cases may be related to a sudden increase in intracerebral pressure or 
severe hypoxia due to respiratory depression

Was the arrest witnessed? Unwitnessed arrest has a much worse prognosis both in and out of hospital 
Did the patients receive bystander- 
initiated life support?

Chest compression is pivotal for survival and may not have been delivered in 
a timely manner. Even in-hospital cardiac arrest may not be recognised or 
responded to appropriately. Obstetric department staff rarely encounter 
patients in cardiac arrest

Initial rhythm May suggest the most likely cause of arrest and is also an important predictor 
of survival. The reported initial rhythm is best verified against real-time 
pre-hospital/event electrocardiography printouts

Duration of the arrest The actual time of the arrest may be difficult to ascertain. It is therefore 
common practice to use the time the call was placed to the dispatch centre or 
to the cardiac arrest team as “time zero”

Clinical findings after return of 
spontaneous circulation 

Persistent hypertension (notwithstanding intra-arrest use of adrenaline) 
suggests eclampsia or an intracranial process
Ongoing hypotension suggests bleeding
Ongoing hypoxia suggests pulmonary embolisms or massive aspiration
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Coronary rupture has been reported during per-
formance of coronary angiography in pregnant 
women, and foetal exposure to ionising radiation 
should be minimised, therefore such catheterisa-
tion should only be performed by an experienced 
invasive cardiologist. In such cases, the risk- 
benefit ratio must always be weighed together 
with the family on an individual basis, the under-
standing being that the benefit of the mother 
comes before that of the fetus.

Subarachnoid hemorrhage (SAH) may also 
cause ventricular fibrillation in rare instances. If 
the ECG and ECHO results are normal, com-
puted tomography imaging of the brain is indi-
cated. The presence of a headache preceding the 

arrest is often described in SAH-related cardiac 
arrest. However, the absence of a pre-arrest head-
ache does not rule out SAH [53].

For pregnant women with PEA as their initial 
non-perfusing rhythm, the mnemonic 
BEAUCHOPS (bleeding, embolism, anaesthetic 
complications, uterine atony, cardiac disease, 
hypertension due to eclampsia, other causes and 
sepsis) summarises the etiological factors that 
should be considered (Table  28.3) [54]. Efforts 
should be made to identify and treat these causes 
as well as the causes of PEA observed in the gen-
eral population even during resuscitation [55]. If 
this has not been completed before ROSC, the 
likely etiology should be ascertained with further 

Table 28.3 Identifying the cause of the arrest and tailoring investigations and management in the ICU according to the 
mnemonic ‘BEAUCHOPS’

Cause of the 
arrest Diagnostic considerations

Management priorities 
immediately after ROSC

Management priorities 
during the first 24–48 h

Bleeding Hemoglobin level, coagulation 
status, focused assessment with 
sonography for trauma (FAST), 
whole body computed tomography, 
temperature, arterial blood gases and 
electrolytes

Identify active bleeding 
identify and control the source 
of bleeding, correct 
coagulation profile, transfuse, 
warm the patient and correct 
acid-base and electrolyte 
disorders throughout surgery/
radiological intervention

Identify possible 
rebleeding. Manage 
coagulation and venous 
thromboembolism 
prophylaxis

Embolism Echocardiography
Computed tomography coronary 
angiography
Duplex ultrasound of the lower 
limbs

Thrombolysis/surgical 
embolectomy and/or 
extracorporeal membrane 
oxygenator

Anticoagulation with 
heparin infusion or low 
molecular weight 
heparin

Anaesthetic 
complications

Identify possible trigger and
Document the relevant clinical 
details of the event

Stabilisation Stabilisation

Uterine atony Obstetric consultation, vaginal 
ultrasound, clinical examination

Immediate surgery Stabilisation

Hypertension 
due to 
eclampsia

Clinical history, urinary screening 
for protein, electroencephalography, 
kidney and liver function tests

Computed tomography of the 
brain to rule out 
complications, managment of 
convulsions and blood 
pressure stabilization

Identify relevant organ 
failure (liver, kidneys), 
infuse magnesium, 
control blood pressure

Other cause Clinical history suggesting overdose, 
drug screen. In case of trauma 
appropriate CT scan (head, neck, 
thorax, abdomen, pelvis)

Relevant antidote if such exists 
(e.g. naloxone) arterial blood 
gas (seek findings suggestive 
of intoxications), anion gap 
calculation
Identify active bleeding in 
trauma patients

Stabilisation. Renal 
replacement in certain 
intoxications
Trauma treatment 
according to standard 
management strategies

Sepsis Blood, sputum and urinary cultures, 
cerebrospinal fluid in specific cases, 
chest radiography, targeted 
computed tomography scan

Antibiotics Antibiotics and obtain 
source control
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investigations after ROSC and treatment should 
be targeted accordingly (Table  28.2). Initial 
workup should include 12-lead ECG, arterial 
blood gas analysis with lactate, haemoglobin and 
electrolytes and chest radiography. A computed 
tomography scan of the brain, thorax, abdomen, 
and pelvis should be considered. CT angiogram 
must be undertaken if pulmonary embolism or 
arterial dissection is suspected and in select cases 
with suspected coronary heart disease. A drug and 
toxicology screen is in order when there is reason 
to suspect drug abuse or foul play and when no 
other obvious cause of arrest has been identified.

The circumstances surrounding the arrest will 
also be important for prognostication purposes 
(Table  28.2) [56] and must therefore be accu-
rately documented in the hospital charts. If the 
CA occurs in the hospital during delivery (either 
vaginal or C-section), hemorrhage, eclampsia 
and maternal fluid and air embolism need to be 
kept in mind. Maternal amniotic fluid embolism 
is a dramatic event which occurs most commonly 
immediately after delivery of the placenta [57].

28.7  Mechanical Ventilation

Most patients with cardiac arrest who have been 
admitted to intensive care remain ventilated for 
24–72  h [58]. The goals of positive pressure 
mechanical ventilation are to provide stable oxy-
genation and ventilation while protecting the 
lungs from secondary damage [59].

Oxygenation targets: Maternal hypoxemia 
(PaO2 < 75 mmHg) should be avoided by means of 
moderate PEEP and, if required, increased FiO2 
[32]. Maternal arterial oxygen in the range of 
75–100 mmHg appears to suffice for fetal oxygen-
ation [60, 61]. Retrospective studies have associ-
ated extreme hyperoxia (PaO2 > 300 mmHg) in the 
first days after ROSC with higher death rates and 
poorer neurological outcomes [62, 63]. Hyperoxia 
is most commonly observed with inadvertent pro-
longed use of 100% oxygen [32]. Whether target-
ing moderate hyperoxia is protective or harmful in 
cardiac arrest patients is currently unclear [58]. 
Therefore, until more data is forthcoming. 
Hyperoxia should be avoided after cardiac arrest.

Ventilation targets: In late pregnancy 
(>28 weeks), the normal PaCO2 is in the range of 
30–32  mmHg, which is lower than in the non- 
pregnant patient [26]. This is multifactorial, but is 
in part related to hyperventilation induced by 
progesterone and beginning after the first trimes-
ter. In cardiac arrest patients, the evidence is con-
flicting regarding optimal PaCO2 targets. It is 
generally accepted that hyperventilation should 
be avoided as it can induce arterial vasoconstric-
tion in the brain [58, 64, 65]. As noted above, in 
pregnant women, hyperventilation may also 
cause uterine artery vasoconstriction, thereby 
decreasing blood flow to the fetus [26]. Mild 
hypercapnia has been shown to increase brain 
oxygenation [66, 67]. Current investigations in 
non-pregnant patients after ROSC are therefore 
focusing on the option of targeting mild hyper-
capnia. However, in the pregnant patient, even 
mild hypercapnia may cause acidosis which may 
be harmful for the fetus and cannot be recom-
mended for pregnant patients at the present time 
[54, 60]. As there is no conclusive evidence 
regarding carbon dioxide targets, targeting nor-
moventilation is likely most safe.

Lung protection: Lung-protective ventilation 
with avoidance of excessive tidal volumes is rec-
ommended in patients with ARDS.  One study 
showed an increase in mortality with tidal vol-
umes (TV) exceeding 8 mL/kg (predicted ideal 
body weight) [68]. Thus, in general, TVs of 
5–6  mL/kg should be used and the frequency 
titrated to achieve the desired PaCO2. This might 
be slightly more challenging in the pregnant 
patient than in the general population given the 
metabolic increase. The indications for and 
method of lung-protective ventilation are dis-
cussed in greater detail in Chap. 23.

28.8  Targeted Temperature 
Management

Targeting of systemic temperatures to 33–36 °C 
for at least 24 h is recommended in non-pregnant 
cardiac arrest patients [12]. Recent evidence sup-
port the use of TTM also in patients resuscitated 
from non-shockable and in-hospital CA [69]. 
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However, all clinical trials thus far have focused 
mainly on patients with an assumed cardiac cause 
for the arrest and have excluded pregnant women. 
There is little or no data on whether targeted tem-
perature management (TTM) is efficacious in 
arrests occurring due to non-cardiac causes (e.g. 
pulmonary embolism, hypoxia, hemorrhage), 
although the ultimate mechanism of brain injury 
is likely to be similar (hypoperfusion mixed with 
increasing hypoxemia over time). In addition, the 
evidence suggests TTM may be beneficial mainly 
for patients resuscitated from a shockable initial 
rhythm [70].

TTM in pregnant and peripartum women: The 
two main concerns regarding the use of TTM in 
pregnant and peripartum women after ROSC are 
the risk of maternal hemorrhage and the potential 
for fetal damage especially if targeting 
33 °C. Nonetheless, case reports have come out 
in recent years describing successful treatment of 
pregnant women with TTM which have sug-
gested feasibility and lack of side effects [71]. 
Cardiac conduction may be modified during 
hypothermia with prolongation of the QT inter-
val, QRS and PR segments all being observed. 
This reduction in heart rates usually only occurs 
within the lower range of temperatures used for 
TTM [72]. One case reported appearance of 
maternal bradycardia at 33  °C accompanied by 
signs of fetal distress [73]. Therefore, TTM of 
pregnant women must be accompanied by close 
monitoring and controlling of maternal heart rate 
and continuous monitoring of fetal heart rate. 
The decision as to which temperature (33 or 36 
degrees) to target should be made on a 
 case-by- case basis while taking into account the 
possible benefits and risks.

Systemic temperatures below 32 °C may also 
affect the coagulation cascade and platelet func-
tion [74]. This issue is of concern particularly in 
the peripartum period when there is an increased 
risk of maternal bleeding regardless of the mode 
of delivery. Theoretically, the risk of bleeding 
increases as systemic temperatures decrease. In 
non-pregnant patients after ROSC, there do not 
appear to be major differences in outcome when 
treated with 33  °C versus 36  °C.  Therefore, in 
women after ROSC who are at risk of hemor-

rhage, a temperature of 36 °C should be targeted. 
At this time the literature describes only two 
women who arrested post-partum and were 
treated with TTM after achieving ROSC; of 
these, one exhibited coagulopathy [75]. However, 
the characteristics of the case were suggestive of 
amniotic fluid embolism which may itself be 
accompanied by coagulopathy. TTM after car-
diac arrest is generally not associated with an 
increased risk of bleeding [5, 6]. Therefore, this 
treatment should be provided if it may improve 
maternal outcome. However, more attention 
should be directed towards selection of the indi-
viduals for treatment and to monitoring to pre-
vent bleeding complications.

Pre-hospital induction of hypothermia with 
cold fluids during the arrest [76] or after ROSC is 
not beneficial [77, 78]. Targeted temperature 
management should therefore be started in the 
ICU and should continue for at least 24  h 
(Table 28.3). Outcomes are not better with treat-
ment for 48 h compared to 24 h [5]. At the end of 
the TTM treatment period, the woman should be 
rewarmed slowly to 36.5–37  °C.  Fever occurs 
commonly and may be treated with paracetamol. 
Any rebound hyperthermia may be treated inva-
sively or non-invasively [5]. Temperatures 
exceeding 38.5 °C should be prevented especially 
in the comatose patients with signs of hypoxic- 
ischaemic brain injury.

28.9  Sedation

In the first 24 h after ROSC, sedation should be 
kept deep in most cases; waking the patient up in 
order to perform neurological assessment is best 
avoided [79]. Most patients are encephalopathic, 
and the lack of a positive neurological response 
does not influence treatment decisions. A wake-
 up test may cause hypertension and arrhythmias 
and increase intracerebral pressure. Exceptions 
to this rule include patients with a very brief car-
diac arrest, cases with alcohol intoxication or 
drug overdose, or those needing frequent clinical 
neurological assessments when findings may 
change immediate clinical management (e.g. 
when there are focal findings on the brain CT 
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scan). After 24  h, sedation should be titrated 
using a sedation scale [80, 81].

Traditionally patients treated with TTM after 
ROSC were sedated using continuous infusions of 
midazolam and fentanyl [8]. At this time, short-
acting agents such as propofol and remifentanil 
are preferred as they have been shown to shorten 
the time to extubation in this population [82]. 
Propofol is more likely to cause hypotension than 
midazolam [83, 84]. Thus, despite literature asso-
ciating this drug with delirium and poorer out-
comes, midazolam remains favoured by some for 
haemodynamically unstable patients [79]. 
Dexmedetomidine is another option for pregnant 
post-cardiac arrest women. Dexmedetomidine 
causes less hypertension and tachycardia than 
midazolam and has therefore been used in women 
with eclampsia for control of hypertension [85, 
86]. However, in non- pregnant patients undergo-
ing TTM (33  °C), the use of dexmedetomidine 
has been associated with bradycardia [87]. 
Dexmedetomidine has also been proposed for 
sedation during rewarming as shivering may 
occur at this stage of treatment, although conclu-
sive evidence to support such practice is still lack-
ing [88]. The metabolism of many sedative drugs 
(e.g. propofol, midazolam, morphine) is pro-
longed at systemic temperatures below the norm, 
therefore dosing may require adjustment depen-
dent on the temperatures targeted and the phase of 
treatment [83].

28.10  Blood Pressure Management

The optimal blood pressure after cardiac arrest is 
not well defined. Studies have shown that dis-
turbed cerebral autoregulation and decreases in 
cerebral blood flow contributes to poor outcome 
in patients post cardiac arrest [84]. Especially in 
patients with chronic hypertension, the autoregu-
lation curve is shifted  to the right, and patients 
could benefit from higher blood pressure [89]. 
Patients with eclampsia also appear to have dis-
turbed autoregulation [90]. Nonetheless recent 
evidence does not support targeting mean arterial 
blood pressures higher  than 65–70 mmHg after 
return of spontaneous circulation [91–93]. 

Marked hypotension with blood pressure less 
than 60 mmHg appears harmful [94] and should 
be avoided during the first 48  h. Signs of ade-
quate blood pressure include adequate urinary 
output and decreasing lactate [12]. The one 
exception to this rule may be the woman with 
active bleeding where there is some evidence to 
support carefully monitored hypotensive resusci-
tation until bleeding has been controlled [94, 95].

Hypotension should generally be treated with 
either intravenous fluids or vasopressors, depend-
ing on the possible cause of the arrest. 
Hypovolemic shock (i.e. if the cause of arrest was 
hemorrhage or loss of intravascular volume for 
any other reason) should continue to be treated 
with fluids or blood products. Cardiogenic shock 
(i.e. infarction, arrhythmia, myocarditis) should 
be treated with vasopressors. Distributive shock 
(sepsis, anaphylaxis) may require treatment with 
both. In obstructive shock (e.g. pulmonary embo-
lism, pneumothorax, tamponade), the woman 
will be less responsive to treatment with either 
fluids or vasopressors. In this situation the cause 
of the arrest must be reversed rapidly to maintain 
circulation, this may include thrombolysis or 
insertion of a chest drain.

There is limited evidence to direct the choice 
of vasopressors after cardiac arrest. However, 
vasoplegia is often seen after ROSC, particularly 
in patients who have entered the metabolic stage 
of cardiac arrest (i.e. in prolonged resuscitation). 
Norepinephrine is a good treatment option, but 
large amounts of fluid may also need to be 
infused. Norepinephrine increases mean arterial 
blood pressure without resulting in tachycardia 
[91, 92]. Based on data from patients with cardio-
genic shock, treatment  with  norepinephrine is 
preferred over treatment with epinephrine which 
may cause severe tachycardia and recurrent 
shock [96]. Also see Chap. 38 regarding drug 
treatment during pregnancy. The response to 
treatment is best judged by lactate clearance and 
urinary output (0.5–1 mL/kg) [93, 97, 98]. The 
possibility of recurring cardiac ischemia should 
be kept in mind and serial echocardiography 
imaging to assess cardiac and valve function and 
left ventricular filling pressures may be indicated. 
Anecdotal evidence supports the short-term use 
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of inhaled nitric oxide and milrinone in the 
patient treated after cardiac arrest  related to 
maternal fluid embolism [56].

28.11  Fluid and Glucose 
Management

Extrapolation from non-pregnant patients sug-
gests that hypotonic fluids should be avoided dur-
ing the first 24–48  h unless the patient has 
documented hypernatremia, and fluids contain-
ing glucose should be avoided unless the patient 
has a documented hypoglycaemia [99–102]. 
Apart from these two specific situations, there is 
limited evidence regarding the choice of fluid 
after cardiac arrest (see also Chap. 7 regarding 
fluid therapy). If there is clear evidence of cere-
bral edema, targeting a blood sodium level of 
140–145  mmol/L appears well justified [17]. 
Hypertonic saline or mannitol may also be used 
in severe brain edema cases, although conclusive 
evidence of their benefit is lacking [17].

Hyperglycemia is commonly found in patients 
admitted after cardiac arrest and is associated 
with worse outcomes [103]. Lenient normoglyce-
mia (i.e. blood glucose <10 mmol/L) is best tar-
geted [104, 105]. Strict normoglycemia increases 
the likelihood of iatrogenically induced hypogly-
cemia without increasing benefit [7, 105].

28.12  Management of Seizures

Ideally, patients after cardiac arrest should be 
monitored with continuous electroencephalogra-
phy (EEG) to allow early identification of epilep-
tic activity. When such monitoring is unavailable, 
intermittent EEG is also an option. Seizures (and 
more often myoclonus) often occur in non- 
pregnant patients after ROSC and are usually 
related to HIBI [106]. In pregnant or peripartum 
women, the possibility of pre-eclampsia and 
eclampsia should also be kept in mind [26]. 
Differentiating between these two conditions 
may be difficult. However, HIBI usually occurs 
after prolonged CPR and tends to appear more 
than 24 h after ROSC. Epileptic activity and sei-

zures related to HIBI are strongly associated with 
no- and low-flow times [106].

There is no evidence to support prophylactic 
seizure prevention after ROSC [12, 107, 108]. 
The presence of epileptic activity is associated 
with a poor prognosis, but some patients are 
amenable to treatment once such activity has 
appeared. Phenytoin is not particularly effective 
in treatment of myoclonus or more severe epi-
leptic activity related to HIBI [109]. Sodium val-
proate is contraindicated in pregnancy given the 
risk of birth defects. Therefore, in pregnant 
women with seizure activity after ROSC, leveti-
racetam is probably the drug of choice [110, 
111]. Levetiracetam is eliminated by the kidneys 
and has linear pharmacokinetics and low protein 
binding, all of which increase its safety profile 
for both mother and fetus. Seizures related to 
eclampsia should also be treated with magne-
sium and strict control of blood pressure (See 
also Chap. 16).

28.13  General Intensive Care 
Management

If the gestational age is greater than 20  weeks, 
and the fetus is still in situ, placing the woman in 
the supine position is accompanied by the risk of 
aortocaval compression. Aortocaval compression 
may decrease venous return, causing hypotension 
and even shock or re-arrest. Therefore, after 
ROSC, the pregnant woman should be placed in a 
left lateral tilt position. Because of the option of 
inferior cava compression, central venous lines 
should be placed above the diaphragm [26, 54]. 
The risk of thrombosis is increased in pregnancy. 
However, coagulation disturbances have been 
described after cardiac arrest and have been asso-
ciated with worse outcome [112]. Whether these 
coagulation disturbances require correction and 
to what degree such correction is possible and/or 
may change outcome remains unclear [113]. It is 
therefore wise to test coagulation periodically in 
order to balance the risk of administering prophy-
laxis for deep vein thrombosis with the need to 
correct coagulation abnormalities on an individ-
ual basis.
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Aspiration may occur both during and after 
cardiac arrest, especially with prolonged periods 
of bag-valve-mask ventilation. Although gastric 
content may be sterile in non-hospitalised 
patients, treatment with an antibiotic is justified. 
In general in patients undergoing TTM after car-
diac arrest,  prophylactic uses of  antibiotics has 
been shown to decrease the incidence of ventila-
tor associated pneumonia [114]. The  antibiotic 
chosen should depend on the cause of the arrest 
(e.g. hemorrhage vs. pneumonia) as well as local 
practices and bacterial resistance patterns. If the 
cause of arrest was not infectious, a second gen-
eration cephalosporin (e.g. cefuroxime) has been 
shown to suffice in unconscious traumatic brain 
injury patients [115]. Although there is limited 
evidence to support such practice, if the woman 
remains hypoxemic and aspiration is suspected, 
fiberoptic  bronchoscopy  and pulmonary lavage 
may be considered  in order  to remove residual 
gastric content and/or sputum[116].

Gastric ulcer prophylaxis is commonly used in 
intensive care, although conclusive evidence to 
support such practice is lacking [117]. Pregnant 
and peripartum women also have an increased risk 
of regurgitation, the symptoms of which may be 
alleviated with proton-pump inhibitors. Comatose 
hemodynamically unstable patients have a higher 
risk of developing gastrointestinal hemorrhage. 
Patients after myocardial infarction and/or percu-
taneous coronary intervention commonly receive 
antiplatelet agents and  anticoagulants, further 
increasing the risk gastrointestinal hemorrhage.

28.14  Extracorporeal Membrane 
Oxygenation (ECMO) 
and Mechanical Assist 
Devices

The role of ECMO in management of cardiac 
arrest is unclear, especially in pregnant patients 
[118]. One centre has reported good results with 
the use ECMO in pregnant patients but only half 
of the women described were placed on ECMO 
during or immediately after CPR (see also Chap. 
14). In the patient with extreme shock or hypoxia 
after return of spontaneous circulation, consider-
ation should be given to treatment in an ECMO 

center (so-called ECMO watch) [56]. In non- 
pregnant patients, there is some evidence sup-
porting the use of an intra-aortic balloon pump 
(IABP) [119–121], but there is no data on its 
applicability in pregnant patients. Furthermore, 
in late pregnancy, placing the patient in a lateral 
decubitus position may be difficult with an 
IABP. Caesarean section may also be considered 
if there is a chance that surgery will facilitate 
rather than complicate further care of the mother.

28.15  Prognostication

Patients after ROSC are usually kept sedated for 
24–36  h, after which sedation is stopped, pro-
vided patient condition so allows. Continued 
sedation may be required in severe hypoxia, 
severe disseminated intravascular coagulopathy 
with ongoing hemorrhage or when brain edema 
or other pathological intracranial processes have 
been diagnosed [12, 79]. Ongoing coma or par-
tial consciousness after termination of sedation 
suggests hypoxic-ischaemic encephalopathy 
(HIE). Factors increasing the risk of HIE are the 
absence of bystander-initiated life support and 
prolonged delays to return of spontaneous circu-
lation [29]. HIE in general does not occur with 
ROSC delays briefer than 5 min.

If the patient fails to awaken, consultation with 
a neurologist is warranted and a multimodal prog-
nostication approach should be applied [122]. 
Based on test results, the family can be approached 
with recommendations for further treatment, or in 
some cases, treatment withdrawal. All uncon-
scious patients should undergo a thorough clinical 
examination. Important features include the pres-
ence/absence of brainstem reflexes (e.g. pupil size 
and reactivity, gag reflex) and cortical responses. 
An electroencephalography should again be 
obtained, as at this time it may identify more 
severe forms of HIE.  Computed tomography of 
the brain is warranted to rule out intracranial 
pathology (e.g. severe brain oedema in HIE, hem-
orrhage). In some cases, magnetic resonance 
imaging  of the brain may provide additional 
information on the severity of HIE and on the 
presence of lesions in areas of the brainstem 
which are seen less clearly in computed tomogra-
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phy. Blood levels of specific brain biomarkers 
may also be used for prognostication after cardiac 
arrest. In non-pregnant patients, neuron-specific 
enolase (NSE) is most widely used and has been 
validated [123–125]; an increase in NSE between 
24 and 48 h and elevated NSE 48 h after ROSC 
suggest severe HIE [125]. At a gestational age of 
37 weeks, healthy pregnant women have normal 
NSE levels. However, NSE levels are physiologi-
cally elevated in the early weeks of pregnancy (up 
to 10 weeks) due to extracerebral sources (e.g. the 
corpus luteum). Women developing pre- eclampsia 
have ongoing elevated levels of NSE throughout 
pregnancy and up to a year later, whereas in 
healthy women, the levels tend to decline to nor-
mal during pregnancy [126, 127]. Furthermore, 
hemolysis causes elevation of NSE levels [128, 
129]. Therefore, NSE should not be used for 
prognostication in early pregnancy, in women 
with pre-eclampsia, or in pregnant or post-partum 
women with disseminated intravascular coagula-
tion, amniotic fluid embolism or those who have 
undergone massive transfusion due to bleeding.

28.16  Further Care 
and Rehabilitation

Recovery after cardiac arrest can take time [130, 
131]. Data on long-term survival varies greatly, 
but survival to hospital discharge is generally 
higher in pregnant patients than in non-pregnant 
patients [132, 133]. Beyond somatic recovery, 
psychological symptoms and even post-traumatic 
stress disorder are not uncommon after cardiac 
arrest [134–137]. Patients may feel guilt, bewil-
derment and depression. The possible addition of 
having lost a child or having to care for a child 
after severe illness is likely to make things even 
more difficult. Follow-up and counselling is 
therefore much needed.

28.17  Conclusions

Care of the pregnant patient after cardiac arrest 
is challenging. Maternal cardiac arrest during 
pregnancy, and the peripartum period is fortu-
nately rare. However, this rarity makes it diffi-

cult for clinicians and staff to attain clinical 
experience with this condition. Adequate prepa-
ration, education, simulation-based training and 
adherence to a high standard of intensive care 
are likely to facilitate efficient performance 
when needed.
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29.1  Introduction: Concepts 
and Controversies 
in Defining Death

Defining death is more difficult than it first 
appears to be. Traditionally, death was diagnosed 
based on cardiorespiratory criteria (e.g. lack of a 
perfusing cardiac rhythm/pulselessness and/or 
lack of respiration). Recent research raises sig-
nificant questions regarding this definition given 
evidence of metabolism and even gene activation 
and function in the days following death [1]. In 
the philosophical sense, death is thought of as the 
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Bullet Points
• Criteria for diagnosis of brain death 

vary between countries.
• Maternal brain death is a rare event.
• Legal and ethical principles governing 

the care of the brain-dead mother will 
vary depending on the jurisdiction of the 
hospital.

• Brain death must be confirmed using the 
accepted guidelines of the country in 
which the practitioner is working.

• Providing ongoing somatic support to 
the mother after confirmation of brain 
death may be appropriate, for example, 
to facilitate organ donation if this had 
been the mother’s expressed wish in 
life.

• The ethical arguments for and against 
continuing a pregnancy are complex, 
will vary depending on the cultural and 
religious norms of the country in which 
the mother is a patient and must be 
examined on a case to case basis.

• Brain death can cause widespread and 
severe physiological derangement to the 
pregnant patient and the fetus.

• A systematic and thorough approach 
should be taken to the care of the preg-
nant brain-dead patient. This will 
require a multi-specialty approach.

• Supporting the family of the brain-dead 
mother and ensuring that medical and 
nursing staff receive adequate psycho-
logical support are essential.

• Developments in delivery of intensive 
care and medical device technology 
may make prolongation of pregnancy in 
the brain-dead mother technically more 
achievable in the future.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_29&domain=pdf
https://doi.org/10.1007/978-3-030-43477-9_29#DOI
mailto:paulmcconnell@doctors.org.uk


402

irreversible loss of personhood [2]. However, this 
definition ignores the intricacies and practicali-
ties of quantifying and demonstrating fulfilment 
of such a criterion.

The concept of brain death was first introduced 
in 1959 [3]. It is now recognised in many parts of 
the world, though individual criteria may vary 
between countries [4]. In such places that brain 
death is recognised, it is considered inappropriate 
to continue organ support following a diagnosis of 
brain death. At the same time, it is often consid-
ered acceptable to provide temporary organ sup-
port in order to facilitate the successful removal of 
organs for transplantation [5]. Stemming from 
this is the concept of continuing organ support in 
a brain death parturient to facilitate the delivery of 
a live fetus [6]. While theoretically possible, this 
may prove challenging; large case series have 
shown that despite organ support, most patients 
with brain death will inevitably progress to car-
diac asystole [7]. In fact, brain death leans on the 
assumption that irreversible loss of brainstem 
function rapidly leads to cardiorespiratory somatic 
death. With temporising organ support, this dete-
rioration may be delayed, but there remains irre-
versible cessation of brain function and loss of 
consciousness [8]. Published reports of supposed 
survival after a diagnosis of brain death have 
always been due to failure to follow the correct 
testing criteria or misunderstanding the concept 
of brain death [9]. Both the American Academy of 
Neurology [10] and the Australia and New 
Zealand Intensive Care Society [11] report no 
return of cognition in any person who fulfilled the 
criteria of brain death.

29.2  Epidemiology of Maternal 
Brain Death

Death due to neurological causes is extremely 
rare during pregnancy, with an incidence approx-
imating 1:100,000 pregnancies (data from 2012 
to 2014  in the UK) [12]. The most common 
causes of maternal brainstem death are subarach-
noid hemorrhage and trauma [12]. However, 
meningoencephalitis [13, 14], intracranial mass 
lesions [2] and cerebral venous sinus thrombosis 
[15] have all been implicated.

Even more uncommon are cases of maternal 
death fulfilling criteria for brain death. A case 
series examining 252 brain-dead patients over a 
6-year period found only five pregnant women 
[16]. Most rare are cases of severe maternal neu-
rological injury in which ongoing organ support 
to continue pregnancy is an issue; in most cases, 
severe neurological injury will result in fetal death 
[15]. Though there is no lower limit of fetal age 
for providing somatic maternal support, an Irish 
review from 2008 found that in the reported litera-
ture, no fetus had survived if the maternal injury 
took place earlier than 15  weeks [17]. A later 
review of the published literature found only 30 
cases of brain-dead pregnant women reported 
between 1982 and 2010 [18]. In this case series, 
the mean gestational age at maternal brainstem 
death was 22 weeks, and the mean age at delivery 
was 29.5 weeks, suggesting that when this situa-
tion arises, somatic support is often given to the 
mother for the sake of the unborn child. Of the 
continuing pregnancies, 12 produced viable 
infants who survived the neonatal period [18]. 
The longest duration of maternal support docu-
mented is 107 days which allowed the delivery of 
a live infant at 32 weeks’ gestation [19].

29.3  Brain Death Testing

Any attempt to diagnose brain death must follow 
the guideline of the country the practitioner is 
working in regardless of the ongoing pregnancy. 
As a rule, all countries that accept the concept of 
brain death require that the following criteria be 
fulfilled [20].

 1. An established and defined etiology for the 
condition which has led to the irreversible loss 
of the capacity for consciousness combined 
with the irreversible loss of capacity to breathe 
due to profound structural brain damage.

 2. Exclusion of underlying reversible conditions 
(pharmacological, environmental, metabolic, 
endocrine or cardiovascular) which may mimic 
brain death or confound clinical examination.

 3. A clinical examination demonstrating a pro-
found, unchanging coma, apnea and the 
absence of brainstem reflexes.
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The timing of clinical examination is usually at 
the discretion of the clinician, provided they are 
satisfied that an appropriate period of time has 
elapsed to ensure that the condition is irreversible. 
In certain countries (e.g. United Kingdom, 
Australia) [20], more than one practitioner is 
required to perform non-simultaneous testing 
before a diagnosis of brain death can be made.

Most jurisdictions will allow a diagnosis of 
brainstem death to be made clinically. However, 
some require confirmatory investigations [21]. 
Multiple tests have been used as adjuvant, confir-
matory tests in brain death. Some tests demon-
strate loss of bioelectrical activity (e.g. 
electroencephalography, evoked potentials), while 
others demonstrate cessation of cerebral circula-
tion (e.g. four vessel intraarterial catheter angiog-
raphy, contrast computed tomography angiography 
(CCTA), magnetic resonance angiography 
(MRA), single photon emission computed tomog-
raphy (SPECT), positron emission tomography 
(PET) and transcranial Doppler) [20, 22].

The use of ancillary testing in addition to a full 
clinical examination is controversial. However, 
such tests may provide important information 
when fulfilling the components of clinical testing 
is impossible (e.g. extensive facial injuries pre-
venting adequate clinical assessment, high cervi-
cal cord injury preventing full exclusion of 
alternative causes of apnoea) [23]. In case of a 
pregnant potentially brain-dead patient, the infor-
mation these will provide must also be weighed 
against exposing the fetus to ionizing radiation 
should the pregnancy continue.

29.4  Ethical and Legal 
Considerations

The conundrums generated by maternal brain 
death provoke much controversy and emotion. As 
seen in the case of the ‘Erlanger baby’ [24], a great 
divide exists between those who believe in a fetal 
right to life and those who perceive extended 
somatic support as medical experimentation 
depriving the mother the right to die with dignity. 
Central to this issue is the question of whom we are 
treating—mother or unborn child. In other words, 
what status does the mother have, and what rights 

(if any) does the fetus have in this situation? These 
ethical questions must in turn be framed in the 
practicalities of whether we believe our treatments 
will be beneficial in the first instance.

The maternal rights rely very much on the 
condition we denote to the mother. Finnerty et al. 
[25] believed it was possible to ascribe three dis-
tinct statuses to the mother in such a situation: 
that of a terminally ill patient; that of a voluntary 
organ donor; and that of a cadaveric incubator. If 
the mother being treated is viewed as one of the 
former two, then her previous wishes and ‘best 
interests’ should supersede. However, to consider 
the brain-dead woman as ‘terminally ill’ fails to 
recognise that she is in fact dead. To treat her as 
anything but a dead person will blur the line 
between neurologic and somatic death even fur-
ther, potentially causing the family greater dis-
tress [26]. If the mother is being treated as a 
“cadaveric incubator”, fetal rights are the most 
important. However, in such case, the FIGO 
(International Federation of Gynecology and 
Obstetrics) committee for the study of ethical 
aspects of human reproduction and women’s 
health have explicitly stated that ‘fetal rescue 
does not exonerate health-care givers from the 
duty to respect (the) right of the primary patient, 
the woman’ [27].

The issue of fetal rights is complicated again, 
as their extent is very much dependant on the 
jurisdiction. Countries such as Sweden, Germany, 
France and Austria confer no rights to the fetus, 
and both fetus and mother are considered a single 
entity. This may be contrasted with the Republic 
of Ireland where the fetus holds rights as a full 
person. At the latter end of the spectrum, if there 
is a realistic possibility of successful delivery, 
there would be no question of not continuing the 
pregnancy [17].

Given the complexities and multiple issues 
arising, it is easiest to deal with this subject with 
a four pillar ‘principlism’ approach, despite the 
criticisms of this method [28].

29.4.1  Beneficence

The concept of beneficence fosters the belief that 
any possible good that can be snatched from this 
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dire situation should be taken advantage of and 
that saving a life should be pursued at all costs. 
However, this simplistic view fails to recognise 
that the aforesaid ‘life’ may not always be good. 
Consideration must also be given to fetal injury 
and viability and the duration of therapy. Even 
countries conferring the fetus rights as a full per-
son should not mandate continuation of an early 
pregnancy if the chances of a successful delivery 
are deemed minimal [17].

29.4.2  Non-Maleficence

Occurring in tandem with beneficence, one must 
act to minimise harm. In the case of the mother, 
one could initially assume that the dead can no 
longer be harmed. However, through our actions 
on the deceased, her memory may be harmed in 
the eyes of her family and loved ones; these may 
be forced to observe continued interventions and 
perceive harm and suffering. Harm may also be 
perceived ethically if the actions of the medical 
staff contradict previous wishes and decisions of 
the patient. Such harm may be incurred by deliv-
ery of organ support and abuse of liberty inter-
ests, particularly if there is no apparent benefit to 
that person.

The notion of fetal harm is more quantifiable. 
One must consider the injuries sustained during 
the traumatic event causing brain death itself and 
the effects of ongoing maternal organ support. 
The gestational age is an important factor. Should 
maternal brain death occur early in the preg-
nancy, consideration must be given to the likeli-
hood of a successful pregnancy outcome versus 
mere slowing of the dying process of the fetus. 
Care and consideration must also be given to the 
institution of any therapies or invasive monitor-
ing (e.g. pharmacological agents with a risk of 
teratogenesis, amniocentesis).

Looking beyond the mother and child, there 
may be quantifiable harm for medical and nurs-
ing staff caring for the mother. Looking after a 
patient whose care may be thought of as futile 
leads to an increase in the incidence of emotional 
exhaustion in ICU nursing staff, which is a key 
component of burnout [29].

29.4.3  Autonomy

The principle of autonomy demands that the 
wishes of the mother be considered. It would be 
extremely unusual for a mother to have an 
advance decision which fully covers and encap-
sulates the nuances of this situation [30]. One 
must therefore act in the best interests of the 
patient by attempting to elicit from her nearest 
relatives what her views would have been regard-
ing prolonged organ support and the continuation 
of pregnancy. These best interests must address 
her wishes as a whole, paying attention to previ-
ous statements and examining and encompassing 
wider spiritual, social and psychological beliefs. 
Assuming that the mother would automatically 
wish the pregnancy to continue just because she 
was not actively seeking an abortion prior to 
injury does not suffice. Her decision to not have 
an abortion may have been based on a belief that 
she would enjoy a life with her child rather than 
merely wishing life for her child.

29.4.4  Justice

By far though the least discussed aspect of 
somatic support following brain death is the cost 
implication of providing high level critical care 
for potentially weeks to month in an experimen-
tal situation with uncertain outcomes. While par-
allels are drawn between somatic support to 
facilitate organ donation and somatic support to 
facilitate fetal delivery and survival, from a 
resource allocation perspective, the two scenarios 
are very different. Organ donation is a short (usu-
ally less than 24 h) period of intensive care fol-
lowed by a procedure which may have the 
potential to improve multiple lives with well- 
described outcomes and cost benefits. Somatic 
support for fetal delivery has a limited evidence 
base and will occupy an intensive care bed for a 
prolonged period. This is not necessarily a con-
traindication to providing it, but the chances of 
success, particularly looking at gestational age 
and maternal physiological stability, must be 
carefully considered, particularly in a public sys-
tem where resources may be limited. As stated 
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previously, the impact of prolonged care of the 
brain-dead mother on the long-term well-being 
of staff within the unit must also be considered. 
Given the uncertainties of success, provision 
must be made to support the psychological wel-
fare of health-care providers, lest this emotive 
case impacts on their well-being and their ability 
to care for their other patients [29].

29.5  Physiological Changes 
in Brain Death and Organ 
Support

Once the decision has been taken to undertake 
somatic support of a brain-dead pregnant woman 
in the hope of keeping the pregnancy, treatment 
should be directed to optimization of fetal out-
come. As in most cases involving brain death, 
maternal haemodynamic instability, respiratory 
arrest, panhypopituitarism, temperature lability 
and reduced energy expenditure are frequently 
observed. However, in such cases the goal of 
somatic support is not merely the retrieval of via-
ble organs after a short hiatus (usually less than 
24 h) but rather the support of a fetus for weeks 
or longer. The destruction of the cerebral centres 
responsible for many homeostatic functions and 
autoregulation leads to profound physiological 
collapse in addition to the apnea occurring in 
brain death. Only a minority of brain-dead 
patients remain hemodynamically stable without 
critical care intervention [31]. The care of the 
brain-dead patient as a potential organ donor is 
well described [31].

As noted above, the evidence regarding success 
of somatic maternal support despite fulfilment of 
brain death criteria is limited. Hence any decision 
to embark on prolonged fetal support following 
maternal brain death must be a carefully weighed 
decision that goes beyond a simple ‘life at all 
costs’ dogma. In such cases, some of the therapies 
conventionally used in brain-dead patients may 
have unknown (or even potentially harmful) 
effects. Hence certain additional considerations 
relating to fetal well-being must be observed, and 
careful thought must be given to any treatment 
[32]. It must also be recognised that given the lack 

of research and experience in this area, the medical 
management of such a case is currently considered 
an experimental therapy [32].

29.5.1  Cardiovascular Changes 
and Management

Brain death is initially accompanied by a massive 
sympathetic release. This causes severe hyper-
tension, which may in one-third of cases be asso-
ciated with bradycardia (Cushing’s reflex). 
Following exhaustion of sympathetic reserves, 
there is often a sustained period of hypotension 
which will require vasopressor support. This 
sympathetic reduction in afterload can be com-
pounded by adrenal insufficiency (occurring in 
85% of brain-dead patients), direct damage to the 
cerebral vasomotor centres and a generalised sys-
temic inflammatory response. Cardiovascular 
depression is further compounded by secondary 
disorders such as hypovolemia resulting from 
excessive diuresis due to diabetes insipidus, cere-
bral salt wasting or hyperglycaemia (see below) 
and decreased myocardial contractility due to 
acidosis and hypothermia [33].

In cases involving a pregnant brain-dead 
patient, preservation of uterine/placental blood 
flow is the most important treatment priority 
[34]. Given the lack of autoregulation in the uter-
ine circulation, hemodynamic support is essential 
to maintain placental perfusion and ultimately 
fetal survival. Consideration must first be given 
to the position in which the brain-dead pregnant 
patient is nursed. Compression of the inferior 
vena cava by the gravid uterus may reduce car-
diac output (see Chap. 9). Therefore, whenever 
possible, the mother should be maintained in a 
left lateral recumbent position.

Additional management must be geared 
towards maintaining end organ (and therefore pla-
cental) perfusion. This may be accomplished 
using a combination of intravenous fluids, inotro-
pic agents and vasopressors. Hypovolemia sec-
ondary to disorders of diuresis should be corrected 
with crystalloids and colloids. However it should 
be remembered that the relative hypoalbumin-
emia and low oncotic pressures of pregnancy [35] 
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may predispose the mother to pulmonary edema. 
The choice of vasopressor and inotropic agents is 
difficult. Current transplant management favours 
the use of vasopressin in combination with epi-
nephrine to minimise other vasopressor require-
ments [36] in conjunction with invasive blood 
pressure and fetal cardiac output monitoring. It 
should however be remembered that in non-preg-
nant patients, vasopressin my cause uterine vaso-
constriction [37]. Previous successful regimes 
have used a combination of dopamine and dobuta-
mine [6, 14, 38]. Where resistance to vasopressor 
therapy is seen, treatment with steroids for adre-
nal insufficiency must be considered. A target 
mean arterial pressure of 80–110 has been quoted 
in reviews [18, 38].

29.5.2  Respiratory Changes 
and Management

With the patient apneic, invasive ventilation 
must be ongoing. Respiratory support should be 
conducted in line with usual evidence-based 
intensive care practice, avoiding excessive tidal 
volumes and pressures (see Chap. 23). There 
are, however, some additional considerations to 
ensure optimal fetal outcome. Profound respira-
tory acidosis should be avoided, as animal stud-
ies demonstrated that this practice results in 
uterine hypoperfusion [32]. In fact, PaCO2 
should be maintained around 30–35  mmHg 
[39]. Normal pregnancy produces a mild to 
moderate respiratory alkalosis, and fetal acido-
sis may result from a high maternal PaCO2 [34]. 
Hypoxia should be avoided, though the fetus is 
relatively protected against this (as fetal hemo-
globin has a much higher affinity for oxygen) 
and oxygen saturations should be maintained at 
greater than 90% [18, 32]. The minimal amount 
of oxygen to achieve this saturation should be 
used, as prolonged ventilation at high FiO2 may 
induce or exacerbate pulmonary damage [40]. 
While viable delivery and neonatal survival 
have been described following prolonged mater-
nal ventilation, the effects on the fetus remain 
unknown [27].

29.5.3  Endocrine Changes 
and Management

Failure of the hypothalamic-pituitary axis occurs 
commonly in brain death and results in panhypo-
pituitarism. More than 70% of brain death cases 
demonstrate diabetes insipidus [34]. The ensuing 
pathological diuresis may result in profound 
hypovolemia, compounding cardiovascular insta-
bility. In addition to the administration of hypo-
tonic fluids, desmopressin/DDAVP should be 
administered to control the polyuria and hyperna-
tremia [18, 32].

Adrenal failure is also well described [6, 18, 
32] and may also contribute to hypotension. 
Blood should be sampled for cortisol levels after 
brain death has been declared in order to deter-
mine the need to commence steroid replacement 
[32]. Concerns remain surrounding the effect of 
long-term steroid administration on the develop-
ing fetus. Therefore either prednisolone or meth-
ylprednisolone should be used as replacement to 
minimise placental crossing [18, 41].

Hyperglycemia may also occur due to a com-
bination of stress-related peripheral insulin resis-
tance, pregnancy and steroid administration [18, 
32]. Hyperglycemia should be treated with insu-
lin to restore normoglycemia.

Thyroid dysfunction occurs but is less com-
mon than diabetes insipidus, as the blood flow to 
the anterior pituitary may be better preserved 
than that of the posterior pituitary [36]. Thyroid 
function tests should also be taken after declara-
tion of brain death in order to determine whether 
there is need for thyroid hormone replacement. 
Routine thyroid hormone replacement is not rec-
ommended in brain death [36, 42]; however, 
treatment with tri-iodothyronine has been given 
empirically in certain cases [39].

29.5.4  Temperature Regulation

Brain death induces a poikilothermic state [5], 
and the majority of patients become hypother-
mic. Hypothalamic damage and sepsis may also 
induce hyperthermia. Both hypothermia and 
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hyperthermia may be harmful to the fetus, poten-
tially resulting in death or severe growth retarda-
tion [18, 27, 43]. Hyperthermia has been treated 
with cooling and acetaminophen [32, 34]. 
Warmed fluids and warming blankets have been 
utilised to treat and prevent hypothermia [6]. A 
temperature regulating system based on biofeed-
back may be used to avoid both over- and 
undertreatment.

29.5.5  Nutrition

Following brain death, resting energy expendi-
ture will be reduced by up to 25% [44], and the 
use of indirect calorimetry may help in determin-
ing appropriate caloric goals [32]. Daily protein 
intake during pregnancy is approximately the 
normal adult intake of 0.8 g kg−1 day−1 plus a pro-
portional increase as pregnancy develops [18, 32, 
45]. Given the variability in energy requirements 
due to the combination of brain death and preg-
nancy, nutrition should be titrated against a serum 
indicator of protein metabolism [34] and a posi-
tive nitrogen balance maintained [18, 32, 34]. See 
Chap. 32 for more details regarding nutritional 
requirements in pregnancy.

Nutrition should be instituted early via the 
enteral route where possible [32, 46]. Reflux and 
reduced motility may prove a problem in both 
pregnancy and brain death, and this may limit the 
ability to provide enteral nutrition [18]. Where it 
is not possible to feed via the enteral route, total 
parenteral nutrition (TPN) has been successfully 
given [6]. However, TPN may increase the risk of 
maternal sepsis [27].

29.5.6  The Coagulation System

Pregnancy itself is a hypercoagulable state. In 
addition, prolonged immobility (given the poten-
tial duration of therapy), the neuroendocrine stress 
response to brain injury and cytokine release all 
place the pregnant brain-dead patient at high risk 
of developing deep vein thrombosis and pulmo-
nary embolism. All such patients should be treated 
with low- molecular- weight heparin in prophylac-

tic doses. At the same time, coagulation and plate-
let counts should be monitored as DIC and other 
secondary coagulopathies are described in brain 
death. As the time of delivery approaches, the risk 
of thromboembolic complications should be bal-
anced against the risk of hemorrhage [47] (see also 
Chaps. 5 and 8).

29.5.7  Infections

Infectious complications were observed in all the 
brain-dead pregnant women described in the lit-
erature [32]. This is likely due to the prolonged 
duration of treatment, combined with immune 
dysfunction secondary to systemic stress and the 
pregnant state itself. The most common sources 
of infection are intravascular catheters, urinary 
catheters and recurrent pneumonias while venti-
lated [46]. Treatment may prove difficult; recur-
rent treatment of infections generates resistance, 
and fetal well-being (i.e. risk of teratogenesis) 
limits the choice of antibiotic.

Penicillins, cephalosporins and erythromycin 
are all safe in pregnancy and should be favoured 
where sensitivity allows [48]. Fluoroquinolones 
have caused fetal arthropathy in animal studies, 
while tetracyclines are linked to interference with 
bone growth. Sulphonamides and trimethoprim 
may cause neural tube defects, particularly in the 
first trimester [46]. Gentamicin may cause fetal 
nephrotoxicity and ototoxicity, and levels should 
be monitored.

Recurrent treatment and prolonged courses of 
antibiotics may also predispose to fungal infec-
tion. Antifungal agents carry a higher risk of 
fetal toxicity. The antifungal of choice is ampho-
tericin B; there are no reports of teratogenesis 
attributed to this agent although it does cross the 
placenta [49].

29.5.8  Fetal Monitoring, Tocolytics 
and Timing of Delivery

Routine fetal surveillance should only be initi-
ated once it has been established that the gesta-
tional age at the time of arrest may be associated 
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with potential neonatal viability (i.e. >24 weeks). 
At such time, testing should begin with daily 
heart rate monitoring and weekly assessment of 
growth and lung maturity [18].

Tocolytics have been successfully used to pro-
long pregnancy in immature fetuses in several 
cases. A combination of magnesium and indo-
methacin has been used to control uterine con-
traction and prolong pregnancy [50]. While 
beta-2 agonists and calcium channel blockers 
may be used in conventional preterm labour, they 
may exacerbate cardiovascular instability in the 
brain-dead pregnant patient [34].

The timing of delivery is a balance between 
fetal maturity and the ongoing stability of the 
maternal-fetal system. The decision to deliver 
should be determined by fetal lung maturity in 
ideal uncomplicated circumstances. After 
32  weeks’ gestation, Caesarian delivery should 
be undertaken as there is no further requirement 
to prolong the pregnancy [18]. Delivery should 
be preceded by glucocorticoid- induced (and con-
firmed) fetal lung maturation. Circumstances 
which may precipitate early delivery include per-
sistent maternal hemodynamic instability, pre-
term labour resistant to tocolytics and intrauterine 
growth retardation [32].

29.6  Potential Future 
Developments

Extracorporeal membrane oxygenation has been 
used successfully in pregnant patients with organ 
failure secondary to influenza and other condi-
tions and has allowed the birth of viable infants 
afterwards [51]. However, as of this time, it has 
not yet been used as part of a package of somatic 
support to facilitate delivery of a fetus following 
catastrophic maternal injury.

Recently an artificial uterus has been devel-
oped. It has been used in animal experiments to 
allow the birth of a transplanted fetus. The devel-
opment of a human version of this process is 
underway and may in the future obviate the need 
for prolonged maternal somatic support follow-
ing brain death to allow for suitable fetal matura-
tion [52].

29.7  Conclusion

Maternal brain death is thankfully a rare event. 
Many ethical and emotive issues arise in the care 
of the brain-dead pregnant patient. Good com-
munication between medical teams and family 
members is essential not only in explaining the 
situation but also in attempting to elicit the 
patient’s wishes regarding continuation of the 
pregnancy. The decision to continue somatic 
support should be informed by local laws. 
However, it also requires a balanced view of the 
chances of success, the likelihood of causing 
harm and the best interests of both mother and 
fetus. This remains a difficult area and is still 
very much an experimental therapy. Gestational 
age at the time of maternal injury affects the 
likelihood of success, and careful consideration 
should be given to proceeding with support if the 
injury occurs in early pregnancy. Prolonged 
somatic support allowing the delivery of a viable 
neonate has been accomplished in a small num-
ber of cases. Somatic support utilises many prin-
ciples and techniques utilised in caring for the 
organ donor; however these are modified to min-
imise risk to the fetus. The principle goal in 
organ support is to maintain perfusion to the 
fetal-placental unit.
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Bullet Points
• Significant changes occur in renal anat-

omy during pregnancy, with renal vol-
ume increasing by up to 30%.

• Hemodynamic alterations, including 
responsiveness to vasopressors, are 
related to both systemic cardiovascular 
changes and renal adaptation.

• Tubular function, renal solute handling, 
and acid-base balance are affected by 
pregnancy.

• Traditional measures of renal function 
may be inaccurate in pregnancy.

• Maternal renal adaptations have impor-
tant consequences in terms of defining 
renal injury, particularly as current defi-
nitions of acute kidney injury (AKI) rely 
on acute changes in serum creatinine 
(SCr) and urine output.

• Glomerular filtration rate (GFR) rises early 
in pregnancy, as systemic vascular resis-
tance (SVR) falls progressively by approxi-
mately 35–40% until the mid-second 
trimester while cardiac output begins to rise.

• Commonly used creatinine-based esti-
mating formulas are best avoided in 
pregnant women, as all GFR formulas 
consistently underestimate the true GFR 
in pregnancy.

• Uric acid levels are mostly determined by 
altered renal handling; decreased uric acid 
clearance may be seen in volume deple-
tion, which is a hallmark of preeclampsia.

• The primary acid-base alteration is a 
relative respiratory alkalosis resulting 
from an increase in maternal minute 
ventilation, compensated through 
increased bicarbonate excretion.

• Although relative hyponatremia is 
observed in normal pregnancy, any preg-
nant woman presenting with a serum 
sodium concentration below normal 
should be evaluated for pathological 
causes, as for nonpregnant individuals.
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30.1  Introduction

The kidney undergoes dramatic changes during 
pregnancy. These changes may be noted as early 
as 6  weeks gestation. Adaptation to pregnancy 
affects all aspects of renal function, ranging from 
anatomical changes to the sequelae of haemody-
namic alterations accompanied by changes in glo-
merular filtration. These changes result in 
modifications in renal tubular function together 
with differences in renal solute handling and 
water resorption. Maternal renal adaptations have 
important consequences in terms of defining renal 
injury, particularly, as the current definitions of 
acute kidney injury (AKI) rely on acute changes 
in serum creatinine (SCr) and urine output.

30.1.1  Anatomical Changes

The anatomical adaptations of the kidneys to 
pregnancy are well documented, with the 
observed changes persisting for up to 6 months 
after delivery [1]. This is readily demonstrated by 
measuring the interpolar length, which may 
increase by up to 1–1.5  cm during pregnancy. 
However, this 2D value underestimates the effect 
on total renal volume, which may increase by up 
to 30% [2–4]. The total number of nephrons 
remains unchanged. Therefore, this increase in 
kidney volume was initially felt to reflect a degree 
of hydronephrosis, an almost ubiquitous finding 
in pregnancy, but recent evidence points to an 
increase in renal vasculature and interstitial vol-
ume as the cause [5, 6].

Understanding has been enhanced by mag-
netic resonance imaging, which is increasingly 
used as an imaging technique for the maternal 
abdomen [3]. Although ultrasonography remains 
the modality of choice, this imaging tool is 
operator- dependent and may be limited by body 
habitus. Magnetic resonance provides an impor-
tant alternative imaging modality, particularly 
where urography is necessary. The degree of 
hydronephrosis observed varies, but pelvicaly-
ceal dilatation can lead to up to 200–300 mL of 
urine being observed in the collecting system. 
This subsequent urinary stasis also translates into 

an increased risk of pyelonephritis in pregnant 
women. Several mechanisms have been touted as 
the cause of hydronephrosis, but the most likely 
is mechanical compression. Hydronephrosis 
more commonly affects the right kidney (>80%), 
as the right ureter is more susceptible to extrinsic 
compression. This prevalence provides support 
for the theory that compression is the underlying 
mechanism [7].

30.1.2  Renal Haemodynamics

The haemodynamic changes in pregnancy include 
an increase in resting cardiac output, initially 
through increased stroke volume together with 
increased RV preload. This is coupled with an 
expanded circulatory volume and a reduction in 
systemic vascular resistance, the sum of which is a 
reduction in blood pressure (see Chap. 9). It is 
therefore of no surprise that there is an observed and 
well documented increase in the glomerular filtra-
tion rate (GFR). These changes begin early in preg-
nancy, with the systemic vascular resistance (SVR) 
falling progressively by approximately 35–40% 
until the mid-second trimester while cardiac output 
begins to rise. Part of the reduction in SVR may be 
driven by relative insensitivity to angiotensin II 
despite activation of the renin aldosterone axis [8, 
9]. The third trimester is characterized by a peak in 
cardiac output derived from a rise in maternal heart 
rate to approximately 25% of baseline [10] (see 
Chap. 9 for a more detailed description of cardio-
vascular changes in pregnancy). Changes in red 
blood cell mass together with volume expansion 
both begin early in the first trimester. This leads to 
the dilutional or physiologic anaemia of pregnancy, 
which is most apparent at 30–34 weeks of gestation 
when plasma volume peaks in relation to red cell 
volume [11].

30.2  Changes in Glomerular 
Filtration Rate (GFR)

Plasma flow within the kidney increases up to 80% 
by 12  weeks of gestation with an increase in the 
GFR detectable within just 1 month of conception, 
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Fig.  30.1. The GFR rises to approximately 50% 
above baseline by the early part of the second tri-
mester. This process is driven by haemodynamic 
changes, as well as a decrease in vascular resistance 
and increased plasma flow. The reduction in vascu-
lar resistance reflects reduced vascular responsive-
ness to endogenous vasopressors mediated by 
changes in vascular receptor expression and an 
increase in nitric oxide production, which has been 
observed in animal models of pregnancy [12, 13]. In 
addition, hormonal influences dictate the renal vas-
cular response. Relaxin, a peptide hormone belong-
ing to the insulin family, is normally produced in the 
corpus luteum and plays a major role in these 
changes. During pregnancy, relaxin is secreted by 
the placenta and decidua in response to human cho-
rionic gonadotropin (hCG). This hormone increases 
endothelin and nitric oxide production in the renal 
circulation which leads to decreased renal afferent 
and efferent arteriolar resistance, generalized vaso-
dilatation, and a subsequent increase in renal blood 
flow and GFR [14]. Towards the latter stages of 
pregnancy, GFR falls slowly with plasma flow fol-
lowing a similar pattern, i.e., decreasing during the 
third trimester [15].

The GFR can be represented by the following 
equation:

 
GFR = ´ -( )Kf P GCD p

 

where ΔP is the pressure generated across the 
glomerulus (the transcapillary hydraulic pres-
sure difference), πGC is the mean glomerular 
intracapillary oncotic pressure (the force that 
opposes GFR), and Kf is the product of the sur-
face area available for filtration and the hydrau-
lic permeability, which is the permeability to 
ultrafiltration across the glomerulus [16]. Given 
the fall in renal plasma flow observed during 
late pregnancy, one may expect a more signifi-
cant fall in GFR. However, GFR is maintained 
at this stage of pregnancy through a rise in the 
filtration fraction. This process is secondary 
both to decreasing capillary oncotic pressure, 
which, as noted above, opposes GFR, as well as 
to increased hydraulic permeability of the glo-
merular filtration barrier. Animal models sug-
gest that the pressure generated across the 
glomerulus remains unchanged given propor-
tional changes in the afferent and efferent arteri-
oles, so the hyperfiltration is driven by the 
increase in renal plasma flow (RPF). However, 
in humans, the mechanism may not be entirely 
RPF-driven. For example, in women with under-
lying renal disease, pregnancy may result in 
deterioration of renal function. The determi-
nants of GFR have not been examined thor-
oughly in pregnant women but rely on a few 
small studies [17–19].
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30.3  Calculating the GFR 
in Pregnancy

Commonly used creatinine-based estimating for-
mulas are best avoided in pregnant women, as all 
GFR formulae consistently underestimate the 
true GFR in pregnancy [20–24]. For example, the 
Modification of Diet in Renal Disease (MDRD) 
equation is potentially attractive for use in preg-
nancy as it is not individualized for body surface 
area. However, the MDRD consistently underes-
timates the GFR not only in patients with normal 
renal function but also in those with renal impair-
ment [22].

The gold standard for measuring GFR is inu-
lin clearance, but this is impractical in routine 
clinical use. The best estimate therefore remains 
that derived from a 24-h urine collection, 
although this may be prone to errors in collec-
tion. Collections should therefore be assessed for 
accuracy through measuring urinary creatinine 
excretion; 10–15  mg of creatinine/kg corre-
sponds to a complete collection [25]. Given that 
skeletal muscle production remains constant 
throughout pregnancy, the increase in GFR con-
tributes to the observed reduction in serum creati-
nine. Similar findings are seen with the serum 
urea as this is also freely filtered at the 
glomerulus.

30.4  Tubular Function

The physiological changes in renal function seen 
in pregnancy are not only secondary to changes 
in renal haemodynamics; there are also well- 
recognized changes in tubular function. Of per-
haps the greatest importance is the renal handling 
of protein, given the fact that assessment of pro-
teinuria is pivotal in monitoring coexistent renal 
disease as well as pregnancy-specific renal condi-
tions, including pre-eclampsia. Twenty-four hour 
protein excretion in excess of 300  mg, double 
that of non-pregnant normal individuals, and an 
albumin excretion of >20  mg is considered 
abnormal [26].

The mechanism/s underlying this ‘protein 
leak’ are not well understood. Most probably 

these include not only a degree of hyperfiltration 
related to the increased GFR but also alterations 
in glomerular charge selectivity. This may result 
in impairment of proximal tubular resorptive 
capacity as evidenced by increased urinary excre-
tion of renal tubular enzymes and other low 
molecular weight proteins rather than a non- 
selective loss of proteins based on molecular 
weight or molecular size [27]. Furthermore, cir-
culating antiangiogenic factors, which are known 
to cause glomerular endothelial dysfunction and 
proteinuria in pre-eclampsia, increase towards 
term even in normal pregnancies and may con-
tribute to late gestational proteinuria [28].

Urinary glucose excretion is minimal under 
normal circumstances. Glucose is freely filtered 
at the glomerulus and almost completely reab-
sorbed in the proximal tubule, and to a lesser 
extent in the collecting tubule, through sodium- 
coupled active transport. Glycosuria is only 
observed when the plasma concentration of glu-
cose exceeds the maximal tubular resorptive 
capacity or a threshold concentration of approxi-
mately 10 mmol/L. The increased GFR and tubu-
lar flow in the pregnant state may result in 
physiological glycosuria, since the ability of the 
proximal tubule to completely reabsorb glucose 
may be limited. As a consequence of these physi-
ological changes, during pregnancy, glycosuria 
per se does not indicate renal tubular dysfunc-
tion. Similarly there is evidence for increased uri-
nary excretion of amino acids as well as some 
water-soluble vitamins [29].

The renal handling of uric acid deserves 
mention given the importance of uric acid lev-
els in the diagnosis of pre-eclampsia [30]. In 
normal pregnancy, serum uric acid is decreased 
by 25–35% with lowest levels observed at 
24 weeks. Clearance of circulating uric acid is 
primarily by renal excretion. Most is filtered by 
the glomerulus. Uric acid is reabsorbed as well 
as secreted by the proximal tubule of the kid-
ney, with only 7–12% of the filtered load under-
going urinary excretion [31]. Therefore, during 
pregnancy, uric acid levels are mostly deter-
mined by the through alterations occurring in 
renal handling. Increased GFR and reduced 
proximal tubular reabsorption, either alone or 
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in combination, play a role in uric acid clear-
ance, although multiple factors may also play a 
role in this process. Decreased uric acid clear-
ance may be seen in volume depletion, which is 
a hallmark of pre-eclampsia.

30.5  Acid-Base and Electrolyte 
Balance

The primary acid-base alteration in pregnancy is 
a relative respiratory alkalosis resulting from an 
increase in maternal minute ventilation. This is 
compensated through increased bicarbonate 
excretion. The end result of this process is a 
potential decrease in buffering capacity, which is 
important when interpreting laboratory values 
and arterial blood gases during pregnancy. 
Unsurprisingly, the changes in maternal renal 
haemodynamics and solute handling also influ-
ence laboratory test results. For example, the 
serum sodium tends to drop by 4–5  mmol/L 
below non-pregnancy levels, resulting in a lower 
plasma osmolality of about 270 mosmol/kg [32]. 
This hyponatraemia is hormonally mediated and 
correlates closely with hCG levels which may 
reset the ADH threshold through the release of 
relaxin. Although relative hyponatraemia is 
observed in normal pregnancy, any pregnant 
individual presenting with a serum sodium con-
centration below normal should be evaluated for 
pathological causes similarly to non-pregnant 
individuals.

30.6 Conclusion

It is clear that renal physiology is changed sig-
nificantly during pregnancy and that some of 
these changes may persist into the post-partum 
period. For example, hyperfiltration at levels 
20% above prepartum have been observed at 
2  weeks into the post-partum period, although 
these changes tend to resolve by 28 days [33, 34]. 
Of note is that some of these changes in the non- 
pregnant state may reflect underlying pathologi-
cal processes but are expected in the pregnant 
state. These, together with the inaccuracies of 

conventional estimates of creatinine clearance, 
are potential pitfalls in the management of peri-
partum women, particularly where renal dys-
function is suspected.
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31.1  Introduction

The management of critically ill pregnant women 
with renal disease is challenging for obstetricians, 
nephrologists, anesthesiologists, and critical care 
clinicians. Although the type and severity of renal 
disease may vary, ranging from  pre- existing 
chronic kidney disease (CKD) and end- stage 
renal disease (ESRD) to pregnancy-related acute 
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31

Bullet Points
• Renal failure during pregnancy and the 

peripartum period includes acute kidney 
injury (AKI), chronic kidney disease, 
and end-stage renal disease (ESRD). 
The incidences of each vary worldwide.

• Acute kidney injury may be due to condi-
tions specific to pregnancy (i.e., pre-
eclampsia, HELLP and acute fatty liver of 
pregnancy), disorders that coincide with 
pregnancy (i.e., major surgery), or an exac-
erbation of a pre-existing renal disorder.

• Management of AKI consists of prompt 
resuscitation of hemodynamics, correc-
tion of hypovolemia, avoidance of fur-
ther nephrotoxic insults, and treatment 
of the disease process leading to AKI.

• In women with preeclampsia, HELLP, 
or acute fatty liver of pregnancy, multi-
disciplinary input is essential when 
determining the maternal and fetal indi-
cations for delivery.

• Renal replacement therapy may be nec-
essary in women with progressive AKI 
or severe complications of AKI; it is 
essential in those with pre-existing end-
stage renal failure.

• During critical illness, continuous renal 
replacement therapy is the preferred 
modality. The timing and dose should 
be guided by the overall aim to maintain 
blood urea nitrogen <16 mmol/L.

• Most women with AKI during preg-
nancy recover renal function; however, 
some will need long-term renal replace-
ment therapy and appropriate nephrol-
ogy follow-up care.

• Women with a renal transplant require 
multidisciplinary input throughout preg-
nancy including close nephrology and 
obstetric follow-up.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_31&domain=pdf
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kidney injury (AKI), some general principles 
apply to all patients. Management is often com-
plicated by the fact that both maternal and fetal 
health has to be considered.

31.2  Acute Kidney Injury

31.2.1  Definition

Pregnancy-related AKI refers to AKI occurring 
during pregnancy, labor, and delivery or the post-
partum period, defined as the 6 weeks after child-
birth. The incidence and etiology of AKI vary 
greatly between different geographical regions.

To date, there is no widely accepted definition 
for AKI during pregnancy. In the general popula-
tion, AKI is defined by the criteria of the Kidney 
Disease Improving Global Outcome (KDIGO) 
classification, i.e., a rise in serum creatinine, fall 
in urine output, or both; but these criteria are not 
applicable to pregnant women [1]. Indeed, due to 
the normal physiologic drop in serum creatinine 
during pregnancy, seemingly “normal” creatinine 
results (i.e. 0.7–0.9  mg/dL) may represent sig-
nificant increases from baseline, and the diagno-
sis of early AKI may easily be missed. Different 
criteria and creatinine cut-offs have been used to 
define AKI in pregnancy [2–9] (Table 31.1).

Various formulas are available to estimate glo-
merular filtration rate (eGFR). They serve to give 
an estimate of renal function but rely on renal 
function being stable. As such, they have no role 
in the acute setting, including in pregnant women 
with AKI, since renal function may change 
rapidly.

31.2.1.1  Role of AKI Biomarkers
In the future, the diagnosis of AKI in pregnancy 
may also include novel biomarkers. For example, 
serum levels of neutrophil gelatinase-associated 
lipocalin (NGAL) and proteinuria both increase 
with worsening endothelial dysfunction. In 
hypertensive pregnant women, a rise in NGAL 
has been shown to correlate with increasing pro-
teinuria and serum creatinine (correlation coeffi-
cient 0.4) [10]. However, the cut-off values of 
most biomarkers with diagnostic potential are 
only now being clarified in the general adult pop-

ulation; whether these values will differ in preg-
nant women remains unclear. Furthermore, in 
most biomarker studies, pregnant women were 
excluded. More research is necessary to evaluate 
the role of novel biomarkers in this population.

31.2.2  Epidemiology

The lack of consensus criteria for AKI in preg-
nancy, added to wide variations in demographics 
and standards of care among populations, have 
made estimation of the incidence of pregnancy- 
related AKI difficult. In a study of 1.9 million 
pregnancies over a 15-year period, 1  in 10,000 
pregnancies had severe AKI and needed dialysis 
[4]. Risk factors included pre-pregnancy hyper-
tension, diabetes, CKD, and systemic lupus ery-
thematosus (SLE). Women who had a major 

Table 31.1 Criteria used to diagnose acute kidney injury 
(AKI) in pregnancy

Diagnostic criteria for AKI in 
pregnancy References
Serum creatinine >1.1 mg/dL 
(97 μmol/L) or doubling of 
serum creatinine

American College 
of Obstetrics and 
Gynecology 
(ACOG), 2013 [2]

Serum creatinine >0.8 mg/dL 
(70 μmol/L)

Liu Y et al. 2017 
[3]

Obstetric acute renal failure 
defined according to 
international classification of 
diseases, ninth revision, clinical 
modification codes for acute 
kidney failure after labor and 
delivery (code 669.3), acute 
renal failure (code 584), and 
unspecified renal failure (code 
586)

Mehrabadi et al. 
2016 [4]

1.5× increase of serum 
creatinine from baseline and/or 
decrease of urine output to 
<400 mL for ≥6 h

Gopalakrishnan N 
et al. 2015 [5]

Risk—Injury—Failure—Loss—
End-stage (RIFLE) classification

Kamal EM et al. 
2014 [6]

Modified acute kidney injury 
network (AKIN) criteria: serum 
creatinine increase ≥0.3 mg/dL 
(≥26.4 μmol/L) during 
pregnancy or within 30 days 
postpartum

Gurrieri C et al. 
2012 [7]

Need for dialysis Prakash J et al. 
2016 [8]
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complication of pregnancy (e.g., pre-eclampsia, 
thrombotic microangiopathy, heart failure, pyelo-
nephritis, sepsis, placental abruption and postpar-
tum hemorrhage) were nearly four times more 
likely to need dialysis. A retrospective study from 
1995 to 1998 showed that 10% of women with 
severe pre-eclampsia needed dialysis in the short 
term but none required long-term dialysis or a 
kidney transplant [11]. The risk of dialysis is 
higher in women with pre-existing kidney 
problems.

A multinational cross-sectional prevalence 
study of all causes of AKI organized by the 
International Society of Nephrology revealed 
that pregnancy-related AKI constituted 1% of all 
cases of reported AKI [12]. In this study, 
pregnancy- related AKI was reported more fre-
quently from samples in low-income countries 
compared to other geographical areas. The study 
identified dehydration and hypotension as risk 
factors across all income groups. However, in 
low-income countries, complicated pregnancy 
was one of the most important contributors to 
AKI in younger women. In addition, it was noted 
that access to dialysis was scarce in low-income 
countries, with variations seen in different regions 
of the same country or even in different areas of 
the same city [12].

31.2.3  Etiology of AKI

Traditionally, the causes of AKI are classified as 
pre-renal, renal, and post-renal. While the mech-
anisms suggested by this classification remain 

pertinent, in critically ill pregnant women, a dif-
ferent classification method is recommended. 
AKI in pregnancy may be caused by (1) diseases 
that are specific and unique to pregnancy, (2) 
acute conditions that coincide with pregnancy but 
are not directly related to pregnancy, or (3) an 
exacerbation of pre-existing renal disease. The 
latter includes “flares” of primary renal disorders 
and also acute deterioration of renal function in a 
kidney transplant recipient (Table 31.2). Certain 
types of AKI are more frequently seen at particu-
lar stages of pregnancy, but AKI in the context of 
critical illness may occur at any time (Fig. 31.1).

31.2.3.1  Common Pregnancy-Specific 
Causes of AKI

In pregnant women, AKI is a heterogeneous and 
often multifactorial syndrome, but some etiolo-
gies are more common and are important to rec-
ognize early.

Hypertensive Disorders of Pregnancy
Pre-eclampsia, HELLP (hemolysis, elevated liver 
enzymes, low platelets) syndrome, and acute 
fatty liver of pregnancy (ALFP) describe the 
wide spectrum of a continuum of pregnancy- 
specific disorders characterized by new-onset 
hypertension, proteinuria, and AKI occurring 
after 20 weeks’ gestation (Table 31.2). The clini-
cal features of these disorders may overlap, com-
plicating distinction between them [13].

HELLP syndrome is the leading cause of 
pregnancy-associated AKI [14]. It occurs typi-
cally in the third trimester but may be diagnosed 
in the second trimester or in the postpartum 

Table 31.2 Causes of AKI in critically ill women during pregnancy or the peripartum period

Category Examples Underlying pathophysiology leading to AKI Typical time of onset
Pregnancy- specific Pre- eclampsia

Hemorrhage
Ureteric obstruction
Amniotic fluid 
embolism

• Hypertension/vasoconstriction
• Volume depletion
• Obstruction
• Cardiovascular collapse

Third trimester or 
postpartum

Conditions coinciding 
with pregnancy

Glomerulonephritis
Sepsis
Major surgery

• De-novo primary renal disease
•  Systemic inflammation/endothelial 

dysfunction/hemodynamic instability

Any stage

Pre- existing renal 
disease

CKD
Lupus nephritis
Renal transplant

•  Exacerbation/flare of underlying disease
• Acute rejection

Any stage

Abbreviations: AKI acute kidney injury, CKD chronic kidney disease
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period. The clinical features of HELLP vary. The 
most common symptoms are epigastric/right 
upper quadrant pain, nausea, vomiting, and head-
ache. However, HELLP syndrome may also man-
ifest by its complications, such as disseminated 
intravascular coagulopathy, placental abruption, 
AKI (7–36%), pulmonary edema, hepatic capsu-
lar hematoma, and retinal detachment [15]. 
Severe HELLP syndrome may resemble throm-
botic thrombocytopenic purpura (TTP), 
hemolytic- uremic syndrome (HUS), or autoim-
mune disorders such as SLE and antiphospho-
lipid syndrome (APS) [14]. Differentiation 
between these conditions is important as their 
therapies vary. Delivery of the baby is the treat-
ment of choice for pre-eclampsia-related AKI, 
whereas immunosuppression and plasma 
exchange have a role in autoimmune disorders 
(see Chaps. 5 and 16).

Pre-eclampsia is a pregnancy-specific disor-
der that typically presents with new onset of 
hypertension and proteinuria after 32 weeks’ ges-
tation but may occur earlier in women with pre- 
existing chronic renal disease. The most common 
maternal complications of pre-eclampsia include 
DIC (10–20%), HELLP syndrome (20%), pul-
monary edema (2–5%), AKI (1–5%), and placen-
tal abruption (1–2%) [15]. The characteristic 
renal lesion of pre-eclampsia is swelling and 

detachment of glomerular endothelial cells with 
loss of endothelial fenestrae and occlusion of 
capillary lumens [15]. Pre-eclampsia is also asso-
ciated with hemodynamic abnormalities such as 
decreased renal plasma flow, reduction in glo-
merular filtration rate by 30–40%, renal vasocon-
striction, and acute tubular injury. Thus, the 
kidney in pre-eclamptic women is highly suscep-
tible to ischemic injury, especially in those with 
pre-existing renal disease. Renal cortical necrosis 
has also been reported in this scenario. Patients 
with additional pregnancy-related complications 
resulting in intravascular volume depletion super-
imposed on pre-eclampsia are particularly at risk 
of developing AKI.

Acute fatty liver of pregnancy (AFLP) is char-
acterized by rapidly progressive liver failure in 
late gestation. It can imitate pre-eclampsia but 
may also occur simultaneously with pre- 
eclampsia [6]. The renal dysfunction seen in 
ALFP is usually multifactorial, including intra-
vascular volume depletion, co-existing pre- 
eclampsia, and liver failure. See Chaps. 5, 16, 
and 33 for more details regarding these 
conditions.

Volume Depletion
Uterine blood flow increases from 50  mL/min 
prior to pregnancy to approximately 1000 mL/min 

Pregnancy Delivery Postpartum

4 8 12 16 20 24 28 32 36 40 4 8 12 16 week

Septic abortion Haemorrhage

Sepsis

Critical illness

Pre-eclampsia / eclampsia

HELLP syndrome

Acute fatty liver

Thrombotic microangiopathy / HUS

Acute flare of underlying chronic renal disease

Abbreviations: AKI = acute kidney injury; HUS = hemolytic uremic syndrome

Fig. 31.1 Main causes 
of acute kidny injury in 
critically ill pregnant 
women and their typical 
time of occurrence. 
Abbreviations: HUS 
hemolytic-uremic 
syndrome
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at term. Thus, pregnancy-related bleeding can be 
rapid and massive, resulting in hypovolemia, renal 
hypoperfusion, and AKI. Common causes include 
induced or spontaneous abortion, ectopic preg-
nancy, placenta previa, placental abruption, and 
intra- or postpartum hemorrhage (see Chap. 6). In 
severe cases of hypotension and hypoperfusion, 
irreversible cortical necrosis can occur.

Severe or untreated cases of hyperemesis 
gravidarum can also lead to clinically significant 
intravascular volume depletion and AKI.

Infection
Sepsis from any cause can lead to AKI. 
Contributing factors are hemodynamic instabil-
ity, endothelial dysfunction, altered renal micro-
circulation, tubular cell injury, and the formation 
of microthrombi [16]. The most common sources 
of sepsis in pregnancy include pyelonephritis, 
chorioamnionitis, and pneumonia (see Chaps. 18 
and 19). Asymptomatic bacteriuria, ureteral dila-
tion, and increased bladder wall flaccidity in 
 particular  contribute to the increased risk of 
pyelonephritis.

Septic abortion is uncommon in countries 
where abortion has been legalized but is still a 
significant cause of maternal mortality and mor-
bidity worldwide, including the development of 
AKI.  A survey of 246  units in 14 countries in 
Latin America revealed that septic abortion, 
hemolytic-uremic syndrome, community- 
acquired diarrhea, and leptospirosis were the eti-
ologies most frequently associated with AKI 
[17]. A recent report from India showed that 
puerperal sepsis contributed to AKI in one-fourth 
of pregnant women [18].

Severe sepsis can mimic HELLP syndrome. 
When faced with presumed HELLP syndrome 
with no improvement in the inflammatory mark-
ers following delivery, sepsis should be sus-
pected, actively sought, and managed [6].

Obstruction
Hydronephrosis and hydroureter have been 
described as physiological in pregnancy (seen in 
up to 80%) and appear to be related to direct 
 ureteric compression by the gravid uterus at the 
pelvic brim [19]. Risk factors are polyhydram-

nios, multi-fetal gestation, and pre-existing large 
uterine fibroids. Resultant urinary stasis acting as 
a bacterial reservoir is thought to account for the 
increased risk of pyelonephritis. Pathological uri-
nary obstruction may also occur secondary to 
renal stone disease or ureteric strictures. Even 
spontaneous renal rupture has been described dur-
ing pregnancy but is very rare. Iatrogenic injury to 
the bladder or ureter has been estimated to occur 
in less than 1% of deliveries, often associated with 
emergency caesarian section, and should be con-
sidered in the differential diagnosis of new onset 
of AKI after emergency surgery [20].

Cardiovascular Collapse
While any type of severe cardiovascular deterio-
ration can lead to AKI, collapse due to amniotic 
fluid embolism (AFE) occurs only in pregnancy 
(Chap. 8). Amniotic fluid embolism is a very 
rare complication of pregnancy but is associated 
with a high risk of maternal death. Due to the 
syndrome’s associated cardiac dysfunction, dis-
seminated intravascular coagulopathy, and intra-
vascular volume depletion, AKI is very common 
in survivors [21].

It presents suddenly with fulminant respira-
tory failure, hypoxia, hypotension, and cardio-
genic shock and is often accompanied by 
disseminated intravascular coagulation and 
multi-organ failure [22]. The precise cause of 
AFE is unclear, with early case series describing 
squamous cells and mucin of fetal origin in the 
maternal pulmonary vasculature [23].

31.2.3.2  Other Causes of AKI that 
May be Co-incident but Not 
Specific to Pregnancy

Thrombotic Thrombocytopenic Purpura/
Hemolytic-Uremic Syndrome
These multisystem disorders share clinical fea-
tures of AKI, thrombocytopenia, hemolytic ane-
mia, and thrombotic microangiopathy which are 
also seen in pre-eclampsia, HELLP syndrome, 
and ALFP.  The relative incidence is very low, 
with HUS affecting 1 in 25,000 pregnancies and 
TTP affecting less than 1  in 100,000 pregnan-
cies [24, 25]. They may develop at any stage of 
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pregnancy or after and are not pregnancy-spe-
cific. However, they often exhibit overlapping 
features resulting in diagnostic and therapeutic 
challenges (Table  31.3). Uncommonly, a renal 
biopsy may need to be considered to determine 
the exact diagnosis and to facilitate appropriate 
treatment. The potential diagnostic benefit of a 
renal biopsy needs to be carefully weighed 
against the increased risk of perinephric bleed-
ing and renal trauma, especially during critical 
illness and pregnancy (see diagnostic work-up 
for additional details). A multidisciplinary team 
including hematologists, nephrologists, obste-
tricians, radiologists, and critical care special-
ists should be involved when deciding whether a 
renal biopsy should be performed during 
pregnancy.

Primary Renal Diseases, Including 
Autoimmune Disease and Vasculitis
Differentiating between acute glomerulone-
phritis and pre-eclampsia can be challenging in 
the late second and third trimester, especially 
since the clinical presentation may be similar 
and auto- antibodies and complement levels 

may not be reliable during pregnancy [26, 27]. 
In women who are not critically ill, a renal 
biopsy may be necessary to differentiate 
between an acute glomerulonephritis and pre-
eclampsia. As mentioned above, in light of the 
risk of perinephric bleeding and potential renal 
injury, the decision to proceed with a renal 
biopsy should be made jointly the patient as 
well as by all clinical teams involved. In non-
pregnant critically ill patients, it has been sug-
gested that a transjugular renal biopsy may be 
safer than a percutaneous or open technique, 
but there is little information on this procedure 
in pregnant women [28].

Drug Nephrotoxicity
Another common co-incident cause of AKI dur-
ing pregnancy is drug nephrotoxicity. There are 
several mechanisms through which drugs may 
exert their nephrotoxic effects, including direct 
tubular injury (i.e., aminoglycosides), effects on 
glomerular hemodynamics (i.e., ACE inhibitors), 
alteration of microcirculation [i.e., nonsteroidal 
anti-inflammatory drugs (NSAIDs)], tubular 
obstruction (i.e., indinavir, acyclovir, or metho-

Table 31.3 Characteristics of different hypertensive disorders during pregnancy

Characteristic Pre- eclampsia or HELLP
Acute fatty liver of 
pregnancy

Thrombotic 
thrombocytopenic 
purpura

Hemolytic-uremic 
syndrome

Pregnancy-specific Yes Yes No No
Typical onset Usually third trimester Usually third 

trimester
Median 23 weeks Often postpartum

Unique clinical 
manifestation

Hypertension and 
proteinuria; AKI possible

Nausea, vomiting, 
malaise; AKI 
possible

Neurologic 
symptoms; AKI 
possible

AKI and hemolysis

Fever No No Yes No
Purpura No No Yes No
Hemolysis Mild Mild Severe Severe
Platelet count Variable (normal to low) Variable (normal to 

low)
Low Variable (normal to 

low)
Coagulation Variable Abnormal Normal Normal
Hypoglycemia No Yes No No
Classic 
histological 
findings

Swelling and detachment 
of glomerular endothelial 
cells and associated 
occlusion of capillary 
lumen; also acute tubular 
injury

Acute tubular 
injury

Thrombotic microangiopathy with swelling 
of endothelial cells, thickening of the 
capillary wall, fibrin thrombi within 
glomeruli, microvascular thromboses, and 
acute tubular injury

Treatment for AKI Delivery Delivery Plasmapheresis Plasmapheresis

Abbreviations: AKI acute kidney injury
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trexate), and in the form of idiosyncratic reac-
tions (i.e., antibiotic-induced interstitial 
nephritis). In general, potentially nephrotoxic 
drugs should always be avoided. However, the 
benefits of starting or continuing a nephrotoxic 
medication may outweigh the risks; therefore, a 
personalized approach is always necessary, inde-
pendent of pregnancy.

31.2.4  Diagnostic Work-Up

To determine the etiology of AKI, baseline tests 
are recommended for all patients. In order to con-
firm or rule out specific causes of AKI, a propor-
tion of patients may need additional tests as 
directed by clinical presentation and potential 
differential diagnoses [27] (Table 31.4).

Table 31.4 Diagnostic work-up of acute kidney injury in pregnant critically ill patients

Diagnostic tests Potential causes of acute kidney injury
Full blood count Bleeding

Hemolytic-uremic syndrome
Thrombotic thrombocytopenic purpura
HELLP syndrome
Sepsis

Clotting profile Disseminated intravascular coagulopathy Antiphospholipid 
syndrome
Sepsis

Liver enzymes Sepsis
Acute fatty liver of pregnancy
HELLP syndrome

Ammonia Acute fatty liver of pregnancy
Serum glucose Acute fatty liver of pregnancy
Serum uric acid Pre-eclampsia/eclampsia
Lactate dehydrogenase (LDH)
Haptoglobin
Reticulocytes
Fragmentocytes

HELLP syndrome
Pre-eclampsia/eclampsia
Thrombotic thrombocytopenic purpura hemolytic-uremic 
syndrome

Auto-antibody screen, including
  ANA titer
  Anti-ds-DNA titer
  Complement C3 and C4

Primary glomerulonephritis
Systemic lupus erythematosus
Vasculitis

C-reactive protein (CRP) Sepsis
Antiphospholipid antibodies, including
  Anticardiolipin antibodies
  Lupus anticoagulant

Antiphospholipid syndrome

ADAMTS-13 activity Thrombotic thrombocytopenic purpura
Sepsis screen, including
  Blood cultures
  Mid-stream urine culture
  Sputum culture
  Wound swabs

Sepsis

Urinalysis Sepsis
Primary glomerular disease
Pre-eclampsia/eclampsia
HELLP syndrome

Renal ultrasound Obstruction
Pre-existing chronic kidney disease

Renal biopsy Primary glomerular disease
Vasculitis
Interstitial nephritis
Rejection of renal transplant

Abbreviations: ADAMTS-13 a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13, 
HELLP hemolysis, elevated liver enzymes, low platelets, ANA anti-nuclear antibody, Anti-ds-DNA anti-double- stranded 
DNA
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Of note, complement levels and serological 
markers of SLE activity (i.e., anti-ds-DNA) can 
be affected by pregnancy and may be difficult to 
interpret [28].

Occasionally, a renal biopsy may need to be 
considered, especially if AKI occurs before 
24 weeks’ gestation and there is concern about a 
potentially treatable primary renal disease. 
General complications include bleeding ranging 
from asymptomatic macroscopic hematuria to 
events requiring interventional radiological 
embolization or surgical nephrectomy. A system-
atic review concluded that a renal biopsy in ges-
tation up to 22 weeks was not associated with any 
additional risks; however, biopsy in later preg-
nancy was associated with bleeding complica-
tions requiring transfusion or interventional 
procedure and worse obstetric outcome including 
preterm labor [29].

The indication for an ultrasound-guided or 
transjugular renal biopsy should always be dis-
cussed and agreed on by the nephrology and 
obstetric team.

31.2.5  Treatment

31.2.5.1  General Measures
The key therapeutic strategies of AKI are similar 
in pregnant/postpartum women and in nonpreg-
nant patients. These consist of optimization of 
hemodynamic status, correction of hypovolemia, 
and prevention of further nephrotoxic insults, 
combined with management of the underlying 
disease leading to AKI.  There are no specific 
drug therapies for AKI. Renal replacement ther-
apy (RRT) should be considered in those with 
progressive AKI and complications of AKI.

In general, maternal health takes priority; how-
ever, the condition of the fetus should be optimized 
whenever possible. Fetal well-being and neonatal 
outcomes are closely linked to maternal status. 
Adequate blood flow to the uterus and placenta is 
essential to prevent fetal compromise; as such, 
intravascular volume depletion and hypotension 
should be corrected as a matter of urgency, aiming 
for a mean arterial blood pressure >65  mmHg. 

Fluid resuscitation should be conducted according 
to current recommendations (see Chap. 7). There 
are no specific recommendations for pregnant 
women with AKI, and there is no specific measure 
to assess fluid status of the kidneys [30].

31.2.5.2  Treatment of Specific Causes 
of AKI

Control of Hypertensive Disorders 
of Pregnancy
The only effective cure for pre-eclampsia, 
HELLP, and acute fatty liver of pregnancy is 
delivery of the fetus and placenta (Chaps. 16 and 
33). However, selected cases of pre-eclampsia 
without evidence of end-organ involvement (neu-
rologic symptoms, hepatic or renal dysfunction, 
or low platelets) may be managed medically, with 
blood pressure control and intravenous magne-
sium. In the USA, the National High Blood 
Pressure Education Program (NHBPEP) recom-
mends to aim for systolic blood pressure 
≤140  mmHg and diastolic blood pressure of 
≤90 mmHg during pregnancy [31].

For emergency treatment of hypertension in 
pre-eclampsia, intravenous hydralazine, labet-
alol, and oral nifedipine can be used. Methyldopa 
and labetalol are also appropriate first-line agents, 
but angiotensin-converting enzyme inhibitors 
should not be used.

Magnesium levels should be monitored in 
case of renal impairment to avoid toxicity as lev-
els may rise due to reduced renal excretion.

Relief of Obstruction
Delivery may be considered based on gestational 
age and is often the definitive treatment. 
Retrograde ureteral stent placement using cystos-
copy and percutaneous nephrostomy are alterna-
tives to relieve or bypass the ureteral obstruction 
[32]. Ureteroscopy has also been applied in this 
setting [33].

Management of Amniotic Fluid Embolism
Rapid resuscitation, cardiopulmonary support, 
and correction of coagulopathy are the mainstays 
of treatment [34].
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31.2.5.3  Renal Replacement Therapy
In patients with severe AKI at risk of life- 
threatening complications, RRT may be neces-
sary to remove excess fluid and waste products.

Timing of RRT
In nonpregnant critically ill patients with AKI, 
there is no uniform agreement or consensus on 
the optimal timing of RRT initiation, the practice 
of discontinuing RRT, or the optimal modality 
[12]. This also applies to pregnant women with 
AKI. The only exception is that acute peritoneal 
dialysis is usually not an option. The decision to 
start RRT will be determined by the maternal 
clinical presentation; there are no fetal indica-
tions for RRT.  Absolute indications for RRT 
include maternal hyperkalemia with ECG 
changes, refractory metabolic acidosis with 
serum pH ≤7.20, symptoms or complications of 
uremia (e.g., pericarditis or encephalopathy), and 
refractory fluid overload including pulmonary 
edema. These indications represent a medical 
emergency, and the pregnant woman should be 
urgently transferred to a setting where RRT can 
be provided.

In patients with AKI not complicated by emer-
gent indications, the optimal time to initiate or 
withhold RRT is unknown [35, 36]. In nonpreg-
nant patients, there is general consensus that the 
decision to commence RRT should not be based 

solely on the degree of renal function or stage of 
AKI but be individualized based on the clinical 
context [36]. The severity of metabolic derange-
ments and fluid accumulation, their trajectories, 
and the impact on other organs are key factors 
that need to be considered when deciding whether 
to start or withhold RRT (Fig. 31.2).

In chronic dialysis patients, it is recommended 
to keep blood urea nitrogen (BUN) concentration 
<16–18 mmol/L during pregnancy and to mini-
mize fluid shifts in order to promote fetal well- 
being [37]. Although not specifically tested, it 
makes sense to apply these cut-offs to the critical 
care setting and to initiate acute RRT in critically 
ill pregnant patients before BUN >18 mmol/L.

Modality of RRT
In critically ill pregnant women with AKI, the 
choice is between intermittent RRT, continuous 
RRT (CRRT), and hybrid techniques. Acute peri-
toneal dialysis is not an option. Despite differ-
ences in characteristics, all extracorporeal 
modalities are capable of achieving adequate 
metabolic control and fluid removal (Table 31.5).

In critically ill nonpregnant adults with AKI, 
repeated meta-analyses of existing published evi-
dence have not demonstrated a definite advantage 
in short-term patient survival for any modality 
[35–37]. The final choice of modality depends on 
the degree of hemodynamic stability, severity of 

Optimise haemodynamic status
Discontinue nephrotoxic drugs if possible

Start RRT

Regular assessment of clinical progress

yes

yes

no

no

Life-threatening complication of AKI

Persistent AKI and 1 or more of the following:

• progressive fluid accumulation
• blood urea nitrogen >18mmol/L
• worsening metabolic acidosis
• persistent or worsening hyperkalemia
• persistent oliguria 
• worsening non-renal organ dysfunction
• anticipated large fluid load
• need for administration of nephrotoxins

AKI

Consider
starting

RRT 

Fig. 31.2 Algorithm to 
guide timing of renal 
replacement therapy 
(RRT) in pregnancy-
related acute kidney 
injury (AKI)
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fluid overload, and ability to tolerate shifts in 
fluid status and metabolic fluctuations.

In pregnancy, hemodynamic instability during 
RRT has been associated with changes in amni-
otic fluid volume, fetal tachycardia, and transient 
uterine contractions [38]. Therefore, if the preg-
nant woman is hemodynamically unstable (for 
instance, due to sepsis), CRRT is generally the 
preferred modality as it allows gentler fluid 
removal and prevents metabolic fluctuations. 
Hybrid therapies such as “sustained low effi-
ciency dialysis” (SLED), “extended daily dialy-
sis” (EDD), and “prolonged intermittent renal 
replacement therapy” (PIRRT) combine the 
hemodynamic stability of CRRT with the advan-
tages of intermittent techniques (mobilization, 
reduced need for anticoagulation) but have not 
been specifically studied in pregnant women.

Both hemodialysis (using diffusion) and 
hemofiltration (using convection) can be pro-
vided intermittently or continuously. They are 
equally efficient in the removal of small molecu-
lar weight solutes, including urea and creatinine. 
There are no data suggesting that either hemodi-

alysis or hemofiltration are preferable in 
pregnancy- related AKI.

Dose of RRT
There is no data to date to inform the recommended 
dose of RRT for the mother during pregnancy. 
However, the delivered dose should be sufficient to 
ensure that BUN levels are maintained <16 mmol/L 
and metabolic fluctuations are minimized at all 
times. Regarding the fetus, a trend towards better 
pregnancy outcomes with more frequent and lon-
ger dialysis sessions was observed [39].

Anticoagulation
Regardless of the chosen method of RRT, clotting 
of the blood flowing through the circuit filter 
must be prevented. Current options include sys-
temic anticoagulation with heparin or epopros-
tenol, the addition of heparin into the circuit, or 
regional anticoagulation with citrate. Rising 
pressures within the circuit should be regarded as 
signs of impending filter clotting.

There are no specific recommendations 
regarding the preferred method to maintain 

Table 31.5 Characteristics of different renal replacement therapy modalities used for acute kidney injury during 
pregnancy

Parameter Intermittent RRT
Hybrid RRT SLED/
EDD/PIRRT Continuous RRT

Duration (h) 4–6 6–16 24
Frequency Daily/alternate days Daily/alternate days Daily
Mode of solute transport Diffusion Diffusion or convection 

or both
Diffusion or convection or both

Blood flow (mL/min) 200–350 100–300 100–250
Dialysate flow (mL/min) 300–800 200–300 0–50
Urea clearance (mL/min) 150–180 90–140 20–45
Need for anticoagulation Usually but not 

absolutely necessary
Usually but not 
absolutely necessary

Yes

Fluctuations of osmotically 
active metabolites

++ + Less; fluctuations may occur in 
case of treatment interruptions

Fluid shifts ++ + Less; shifts may occur in case 
of treatment interruptions

Effect on ICP in patients 
with acute brain injury

Increase Potential increase Usually no change

Effect on serum 
concentrations of renally 
cleared drugs

Major fluctuations Some fluctuations Less fluctuations

Loss of nutrients into 
dialysate/filtrate

Yes Yes Yes

Abbreviations: ICP intracerebral pressure, RRT renal replacement therapy, SLED slow extended dialysis, EDD extended 
daily dialysis, PIRRT prolonged intermittent renal replacement therapy
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patency of the circuit in pregnant patients under-
going RRT. However, in those with an increased 
bleeding risk, regional anticoagulation with 
citrate, or complete avoidance of any anticoagu-
lants should be considered. Citrate acts by chelat-
ing calcium, thereby inhibiting the clotting 
cascade at several levels. It is infused into the 
circuit prior to the filter to achieve an ionized Ca 
concentration <0.35  mmol/L in blood passing 
through the filter. Calcium is replaced post-filter 
to correct the calcium deficit in the blood return-
ing to the patient. As a result, the extracorporeal 
circuit is fully anticoagulated, while the patient is 
not [40].

31.2.5.4  Perioperative Management 
of AKI

During preoperative surgical and anesthetic 
assessment of pregnant patients with AKI,  special 
attention to electrolytic, metabolic, and hemody-
namic status is required. Any life- threatening 
complication of AKI should be corrected prior to 
the procedure, including medical management of 
hyperkalemia and fluid overload and RRT, if nec-
essary. However, if surgery cannot be delayed, 
medical management and RRT should continue 
during the intraoperative provided.

Intraoperatively, there are no particular strate-
gies for pregnant women with AKI apart from a 
general recommendation to avoid fluid overload, 
not to administer any anesthetic agents associ-
ated with hyperkalemia and to maintain mean 
arterial blood pressure ≥65  mmHg. 
Postoperatively, RRT should be restarted as soon 
as possible, with the decision for anticoagulation 
to be determined by the relative risk of post- 
procedural bleeding.

31.2.6  Long-Term Prognosis

Once the underlying cause is identified and 
treated, most cases of pregnancy-related AKI 
recover. Whether AKI during pregnancy increases 
the risk of long-term CKD remains inconclusive. 
A case-control study from Gul et al. showed no 
significant difference in kidney outcome between 
pregnant women with and without AKI [40]. In a 

retrospective study conducted in women with 
AKI treated with RRT during pregnancy over a 
15-year period in Canada, Hildebrand and col-
leagues observed that 3.9% of patients remained 
dialysis-dependent 4 months after delivery [9]. In 
a different study, 2.4% of women with AKI dur-
ing pregnancy progressed to end-stage renal dis-
ease requiring long-term dialysis [3]. Due to 
small sample sizes with limited follow-up time 
and lack of a control group, the impact of 
pregnancy- associated AKI on long-term renal 
function is unknown. However, women with 
incomplete renal recovery should be considered 
for follow-up by a nephrology team.

31.2.7  End-Stage Renal Disease

The reported rate of pregnancies in chronic dialy-
sis patients ranges between 0.3 and 1.5% per year 
but is increasing [41]. Women with ESRD 
 requiring dialysis are at increased risk of severe 
hypertension (18–70%) and pre-eclampsia 
(5–67%), in addition to increased risks of obstet-
ric and fetal complications of pregnancy [41, 42].

When admitted to the ICU for co-incident 
medical problems, these patients will inevitably 
require ongoing RRT [42]. The modality and tim-
ing of RRT should be determined by the degree 
of hemodynamic and metabolic derangement, as 
CRRT may be preferred.

31.2.8  Renal Transplant Recipients

The recipients of renal transplants will require 
multidisciplinary input from nephrologists and 
obstetricians throughout pregnancy, especially 
during a stay in the critical care unit. The princi-
ples of management of the kidney graft function 
are equivalent to that of a woman with native kid-
ney function, including avoidance of nephrotoxic 
drugs, targeted blood pressure control, and ade-
quate fluid resuscitation if required.

Pregnant transplant patients develop AKI for 
all the usual reasons, but the differential diagno-
sis is wider and includes specific problems like 
obstruction of a single functioning kidney, vessel 
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thrombosis, rejection, calcineurin toxicity, and 
calcineurin-induced thrombotic microangiopa-
thy. Septic AKI is common, but again, the differ-
ential diagnosis of sepsis is wider.

31.2.8.1  Immune Suppression 
and Rejection

In critical illness, immune suppression and risk 
of graft rejection must be balanced against mater-
nal risk of sepsis. There are many different com-
binations of immunosuppressants following a 
transplant, depending on the risk of rejection of 
the individual patient, time course following 
transplantation, previous adverse effects of 
immunosuppressants, and local policy. The risk 
of rejection should always be balanced with the 
risk of life-threatening complications. In most 
cases of severe sepsis, the benefits of reducing/
discontinuing immunosuppressive drugs out-
weigh any benefits of continuing. Conversely, 
long-term steroids should not be stopped but 
increased to compensate for potential adrenal 
insufficiency.

When deciding which immunosuppressant to 
reduce or stop, a discussion with the nephrology 
team is advisable. Similarly, the decision when to 
re-introduce immunosuppressive drugs depends 
on the progress of the patient, existing acute and 
chronic comorbidities, and the patient’s overall 
ability to tolerate immunosuppression. The deci-
sion is usually jointly made by the treating acute 
medical team and transplant team.
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32.1  Introduction

The metabolic response to stress is a complex 
process. It involves hormones, cytokines, prosta-
glandins, neural mediators, and various cellular 
tissues, including immune cells, adipose tissue, 
and the gastrointestinal tract. The severity of the 
response may range from mild to very severe, 
depending on the type and degree of insult as 
well as on host-dependent factors (e.g., the gen-
eral medical condition of the patient). This 
response is further complicated when the criti-
cally ill patient is pregnant, as the response to 
stress may be affected by the physiological 
changes of pregnancy. Nutritional priorities are 
expected to be modified. However, since studies 
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Bullet Points
• The area of nutrition therapy during 

critical illness in pregnant or postpartum 
patients is highly controversial, not the 
least owing to paucity of evidence.

• Indirect calorimetry is the gold standard 
for assessing the energetic requirements 
of these complicated patients and should 
be used when available.

• In the absence of indirect calorimetry, 
predictive formulas may be used but are 
of low accuracy.

• As a rule of thumb, 25 kcal/kg/day may 
be administered to most patients, with 
adaptations in obese or undernourished 
cases.

• Lipids must be prescribed as they are 
essential for the mother as well as for 
normal fetal development. However, the 
choice between different lipids remains 
highly controversial.

• Immune-modulating diets have not 
shown higher efficacy in most states of 

critical illness. Proteins should be aimed 
to a minimum of 1.3 g/kg/day.

• Routine doses of trace elements and 
vitamins must be ensured.

• The oral route is preferred, followed by 
the use of a gastric tube.

• In the case of gastric intolerance, proki-
netics may be tried. If these fail, either 
an enteral tube or supplemental paren-
teral nutrition may be used.

• If nutrition therapy is not achieved using 
these routes, parenteral nutrition may be 
prescribed.
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are rare in this population, support should be 
carefully guided using select monitoring tools. 
This chapter will discuss the metabolic changes 
which occur during pregnancy and during critical 
illness, followed by recommendations on nutri-
tional assessment, support, and monitoring in the 
pregnant critically ill patient.

32.2  Metabolic Changes During 
Pregnancy

Metabolism changes substantially during and fol-
lowing pregnancy. The maternal metabolism is 
generally considered an anabolic process [1]. The 
most prominent change is in the body water and 
blood composition. As mentioned elsewhere in 
this book, the plasma volume increases by 45%, 
while the cellular component increases by only 
33% [2], resulting in hemodilution with lower 
hematocrit levels (Chaps. 5 and 7). In states of 
pre-eclampsia there is significant hemoconcen-
tration, and the hematocrit levels rises [3]. 
Additional metabolic changes, mainly in carbo-
hydrate and lipid metabolism, occur during nor-
mal and complicated pregnancy change. These 
are addressed in detail in this chapter.

32.3  Nutritional Assessment 
During Normal Pregnancy

Nutritional assessment during pregnancy relies 
on anthropometric tables [4]. There is a strong 
relationship between anthropometric measure-
ments and nutritional intake of energy and sub-
strates [5]. These measurements may later be 
related to physiologic birth outcomes [6–8].

Laboratory analysis for healthy pregnant 
woman includes screening for diabetes and ane-
mia. The former is intended to diagnose gesta-
tional diabetes and non-gestational diabetes 
which manifests during pregnancy as both carry 
implications in terms of morbidity for the mother 
and the fetus. The latter, anemia, is not a disease 
state but has been associated with poor pregnancy 
outcomes [9] and is a marker of poor nutrition and 
possible maternal neglect [10]. Nutrient deficien-

cies are not generally sought after unless a spe-
cific indication exists [11]. However, some studies 
suggest that deficiencies of nutrients such as iron, 
B12, zinc, and folic acid are very common during 
pregnancy [12], while others suggest the levels of 
most of these nutrients are usually normal [13]. 
This variability may stem from differences in lab-
oratory methods and different woman popula-
tions. Additional controversy exists regarding the 
range of normal levels, and much of this contro-
versy is due to the aforementioned changes in 
blood plasma and cell volume [11].

32.4  Nutritional Assessment 
in the Intensive Care Unit

Nutritional risk increases with age, severity of ill-
ness, and length of intensive care unit (ICU) hos-
pitalization [14]. It is widely accepted that 
nutrition should be assessed throughout ICU 
admission. These may be performed using 
anthropometric measurements such as the body 
mass index (BMI), triceps fold thickness, mid-
arm circumference, and calf circumference; labo-
ratory measurements such as the serum albumin 
levels or cholesterol; or multivariate tools such as 
the subjective global assessment [15]. However, 
no consensus exists as to which tool or tools 
should be used across different patient 
populations.

Critical illness takes its toll on different organ 
systems. One of the changes that occur in criti-
cally ill patients is loss of muscle/lean body mass. 
This translates into poorer muscle function and 
worse overall prognosis, including mortality 
[16]. The etiology of these changes is multifacto-
rial. Causes include both disease-related param-
eters such as inflammatory mediators and 
treatment-related factors such as inadequate 
nutrition, immobilization, and sedation [17]. The 
severity of nutritional risk must therefore be 
actively sought and addressed in all critically ill 
patients. However, the assessment of nutritional 
risk is generally difficult in critically ill patients 
for a variety of reasons [18]: The nutritional his-
tory can only be obtained in a minority of patients 
[19], actual height and weight are hard to mea-
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sure, and assessment of weight loss is confounded 
by water retention and edema [20]. Traditional 
nutrition risk assessment tools categorize more 
than 80% of ICU patients as malnourished or at 
risk [18]. Therefore controversy has arisen over 
the appropriate tool for nutrition risk assessment 
in the ICU setting [21].

In order to determine the amount of calories 
administered to a critically ill patient, the clinician 
may measure energy expenditure, assess it using 
predictive equations, or opt for a “rule of thumb” 
estimation of caloric needs. Indirect calorimetry 
is considered the gold standard for assessing the 
energy expenditure [22]. By measuring inspired 
and expired oxygen and carbon dioxide levels 
along with the minute ventilation, the amount of 
carbohydrates and fat used for energy production 
can be calculated. Protein metabolism is omitted 
as its effect is negligible. Indirect calorimetry is 
the most accurate way to measure energy expen-
diture in patients [23], and its use is recommended 
in critically ill patients [24]. However, indirect 
calorimetry is expensive and requires a dedicated 
team with experience in the use of this measure-
ment technique. Furthermore, it may not be reli-
able in certain physiological conditions such as 
severe hypoxemia [25].

Various formulas are available for estimating 
energy expenditure (Table  32.1). All have been 

validated and correlated significantly with indi-
rect calorimetry.  These equations, such as the 
Harris-Benedict, Faisy-Fagon, or Ireton-Jones, 
are widely used. However, their use is limited by 
gross inaccuracy and lack of precision [26]. 
Moreover, because of their complexity, many cli-
nicians prefer to use “rule of thumb” guidelines. 
These include simplistic weight-based calcula-
tions [24], generally 25–30  kcal/kg/day, with 
some alterations according to weight groups and 
certain critical illness states.

32.5  Nutritional Concerns During 
Critical Illness 
and Pregnancy

During pregnancy the nutritional requirements 
are higher. Energy is deposited in both fetal and 
maternal tissues with changes in both the basal 
and the exertional metabolic rates [27]. 
Measurements of resting energy expenditure 
(REE) using respiration calorimetry over 24  h 
periods in mostly sedentary pregnant women 
revealed a mean increase in the daily energy 
requirement of 11.3  ±  6.3  kcal for each gesta-
tional week. Of note, energy requirements differ 
widely among women from different populations 
with different lifestyles and diets. Activity energy 

Table 32.1 Commonly used 
predictive equations for 
energetic requirements

The calculation
ACCP
BMI < 25 25 × ABW

BMI ≥ 25 25 × IBW

Harris-Benedict
Males 66.47 + (13.75 × ABW) + (5 × Ht) − (6.76 × age)
Females 655.1 + 66.47 + (9.56 × ABW) + (1.85 × Ht) − (4.68 × age)
Ireton-Jones
Males 606 + (9 × ABW) − (12 × age) + 400 (if ventilated) + 1400
Females ABW − (12 × age) + 400 (if ventilated) + 1444
Faisy-Fagon (8 × ABW) + (14 × Ht) + (32 × Ve) + (94 × Temp) − 4834
Mifflin
Males (10 × ABW) + (6.25 × Ht) − (5 × age) + 5
Females (10 × ABW) + (6.25 × Ht) − (5 × age) − 161

ACCP American college of chest physicians, ABW actual body weight measured in 
kilograms on admission, IBW ideal body weight in kilograms = 50 + 0.9 × height in 
centimeters—88 (males); 0.9 × height in centimeters—92 (females), Ht height in cen-
timeters, Ve minute ventilation in liters per minute, Temp temperature in Celsius 
degrees
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expenditure (AEE) tends to fall during  pregnancy. 
However, as a pregnant woman becomes criti-
cally ill, a rise in resting energy expenditure is 
expected, as noted in states of sepsis [28, 29]. 
The body temperature rises and stress mediators 
accelerate an already hyper-dynamic state. These 
effects may be countered, at least partially, by 
pharmacologically induced sedation and immo-
bility [30]. Addition of neuromuscular blockers 
may reduce energy expenditure further [31, 32].

Excessive gestational weight gain is known to 
have undesirable effects [33]. Excess weight gain 
generally results in fat mass and not lean mass 
accumulation. In turn, these lead to higher rates 
of maternal (glucose intolerance, hypertension, 
venous thromboembolism) and fetal (macroso-
mia, fetal malformations, and later obesity) 
pathologies [33]. Some of these maternal compli-
cations (e.g., hypertensive disorders) may expose 
the pregnant woman to life-threatening condi-
tions requiring ICU admission. However, this 
increased risk should be balanced with what is 
known as the obesity paradox [34, 35]. 
Overweight (BMI  =  25–30  kg/m2) and obese 
(BMI = 30–40 kg/m2) ICU patients generally fare 
better in terms of mortality risk than do normal 
weight and underweight (BMI < 18.5 kg/m2) ICU 
patients.

Humans are genetically programmed to starve 
and remain inert during critical illness (from dif-
ferent causes), while the body tries to heal itself. 
This response evolved before modern medical 
and intensive care were introduced. The stress 
induced by critical illness changes metabolism 
and immunity (Fig.  32.1). Together with the 
treatments provided in the course of intensive 
care, these systemic changes may become delete-
rious. As mentioned earlier, the body enters a 
catabolic state due to various mechanisms such 
as the effects of prostaglandins [36] and the 
ubiquitin- proteasome pathway [37]. Patients in 
the ICU have negative protein and calorie bal-
ances (i.e., the amount given minus the expendi-
ture) due to reduced intake and increased 
catabolism [38, 39]. Such negative balances have 

been associated with higher mortality as well as 
many serious complications such as infections 
[38], pressure sores, renal failure, and impaired 
wound healing [40]. Long-term effects on mor-
tality and overall quality of life have been 
observed as well [41]. However, even with provi-
sion of nutrition according to energy expenditure 
measurements, muscle wasting is practically 
omnipresent [42]. Overfeeding (i.e., providing a 
caloric intake above the estimated caloric needs) 
does not prevent muscle loss but rather increases 
fat tissue mass [43] and causes muscle fatty infil-
tration [44] which translates into worse 
outcomes.

Large controversies exist regarding basic topics 
in nutrition during critical illness. Existing conun-
drums include the correct timing to initiate nutri-
tion, the route to use, the optimal amount of 
calories, and the optimal amount of nutrients and 
macronutrients. The clinician is not only faced 
with guidelines that do not address the needs of the 
specific patient, but is also often challenged by 
obstacles to provision of nutrition. These include, 
among others, lack of enteral access, airway 
manipulations, nausea and vomiting, gastrointesti-
nal bleeding, high gastric residual volumes, and 
recurring patient transfers and surgery [44]. Failure 
to provide adequate nutrition is more common in 
patients with greater disease severity [45].

Epinephrine
Norepinephrine
Sympathetic drive

Cytokines
Inflammatory
mediators

CHANGES IN BODY COMPOSITION

Stress: Trauma – Infection - Surgery 

Gut hormones

Uncontrolled
catabolism

Anabolic
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Change in
Energy

Expenditure

Fig. 32.1 The major metabolic alterations during stress 
and critical illness

I. Bendavid and P. Singer



439

32.6  Carbohydrate and Insulin 
Metabolism

Glucose, along with lactate, is the primary nutri-
ent utilized by the fetus and placenta [46]. The 
placenta consumes much more energy than its 
weight would indicate, and studies indicate glu-
cose diffusion into the placenta is facilitated [47]. 
Glucose is also a vital substrate for lactose syn-
thesis in the mammary glands. Glucose oxidative 
requirements therefore increase in the second tri-
mester [48], and this state continues well into the 
period of lactation.

The increased glucose requirements of the 
uterine and mammary glands necessitate adjust-
ment of the metabolism of the liver, adipose tis-
sue, and skeletal muscle, among other organs. 
During pregnancy, insulin levels rise higher and 
more rapidly, while glucose levels do not corre-
late with this rise, thus indicating peripheral 
resistance to the actions of insulin [46]. This rise 
in insulin secretion is even more pronounced in 
obese women suffering from gestational diabe-
tes. Hepatic glucose production is less suppressed 
while insulin levels are high [49]. These meta-
bolic responses are the hallmarks of type 2 diabe-
tes mellitus, and unsurprisingly these women are 
at increased risk for development of type 2 diabe-
tes later in life [50].

Glucose is the main source for energy (ATP 
production) during critical illness. Physiologic 
stress leads to a metabolic response involving 
multiple systems [51]. The sympathetic nervous 
system is the first to respond (within seconds), 
followed by the hypothalamic-pituitary axis, and 
later inflammatory and immune changes occur. 
The effects of hormones secreted from adipose 
tissue (leptin, resistin, adiponectin) and the gas-
trointestinal tract (ghrelin) are increasingly being 
investigated as they too contribute to the meta-
bolic reaction to stress.

The mechanism of stress-induced hyperglyce-
mia is different from that of gestational or type 2 
diabetes mellitus even though insulin resistance 
is a key feature in all of these states. During criti-
cal illness a complex interplay of catecholamines, 
cytokines, and counter-regulatory hormones 

results in excessive hepatic glucose production 
and insulin resistance. Contrary to pregnancy, 
which is an anabolic process, critical illness and 
stress lead to an overall catabolic response. In 
this situation the response to anabolic signals 
such as insulin is diminished. This insulin resis-
tance plays a role in ensuring that nutritional sub-
strates are delivered to vital organs at the expense 
of more insulin-dependent tissues (e.g., adipose, 
muscle). Stress-induced hyperglycemia is associ-
ated with increased mortality independent of ill-
ness severity [52]. This association is particularly 
pronounced with certain admission diagnoses 
such as acute myocardial infarction and pulmo-
nary embolism.

Hypoglycemia, even mild (defined as blood 
glucose levels lower than 70 mg/dL), is associ-
ated with even higher mortality rates [53, 54]. 
Individual glucose variability (the standard devi-
ation of the mean glucose level) has also been 
strongly correlated with mortality in critically ill 
patients [55]. Whether these abnormal glycemic 
patterns are simply markers of more severe ill-
ness or play a causal role in the pathologic pro-
cess remain unclear. The effects of hypoglycemia 
are negative independent of previous diabetes 
status, but diabetic patients are more prone to the 
negative effects of stress hyperglycemia [56]. 
During pregnancy, hypoglycemia may carry 
additional risks for both the mother and fetus [57, 
58]. Maternal glucose deficiency may lead to 
ketosis which could carry devastating conse-
quences to both the mother and fetus. Examples 
of such consequences are toxemia [46] and lacta-
tion acidosis [59]. These risks must be added to 
the balance of considerations when attempting to 
control glucose levels in the critically ill pregnant 
patient.

32.7  Fat Metabolism

Along with the change in body water composi-
tion, the second most prominent change during 
pregnancy is fat gain [60]. This gain is highly 
variable and is related to maternal baseline 
weight. Normal or overweight women gain about 
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3.5 kg of fat (with large variations across popula-
tions). Underweight women gain an average of 
6 kg of fat, and obese women do not gain any fat 
mass. Fat gain is mostly subcutaneous in early 
pregnancy [61], but peritoneal fat gain is more 
prominent during the third trimester [62]. 
Maternal weight is highly associated not only 
with immediate pregnancy outcomes but also 
with long-term outcomes. The offspring of both 
obese and thin mothers (as defined by fat layer 
measurement) have a higher likelihood of devel-
oping cardiovascular disease in later life [63].

Lipids constitute the key component of cell 
membranes (mainly in the form of phospholipids 
and cholesterol). Changes in lipid composition 
affect various tissues and organ systems by alter-
ing enzymatic function, carrier-mediated trans-
port, receptor function, phagocytosis, 
prostaglandin production, immune processes, 
and cell growth [64]. These changes may stem 
from physiologic or pathological processes. 
During normal pregnancy polyunsaturated fatty 
acids (PUFA) are mobilized from maternal to 
fetal tissue to ensure brain and other vital organ 
development. Compared to nonpregnant females, 
pregnant women are deficient in both omega-3 
(n–3) and omega-6 (n–6) fatty acids at 36 weeks, 
at labor, and 6  weeks postpartum [65]. Pre- 
eclampsia [66] is characterized by prominent 
lipid peroxidation, and it has been postulated that 
many of the features of this disorder could be 
explained by an increase in lipid peroxides [67]. 
Lipid composition may also be modified by 
external interventions, i.e., lipid supplementa-
tion. The effect of lipid supplementation has been 
tested in various trials, mostly of low or moderate 
quality, with conflicting results [68]. The recom-
mended intake of fish for adults in the United 
Kingdom, for example, is two portions per week 
[69]. This provides a varying but mostly suffi-
cient amount of n–3 oils, eicosapentaenoic acid 
(EPA), and docosahexaenoic acid (DHA) accord-
ing to the type of fish consumed. Women who do 
not consume enough fish during pregnancy may 
safely receive supplementation to increase the 
levels of n–3  in both maternal and fetal blood 
[70]. However, supplementation of EPA and 
DHA in pregnant women at risk for hypertensive 

complications has not been shown to provide any 
protection from their development [70] 
(Fig. 32.2).

Lipid metabolism requires functioning mito-
chondria and large amounts of oxygen lipids. 
This makes them a less immediate source of 
energy compared to carbohydrates [71]. During 
the initial phases of critical illness, lipids, as well 
as proteins, do not play a major part in energy 
production. Triglycerides are hydrolyzed into 
free fatty acids and glycerol, regardless of exog-
enous lipid or carbohydrate administration; thus, 
fatty acid levels are high during the first days of 
acute severe illness [51]. These lipid breakdown 
products have been described as contributors to 
end-organ damage [51]. Later in the course of 
critical illness, lipids become more central in 
energy production. In this later stage, fatty acids 
are converted into ketone bodies in the liver, and 
fatty acid metabolism increases in peripheral 
tissues.

During critical illness the immune system is 
dysregulated, with different components of the 
immune system both enhanced and suppressed 
[72] (see Chap. 15). This evolutionary adaptive 
reaction may be deleterious in critical care set-
tings when aggressive monitoring and treatment 
are employed. Lipids play important roles in the 
mediation of these adaptive (or maladaptive) 
responses [73]. The membrane of cells integral to 
the inflammatory process, such as macrophages, 
is composed primarily of saturated lipids. Of the 
remaining 40%, about 30% are polyunsaturated 
fatty acids (PUFAs). These are in turn further 
divided into n–3 (about a third) and n–6 (two-
thirds). Phospholipase A2 acts on membrane n–6 
phospholipids to produce arachidonic acid (AA) 
and platelet-activating factor (PAF), a reaction 
enhanced by systemic inflammation. Metabolism 
of arachidonic acid by the cyclooxygenase, 5′ 
lipoxygenase, and cytochrome P-450 pathways 
leads to the production of prostaglandins, throm-
boxanes, and leukotrienes which play parts in the 
amplification of inflammatory cascades.

In the past, n–6 rich oils (e.g., soybean oil) 
comprised the standard lipid emulsions used in 
the ICU.  More recently, n–3 rich oils derived 
from certain saltwater fish are being increasingly 
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used in critical care settings because of their 
potential to reduce the formation of pro- 
inflammatory lipid mediators. The term “immu-
nonutrition” implies nutritional administration of 
substrates with potential anti-inflammatory char-
acteristics (e.g., n–3 PUFAs, arginine, gluta-
mine). Among other nutritional strategies, it has 
been put forward that altering cell membrane 
composition to increase the ratio of n–3 to n–6 
will reduce arachidonic acid levels, thereby 
favoring the production of n–3-derived products 
that are less pro- inflammatory. To this end both 
enteral and intravenous supplementation of fish 
oil rich in n–3 PUFAs (EPA and DHA) have been 
studied in various critical illness settings [74, 75].

Whether immunonutrition conveys any advan-
tage has been debated in the last decades. There 
were data pointing to a reduction in infectious 
complications, mainly in surgical and cancer 
patients [76, 77]. However, in general ICU popu-
lations, these interventions have been less suc-
cessful [78]. Most studies are small and of low 

quality. One meta-analysis did show a trend 
towards lower infection rates in critically ill 
patients receiving intravenous n–3 rich lipid 
emulsions [75], and some data even point towards 
a reduction in mortality [79]. Conversely enteral 
supplementation of n–3 in critical illness follow-
ing severe traumatic injury [80] or with adult 
respiratory distress syndrome [81] failed to show 
improvement and may even be deleterious if 
administered as a bolus. Further research is 
required in this field.

32.8  Proteins

Adequate protein intake during pregnancy is nec-
essary for both fetal development and maternal 
organ function [82]. Adequate intake means 
higher protein requirements than in the nonpreg-
nant state. Early studies assessing nitrogen bal-
ance [83] and the estimated average requirements 
(EAR) set the required protein intake during 
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pregnancy at 0.88  g/kg/day [84]. However, 
Stephens et  al. [85] performed a clinical study 
looking at protein requirements in early and late 
pregnancy and found the actual average require-
ments to be much higher than first estimated, 
with an EAR of 1.22 g/kg/day during early and 
1.52 g/kg/day in late pregnancy. The importance 
of protein-energy balance to fetal outcome was 
demonstrated in a meta-analysis by Imdad et al. 
[86], who pooled results from five studies and 
showed significant reductions in the rates of 
small-for-gestational- age births, low-birth 
weight, and stillbirth. Studies looking into pro-
tein composition are scarce. However, 20-year 
follow-up on the children of 965 Danish women 
[87] showed that the offspring of mothers that 
consumed large amounts of protein from animal 
origin during pregnancy had a greater tendency 
to be overweight, particularly if they were female. 
On the other hand, male offspring to mothers that 
consumed large amounts of fat from vegetable 
sources had lower levels of low-density lipopro-
tein later in life.

While pregnancy is an anabolic process, 
requiring higher amounts of protein for fetal 
development and maternal organ adaptations, 
critical illness is a catabolic state. As mentioned 
earlier, in the early phases of critical illness, 
energy is derived mainly from carbohydrates 
[51]. Muscle tissue is catabolized due to the 
action of the ubiquitin-proteasome cascade, 
among other mechanisms. This process provides 
accessible energy through gluconeogenesis and 
mobilizes the components required for synthesis 
of acute phase proteins and for immune and anti-
oxidant defenses [88]. However, since at the 
same time the patient is usually immobilized, it 
also promotes early disuse muscle atrophy [89]. 
In the later stages of critical illness, more energy 
is derived from protein catabolism, and in the 
recovery phase, protein requirements may be 
even higher as the body rebuilds lean muscle tis-
sue. During critical illness, the recommended 
protein daily intake is much higher than in health. 
A method for providing an accurate assessment 
of protein requirements is still unavailable, and 
nitrogen balance is of very limited value to this 
end [88]. It is therefore best to adhere to general 

recommendations. The amount of protein cur-
rently recommended during critical illness is 
1.2–2 g/kg/day, and it may be higher in multiple 
trauma or burn patients [90]. However, these 
amounts are often hard to reach. Most available 
formulas have high non-protein to protein ratios. 
Such ratios make it difficult to provide adequate 
protein intake without caloric overfeeding, which 
is deleterious [91].

The optimal composition of proteins to be pro-
vided is yet harder to assess [88]. Baseline protein 
composition as well as its dynamics during illness 
varies widely across patient populations and dis-
ease states. Most studies use formulas with a stan-
dard composition. Therefore there is a paucity of 
data addressing this issue. Heyland et  al. [24] 
examined the effect of glutamine and antioxidants 
in critically ill patients and found a trend towards 
higher mortality in the glutamine treatment arm. 
Citrulline has been shown to improve microcircu-
lation and mitigate muscle damage, and taurine 
has been shown to protect against ischemic-reper-
fusion cardiac and neurologic injuries [92], but 
evidence for their clinical utility is still pending. 
Currently, supplementation with specific amino 
acids (arginine and glutamine) as part of immuno-
nutrition is recommended only in patients with 
severe trauma [90].

32.9  Micronutrients

Micronutrients are nutrients required by the 
organism in minute amounts. They consist of 
trace elements (minerals) and vitamins. The 
micronutrient deficiencies commonly seen during 
pregnancy are those of iron, folic acid, zinc, 
iodine, and magnesium [93]. Iron requirements 
are greater during pregnancy [94] despite cessa-
tion of menstruation. This is due to both an 
increase in red blood cell mass and transfer of iron 
to fetal and placental tissue. Assessment of iron 
status in pregnancy is difficult and relies on trans-
ferrin saturation and plasma ferritin levels. As 
folic acid deficiency may result in fetal neural 
tube defects, nutritional supplementation with 
iron and folic acid is strongly recommended by 
the World Health Organization (WHO) for all 
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pregnant women [95]. Other trace elements and 
vitamin deficiencies have been associated with 
various fetal and maternal disorders. Examples 
include zinc deficiency, related to pre-eclampsia 
and congenital abnormalities, iodine deficiency 
and thyroid abnormalities in both mother and off-
spring, and fetal wastage in vitamin A deficiency 
[93]. In general, supplementation is indicated in 
areas where deficiencies are prevalent, although 
often studies are lacking to support this approach. 
Antioxidants such as vitamin C or E have been 
postulated to protect from pre-eclampsia [96]. 
However, such a protective effect has not actually 
been demonstrated, and supplementation has 
been, in fact, associated with lower offspring birth 
weights [97]. Care must be taken when providing 
high-dose supplementation of some micronutri-
ents. While some vitamins (e.g., folic acid) are 
readily excreted, others (e.g., vitamin A) may 
accumulate and become toxic. In low- income 
countries, where malnutrition is prevalent during 
pregnancy, there is some evidence that supple-
mentation of multiple micronutrients is associated 
with lower rates of low birth-weight babies com-
pared to iron-folate replacement alone [98].

Micronutrients with antioxidant properties 
have received much attention as potential tools to 
address tissue and organ damage in critical ill-
ness. The administration of antioxidants, either 
trace elements (selenium, zinc, copper, iron and 
manganese) or vitamins (E, C, beta-carotene) in 
pharmacological doses was hypothesized to 
reduce oxidative stress and improve patient out-
comes. The results of studies on this issue have 
been contradictory [99]. Manzanares et al. [100] 
conducted a systematic review and meta-analysis 
of 21 randomized controlled trials and found that 
high-dose supplementation of vitamins and trace 
elements in critically ill patients was associated 
with better outcomes including mortality, mainly 
in the higher risk group. However, in an ade-
quately powered, high-quality, randomized con-
trolled trial, the administration of intravenous 
selenium with enteral selenium, zinc, beta- 
carotene, and vitamins C and E was not associ-
ated with any outcome benefit [24]. Nonetheless, 
under certain conditions, such as severe burns or 
continuous renal replacement therapy, trace ele-

ments and vitamins are lost at a higher rate. 
Therefore based on physiological reasoning 
rather than clinical evidence, current guidelines 
recommend considering high-dose supplementa-
tion of these micronutrients in patients with these 
conditions [101].

32.10  Feeding the Critically Ill 
Mother

Anorexia is a part of the adaptive response to 
acute illness. As a result a negative calorie and 
protein balance may develop, and the integrity of 
the gut mucosa may be placed at risk. Gut muco-
sal atrophy may develop even following a short 
period of fasting. Typically there is a decrease in 
villous height and crypt depth as well as abnor-
mal gut permeability [102]. This phenomenon is 
at least partially explained by changes in gut 
microbiota. A reduction in the amount of short- 
chain fatty acids (acetate and mainly butyrate) 
produced by gut bacteria can lead to atrophic 
colitis of the colon [103]. The adverse systemic 
effects potentially associated with these changes 
include an increased prevalence of sepsis and 
multiple organ dysfunction syndrome [104].

The sick mother may be fed by the oral, 
enteral, or parenteral (intravenous) routes. Given 
to clinician discretion, the patient able to eat 
should be encouraged to do so, even shortly fol-
lowing surgery [105]. This is especially impor-
tant for the malnourished patient. As the pregnant 
mother is potentially at a greater risk for the 
development of maternal and fetal malnourish-
ment, oral feeding should be encouraged when-
ever possible. When the patient is unable to 
maintain volitional oral intake, the enteral route 
is preferred over the parenteral. Current recom-
mendations advocate initiating enteral nutrition 
for critically ill patients unable to eat within 48 h 
[101]. However, if a patient is hemodynamically 
unstable, enteral nutrition should be delayed until 
stability is achieved.

The caloric intake target should be based on 
measurements (i.e., indirect calorimetry) when 
possible. When indirect calorimetry is unavail-
able, estimations using either elaborate or sim-
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plistic equations may be used. For most patients, 
the caloric target should be 20–25 kcal/kg-IBW/
day with a protein target of 1.3 g/kg-IBW/day. In 
obese patients, the caloric target should be low-
ered to 65–70% of energy expenditure as mea-
sured by calorimetry or 11–14 kcal/kg/day while 
maintaining a high (2 g/kg/day) diet. The risk of 
overfeeding may in fact be greater than that of 
underfeeding in critically ill patients (Fig. 32.3). 
Since very few studies have been performed in 
pregnant critically ill patients, it is recommended 
that specifically in these patients calorie adminis-
tration be directed by measured energy expendi-
ture. Formulas containing Arginine and fish oil 
should be used in postoperative patients. There is 
no indication for adding glutamine to enteral 
nutrition.

Although enteral nutrition should be initiated 
within 2  days, it remains unclear whether an 
attempt should be made to reach the caloric target 
during the first 3  days after admission or only 
after a week. Current European Society of 
Parenteral and Enteral Nutrition guidelines [101] 
recommend hypocaloric feeding, i.e., less than 
70% of the estimated caloric needs, during the 

first week, when indirect calorimetry is not used. 
Neither approach can currently be recommended. 
However, in a cohort of almost 10,000 critically 
ill patients [106], 25% were still not receiving 
any nutrition after 4 days. This could potentially 
be hazardous, especially in pregnancy.

The preferred route for administering enteral 
nutrition in most ICU patients is a gastric feeding 
tube. An enteral (post-pyloric) feeding tube is 
more expensive, its insertion requires more 
expertise, and there are higher insertion failure 
rates, although its use has been associated with 
lower rates of pneumonia [107]. Nowadays the 
indications for use of a feeding tube are few as 
specific disease conditions (e.g., pancreatitis) are 
no longer considered a contraindication to pre-
pyloric feeding [108]. Failure to provide adequate 
enteral nutrition is common when a gastric feed-
ing tube is used. The main reasons for this are 
high gastric residual volumes (GRV), surgical 
requirements, and lack of feeding during patient 
transfer and stay in areas outside of the ICU 
(mainly the operating theater) [109]. Routine 
repeat measurement of GRV is no longer recom-
mended [101]. When GRV is measured, feeding 
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should continue as long as it is lower than 500 mL 
[90, 101]. In case of intolerance to enteral nutri-
tion (GRV > 500 mL, vomiting), treatment with 
prokinetics such as metoclopramide or erythro-
mycin should be tried. At the same time efforts 
should be made to reduce the presence of factor 
precipitation gastric dysmotility such as opioids 
and immobilization. If enteral nutrition via a gas-
tric tube fails despite these measures, a feeding 
tube may be inserted, or, alternatively, nutrition 
may be supplemented parenterally (although the 
efficacy of combined enteral and parenteral nutri-
tion remains controversial).

Parenteral nutrition should be prescribed 
when enteral nutrition cannot be delivered. 
Current guidelines advocate initiation of paren-
teral nutrition only after a week without nutri-
tion; higher complication rates have been shown 
when parenteral nutrition is initiated earlier 
[110]. However, in malnourished (and perhaps 
pregnant) patients, parenteral nutrition can be 
started earlier. The aim is to slowly, i.e., within a 
week, reach 80–100% of the caloric target and at 
least 1.3 g/kg/day of protein [90, 101]. The use 
of parenteral nutrition in pregnant women has 
been shown to be safe and effective [111]. The 
authors have fed women parenterally (with lipid 
emulsions) as outpatients throughout their preg-
nancy. Such practice may be conducted safely 
with good outcomes for both the mothers and 
babies. As in other patients, the use of intrave-
nous immunonutrition (antioxidants, n–3 
PUFAs, arginine and glutamine) during preg-
nancy is not recommended as the benefit of this 
approach is largely unproven.

Glucose levels should be monitored closely 
for the development of hypo- and hyperglycemic 
states. This statement holds true for critically ill 
pregnant and postpartum women as well. In most 
critically ill patients, glucose levels within the 
range of 140–180 mg/dL are considered optimal. 
In some populations such as cardiothoracic surgi-
cal patients, the target may be lower, but caution 
must be practiced as hypoglycemia carries risk 
for both the mother and fetus. Insulin should be 
given intravenously in parallel to continuous 
administration of glucose through enteral or par-
enteral nutrition. A recent meta-analysis [112] 

showed that no targeted glycemic level led to any 
outcome advantage in terms of mortality or infec-
tion rate. Higher glycemic levels were related to 
less events of hypoglycemia. Hopefully, in the 
future, we will be able to better stratify patients 
that will benefit from tighter or looser glycemic 
regimes. Until then, each center should adopt its 
own protocol.

32.11  Conclusions

Providing adequate nutrition to the pregnant criti-
cally ill patient is challenging. Only few studies 
exist in the field of critical care that include preg-
nant patients. The metabolic requirements of 
both the mother fetus are difficult to determine, 
and changes in weight may not correlate with 
changes in energy requirements. Optimally, calo-
rie administration should be guided by measure-
ments of energy expenditure obtained by indirect 
calorimetry. Predictive equations are often inac-
curate and should be used only if indirect calo-
rimetry is not available. Carbohydrates should be 
administered with care so as not to induce severe 
hyperglycemia. As insulin is commonly used to 
control glucose levels, glucose levels should be 
monitored frequently to prevent both hyper- and 
hypoglycemia. Lipids are an important compo-
nent of the nutritional regimen and should be 
administered to ensure normal development of 
the fetal brain. The amount of protein adminis-
tered should be greater than 1.3  g/kg/day. 
Attention should be given to provision of ade-
quate doses of minerals and vitamins in order to 
prevent occurrence of maternal and fetal nutri-
tional deficiencies.
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33.1  Introduction

Acute fatty liver of pregnancy (AFLP) is an 
obstetric medical emergency that can occur at 
any time during pregnancy and labor. The diag-
nostic window to urgently terminate the preg-
nancy means that any delay in treatment can 
translate into worsening maternal liver failure 
and risk of maternal and fetal death/severe mor-
bidity. In this chapter we review some of the 
recent insights into the pathogenesis of this fasci-
nating disease, recent improvements in diagno-
sis, and newer advances in treatment.
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Bullet Points
• Acute fatty liver of pregnancy (AFLP) is 

an uncommon, severe liver disorder 
leading to liver failure in women in late 
pregnancy.

• AFLP is characterized by defective fatty 
acid oxidation and consequent maternal 
“energy failure” and accumulation of 
toxic by-products.

• A high index of suspicion leading to 
early diagnosis, together with early 
institution of management, is imperative 
for good maternal outcome in AFLP.

• Any women presenting with severe liver 
dysfunction (jaundice and coagulopathy 
with or without encephalopathy and/or 
hypoglycemia) in late pregnancy should 
be suspected to have AFLP and should 
undergo appropriate evaluation.

• Diagnosis is confirmed by “Swansea” 
criteria. Presumptive diagnosis does not 
require liver biopsy.

• Urgent institution of delivery (with ade-
quate precautions) remains the corner-
stone of therapy for AFLP.  Early 
appropriate supportive care should be 
instituted in parallel.

• The characteristic finding of AFLP in 
liver biopsy (which should be performed 
after delivery) is diffuse/perivenular 
microvesicular hepatic steatosis.

• There is small risk of recurrence of 
AFLP in future pregnancies.
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33.2  Epidemiology

A nationwide prospective population based study 
conducted in the United Kingdom (UK) in 2005–
2006 estimated the incidence of AFLP to be 
5/100,000 pregnancies (95% confidence interval 
3.8–6.5/100,000). Twin pregnancies were at 
high risk of being complicated by AFLP (of the 
57 women with AFLP, 18% had twin pregnan-
cies) [1].

The predominant causes of liver dysfunction 
during pregnancy may differ according to geo-
graphic location. A prospective study from Wales 
in the UK noted that pregnancy-related liver dis-
eases (pre-eclampsia, the HELLP syndrome [see 
details below], intrahepatic cholestasis of preg-
nancy, AFLP and hyperemesis gravidarum) are 
the predominant cause of liver dysfunction in 
pregnancy [2]. In contrast, in India, liver diseases 
unrelated to pregnancy are the predominant cause 
of liver dysfunction [3] and of liver-related mater-
nal deaths [3–5].

33.3  Pathogenesis

33.3.1  The Hibernating Bear:  
A Good Analogy for AFLP 
Pathogenesis

Our current understanding of the pathogenesis of 
AFLP is best depicted by the analogy of a hiber-
nating bear, as explained below [6, 7] (Fig. 33.1). 

AFLP is termed a mitochondrial hepatopathy. 
Ultrastructural mitochondrial alterations have 
been demonstrated in patients with AFLP [8, 9]. 
Defective functioning of the mitochondria (the 
powerhouse of the cells) in the liver leads to 
energy deficiency in the liver.

Genetic predisposition: One factor predis-
posing to AFLP is the presence of an autosomal 
recessive congenital defect in utilizing stored fats.

In an initial report of a woman with consecu-
tive pregnancies complicated by AFLP, maternal 
liver function rapidly improved after delivery in 
both pregnancies. However, both babies died by 
6 months of age with fatty infiltration of several 
organs. The authors suspected a familial defect 
in fatty acid oxidation, which in turn predisposed 
the mother to develop AFLP [10]. Subsequent 
reports confirmed fetal fatty acid oxidation 
defects to be associated with maternal AFLP. A 
study that compared 50 children with fatty acid 
oxidation disorders versus 1250 control chil-
dren (without these disorders) reported that the 
risk of maternal liver diseases such as AFLP was 
increased 20-fold among pregnant women with 
children who themselves had fatty acid oxidation 
disorders [11].

Thus, AFLP is an example of maternal mito-
chondrial hepatopathy that is linked to fetal fatty 
acid oxidation disorders. Fetal fatty acid oxida-
tion disorders are autosomal recessively inher-
ited. Both the pregnant woman and her husband 
can only be heterozygotes for the fatty acid oxida-
tion disorder. However, if the fetus is a compound 
heterozygote or a homozygote for this disorder, 
the mother is at risk for developing AFLP during 
that pregnancy. On the other hand, if the fetus is 
a simple heterozygote or wild type, the mother 
will not have liver dysfunction during pregnancy.

Fetal fatty acid oxidation disorders linked to 
AFLP and other maternal liver diseases include 
defects in long-chain 3-hydroxyacyl-CoA 
dehydrogenase (LCHAD) [12–15], medium-
chain 3-hydroxyacyl-CoA dehydrogenase [16], 
short- chain 3-hydroxyacyl-CoA dehydrogenase 
(SCHAD) [17], and carnitine palmitoyltransfer-
ase I [18]. LCHAD deficiency is the most com-
mon fetal fatty acid oxidation disorder reported 
in association with AFLP [11]. Raised hydroxy-

Fig. 33.1 Switch to fats as primary energy source during 
hibernation in bears and during late pregnancy in women 
may explain pathogenesis of acute fatty liver of pregnancy
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acyl carnitine levels in patients with AFLP may 
suggest a defect in LCHAD or mitochondrial tri-
functional protein [19].

However, pregnancies without evidence of 
fatty acid oxidation defects in the mother and 
baby have also been reported to be complicated 
by AFLP [20]. Centers studying women with 
AFLP have noted that the most prevalent LCHAD 
mutation, G1528C, was absent in several women 
[21, 22]. Therefore, although fetal fatty acid oxi-
dation defects may be causative in some pregnant 
women with AFLP, currently there is insufficient 
evidence to instigate routine screening for fatty 
acid oxidation defects among all babies follow-
ing maternal AFLP [23].

33.4  Acquired Predisposition

Diffuse hepatic microvesicular steatosis is an 
uncommon cause of liver failure. Reye’s syn-
drome, precipitated by ingestion of aspirin, is an 
example of hepatic microvesicular steatosis and 
encephalopathy associated with fatty acid oxida-
tion disorders [24]. In children and teenagers, 
avoidance of aspirin has been recommended in 
order to prevent the occurrence of Reye’s syn-
drome in predisposed individuals. However, aspi-
rin is commonly prescribed for preventing 
complications related to pre-eclampsia during 
pregnancy [25]. It has been hypothesized that 
non-steroidal anti inflammatory drugs (NSAIDs), 
including aspirin, can inhibit both the LCHAD 
enzyme and fatty acid oxidation during preg-
nancy, thus predisposing to AFLP [26]. Although 
an association between treatment with aspirin and 
the occurrence of AFLP has been reported in 
pregnancy [17, 27], this is uncommon and may be 
a chance association rather than a causative one.

33.5  Placental Pathogenesis

The dramatic postpartum improvement observed 
in maternal liver function raises questions regard-
ing placental involvement in AFLP pathogenesis 
[28]. The placenta has the same genetic composi-
tion as the fetus, and LCHAD and SCHAD 

enzymes are both active in the human placenta. 
The activity of these enzymes inversely corre-
lates with maternal gestational age in the second 
and third trimesters of pregnancy [29]. A rat 
model of valproate-induced hepatic microvesicu-
lar steatosis showed defective mitochondrial fatty 
acid oxidation and increased peroxisomal and 
microsomal oxidation in the liver [30]. Both the 
placenta and the serum of AFLP mothers show 
oxidant and nitrosative stress (in placental mito-
chondria and peroxisomes and in serum) com-
pared to controls. Mitochondrial function was 
affected in the placentas of AFLP mothers. 
Raised arachidonic acid levels were seen in the 
placenta and serum of AFLP mothers. Such high 
arachidonic acid levels have been shown to 
induce oxidative stress and apoptosis in mito-
chondria and lipid deposition in hepatocytes 
grown in culture [31].

33.6  Timing of AFLP Manifestation: 
Why Does AFLP Manifest 
in Late Pregnancy?

An adult bear hibernates for about 3 months of 
the year, during which time the bear utilizes 
about 4000  kcal of energy each day. During 
hibernation, the bear eats no food and subsists on 
endogenous energy (fat) stores [6]. If a hypotheti-
cal bear had a defect in metabolizing fats or uti-
lizing fat stores for energy needs, it would be 
expected to become sick during hibernation due 
to systemic energy depletion. Such problems in 
this hypothetical bear may occur due either to a 
genetic predisposition, to an acquired cause 
affecting fat metabolism, or both [32].

In the well-nourished non-obstetric popula-
tion, the primary energy source after each meal 
(the subsequent 2–4  h) is glucose. Conversely, 
during late pregnancy, lipids are used as the 
maternal energy source, while glucose and amino 
acids are channeled to the fetus. The pregnant 
woman shares carbohydrates (her primary energy 
source in the nonpregnant state) with the fetus 
during her pregnancy. This dependence on fats 
as the primary energy source in pregnant women 
increases towards the latter part of pregnancy 
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[7]. Thus, using the analogy of the hibernating 
bear described above, late pregnancy forms the 
setting for the clinical manifestation of AFLP 
among pregnant woman with defective fatty acid 
oxidation.

33.7  Manifestations

The typical presentation of AFLP is a previously 
healthy woman presenting in the third trimester 
of pregnancy with a general description of “feel-
ing unwell” and vomiting for the past 4  h. 
However, some pregnant women may present 
with signs and symptoms that overlap with pre- 
eclampsia (hypertension, pedal edema, protein-
uria) together with liver dysfunction or hemolysis, 
elevated liver enzymes, and low platelets (HELLP 
syndrome). Liver function tests may show a 
mild- to-moderate rise in AST and 
ALT.  Coagulopathy (prolongation of prothrom-
bin time) is seen in almost all these patients. 
Hypoglycemia and encephalopathy are more 
rarely seen, as these are late manifestations of 
severe liver failure.

33.8  Diagnosis

A high index of suspicion is key in making an 
early diagnosis of AFLP. For a pregnant woman 
suspected to have AFLP, it is vital to rapidly 
exclude other potential causes of liver disease, as 
urgent termination of pregnancy may be required. 
Any woman with acute liver failure in late preg-
nancy (third or late second trimester) should 
therefore be suspected to be suffering from 
AFLP. Rapid diagnosis of AFLP and urgent ter-
mination of pregnancy have improved maternal 
survival. A recent UK study of 57 women with 
AFLP reported a case fatality rate of 1.8% and a 
perinatal mortality rate of 104/1000 births [1].

Once suspicion of AFLP has been raised, it is 
imperative to rapidly rule out common alterna-
tive differential diagnoses. The differential diag-
noses to consider are either pregnancy-related 
liver disorders (HELLP syndrome and pre- 
eclamptic liver dysfunction) or other illnesses 

causing acute liver failure unrelated to pregnancy 
(e.g., acute viral hepatitis or drug-induced hepa-
titis). Since the infectious causes of acute liver 
failure that may mimic AFLP are varied (e.g. 
malaria, dengue, scrub typhus, viral hepatitis), 
diagnostic testing should be individualized, tak-
ing into consideration the epidemiology of the 
specific locale. Peripheral smear examination for 
the malaria parasite and serology for acute viral 
hepatitis A, B, and E are examples of tests that 
should be considered for diagnosing hepatic ill-
nesses unrelated to pregnancy.

HELLP syndrome (presence of hemolysis- 
raised lactate dehydrogenase, elevation in aspar-
tate aminotransferase, and thrombocytopenia) 
and pre-eclampsia (hypertension and proteinuria 
after 20 weeks of pregnancy) also constitute dif-
ferential diagnoses. Although in theory these con-
ditions should be simple to diagnose if the signs 
and symptoms are acknowledged, AFLP patients 
can often also be misclassified as suffering from 
HELLP syndrome or pre-eclamptic liver dys-
function. It is therefore difficult to differentiate 
between these disorders in an emergency setting.

The Swansea clinical criteria for diagnosing 
AFLP are comprised of 14 criteria including 
symptoms, laboratory parameters, and radiol-
ogy and liver biopsy findings [2]. However, most 
pregnant women with AFLP have coagulopathy 
and thrombocytopenia (often severe), making it 
risky to perform a liver biopsy. In addition, the 
time taken to organize, obtain, and interpret a 
liver biopsy will delay initiation of management 
in these critically ill patients. Thus, although a 
liver biopsy showing microvesicular steatosis 
is the “gold standard” for diagnosis of AFLP, it 
is neither warranted nor necessary in the ante- 
partum state. The authors of this chapter have 
studied the accuracy of the Swansea clinical 
criteria to predict diffuse hepatic microvesicular 
steatosis in pregnant women suspected to have 
AFLP who did undergo liver biopsy (postpartum 
or postmortem) [32]. Due to coexistent coagulop-
athy, most of the liver biopsies were performed 
via the transjugular route. Among 24 pregnant 
women with suspected AFLP, the negative pre-
dictive value for ruling out the presence of dif-
fuse/perivenular microvesicular steatosis of the 
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liver was 100% using the Swansea clinical criteria 
[33]. Thus, these clinical criteria are appropriate 
for diagnosing AFLP in pregnant women. Based 
on these data, simplified criteria for diagnosing 
AFLP are proposed. These include (1) the setting 
of late pregnancy (third or late second trimester 
of pregnancy); (2) acute liver failure, jaundice 
with coagulopathy with/without hypoglycemia 
with/without encephalopathy; and (3) no other 
explanation for liver failure [34]. Once these 
simplified criteria are met, the woman should be 
considered suspect for AFLP and therefore at risk 
for rapid deterioration. Appropriate management 
should be rapidly initiated, preferably in an inten-
sive care/high- dependency setting. Supporting 
this conservative approach is the fact that regard-
less of whether the cause of liver failure is AFLP, 
HELLP syndrome, or pre-eclamptic liver dys-
function, the management of liver dysfunction in 
all three conditions is essentially similar.

33.9  Management of AFLP 
(Fig. 33.2)

The managment of any woman presenting with 
jaundice in late pregnancy should be guided by 
the option that AFLP is the underlying disease. 

The recommended management therefore 
includes the following steps:

 1. Consider AFLP in the differential diagnosis. 
Quickly rule out alternative diagnoses which 
may present similarly, using suitable diagnos-
tics as described above.

 2. Ensure the availability of a multidisciplinary 
team, as more than one medical discipline is 
needed to manage pregnant women with 
AFLP.  Some of these women are likely to 
need intensive care therapy and may require 
referral to a specialist liver unit.

 3. Absence of specific symptomatology and pau-
city of laboratory indices make early diagno-
sis of AFLP difficult, and the mother can be 
sicker than expected. These patients can 
potentially develop multi-organ failure with 
or without sepsis and are likely to need aggres-
sive management including ventilation, hemo-
dynamic support, and dialysis. There should 
be a low threshold to admitting these mothers 
to high-dependency or intensive care units for 
close monitoring. Mothers can also be admit-
ted to the ICU for stabilization and rapid treat-
ment of coagulation abnormalities prior to 
termination of pregnancy.

 4. Urgent delivery is the mainstay of current 
treatment. It is highly recommended that the 
patient undergo delivery as soon as feasible 
(see also the discussion below). AFLP can 
rapidly worsen (within hours), and there are 
no reports to date of any AFLP patient surviv-
ing without delivery.

 5. The pregnant woman with AFLP needs appro-
priate management of the various complica-
tions likely to arise as a result of the disease. 
The standard recommendations for manage-
ment of acute liver failure complications (e.g., 
mannitol for cerebral edema, etc.) remain the 
same and should be instituted as and when 
required. See below for greater detail on treat-
ment of complications.

 6. Following delivery, the neonate may need to 
be observed and treated in a neonatal intensive 
care or high-dependency care unit. We have 
proposed a management algorithm for patients 
with suspected AFLP (Fig. 33.2) [5].

Jaundice in 2nd and 3rd trimester of pregnancy

Coagulopathy; i.e elevated prothrombin time
(±Encephalopathy ±Hypoglycemia) 

Rapid clinical and laboratory evaluation to
expeditiously rule out other causes of acute
liver failure (geographic locality specific)  

AFLP is a possibility

1. Ensure urgent delivery  (Caesarean section is often
    preferred)
2. Adequate blood and product support (especially prior to
    delivery)
3. Anticipate hypoglycemia
4. Broad spectrum antibiotic prophylaxis
5. Anticipate and adequately manage complications

Fig. 33.2 Management algorithm for any woman pre-
senting with jaundice in late pregnancy
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33.10  Delivery Considerations

AFLP is a rapidly progressing illness. Poor 
maternal and fetal outcomes are to be expected if 
interventions are not performed early. As men-
tioned previously, in all cases of AFLP, it is of 
paramount importance to terminate the preg-
nancy at the earliest possible time. The medical 
team may be daunted by the prospect of under-
taking cesarean delivery in a pregnant woman 
with AFLP in acute liver failure and coagulopa-
thy, hence the importance of rapid workup and 
decision-making. As the disease is characterized 
by temporary shutdown of the liver mitochon-
dria, opting for vaginal delivery in a pregnant 
women with AFLP can be considered equivalent 
to making a person who is in systemic energy 
deficiency run a marathon and should be expected 
to aggravate the systemic energy deficiency, lead-
ing to even more rapid patient deterioration.

A meta-analysis of 78 cohort and 2 case- 
control studies compared outcomes of cesarean 
versus vaginal delivery in pregnant women with 
AFLP. Maternal mortality was reduced 44% with 
cesarean delivery (relative risk [RR], 0.56 [0.41–
0.76]) compared to vaginal delivery, as was the 
perinatal mortality rate (RR, 0.52 [0.38–0.71]). 
Maternal morbidity, including complications 
of liver failure (ascites, encephalopathy, etc.), 
renal failure, multiple organ failure, infection, 
or hemorrhage, was not significantly different in 
women who had cesarean versus vaginal deliv-
ery. Neonatal mortality rates (within 1  month 
after delivery) were unaffected by type of deliv-
ery (cesarean versus vaginal) (pooled RR, 0.93 
[0.55–1.58]); Table 33.1 [35].

Preparations for cesarean delivery in a preg-
nant woman with AFLP should parallel those for 
liver transplantation in a patient with acute liver 
failure. This requires a multidisciplinary and 
comprehensive approach.

Antibiotic coverage—Following diagnosis, 
blood should be sampled for cultures. and broad- 
spectrum prophylactic intravenous antibiotics, 
especially those covering gram-negative organ-
isms, should be administered.

Correction of coagulation abnormalities—
Sufficient blood products need to be prepared, 
and coagulation abnormalities should be cor-
rected prior to delivery. As it is very difficult to 
fully normalize coagulation parameters, fresh 
frozen plasma and cryoprecipitate may be admin-
istered based on patient weight while preparing 
for an urgent delivery. Repeated coagulation 
parameter testing should not delay delivery.

Preparation for massive hemorrhage—
Among six pregnant women with AFLP who 
underwent urgent termination of pregnancy, the 
median (range) of packed red cell units trans-
fused was 6.5 (1–27) and of other blood products 
was 60 units (24–108). All but one woman under-
went cesarean delivery, and two also underwent 
prophylactic bilateral uterine artery ligation. One 
woman required hysterectomy 2 days after deliv-
ery to control postpartum hemorrhage [36].

As massive transfusion is likely during cesar-
ean delivery in these women, preparations should 
include preparation of an adequate amount of 
blood products, calcium and magnesium, as well 
as those items required for correction of hypo-
thermia. Disseminated intravascular coagula-
tion may occur with massive transfusion. In the 
presence of liver dysfunction, these mothers are 
also prone to citrate toxicity due to blood trans-
fusions, leading to or exacerbating metabolic 
acidosis, hypocalcemia, and hypomagnesemia; 
these can lead to myocardial depression and car-
diac arrhythmias. High levels of lactate can also 
chelate calcium which worsens hypocalcemia. 
Large-volume rapid transfusion can lead to hypo-
thermia and dilutional coagulopathy. In addition 
to blood product supplementation, the correction 
of hypothermia, metabolic acidosis, and hypocal-
cemia are important cornerstones in the manage-
ment of coagulopathy.

Table 33.1 The outcomes of cesarean versus vaginal 
delivery in pregnant women with AFLP—based on data 
from Wang et al. [35]

Total 
number of 
studies

Total 
number  
of women 
included

Pooled unadjusted 
relative risk  
(95% CI)

Maternal 
death

39 517 0.56 (0.41–0.76)

Perinatal 
death

31 402 0.52 (0.38–0.71)

Neonatal 
death

19 263 0.93 (0.55–1.58)
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The use of viscoelastic global assessment of 
clotting parameters (e.g., thromboelastography) 
has not been well studied in pregnant women 
with AFLP but can guide transfusion policy intra-
operatively. Postdelivery blood product support 
is limited to women with active bleeding or those 
who require additional invasive procedures.

Factor VIIa is a universal procoagulant manu-
factured using recombinant technology which has 
been used in various clinical settings. Although 
its use in postpartum hemorrhage is currently off-
label due to reports of an increased risk of throm-
boembolic complications, it is still being used in 
some countries to control massive obstetric hem-
orrhage [37]. This practice is yielding a growing 
body of literature on the topic. One study demon-
strated a significant reduction in blood and blood 
product requirements among postpartum women 
with AFLP with no thromboembolic complica-
tions, provided that the dose used was less than 
half that recommended (<45  μg/kg instead of 
90  μg/kg) [36]. This short- acting procoagulant 
may therefore be considered in AFLP patients 
and is increasingly being used to control postpar-
tum hemorrhage in this population [38].

33.10.1  Intensive Care Treatment

The complications of AFLP may be life- 
threatening, and many of the complications 
observed in pregnant women with AFLP require 
intensive care treatment and monitoring. Some of 
those most commonly seen are hereby described.

Hemorrhagic complications—Coagulopathy 
due to liver dysfunction and disseminated coagu-
lopathy can lead to life-threatening hemorrhage 
before, during, and after delivery. Severe peri- 
and postpartum hemorrhage, intra-abdominal 
bleeding, and gastrointestinal bleeding have all 
been described [39, 40]. Coagulopathy should 
therefore be monitored using prothrombin time, 
international normalized ratio (INR), activated 
partial thromboplastin time, fibrinogen, and 
fibrin degradation products; abnormalities should 
be corrected if necessary. As noted above, throm-
boelastography may be used to guide blood prod-
uct supplementation.

Similar to the peripartum scenario, should 
hemorrhage occur, a massive transfusion proto-
col may need to be activated as a large amount of 
both blood and blood products may be required. 
Pancreatitis complicating AFLP may present as 
hemorrhagic pancreatitis secondary to the coagu-
lopathy [40]. Serum amylase and lipase should 
therefore be monitored. In general, diagnosis may 
be difficult in women with altered sensorium.

Hemodynamic instability—Shock may be 
caused by hypovolemia, bleeding, loss of intravas-
cular volume due to hypoalbuminemia, myocar-
dial depression secondary to metabolic acidosis, 
electrolyte abnormalities (e.g., hyperkalemia), or 
sepsis. The use of bedside ultrasonography and 
echocardiography will help in guiding fluid and 
inotropic therapy. The choice of resuscitation 
fluids should be guided by the characteristics of 
the individual case. Of note, excessive crystalloid 
use in the presence of hypoalbuminemia (which 
lowers plasma oncotic pressure) can worsen asci-
tes and peripheral edema and can precipitate or 
worsen respiratory failure. Albumin may there-
fore be a better choice for volume resuscitation 
in these pregnant women.

Renal failure—Renal failure is common in 
AFLP and can be secondary to shock, hepatore-
nal syndrome (altered flow dynamics), sepsis, 
hyperuricemia, and abdominal compartment 
syndrome [41]. Abdominal compartment syn-
drome is caused by ascites secondary to hypo-
proteinemia with low plasma oncotic pressure 
and portal hypertension. Abdominal paracentesis 
may be necessary to decrease intra-abdominal 
pressure. Treatment of renal failure is targeted at 
the etiology. Renal replacement therapy may also 
be required (see also Chap. 31). However, renal 
replacement therapy can be complicated by the 
presence of coagulopathy. Therefore, decisions 
regarding access port insertion should be indi-
vidualized. Continuous renal replacement ther-
apy (CRRT) (see Chap. 31) may provide a more 
favorable hemodynamic profile and better fluid 
balance. Intermittent therapies [slow low effi-
ciency dialysis (SLED) or extended daily dialy-
sis (EDD)] are alternatives to consider if cost is a 
constraining factor. Given the coagulation abnor-
malities accompanying AFLP, citrate is preferred 
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for anticoagulation. However, citrate intoxication 
should be anticipated.

Metabolic complications—The metabolic 
complications seen with AFLP stem from both 
the liver failure itself and from the treatment. 
Metabolic complications include metabolic acido-
sis, lactic acidosis, and hypoglycemia. Metabolic 
acidosis may need renal replacement therapy 
(RRT). Lactic acidosis may not respond to RRT 
and usually settles once the liver dysfunction 
improves. Supplementation of thiamine should 
be considered in these patients. Hypoglycemia is 
frequent, demanding close monitoring and glu-
cose supplementation as required.

Electrolyte imbalance can be life-threatening. 
Common electrolyte imbalances are hyperkale-
mia, hypocalcemia, and hypomagnesemia. The 
causes of hyperkalemia include metabolic aci-
dosis, renal failure, and multiple blood transfu-
sions. Medical management with beta-2 agonists 
and glucose insulin infusions may be attempted, 
but RRT may have to be instituted. Sodium levels 
as well need to be monitored closely as they can 
complicate encephalopathy.

Encephalopathy is a common metabolic com-
plication of any liver disease. Encephalopathy 
may require airway protection with endotracheal 
intubation. Ventilation should be used to control 
intracranial pressure (via arterial carbon dioxide 
pressures) and prevent hypoxemia. The cerebral 
edema associated with hyperammonemia should 
be treated with routine measures (see chapter 
Bilotta). As ammonia is highly diffusible and its 
clearance is dependent on flow, high-flow CRRT 
and intermittent hemodialysis can also be used to 
decrease ammonia levels in extreme cases.

Infection and sepsis—Like other types of liver 
failure, AFLP is accompanied by immune sup-
pression. Secondary infections may occur, and 
even fungal infections have been described [42]. 
Pregnant women with AFLP can develop sepsis 
and septic shock [43, 44]. Given the pre-existing 
predisposition to multi-organ dysfunction in 
AFLP, diagnosis should be prompt, and appropri-
ate antibiotic therapy should rapidly be instituted 
to prevent additional deterioration.

Nutrition—Provision of nutrition is important 
in these mothers. Enteral feeding should include 

a minimal amount of proteins (to prevent the 
accompanying rise in ammonia levels). If paren-
teral nutrition is required, aromatic amino acids 
should be avoided, and branched chain amino 
acids should instead be provided for the same 
reason.

Direct treatment of AFLP with plasma 
exchange—Plasma exchange has been described 
in women with AFLP after delivery as an adjunct 
to treatment of multi-organ failure. Case reports 
suggest that plasma exchange is safe and effective 
in these women [45–49]. A retrospective analysis 
of 22 AFLP patients demonstrated a 19% ver-
sus 83% survival rate in 16 AFLP patients with 
standard medical therapy versus 6 AFLP patients 
with plasma exchange and perfusion as added 
therapy. The authors suggested that early initia-
tion of plasma exchange and perfusion had a role 
in halting or reversing the progression of AFLP 
[50]. As AFLP is uncommon, randomized con-
trolled trials on plasma exchange in this popula-
tion do not exist, and most case series are rather 
small. It is difficult to derive meaningful conclu-
sions from the existing literature; hence, plasma 
exchange currently remains a salvage treatment 
at most.

Liver rupture and liver transplant—Rupture 
of liver can be a fatal complication of AFLP and 
has been described in several cases [41].

There are very few reports of liver transplan-
tation in AFLP [51–53]. Hence, specific listing 
criteria/indications for liver transplantation for 
AFLP have not been defined. Women undergo-
ing liver transplantation were usually those in 
whom the diagnosis and treatment of AFLP were 
delayed. In this medical emergency, a delay of 
a few hours can translate to worsening maternal 
liver failure and its attendant complications. In a 
report of four AFLP patients who had liver trans-
plantation, the King’s College criteria for liver 
transplantation (used for any patient with acute 
liver failure) were considered inadequate for pre-
dicting the need for liver transplantation in AFLP 
[53]. The authors noted that the combination of 
hyperlactatemia and encephalopathy was a bet-
ter predictor of the need for liver transplantation 
[53]. Auxiliary liver transplantation may be con-
sidered in AFLP patients [52].
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33.11  Outcomes: Maternal 
and Fetal

Maternal Outcomes—Pregnant women with 
AFLP are expected to show rapid improvement 
(often within a few days) after delivery. Liver 
function tends to revert back to normal in most 
of these women [54]. In addition to delays in 
delivery, the severity of liver failure (high 
serum bilirubin, prolonged prothrombin time) 
and high serum creatinine determine the prog-
nosis in these women [55–57]. With rapid diag-
nosis and urgent delivery, the authors of this 
chapter have noted a steady decline in the con-
tribution of AFLP (and other pregnancy-related 
liver disorders) to maternal mortality in their 
practice [5]. Similar results have been repli-
cated across various studies [1, 58], and the 
maternal mortality due to  pregnancy- related 
severe liver disorders (including AFLP) is now 
expected to be <10% [23].

Increased awareness of AFLP among obste-
tricians as well as emergency/acute medicine 
physicians has led to early recognition of AFLP 
at medical centers with subsequently improving 
maternal outcomes. A woman suspected to have 
AFLP is categorized as “high risk.” This leads 
to institution of a management protocol derived 
in consultation with the different specialties 
involved. In an audit of the treatment of woman 
with biopsy-proven AFLP (n = 17), nine under-
went cesarean delivery, and most (n = 12) women 
delivered within 24 h of hospital admission. The 
median delay between the onset of symptoms to 
delivery was 5  days. With this active manage-
ment, only two (12%) mothers died. The aver-
age length of stay in hospital in these women 
was 11  ±  4  days, and 18  ±  15 blood products 
were required per patient. The 15 women who 
survived showed a steady improvement in liver 
dysfunction with a normalization in coagulopa-
thy in the majority by the 10th day postpartum 
(authors’ unpublished data).

Fetal Outcomes—Stillbirths and abortion 
are more common in mothers with AFLP [23]. 
Fetal outcomes remain dismal, despite the steady 
improvement in maternal outcome. Ensuring an 

adequate supply of glucose to the fetus by pro-
viding sufficient and appropriate nutrition to the 
mother is currently the only suggestion that may 
be made to positively affect fetal outcome.

The neonatal presentation of fatty acid oxi-
dation disorders includes hypoketotic hypogly-
cemia [14], hepatic failure, metabolic acidosis, 
and cardiomyopathy. Later presentations include 
episodic myopathy, neuropathy, retinopathy, and 
arrhythmias. Growth restriction and premature 
births occur in babies with fatty acid oxidation 
defects delivered by mothers who had AFLP [59].

33.12  Conclusion

Acute fatty liver of pregnancy (AFLP) is an 
uncommon, severe liver disorder leading to liver 
failure in women in late pregnancy. Increasingly, 
it is being recognized as an important preventable 
cause of maternal death.

Better understanding of pathogenesis, early 
diagnosis followed by rapid delivery of the fetus, 
and better supportive multi-disciplinary intensive 
management have led to improvement in mater-
nal mortality secondary to AFLP.

Ensuring an adequate supply of glucose to the 
mother, and hence to the fetus, may improve the 
hitherto dismal fetal outcome.
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Bullet Points
• During routine antenatal care, all preg-

nant women should be screened for inti-
mate partner violence (IPV) and 
educated about the proper use of seat 
belts as well as about the risk of falling.

• All injured women of childbearing age 
should be screened for pregnancy upon 
assessment in the emergency 
department.

• All injured pregnant women should be 
screened for intimate partner violence 
(IPV); certain injuries should increase 
the suspicion for IPV.

• Severely injured pregnant woman 
should be screened for use of alcohol 
and drugs.

• Maternal health takes priority over fetal 
health even when gestational age is 
greater than 23–24 weeks.

• ATLS primary and secondary surveys 
should be performed prior to assessment 
of fetal well-being.

• Adaptations made to the ATLS guide-
lines include early oxygen supplementa-

tion, insertion of intravenous access in 
the upper limbs, and, after 20 weeks of 
gestation, either maternal left lateral tilt 
or uterine displacement to the left.

• Fetal assessment should begin after 
maternal stabilization and should 
include fetal heart rate assessment for 
2–6  h and, when indicated, admission 
for longer periods of time.

• Obstetrical ultrasound is an adjunct tool 
that assists in identifying the number of 
fetuses, gestational age, and fetal well- 
being; however, its use for detecting pla-
cental abruption is discouraged.

• When maternal condition mandates 
radiographic examinations and/or com-
puted tomography, neither should be 
postponed nor delayed.

• If cardiac arrest occurs in an injured 
pregnant woman, perimortem cesarean 
delivery (PMCD) should be initiated 
within 4  min of initiation of resuscita-
tion efforts. However, PMCD should 
only be provided if the gestational age is 
greater than 20  weeks and there is no 
return of spontaneous circulation.

• Adverse fetal outcome may extend 
beyond the admission immediately fol-
lowing trauma.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-43477-9_34&domain=pdf
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34.1  Introduction

Trauma is the leading cause of non-obstetric 
maternal death [1] and is thought to complicate 
up to 8% of all pregnancies [2–4]. Motor vehicle 
accidents and domestic partner violence are the 
most frequent causes of major maternal trauma. 
Other causes include falls, homicide, penetrating 
trauma, suicide, toxic exposure, and burns [5].

The complexity of managing two endangered 
lives simultaneously requires a coordinated mul-
tidisciplinary effort [6–8]. Furthermore, severe 
injury is associated with adverse maternal and 
fetal/neonatal outcomes [9], but obstetric compli-
cations may also occur with less severe injuries.

34.2  The Unique Physiology 
of Pregnancy

Widespread functional and anatomical changes 
occur during normal pregnancy. These are 
described in detail throughout this book. In the 
trauma setting, knowledge of these changes is 
crucial for discriminating between normal and 
abnormal clinical and laboratory findings. The 
following section will review the changes most 
relevant to trauma management of the pregnant 
woman in accordance with the sequence recom-
mended in the trauma management algorithm.

Airway maintenance and cervical spine pro-
tection—All pregnant women are considered at 
high risk for difficulty in airway management. 
Rapid weight gain accompanied by respiratory 
tract soft tissue edema and mucosal congestion 
poses clinical challenges when urgent establish-
ment of a safe airway is necessary [10]. Obstetric 
patients have a higher rate of difficult laryn-
goscopy (1.6%) compared with non-obstetric 
patients (0.5%), p  =  0.023 [11]. This situation 
is compounded by the high risk of gastric aspi-
ration due to increased intraabdominal pressure 
and decreased lower esophageal sphincter tone.

Breathing and ventilation—Pregnant women 
develop hypoxemia and desaturation more rap-
idly than nonpregnant woman. Several causes 
underlie these ventilation changes. Oxygen 

consumption increases by about 35% [12]. 
Diaphragmatic rise, widening of the subcostal 
angle, and an increase in the transverse diameter 
of the thoracic cage lead to a reduction in func-
tional residual capacity and residual volume [13, 
14]. From the first trimester of pregnancy, min-
ute ventilation increases from the nonpregnancy 
values by about 30% and remains stable at these 
values thereafter [14, 15]. At the same time, tidal 
volume and respiratory drive increase, thereby 
potentially causing hyperventilation and chronic 
respiratory alkalosis [14].

Circulation and hemorrhage control—
Maternal heart rate, blood pressure, hemoglobin 
and platelet levels, and coagulation differ some-
what from those of nonpregnant women; this 
may lead to normal vital signs up until a class 3 
shock appears, whereupon rapid maternal deteri-
oration will likely occur [16]. Systemic vascular 
resistance decreases gradually from 8 weeks of 
gestation, resulting in a decrease in mean blood 
pressure of 10–15  mmHg and an increase in 
pulse rate of 15–20 beats per minute. As a result, 
cardiac output (CO) increases until the third tri-
mester, when it plateaus at approximately 50% 
above baseline [17–19].

At the end of the first trimester of pregnancy, 
plasma volume has expanded by approximately 
15% [20]. The peak increase in plasma volume 
(by approximately 50%) is accompanied by a 
lesser increase in total red cell mass (20–30%) 
resulting in hemodilution [21]. This leads to 
normal hemoglobin levels in the second and 
third trimester of 10.5 g/dL and 11 g/dL, respec-
tively [22].

A decrease in thrombocytes to about 150,000/
mm3 is often observed in pregnancy. More severe 
thrombocytopenia may occur in 5% of pregnant 
women at term and is still considered normal 
[23]. The leukocyte count increases to 12,200/
mm3 in the second trimester and to 20,000/mm3 
in the third trimester [22]. Fibrinogen levels also 
rise during pregnancy (350–600  mg/dL during 
the third trimester) [24, 25]. The transfusion 
goals for fibrinogen, platelets, and hemoglobin 
are likely different in pregnant women, but these 
have yet to be defined [26, 27],
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34.2.1  Additional Anatomical 
Considerations

The presence of the enlarged uterus should be 
taken into consideration when treating the preg-
nant woman after trauma. The size of the uterus 
provides information not only regarding fetal 
viability but also about potential effects on mater-
nal hemodynamic parameters.

Uterine blood flow increases to approximately 
600 mL/min in the third trimester; thus traumatic 
bleeding from the uterus in the third trimester can 
cause rapid exsanguination.

Since gestational age may impact critical 
decisions, accurate determination is of utmost 
importance in the setting of trauma. For example, 
the gestational age may determine the need to 
perform perimortem cesarean delivery (PMCD). 
Figure 34.1 describes the method of approximat-
ing gestational age in the pregnant woman after 
trauma.

Supine positioning is usually advocated for 
treatment of trauma patients. From the late sec-
ond trimester and onward, supine positioning 

may be associated both with a decrease in venous 
return and reflex tachycardia. Despite the physi-
ological attempt to correct cardiac output with 
both increased heart rate and blood volume dur-
ing pregnancy, cardiac output may decrease in 
some women [28], leading to hypotension [29]. 
Whether the preferred position remains supine 
for the injured pregnant woman should therefore 
be determined on a case-by-case basis (see below 
in primary survey).

34.3  The Epidemiology of Trauma 
in Pregnancy

Approximately 5–8% of all pregnancies are com-
plicated by trauma [2–4]. The most frequent 
causes of injury in pregnancy are motor vehicle 
accident (MVAs) or falls; most studies report 
MVAs as the most common mechanism [30–35], 
while others report falls [36] . This may be related 
to the populations being studied, the trimester of 
injury, and the source of data [e.g., information 
derived from hospital admission vs. visits to the 
department of emergency medicine (ED)]. The 
reported incidence of injury by type of trauma 
during pregnancy and in the general population is 
described in Table 34.1.

Fig. 34.1 Clinical assessment of gestational age

Table 34.1 Estimated incidence of injury by type of 
trauma [5]

Mechanism of 
injury During pregnancy

Outside of 
pregnancy

Domestic 
violence

8307/100,000 
live births

5239/100,000 
women

Motor vehicle 
crashes

207/100,000 live 
births

1104/100,000 
women

Falls and slips 48.9/100,000 
live births

3029/100,000 
women

Toxic 
exposure

25.8/100,000 
person-years

115.3/100,000 
person-years

Penetrating 
trauma

3.27/100,000 
live births

3.4/100,000 
women

Homicide 2.9/100,000 live 
births

2.3/100,000 
women

Suicide 2/100,000 live 
births

8.8/100,000 
population

Burns 0.17/100,000 
person-years

2.6/100,000 
person-years
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Data from the USA Nationwide Inpatient 
Sample (across 35 states, approximately 87% 
of all admissions) showed that the rate of injury 
hospitalizations of pregnant women was 4.1/1000 
deliveries. The rate of assault in this study was 
5% for delivered and 10% for non-delivered 
pregnant women. Hence, a high index of suspi-
cion regarding the option of domestic violence 
should be maintained when treating pregnant 
women after trauma.

Severity of injury: Fortunately, most trauma 
incidents during pregnancy result in minor injury. 
In one report, 41.2% of pregnant women arriv-
ing to the ED after trauma were barely injured 
[ISS (injury severity score) 0] [37]. The rate of 
severe maternal injury (ISS >8) varies in differ-
ent reports between 9.2 and 73.0%. This extreme 
variability does not differ from the nonpregnant 
population [30, 31, 36, 37] and probably stems 
from differences in case mix and denominator 
(population-based data vs. ED arrivals vs. hos-
pital admissions). Among pregnant women who 
are admitted to the hospital, severe maternal 
injury is more common with MVAs (31%) in 
comparison to falls (0%) or assaults (22%) [37]. 
A population- based study from Sweden reported 
that 1% (15/1721) of the women involved in an 
MVA sustained fatal injuries, 15% (251/1721) 
sustained a major injury, 85% (1455/1721) sus-
tained minor injuries, and another 549 were not 
injured at all [32].

Maternal mortality associated with trauma: 
Worldwide, trauma is a major cause of mater-
nal death during pregnancy. In Sweden, the 
rate of maternal death from MVA is 6:1000 
among MVAs and 1.4:100,000 pregnancies 
[32]. In Canada, the rate of maternal death due 
to MVA was similar, 1.5:100,000 pregnancies 
[38]. Smaller studies, which include more select 
pregnant populations (e.g., women admitted to 
Level I trauma centers; women with penetrating 
trauma), report higher maternal mortality rates of 
2–7% [30, 39]. A recent population-based study 
from Japan reported that trauma was a cause of 
maternal mortality in 5% of all maternal deaths 
(10/213) [40]. Maternal mortality is higher with 
severe trauma (ISS ≥ 8) than with minor trauma 
(ISS < 9) (6% vs. 0%) [41].

Maternal mortality is particularly high when 
cesarean delivery was required during the index 
trauma admission. A study of all consecutive 
maternal trauma admissions during an 8-year 
period (1986–1994, nine Level I trauma centers 
in the USA) found that among 441 cases, 32 
underwent emergency cesarean delivery. These 
women were in critical condition as evidenced 
by the mean maternal ISS which was 25. In this 
context, maternal mortality was 28% [39].

Maternal trauma as a cause for intensive 
care unit admission: Maternal ICU admission 
occurs in approximately 1  in 300 pregnancies 
[42]. However, the most common reasons for 
ICU admission are major obstetric hemorrhage, 
hypertensive disorders of pregnancy, and mater-
nal sepsis [43, 44].

34.4  Initial Management 
of Maternal Trauma

The following section will discuss prevention, 
general management at the time of ED arrival, 
performance of the primary and secondary sur-
veys in pregnant women, and initial fetal 
assessment.

Prevention: The reported rate of seatbelt use 
among pregnant women remains lower than 
expected, likely due to concerns regarding possi-
ble fetal injury by the belt. Lack of—or improper 
use of—seat belts is unequivocally associated 
with increased maternal and fetal mortality and 
morbidity [33, 34, 37, 45–50]. Conversely, wear-
ing a seat belt while pregnant has been demon-
strated in simulations to reduce pressure exerted 
on the abdomen during impact in an MVA [51]. 
Benjamin Franklin famously wrote, “an ounce 
of prevention is worth a pound of cure.” The 
National Highway Traffic Safety Administration 
and the American College of Obstetricians and 
Gynecologists (ACOG) recommend that preg-
nant women use lap and shoulder seat belts [52, 
53]. The restraint probably prevents contact 
between the abdomen and the steering wheel. 
Wearing a seat belt while pregnant reduces the 
risk of both maternal and fetal mortality and mor-
bidity in the setting of MVAs according to a study 
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performed on crash test dummies as well as in 
several single-center studies [35, 51, 54]. In the 
context of critical care, the injuries sustained dur-
ing an MVA differ when the casualty has worn a 
seatbelt or not. Information regarding seatbelt use 
is therefore prerequisite when treating the injured 
pregnant woman. Furthermore, knowledge of the 
different patterns of injury is important for early 

detection and treatment of life-threatening mater-
nal injuries.

General management after ED arrival: The 
general principles of care following ED arrival 
include trauma team activation (TTA), perfor-
mance of a pregnancy workup, and a toxicology 
workup, eliciting the mechanism of injury and 
multidisciplinary care. Figure  34.2 outlines the 

All childbearing age women should be tested for pregnancy by Bbeta-Hcg.
TTA = trauma team activation; ED = emergency department; CBC = complete blood  
count; KB = Kleihauer–Betke; FAST = Focused abdominal sonography for trauma 

Maternal assessment-Primary survey:

Secondary survey:

TTA criteria
met

Trauma center-
multidisciplinary
team care led
by a surgeon 

Assessment in
ED, labor and
delivery by a
primary
physician/
obstetrician

YesNo

Evaluation for severe injury
using the standard:

Airway, Breathing and
Circulation approach

Standard laboratory workup –
CBC and blood and type,
consider KB test or flow

cytometery, 

Standard radiography – as
needed including FAST

Toxicology workup

OB/GYN assessment:
1. sterile vaginal and speculum exam
2. Fetal assessment depends on
    gestational age –

a. Ultrasound should be performed
    in all cases
b. Cardiotocography should be
    performed from 20-24 weeks
    onward

Fig. 34.2 Flowchart of 
maternal and fetal 
assessment following 
maternal trauma. Author 
Hen Y Sela. All 
childbearing age women 
should be tested for 
pregnancy by beta-HCG. 
TTA trauma team 
activation, ED 
emergency department, 
CBC complete blood 
count, KB Kleihauer- 
Betke, FAST focused 
abdominal sonography 
for trauma
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flowchart of assessment when maternal trauma 
occurs.

In 2011, the National Expert Panel on Field 
Triage suggested that when injury occurs during 
pregnancy, a gestational age exceeding 20 weeks 
is sufficient for considering transport to a trauma 
center [55]. Since this declaration, several stud-
ies that assessed whether pregnancy alone justi-
fies trauma team activation have shown that with 
such practice, most women transferred to trauma 
centers had lower ISSs than those who met other 
TTA criteria and did not require immediate 
operative intervention [56, 57]. Consequentially, 
when the American College of Surgeons (ACS) 
published an instructive tool in 2014 regarding 
resources for optimal care of the injured patient, 
pregnancy was not defined as a criterion for TTA 
[58]. Accordingly, TTA should be reserved for 
pregnant women who meet general TTA criteria; 
these criteria are detailed in Table 34.2.

All women of childbearing age injured dur-
ing pregnancy should undergo pregnancy testing 
when arriving to the ED. One study demonstrated 
that 8% of women who were admitted due to 
trauma had a surprise positive pregnancy test [59].

All pregnant women who arrive to the ED 
after trauma should also undergo testing for alco-
hol and illicit drug levels. In the general popula-
tion, the pooled rate of positive alcohol and illicit 
drug tests may be as high as 42% among severely 
injured patients (6% among non-severely injured 
patients) [60]. Studies of pregnancy-related trau-
mas report that 12.9% are associated with the use 
of alcohol and 19.6% with illicit drug use [61].

Both the ACOG and the ACS recommend that 
all women of childbearing age be screened for 

intimate partner violence (IPV) during pregnancy 
[6, 61–63]. Repeated ED visits for trauma and/or 
a vague or inconsistent story regarding the cir-
cumstances of the trauma should raise suspicion 
of IPV. Other known risk factors for IPV include 
low socioeconomic and education statuses, 
substance abuse, unintended pregnancy, and a 
history of IPV in previous close relationships 
[61–63]. Pregnant women who have been identi-
fied as high risk for IPV should be appropriately 
referred [64].

A systematic and multidisciplinary approach 
is required for optimizing management of mater-
nal trauma. The injured pregnant patient should 
be assessed as if she were not pregnant [6]. There 
is clear consensus that maternal health takes pri-
ority over interventions for the fetus. Therefore, 
the injured pregnant woman should undergo a 
primary and secondary survey and only then 
should attention be given to fetal evaluation.

34.4.1  The Primary and Secondary 
Survey

Treating the injured pregnant woman appropri-
ately is beneficial for both the mother and the 
fetus. Guidelines addressing the management of 
pregnant women involved in trauma were last 
published by the ACOG in 1998 [8], by the ACS 
(ATLS) in 2012 [6], and by the Society of 
Obstetricians and Gynaecologists of Canada 
(SOGC) in 2015 [7]. Of note, both the ACOG and 
the SOGC have endorsed ATLS guidelines for 
treating injured pregnant women. These guide-
lines provide a systematic, concise approach to 
the care of trauma patients that has been shown to 
improve patient outcomes [65, 66].

The primary survey should therefore include 
evaluation for severe maternal injury using 
the standard airway, breathing, and circulation 
approach. Reduced maternal oxygen reserves 
and increased oxygen consumption should lower 
the threshold for administration of supplemental 
oxygen. Given the possibility of reduced venous 
return, intravenous access should, if possible, 
be obtained above the diaphragm. In order to 
avoid supine hypotension, women with a gesta-

Table 34.2 Minimum criteria for trauma team activation 
according to the American College of Surgeons

1 Systolic blood pressure less than 90 in adults and 
hypotension in children

2 Gunshot wounds to the neck, chest, or abdomen or 
extremities proximal to the elbow/knee

3 Glasgow coma scale score less than nine attributed 
to trauma

4 Intubated patients transferred from the scene
5 Patients who have respiratory compromise or are 

in need of an emergent airway
6 Emergency physician’s discretion
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tional age exceeding 20 weeks should either be 
tilted approximately 15° to the left or their uterus 
should be displaced manually to the left.

Laboratory investigation of the injured preg-
nant woman should follow the standard trauma 
protocol, including complete blood counts and 
type and screen [6].

A recent study from Australia demonstrated 
that only 19% of high risk MVA obstetric patients 
underwent appropriate imaging studies [67]. 
Efforts to decrease exposure of the injured preg-
nant woman to radiation should not manifest as 
nonperformance of tests when indicated. Instead, 
the clinician should apply critical thinking with 
regard to the indications for each test and the yield 
of alternative modes of imaging. When mater-
nal benefit mandates performance of standard 
radiography or computed tomography tests, nei-
ther should be delayed. Therefore, the imaging 
adjuncts recommended by the ACS (ATLS) as part 
of the primary survey (i.e., plain radiographs of 
the cervical spine, chest, and pelvis) should not be 
withheld from the injured pregnant woman when 
indicated. Imaging should be performed according 
to routine indications [6–8]. Focused abdominal 
sonography for trauma (FAST) should be applied 
when possible (See also Chap. 13). FAST has been 
shown to be as accurate in pregnant women as it is 
in nonpregnant populations [68–70].

The secondary survey requires that the injured 
pregnant woman undergo a thorough physical 
examination and additional imaging as required. 
One may reduce fetal exposure to ionizing radia-
tion during regular x-rays by using a posterior- 
anterior approach. This approach increases the 
distance of the radiation source from the ante-
rior uterus. During computed tomography, slice 
thickness may be increased (thereby reducing the 
number of slices performed), and current may be 
reduced or pitch increased. Lead apron shielding 
may also be used [71, 72].

Only after the primary and secondary surveys 
have been completed should the pregnant women 
also undergo an obstetric workup. The obstetric 
workup includes examination of the entire body 
for bruising, examination of the abdomen for 
signs and symptoms of peritoneal irritation, pal-
pation of the uterus to diagnose tenderness and 

the frequency of contractions, a sterile vaginal 
examination to determine the degree of cervical 
dilation and effacement, and a sterile examina-
tion with a speculum to directly visualize pos-
sible trauma, assess whether vaginal fluid is 
present, and ascertain its source.

The quality of maternal trauma care after an 
MVA may be poorer than expected due to the dis-
tracting presence of the fetus [73, 74]. Maternal 
and fetal survival relies on maternal well-being. 
Therefore, maternal care should take priority 
over assessment of fetal condition. Fetal assess-
ment should be withheld until both primary and 
secondary surveys of the injured pregnant woman 
have been completed.

34.4.2  Fetal Assessment

Fetal assessment should be initiated immediately 
following maternal stabilization, if not simulta-
neously. An important benefit of fetal assessment 
is that it may provide an early indirect indication 
of impending maternal decompensation (e.g., 
hypoxemia, hypovolemia).

Fetal evaluation depends on gestational age. 
The fetus is considered viable at gestational age 
above 23–24 weeks. Following maternal stabili-
zation, uterine activity should be monitored for 
signs of placental abruption or preterm labor; 
this is usually performed when gestational age is 
greater than 20–24 weeks. Both ultrasound and 
cardiotocography (CTG) have roles in assess-
ing fetal and maternal status following maternal 
trauma and are complementary to each other. 
Table  34.3 compares advantages and disadvan-
tages of cardiotocography, which records fetal 
heart rate and uterine contractions and ultrasound 
during pregnancy. Ultrasound may aid in detect-
ing the number of fetuses, ascertaining viability 
and gestational age, locating the placenta and 
excluding placenta previa, assessing fetal well- 
being, and measuring cervical length as a screen-
ing tool for preterm labor [7]. Placental abruption 
may occur shortly during or after physical trauma 
[39, 75]. Ultrasonography has only a 24% sensi-
tivity versus a 96% specificity for detecting pla-
cental abruption and is therefore not the preferred 
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tool for diagnosing this complication [76]. CTG 
is more sensitive for detecting placental abrup-
tion than ultrasound and may be performed at 
the bedside in both the ED and the ICU. Rapid 
or continuous uterine contractions or late fetal 
heart rate decelerations on CTG are suggestive 
of placental abruption. In these cases, prompt 
assessment of maternal condition is extremely 
important. Uncontrolled placental hemorrhage 
constitutes an indication to perform cesarean 
delivery rapidly in order to save both the mother 
and the unborn child. If imperative, i.e., in the 
presence of maternal instability or fetal jeop-
ardy (severe non-reassuring fetal status), the pre-
mature baby can be delivered and resuscitated 
outside of the uterus. Trauma centers and ICUs 
should be equipped and prepared for both cesar-
ean and vaginal delivery in order to enable imme-
diate delivery on location. The Royal College of 
Obstetricians and Gynaecologists (RCOG) states 
that the only essential equipment required for 
perimortem cesarean delivery (PMCD) is a scal-
pel [77]; however the American Heart Association 
(AHA) recommends that the equipment contents 
of the emergency cesarean delivery tray include 
the following: scalpel with No. 10 blade, lower 
end of a Balfour retractor, pack of sponges, two 
Kelly clamps, needle driver, Russian forceps, 
sutures, and suture scissors [78]. When maternal 

status dictates delivery, the neonate may be in 
jeopardy as well; hence a neonatologist should 
attend the delivery.

If the mother is stable and gestational age is 
greater than 23–24  weeks, assessment of fetal 
condition with electronic fetal heart rate moni-
toring may be performed [6–8]. Once the mother 
has been cleared by the trauma team, in a viable 
pregnancy with reassuring initial fetal evaluation, 
further assessment is recommended to rule out 
delayed obstetrical complications. An abnormal 
fetal heart rate tracing and uterine contractions 
should suggest placental abruption and/or pre-
term labor even if they occur hours or days after 
the physical insult. The decision regarding need 
for observation may be based upon maternal and 
fetal condition (Table 34.4).

34.4.3  Extracorporeal Membrane 
Oxygenation for Maternal 
Salvage

Extracorporeal membrane oxygenation (ECMO) 
is an extracorporeal technique for providing 
respiratory and cardiac support in cases of respi-
ratory or cardiac failure. ECMO can be used 
safely during pregnancy and is of value when 
indicated. According to the Extracorporeal Life 

Table 34.3 Advantages and disadvantages of cardiotocography and ultrasound for assessment of maternal and fetal 
condition following trauma

Cardiotocography Ultrasound
Advantages Assess both fetal condition and 

uterine activity simultaneously
Detects number of fetuses

High sensitivity for detection of 
placental abruption

Ascertain fetal viability

Detects uterine contraction and risk 
of preterm labor

Ascertain gestational age

Once attached gives continuous 
information

Ascertain placental location

Assess fetal well-being
May be used for uterine cervical length measurement as 
an adjunct tool for predicting preterm labor
May be performed by an obstetrician or a radiologist

Disadvantages
Needs to be attached for at least 
20 min

Not sensitive for detecting placental abruption

Usually is read by an obstetrician Dos not give information about uterine activity
Records fetal condition accurately for the moment 
performed
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Support Organization (ELSO), pregnancy is not a 
contraindication to ECMO therapy [79]. 
However, in the trauma setting, ECMO is contro-
versial and has not been well described [80, 81]. 
Although a recent series of more than 40 cases of 
ECMO in the setting of trauma has been pub-
lished [80], a search of the literature revealed 
only 1 case report describing the use of ECMO in 
the setting of maternal trauma [81]. It appears 
that ECMO in the setting of maternal trauma 
should be the last resort, until further evidence 
for its safety and efficacy is accrued and reported 
(see Chap. 14).

34.4.4  Perimortem Cesarean 
Delivery

Maternal resuscitation guidelines propose that 
perimortem cesarean delivery (PMCD) be per-

formed if good quality resuscitation has been 
ongoing for 4  min and there is no evidence of 
return of spontaneous circulation [6, 78]. These 
guidelines are predicated on reports of PMCD 
mostly outside the context of trauma. However, 
two studies have suggested that in the setting of 
maternal resuscitation, both maternal and  neonatal 
outcomes may improve with PMCD [82, 83]. The 
proposed mechanism was that PMCD performed 
after 20–24 weeks may alleviate aortocaval com-
pression, thereby improving maternal cardiac pre-
load. For pregnant women with a gestational age 
greater than 23–24 weeks with cardiac arrest, the 
recommendation for timely PMCD therefore 
stands in the setting of trauma as well [78]. 
Recently, it has been suggested that in the setting 
of a viable fetus with obviously fatal maternal 
injury (when resuscitative measures are unlikely 
to succeed), an interval shorter than 4 min may 
even be preferable [84].

34.5  Management 
in the Intensive Care Unit

Pregnant women who are involved in trauma 
may suffer both trauma-related issues unrelated 
to pregnancy and pregnancy-related complica-
tions. Regarding the former, pregnant women 
suffer from similar patterns and severities of 
injury as nonpregnant patients [3, 30, 85] and 
should be treated similarly with few caveats. The 
following section addresses several of the com-
plications specific to the injuries of pregnant 
women (which may be diagnosed at any time 
during maternal admission), special consider-
ations in treatment of conventional trauma, and 
prognosis.

34.5.1  Complications Specific 
to the Injuries of Pregnant 
Women

In case of ongoing maternal instability, fetal and 
uterine monitoring should be extended at least 
until maternal stability has been restored. 
Table 34.3 presents the variables associated with 
increased risk for maternal, obstetrical, or fetal/

Table 34.4 Indications for prolonged maternal/fetal 
observation based on three sources: the American College 
of Surgeons trauma guidelines, the American College of 
Obstetricians and Gynecologists and the Society of 
Obstetricians and Gynaecologists of Canada

ATLS [6] ACOG [8] SOGC [7]
Uterine tenderness + + +
Significant 
abdominal pain

+ − +

Vaginal bleeding + + +
Sustained 
contractions 
(>1/10 min),

− + +

Rupture of the 
membranes

+ + +

Abnormal fetal 
heart rate pattern

+ + +

High risk 
mechanism of 
injury

+ − +

Serum fibrinogen 
<200 mg/dL

− − +

Serious maternal 
injury

− + −

Hypovolemia + − −
Maternal heart 
rate > 110

+ − −

ISS > 9 + − −
Key: ATLS advanced trauma life support, ACOG American 
College of Obstetricians and Gynecologists, SOGC 
Society of Obstetricians and Gynaecologists of Canada, 
ISS injury severity score
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neonatal complications. Fetal and uterine moni-
toring should be continued for at least 24  h in 
cases with increased risk. Pregnant women with a 
potentially viable fetus who require prolonged 
sedation should be monitored periodically, either 
continuously or two to three times daily.

Placental abruption—Placental abruption 
occurs in 3.5–11% [49, 86–88] of maternal 
trauma cases. It is almost ten times more com-
mon following trauma during pregnancy than in 
uninjured pregnant women (odds ratio 9.22; 95% 
CI: 7.79–10.91) [89]. Acceleration-deceleration 
mechanisms may shear the placenta away from 
the uterus; hence placental abruption may occur 
during MVA or a fall even without apparent 
maternal injury [90, 91]. The severity of injury 
increases the risk of placental abruption, even 
though placental abruption may occur with minor 
trauma alone [37]. A retrospective cohort study 
compared pregnancy outcome for all pregnant 
women admitted with injury in Washington State 
(USA) versus randomly selected non-injured 
pregnant women. Placental abruption occurred 
in 1.4% (170/12,578) without injury, in 4.9% 
(13/266) with non-severe injuries, and in 25% 
(7/28) of severely injured women [37].

Symptoms of placental abruption include 
acute abdominal pain, vaginal bleeding, and/or 
severely painful contractions. On physical exam-
ination, a tender and/or rigid uterus and vagi-
nal bleeding may be present. Delayed placental 
abruption is unlikely if the frequency of uterine 
contraction is lower than once every 10 min, vag-
inal bleeding and abdominal pain are absent, and 
fetal heart rate activity is normal over 4–6 h of 
observation.

Testing for fetal maternal hemorrhage (FMH) 
should be performed in all injured pregnant 
women with a severe mechanism of injury if 
signs of fetal anemia are evident on CTG or ultra-
sound or when the mother is Rh negative. The 
optimal test to assess for FMH is unclear. Either 
the Kleihauer- Betke (KB) test or flow cytom-
etry may be used. FMH may follow placental 
abruption and any trauma during pregnancy. 
A positive Kleihauer- Betke (KB) test indicates 
the presence of fetal blood cells in the maternal 
circulation. In one study, 54% of women tested 

for KB following MVA during pregnancy were 
positive, and positive KB testing was associated 
with increased risk of preterm labor [92]. Flow 
cytometry, an alternative test for fetal blood cells, 
must be performed in the central hospital labora-
tory. This method is more simple, objective, and 
precise than KB testing [93]. Massive FMH may 
cause fetal anemia (suspected with cardiotocog-
raphy and diagnosed by obstetric ultrasound) and 
necessitate fetal blood transfusion or delivery 
[94].

Significant placental abruption may jeopar-
dize both the mother and her fetus [95]. Placental 
abruption inhibits the flow of oxygen to the fetus 
and causes carbon dioxide accumulation in utero, 
resulting in hypoxia and acidosis and leading to 
fetal distress [95]. Sustained uterine contractions 
induced by intrauterine hemorrhage also inhibit 
uterine blood flow, further contributing to fetal 
hypoxia. Maternal disseminated intravascular 
coagulation (DIC) and hemorrhagic shock have 
been described in the setting of placental abrup-
tion [96]. Appropriate therapy in cases of maternal 
disseminated intravascular coagulation (DIC) and/
or fetal death consists of maternal stabilization 
and prompt delivery. Expectant management can 
be instituted for mild placental abruption remote 
from term and without maternal DIC or intrauter-
ine fetal death, provided that maternal hemody-
namic condition and fetal well- being are closely 
monitored [90, 91]. When expected management 
is practiced, it should be remembered that placen-
tal abruption is a risk factor for early postpartum 
hemorrhage (up to 24 h post-delivery) [97].

Uterine rupture and penetration: Uterine rup-
ture is an obstetrical emergency that is accompa-
nied by massive hemorrhage that may be lethal 
to both mother and fetus. A population-based 
study in Sweden revealed a prevalence of uterine 
rupture of 0.3% in pregnant MVA patients [32]. 
Uterine rupture has not been reported to occur in 
the ICU. However, a nationwide population- based 
study of 371,000 pregnancies from the Netherlands 
has shown that 12% of women with uterine rup-
ture will be admitted to the ICU [98]. Uterine rup-
ture usually results from a severe mechanism of 
injury; therefore additional severe injuries should 
always be sought once this injury has been identi-
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fied. Uterine penetration has also been described 
in penetrating trauma. Exploratory laparotomy is 
recommended in high-speed projectile injuries 
[99]. However, exploratory laparotomy is not 
necessarily an indication for immediate caesarian 
delivery if the fetus is stable, particularly if the 
fetus is extremely  preterm [8].

34.5.2  Massive Transfusion

In the setting of any trauma with severe, acute 
blood loss (obstetric or non-obstetric), O-negative 
blood should be transfused in order to avoid Rh 
sensitization in Rh-negative women until type- 
specific or cross-matched donor blood becomes 
available. Transfusion ratios of one unit of packed 
red blood cells to one unit fresh frozen plasma 
have been associated with better outcomes in the 
general trauma population [100–103]. A similar 
ratio of 1:1 packed red blood cells to fresh frozen 
plasma has also been recommended empirically 
for postpartum hemorrhage [104, 105].

34.5.3  Delivery Considerations

All pregnant women are at increased risk of deliv-
ery during hospital admission for trauma. Data 
from the USA Nationwide Inpatient Sample 
showed that slightly more than one-third of the 
pregnant women admitted after trauma (37.7%) 
delivered during the index trauma admission 
[106]. Other studies concur that about 38% of 
pregnant women admitted after trauma actually 
undergo delivery [33, 34]. Among the women 
who deliver during admission, 31% will have pre-
sented after a fall and 15% after an MVA [106].

Preterm uterine contractions, preterm deliv-
ery (PTD), and preterm premature rubture of 
membranes (PPROM): All of these may affect 
neonatal outcome. A retrospective cohort study 
of pregnant women hospitalized for trauma in 
California (1991–1999) revealed that 14.4% of 
women delivering during the index trauma admis-
sion delivered prematurely, compared to 7% of 
uninjured women, and 2.7% of women who were 
admitted and discharged following trauma [89]

Among women with uterine contractions and/
or signs of preterm delivery, an attempt to prolong 
pregnancy and to “buy time” to prepare the fetus is 
a legitimate strategy. Preterm delivery is a concern 
between gestational ages 24–37 weeks. Preparation 
for this untoward development includes a course of 
antenatal steroids to boost fetal lung maturity and 
to reduce complications of prematurity. Between 
24 and 32 weeks, it is also common to administer 
magnesium sulfate, as this may impart some fetal 
neuroprotection [107, 108]. When preterm labor 
starts following trauma, tocolysis is considered to 
be relative contraindicated [109].

Cesarean delivery: Maternal trauma is associ-
ated with an increased risk of cesarean delivery. 
Whether this risk may be attributed to the trauma 
per se is controversial. Data from California sug-
gest that among women who deliver during the 
index trauma admission, the risk of cesarean 
delivery was doubled compared to women who 
were still pregnant when discharged home after 
the trauma admission (OR 2.18, 95% CI (1.98–
2.4), p < 0.0001) [89]. A study from Washington 
State showed that the likelihood of cesarean 
delivery was particularly high in pregnant 
women who had been severely injured compared 
to pregnant women who were not involved in an 
MVA (cesarean delivery rate 31% vs. 19.5%, 
respectively; relative risk 1.6; 95% CI 1.1,2.4) 
[110]. This finding was corroborated in another 
study showing that pregnant women with severe 
injury (ISS ≥ 9) that were admitted for >48 h had 
higher immediate delivery rates [16.7% (83/495) 
vs. 5.7% (41/713)] and higher cesarean delivery 
rates (81% vs. 51%, p  <  0.0001) than women 
with lower ISSs [41].

The specific indications for performing cesar-
ean delivery are not detailed in most studies on 
this topic. Data from a registry from nine USA 
Level I trauma centers described 32/441 (7.2%) 
cesarean deliveries among pregnant trauma 
patients. The most common indications for cesar-
ean delivery were fetal distress (59%), severe 
maternal condition (13%), or both (28%). The 
average time from hospital arrival to cesarean 
delivery was 5.6 h [39].

Pregnant women with a viable fetus (i.e., 
gestational age greater than 24 weeks) who are 
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admitted to the ward after trauma (e.g., to sur-
gery, orthopedics, or the ICU) should undergo 
periodic CTG monitoring to assess both fetus 
well-being and uterine activity. Ideally, CTG 
should be performed two to three times daily. The 
CTG should be interpreted by an obstetrician; 
hence the women will be assessed every 8–12 h. 
Exceptions to this rule are women with signs of 
preterm delivery, placental abruption, or maternal 
instability; in these cases, the obstetrician should 
be involved immediately.

34.5.4  Special Considerations 
in Treatment of Conventional 
Trauma

In general, maternal vaccination confers immu-
nity to both the mother and the fetus. Therefore, 
when vaccination is indicated, it should be 
administered. For instance, pregnant women 
should receive tetanus toxoid if indicated, as 
administration of this vaccine during pregnancy 
has been shown to be safe [111]. With regards to 
antibiotics, penicillins and cephalosporins may 
also be administered as required (see Chap. 38). 
Some antibiotics are considered unsafe during 
pregnancy. When in doubt, consultation with a 
microbiologist or obstetrician is suggested [112].

34.6  Repetitive Imaging

Ultimately, two factors determine whether expo-
sure to radiation will incur fetal damage: the ges-
tational age of the fetus and the radiation dose 
[113]. The fetus is generally most vulnerable to 
the teratogenic effects of radiation during the first 
trimester of pregnancy. Exposure to radiation at a 
gestational age of 10–25 weeks increases the risk 
of mental retardation [114, 115]. Intrauterine 
exposure to radiation has also been associated 
with an increased risk of childhood cancer 
regardless of trimester. However, the risk of fetal 
malformation or childhood cancer is unlikely to 
be increased if the dose of radiation does not 
exceed 50 mSv. Most diagnostic imaging exposes 
the fetus to far less than this dose [71, 116].

The pretest probability of a positive finding 
ultimately determines the likelihood of a patho-
logical finding in any test. For example, chest 
radiographs that are performed “on demand” are 
almost twice more likely to yield abnormal find-
ings and have a much greater impact on patient 
care than those performed as “routine” tests 
[117]. If repetitive, accurate diagnostic imaging 
is required nonetheless and concerns are raised 
that such imaging may be associated with an 
excessively high radiation dose, the option of 
substituting MRI for CT imaging should be given 
consideration. MRI provides better soft tissue 
imaging than either ultrasound or CT and is not 
associated with radiation exposure. MRI appears 
to be safe even in the first trimester. Of note, the 
use of gadolinium is controversial and may be 
associated with fetal harm during all trimesters, 
as it crosses the placenta [118].

34.6.1  Predicting Maternal 
and Pregnancy Outcomes 
Following Trauma

Maternal outcomes—Although virtually all the 
variables that may predict outcomes among injured 
pregnant women have been challenged, certain 
variables are consistently associated with worse 
maternal outcomes (Table 34.5). Early identifica-
tion of pregnant women at risk for a poor outcome 
may enable timely implementation of corrective 
measures and reduce maternal morbidity and mor-
tality [37, 119]. Trauma scores are often used to 
describe the severity of injury and to predict mor-
tality in non-obstetric trauma victims. The most 
commonly used scoring methods include the 
injury severity score (ISS), new injury severity 
score (NISS), revised trauma scores (RTS), and 
the trauma and injury severity score (TRISS) 
[120]. None of these have been validated for 
injured pregnant women. However, several studies 
have shown that the ISS or the RTS may be used to 
predict maternal mortality. In one of these studies, 
pregnant women who died compared to those who 
were admitted or discharged had higher ISS (44.4 
vs. 11.49 vs. 2.66; p < 0.001) and lower RTS (0.5 
vs. 7.49 vs. 7.83; p < 0.001) [34].
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Only one study in a Level I trauma center 
reported ICU admissions among injured preg-
nant women; 22/188 (11.7%) of pregnant women 
in the USA during the 9-year study period were 
admitted to the ICU. The ED categorized women 
as severely injured or non-severely injured. The 
42 severely injured women were almost evenly 
distributed between direct ICU admission 
(n = 22) and transfer from the ED to the operat-
ing room (n = 20). Unfortunately, ICU outcomes 
were not reported [48].

Fetal and neonatal outcomes—Fetal morbid-
ity and death usually occur secondary to preterm 
delivery. Preterm delivery may be precipitated 
directly by the trauma, or indirectly due to pre-
mature rupture of the membranes or placental 
abruption. During maternal trauma, the fetus 
may also sustain direct traumatic injury (e.g., 
in penetrating trauma) or indirect injury due to 
maternal instability (e.g., due to maternal ane-
mia, hypoxemia, hypovolemia). Crash severity, 
improper/lack of maternal seat belt use, poor 
maternal condition at the time of admission (e.g., 
tachycardia, hypotension, hypoxemia, coagulop-

athy, low fibrinogen, increased base deficit, low 
serum bicarbonate), serious maternal abdomi-
nal injury necessitating emergency laparotomy, 
poor maternal outcomes (i.e., death or coma), 
and poor fetal condition as evident by category 
II or III fetal heart rate tracing during admission 
have all been associated with poor fetal outcomes 
during admission [33, 37, 46, 48, 51]. Increasing 
maternal ISS has also been associated with an 
increased likelihood of fetal death (85.7% sensi-
tivity, 70.9% specificity) [101].

Fetal morbidity—Direct fetal injury is uncom-
mon and complicates less than 1% of pregnancies 
with blunt trauma [120]. Fetal injuries are most 
likely to occur after direct and severe abdominal 
or pelvic impact, during the second half of preg-
nancy, and when the fetal head is engaged in the 
maternal pelvis [121, 122]. Direct fetal injuries 
that have been reported include fetal splenic rup-
ture, subarachnoid hemorrhage, subdural hemor-
rhage, brain edema with reversal of diastolic flow, 
ischemic changes, hypoxic ischemic encepha-
lopathy, cerebellar hemorrhage, contusions, and 
skull fractures [123, 124]. Hypoxic injuries may 

Table 34.5 Variables assessed for prediction of maternal outcome in trauma

Variable Outcome OR 95% CI p-value References
Demographic characteristics
Maternal age > 41 years Death 2.86 1.6–5.1 0.000 [122]
Gestational age > 35 weeks Uterine contractions, 

preterm labor, vaginal 
bleeding

3.7 2.1–6.7 NA [130]

Mechanism of injury
Gun shot Severe maternal injury 50% [30]
MVA 31%
Assaults 22%
Falls 0%
Injury characteristics
Intracranial injury Death 11.1 1.6–76 0.014 [122]
Internal injury Death 15.0 1.9–117 0.01
ISS > 9 Death 14.6 1.5–143 0.002
Lower revised trauma score Death (each decrease point 

of RTS)
0.0004 NA 0.006 [54]

ISS > 8 Placental abruption 9;17 4.7–17; 
6.2–46.8

NA [30, 37]

Preterm delivery 3.8 1.4–10.3 NA [30]
Cesarean delivery 1.6; 3.8 1.1–2.4; 

2.1–6.9
NA [30, 37]

Key: MVA motor vehicle accident, ISS injury severity score, OR odds ratio, CI confidence interval, ISS injury severity 
score, NA nonavailable, RTS revised trauma score
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also occur secondary to disruption of the fetal 
vascular supply from a placental abruption.

Adverse fetal outcomes may extend beyond 
the index admission. Maternal trauma is asso-
ciated with higher rates of preterm deliveries, 
low birth weight infants, placental abruption, 
fetal distress, fetal demise, maternal thrombotic 
events, and cesarean deliveries, all potentially 
due to a subclinical partial abruption; these can 
occur even after hospital discharge [89, 121, 125, 
126]. The risk of these complications is higher 
with increasing severity of maternal injury and 
among those injured early in gestation [126].

Fetal Mortality—The rate of fetal death fol-
lowing injury of pregnant women varies between 
0.3 and 10%, and, as with maternal trauma, the 
greatest proportion of fetal deaths occurs fol-
lowing MVAs. A retrospective study of fetal 
death certificates from 16 states (approximately 
50% of all live births in the USA between 1995 
and 1997) revealed an annual number of about 
143 traumatic fetal deaths, the majority of which 
occurred due to MVA [127]. A population-based 
study from Sweden showed that the risk of fetal/
neonatal death in pregnant MVA patients was 
3.55 times higher than the risk during pregnancy 
uncomplicated by involvement in an MVA [32].

Placental abruption is the leading cause of fetal 
death after blunt trauma [128]. When the mother 
sustains life-threatening injuries, the likelihood 
of fetal demise is 40–50%. However, since minor 
trauma is much more common, 30–70% of fetal 
losses after trauma follow minor injury [32, 76, 
129]. Fetal demise that occurs during trauma 
admission is mostly associated with severe mater-
nal injury (ISS ≥ 9); conversely, fetal demise fol-
lowing hospital discharge occurs more commonly 
when injury is not as severe (ISS < 9) [89]. This 
has important implications for follow- up assess-
ment of the pregnant woman after trauma.

34.7  Summary

Trauma during pregnancy is common; when it 
occurs, both the mother and the fetus/newborn 
are at risk of morbidity and mortality. Hence, 
evaluation and management presents a unique 

challenge, and appropriate care should involve a 
coordinated multidisciplinary team that follows 
ATLS guidelines. One major principle guides the 
treatment in these situations: maternal health 
takes priority over interventions for the fetus.
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35.1  Introduction

The estimated incidence of non-obstetric intra- 
abdominal surgery is approximately 1–2% 
among all pregnant women [1]. Incidental non- 
obstetric surgery has been described at every 
stage of pregnancy: 42%, 35%, and 23% during 
the first, second, and third trimesters, respectively 
[2, 3]. Although fetal/neonatal teratogenicity 
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Bullet Points
• 1–2% of pregnant women undergo non- 

obstetric intra-abdominal surgery.
• Appendicitis is the most common non- 

obstetric surgery performed in pregnant 
women.

• Focus on fetal well-being may errone-
ously dominate care decisions for preg-
nant women with intra-abdominal 
pathology; delayed surgery is associated 
with worse maternal and neonatal 
outcomes.

• Diagnostic imaging may require special 
considerations; however, pregnant 
women who have an indication for x-ray 
studies should not be denied them.

• Most imaging techniques, including CT, 
use an ionizing radiation dose below 
50 mGy and should be offered to preg-
nant women if required for diagnosis.

• The American College of Obstetrics and 
Gynecologists (ACOG) recommends 
that MRI be utilized despite pregnancy 

when appropriate in both elective and 
emergency situations.

• Invasive radiology may be performed 
during pregnancy, including ERCP; 
some modifications may be introduced 
to minimize procedure duration and 
radiation exposure.

• The anesthetic technique and the medi-
cations used for anesthesia should be 
selected as guided by patient condition 
and the type of surgery required.

• Intraoperative fetal monitoring should 
be reserved for cases where an obstetri-
cian is available and prepared, and inter-
vention for fetal indications is possible 
without endangering the mother during 
the surgical procedure.

• Laparoscopy is safe and feasible during 
any trimester of pregnancy.
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concerns may be relevant, including the hazard of 
possible preterm birth, surgery should never be 
delayed if indicated according to nonpregnant 
criteria. The general consensus is that a pregnant 
woman should not be denied any requisite sur-
gery, regardless of gestational age. The timing 
and choice of surgery should be based on urgency 
and diagnosis (i.e., solely the maternal indica-
tions for surgery).

Despite its relative rarity and some overlap-
ping reports, overall 12,452 non-obstetric surger-
ies during pregnancy were reported in the 
literature between 1996 and 2002 [2]. 
Appendicitis and biliary tract disorders constitute 
the most common non-obstetric intra-abdominal 
conditions requiring abdominal surgery during 
pregnancy (excluding adnexa/ovarian and trauma 
surgery which is discussed in Chap. 34) [2].

35.2  Pre-surgery Diagnostic 
Imaging

Management of acute abdominal pain in a preg-
nant woman is a difficult diagnostic and clinical 
task, requiring a systematic evaluation of the 
entire abdomen (Fig. 35.1). The anatomical and 
physiological alterations which take place during 
pregnancy include changes in vital signs, cranial 
displacement of the appendix, and altered labora-
tory values, e.g., physiologic leukocytosis. 
Imaging may be limited due to the enlarged uterus 
and the conception products. In parallel, concerns 
may arise regarding maternal and fetal radiation 
exposure dose and the safety of iodinated and 
gadolinium-based contrast agents. Practitioners 
may unjustifiably hesitate to utilize radiologic 
techniques in the pregnant woman even in emer-
gency conditions; such hesitation could lead to 
delayed diagnosis of life-threatening conditions.

35.2.1  Ionizing Radiation Techniques

X-ray studies: Pregnant women who have an 
indication for x-ray studies should not be denied 
them due to pregnancy. Exposure to ionizing 
radiation doses of less than 50 mGy has not been 

associated with more adverse pregnancy out-
comes than exposure to contemporary life back-
ground radiation alone. Most diagnostic imaging 
techniques use an ionizing radiation dose below 
50 mGy and should be offered to pregnant women 
if appropriate to the diagnostic goal and the facil-
ities available [4, 5].

The teratogenic and carcinogenic effects of 
ionizing radiation on the developing fetus have 
been ascertained and are addressed in guidelines 
released by the American College of Radiology 
(ACR) [6, 7]. Radiation teratogenicity is dose- 
dependent. In the preimplantation-organogenesis 
stages, an embryo radiation dose of 50–100 mGy 
may cause failure of implantation and spontane-
ous abortion. The developing fetus between 8 and 
15 weeks of gestation is most sensitive to radia-
tion; fetal radiation doses above 100–200  mGy 
are associated with intrauterine growth restric-
tion, microcephaly, and neuro-developmental 
impairment. After the 15th gestational week, the 
fetus is less sensitive to radiation effects on the 
central nervous system. An increased risk of mal-
formation has been reported at fetal doses above 
150–200 mGy, and fetal damage has been reported 
to occur at exposures greater than 500 mGy [8]. 
The carcinogenic risk of ionizing radiation is still 
controversial at doses less than 100  mSv. The 
association of exposure to radiation on the risk of 
developing childhood cancers may be greater if 
exposure occurs earlier in the pregnancy [8].

Computerized tomography (CT): CT is an 
essential imaging modality in the acute setting 
where it can serve as a triage tool, thus preventing 
delays in diagnoses that might result in increased 
morbidity and mortality. The diagnostic use of 
CT has increased in the general population and is 
also acceptable for pregnant women [9, 10]. In 
any clinical setting, emergent or otherwise, this 
diagnostic modality should not be denied in preg-
nancy when indicated. However, radiation dose 
reduction techniques, for example, thicker slices, 
may be utilized [11].

Ultrasound is useful in diagnosing acute 
appendicitis in pregnant women and may prevent 
unnecessary surgery [12, 13]. However, despite 
encouraging reports in the literature [14, 15], the 
rate of visualization of the appendix on ultra-
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sound remains low among pregnant women at an 
advanced gestational age. The ability of ultra-
sound to diagnose other nonpregnancy-related 
abdominal pathologies such as colitis, distended 
stool-filled colon, diverticulitis, omental infarct, 
partial small bowel obstruction, and terminal ile-
itis is also relatively limited. Therefore the focus 
of imaging in pregnant women with abdominal 
pain has shifted to MRI.

Magnetic resonance imaging (MRI): 
Noncontrast MRI has become an integral part of 
the workup of abdominal pain in pregnancy and 
the initial triage assessment [16–19]. The 
American College of Obstetrics and Gynecologists 
(ACOG) recommends that MRI be utilized 
despite pregnancy when appropriate in either 
elective or emergency situations. More recent 
ACR guidelines state that MRI may be used in 

Pregnant patient with acute abdomen

Differential diagnosis

Additional laboratory investigation

Surgical Intervention

Urgent

Pregnancy <22 weeks:

Pregnancy ≥23 weeks:

Non urgent

Non obstetric Pelvic obstetric (ovary, uterine fibroid)
Obstetric (uterine rupture, placenta

detachment)

Imaging: Ultrasound, computed tomography, magnetic resonance imaging as appropriate and 
indicated primarily by maternal condition 
Critically ill mother: appendicitis (uncomplicated & complicated), Biliary disease, Incarcerated hernias (all
types), Septic Peritonitis etc.

• Vital signs, breathing rate, O2 saturation, temperature, pain score, bleeding
• Medical and obstetrical history
• Physical assesment
• Laboratory investigations
• Fetal assessment by Doppler, fetal heart rate and contractions, sonogram as
  appropriate for gestational age

Triage:

Ad hoc multidisciplinary consult
Obstetrics, neonatology, anesthesia, infectious disease, anesthesia, intensive car

• in-utero fetal surveillance and therapies
(steroids, magnesium sulphate) and tocolytics as appropriate for
maternal condition and gestational age
• prepare "postop" care bed
• prepare for obstetric intervention and neonatal care /transfer
• laparotomy/laparoscopy
as appropriate for maternal condition and gestational age

• consider initial laparoscopic intervention
  experienced surgeon present

Multidisciplinary consult
Plan surgery

Fig. 35.1 Diagnostic algorithm for pregnant woman with acute abdomen
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pregnant women regardless of gestational age 
when the benefit outweighs the risks, as deter-
mined by an experienced MRI radiologist [20].

Although MRI has hitherto not been associ-
ated with known adverse fetal effects [7], the 
potential risk of heating effects from radiofre-
quency pulses, and the effects of acoustic noise 
on the human fetus have not been thoroughly or 
systematically evaluated [21–27]. The 
International Radiation Protection Association 
(ICNIRP) initially recommended postponing 
elective MRI until after the first trimester in 
 pregnant women; however, this conservative rec-
ommendation was issued before the widespread 
application of this technique and its benefits to 
maternal soft tissue contrast and intracranial vas-
cular diagnoses [28].

In order to determine the risk-benefit ratio of 
performing an MRI during pregnancy, the ACR 
recommends that three questions be answered:

 1. Could the information be obtained by 
ultrasound?

 2. Will this study likely impact or change the 
care of the patient?

 3. Could this study be postponed until the patient 
is no longer pregnant?

Alternative options are more relevant in the 
earlier stages of pregnancy when the uterus and 
fetus do not obscure the abdominal viscera and 
vasculature. Furthermore, in most acute/emer-
gency situations, the potential diagnostic benefit 
derived from use of MRI is believed to outweigh 
the risks even in the first trimester.

The optimal MRI protocol for investigating 
abdominal pain during pregnancy remains unclear. 
Until it is clarified, there are means of modifying 
the MRI protocol in order to decrease the likeli-
hood of fetal risk without compromising the 
mother. For example, one study showed in a large 
cohort of pregnant patients that MRI has high 
diagnostic value in the workup of acute appendici-
tis: 100% negative predictive value and sensitivity 
and 99.5% specificity [29]. In pregnant patients 
with suspected appendicitis, the diagnostic perfor-
mance of MRI remained unchanged if sagittal or 
both coronal and sagittal SSH-T2WI were omitted 

[30]. Furthermore, performance of MRI may pre-
vent unnecessary surgery in pregnant women; one 
study showed that this imaging modality provided 
an alternative diagnosis for abdominal pain in 
nearly half of the exams deemed negative for 
appendicitis in this population, leading to reevalu-
ation of therapeutic options [29].

Intravenous contrast media: Current knowl-
edge regarding the effects of gadolinium and 
iodinated contrast agents on the human embryo 
or fetus is limited. Iodinated contrast material 
crosses the human placenta and is absorbed into 
the fetal thyroid. It may therefore cause neonatal 
hypothyroidism. However, this effect is unlikely 
with a single dose, thus it seems even less likely 
that a single dose would be teratogenic [31, 32]. 
The fetal half-life of gadolinium is unknown. 
Animal studies show that gadolinium crosses the 
placenta and appears in the fetal bladder. These 
models are currently used to extrapolate findings 
as to the effects of gadolinium in humans, which 
is at this point hypothetical. In these models, 
once gadolinium has passed the placenta it 
remains in the amniotic fluid; the fetus can 
excrete, swallow, and reabsorb gadolinium via 
the gastrointestinal tract for an indefinite amount 
of time [22, 23]. Limited evidence from animal 
studies suggests that gadolinium does have a ter-
atogenic effect [33]. Thus, gadolinium should be 
used during pregnancy only if considered justi-
fied for maternal benefit by experts.

Some procedures such as endoscopic retro-
grade cholangiopancreatography (ERCP) have 
typically been avoided in pregnancy. However, 
when faced with an explicit indication such as 
cholangitis, biliary pancreatitis or symptomatic 
choledocholithiasis, ERCP is a less invasive 
approach than surgery for bile duct pathology 
[34]. Furthermore, postponement of ERCP carries 
significant maternal morbidity and increases the 
risk for preterm delivery as well as for adverse 
fetal and neonatal outcomes [34]. Strategies to 
perform ERCP in pregnancy with minimal fluo-
roscopy exposure include using modern equip-
ment, minimizing the exposure time, minimizing 
exposure, maintaining the image intensifier close 
to the patient and the required image site,  limiting 
use of the enhanced modes (boost and magnifica-
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tion), and using a low frame rate [35]. Additional 
suggestions to limit exposure include use in the 
manual mode with higher kV (at least 75) and 
lower mA settings and keeping time for the endos-
copist in order to increase awareness and poten-
tially limit exposure time. Pregnancy appears to 
be an independent risk factor for post- ERCP pan-
creatitis, with an odds ratio 2.8, (95%CI 2.1–3.8) 
[36]. This may be related to the attempts to limit 
fluoroscopy during cannulation or to an inherent 
mechanism associated with pregnancy.

35.3  Maternal Considerations 
and Outcomes

A focus on fetal well-being may erroneously dom-
inate care decisions for pregnant women with 
intra-abdominal pathology. This is a concern and 
may contribute to surgical care that differs in preg-
nancy when compared to the nonpregnant state.

35.3.1  Maternal Morbidity

A study of 9714 pregnant women with biliary 
disease demonstrated advantages to surgical 
management of pregnant women (i.e., with 
 cholecystectomy); these women had significantly 
lower rates of maternal (4 vs 17%) and fetal (6 vs 
17%) complications versus women managed 
conservatively. In the same study, after matching 
pregnant women to nonpregnant controls (accord-
ing to age and primary diagnosis), a higher likeli-
hood of open (rather than laparoscopic) 
cholecystectomy was reported, while there were 
more surgical complications among women 
undergoing an open procedure [37].

35.3.2  Maternal Mortality

Among 2000 pregnant women who underwent 
non-obstetric surgery as reported by Erekson 
et al., the mortality rate was 0.25% [38]. Four of 
the five women who died had intra-abdominal 
surgery; preoperative risk factors for death 
included emergency surgery, systemic inflamma-

tory response syndrome and septic shock [38]. A 
literature search [39, 40] revealed only one report 
of maternal death following laparoscopic chole-
cystectomy in the 20th week of pregnancy. This 
mother died due to massive intra-abdominal 
hemorrhage 2  weeks postoperatively. However, 
maternal “near miss” events are underreported 
following surgery (see also Chap. 3). The diagno-
sis may be delayed and related to hemorrhage, 
obesity, other related thromboembolic phenom-
ena, sepsis due to delayed diagnosis, and surgery 
for perforation of viscus [41].

35.4  Fetal and Neonatal 
Outcomes

Pregnant women who must undergo non- 
obstetrical surgery should be informed of the 
risks to their pregnancy, but at the same time it 
must be clarified that these considerations are 
always superseded by maternal well-being.

35.4.1  Miscarriage

Women may be concerned about the risk of mis-
carriage following intra-abdominal surgery. 
Overall, 6% of pregnant women who undergo 
any surgical intervention will report miscarriages 
[2]. Pregnant women exposed to a surgical inter-
vention during the first trimester had a high 
(10.5%) reported rate of miscarriage [2]. It is dif-
ficult to assess the relative contributions of the 
surgical condition, the surgical technique, and 
individual maternal risk factors (e.g., age, previ-
ous reproductive techniques to achieve preg-
nancy, comorbidities); thus, these miscarriage 
reports should interpreted with caution when 
counseling pregnant women who require non- 
obstetric intra-abdominal surgery.

35.4.2  Preterm Delivery

Many studies have reported an increased inci-
dence of premature delivery after non-obstetric 
surgery [42, 43] .This finding may be attributed 
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to the surgery itself, to manipulation of the uterus 
or to maternal underlying conditions (i.e., sterile 
inflammation, infectious inflammation, sepsis). 
The most recent estimate of the overall rate of 
prematurity related to non-obstetric surgery is 
approximately 8.2% [2], which is actually com-
parable/lower than the overall preterm birth rate 
in the developed world, which ranges between 
5.5 and 11.5% [42, 43].

Unfortunately, there is little recent progress 
for prevention of preterm birth. Traditionally, 
open abdominal techniques and surgeries that do 
not manipulate the uterus have been associated 
with the lowest risk for preterm labor during the 
second trimester [44]. Given the newer evidence 
regarding the rates of preterm delivery and poten-
tial maternal complications stemming from mod-
ified surgical techniques, an informed discussion 
should be conducted with the mother regarding 
the preferred mode of surgery.

35.5  Anesthesia Considerations

Patient positioning and resuscitation: Increased 
intra-abdominal pressure can lead to decreased 
inferior vena caval return, resulting in decreased 
cardiac output and subsequent maternal 
 hypotension or hypoxia. The fetus is dependent 
on maternal hemodynamic stability [45]. 
Therefore, to minimize surgical risk, gravid 
patients with hemodynamic compromise should 
optimally be positioned in a 15° left-tilted 
supine position. Minimizing the degree of 
reverse Trendelenburg position for upper 
abdominal surgery may also further reduce 
uterine compression of the vena cava. If a lapa-
roscopic technique is used, gas insufflation 
should be limited as noted above. If required, 
maternal resuscitation should be conducted 
vigorously following standard protocols (for 
additional details see Chaps. 7, 27 and 28) as 
management principles are similar.

Choice of antibiotics: Surgical site infection is 
an ongoing concern in pregnant women undergo-
ing non-obstetric surgery. As noted above, the 
laparoscopic approach has been associated with a 
lower rate of infectious complications than the 
open approach in both appendectomies and cho-

lecystectomies in pregnant women [46]. Multiple 
studies have shown that delaying antibiotic 
administration until after cord clamping during 
obstetric surgery (namely, cesarean delivery) 
results in significantly increased rates of compos-
ite maternal postpartum infectious morbidity as 
compared with administration before surgery; 
this, without affecting neonatal outcomes [47]. 
As the fetus is intended to remain in situ, there is 
no point in delaying antibiotic treatment to any 
time other than that recommended by the guide-
lines for the general population. To date there is 
no support for a change in the routine antibiotic 
therapies, and pregnant women should receive 
those recommended for the non-obstetric popula-
tion (see Chap. 38). Future studies should be 
directed toward protocols and safety of prophy-
lactic antibiotics for non-obstetric surgery during 
pregnancy [39].

Anesthetic technique: The choice of anesthetic 
technique and the selection of appropriate anes-
thetic drugs should be guided by patient condition 
and the type of surgery required. Anesthetic consid-
erations for the critically ill patient including aspira-
tion risk and management of the obstetric airway 
are detailed elsewhere in this book (see Chap. 21).

Fetal preparation and monitoring: Once a 
decision has been made that a pregnant woman 
requires non-obstetric intra-abdominal surgery, 
several measures should be undertaken to opti-
mize neonatal outcome. These include adminis-
tration of steroids to promote fetal lung maturation 
until 34 weeks gestation, tocolytics, and neuro-
protective magnesium sulfate administered intra-
venously as a 6 g bolus followed by a constant 
infusion of 1–2 g/h for up to 12 h between 24 and 
31 + 6 weeks [48–50]. High-dose steroids may 
depress the normal physiologic immune response 
to sepsis. Tocolytics and magnesium may cause 
vasodilation, causing an additional, secondary 
decrease in blood pressure in an already septic 
patient. On the other hand, the effects of steroids 
on fetal lung maturation occur hours after admin-
istration. As the potential side effects of these 
drugs could endanger the mother if given unnec-
essarily, decisions regarding the timing of their 
administration should be preceded by multidisci-
plinary discussion of their potential risks versus 
their benefits. However, if any of the above inter-
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ventions are not immediately available, surgery 
should not be delayed for their administration.

If the fetus is considered previable, the fetal 
heart rate should be ascertained by Doppler before 
and after the surgical procedure. In cases where 
the fetus is considered to be viable, electronic 
fetal heart rate and contraction monitoring should 
be performed before and after the surgical proce-
dure. The decision whether to perform electronic 
fetal monitoring intraoperatively is not always 
easy. This decision should be guided by the surgi-
cal technique required and discussed in a multi-
disciplinary setting. Intraoperative monitoring 
should be reserved for cases where an obstetrician 
is available and prepared to intervene during the 
surgical procedure for fetal indications. Such 
intervention should never endanger the mother. 
The gestational age must be appropriate and neo-
natal care must be available. These considerations 
are outlined in the Committee Opinion on Non-
obstetric Surgery During Pregnancy of the 
American Society of Anesthesiologists [51].

35.6  Specific Intra-abdominal 
Surgical Conditions

35.6.1  Appendicitis

Suspected appendicitis is the most common indi-
cation for non-obstetric surgery in pregnancy; it 
occurs in approximately 1:500–2000 pregnancies 

annually [52], accounting for one-quarter of all 
non-obstetric indications for surgery during preg-
nancy, Fig. 35.2. The first and second trimester 
are the most common periods for appendicitis; 
7.4 and 7.3/10,000 person years, respectively, 
and it is less frequent during the third trimester 
(4.6/10,000 person years) [53]. The diagnosis of 
appendicitis is particularly difficult during preg-
nancy due to blunting of the signs of peritonitis 
and altered appendix location. Typically, appen-
dicitis in pregnancy is associated with right lower 
quadrant pain and direct abdominal tenderness is 
frequently noted; however, rebound and guarding 
may be absent. As noted above, anatomical and 
physiological changes complicate diagnosis; the 
increase in uterine volume displaces the appen-
dix, and the presence of physiological leukocyto-
sis is also misleading. Pain may present in the 
back or flank, suggesting renal pathologies. Psoas 
irritation may be absent altogether [52].

As note above, clinicians may mistakenly be 
reluctant to use imaging techniques to advance 
the diagnosis. After diagnosis is made there may 
also be some hesitation to operate, particularly in 
women with advanced gestational age. Such hesi-
tation may lead to unnecessary delays in diagno-
sis and treatment. The risk of appendix perforation 
is high, particularly when surgery is delayed for 
more than 24  h after onset of symptoms [54]. 
Reports describe perforation rates ranging 
between 14 and 43% among pregnant women 
undergoing appendectomy [55, 56]. A ruptured 

Pregnant patient
with suspected

appendicitis

US positive for
appendicitis

Nondiagnostic or
negative US

Clinical
indications for

operation

OR
Moderate or high
clinical suspicion

Low clinical
suspicion for
appendicitis

Operation

observation 1st trimester
MRI

2nd or 3rd trimester
MRI or CT

Fig. 35.2 Diagnostic 
algorithm for pregnant 
woman with suspected 
appendicitis. 
Reproduced with 
permission from 
Freeland M, King E, 
Safcsak K, Durham 
R. Diagnosis of 
appendicitis in 
pregnancy. The 
American Journal of 
Surgery, 2009; 
198:753–758
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appendix is subsequently 3–10 times more com-
mon in women, and specifically in pregnant 
women in the third trimester of pregnancy and the 
immediate postpartum period, versus the reported 
rate for the general adult population [57–63].

Recent suggestions of conservative antibiotic 
therapy for patients with uncomplicated appendi-
citis may appeal to those reluctant to perform sur-
gery during pregnancy [64]. Furthermore, the 
diagnosis of “uncomplicated versus complicated” 
appendicitis in pregnancy may prove difficult to 
ascertain. However, non-operative management 
of appendicitis may lead to high maternal mor-
bidity. One study compared patients with appen-
dicitis managed using conservative versus 
surgical management; 6% of the study cohort 
was pregnant. Among these pregnant women, 
there were statistically significant higher rates of 
maternal morbidity with conservative manage-
ment. These included a sixfold increase in the 
risk of septic shock (OR 6.3; 95% CI 1.9, 20.8), a 
one-and-a-half times higher likelihood of perito-
nitis (OR 1.6; 95%CI 1.3,2.1) and a greater than 
twofold increase in venous thromboembolism 
[65]. In a UK cohort of 362,219 pregnancies with 
appendicitis, the third trimester was reportedly a 
challenging period to diagnose appendicitis [53].

The complications related to appendicitis even 
with appendectomy are significantly higher in 
pregnant women as compared to nonpregnant 
women. One study showed that the rates of peri-
tonitis were 20.3% in pregnant women with 
appendicitis versus 16.1% in nonpregnant women 
with appendicitis (OR 1.3; 95%CI 1.2, 1.4); sep-
sis and septic shock were also more common in 
the pregnant population. The rates of transfusion, 
bowel obstruction, pneumonia, and other postop-
erative infections, as well a hospital stay of more 
than 3  days, were also increased [65]. 
Additionally, an open surgical approach is more 
often chosen when surgery is performed during 
pregnancy, especially when the enlarged uterus 
poses a challenge to the laparoscopic approach. 
The increased maternal morbidity associated 
with appendicitis in pregnancy may therefore be 
explained not only by the increased rate of perito-
nitis but also by a twofold increase in laparotomy 
as compared to the general population; laparos-

copy is used in only 43–58% of women with 
appendicitis [65, 66]. For women who remain 
pregnant, the risk of dehiscence of the appendec-
tomy incision during labor and vaginal delivery is 
unlikely to be increased when the aponeurosis is 
properly approximated [67]. A study using a US 
database found that among 7114 pregnancies 
complicated by appendicitis, preterm birth and 
cesarean delivery were significantly more likely 
in women with peritonitis, reflecting a delayed 
diagnosis or more severe disease [68]. Maternal 
mortality is estimated to be low when appendici-
tis is promptly diagnosed and treated [69, 70].

35.6.2  Recommended Surgical 
Approach to Appendectomy

Regardless of the surgical procedure at hand, the 
choice to apply laparoscopy during pregnancy is 
best determined by the anatomical point of 
access, the length of the procedure and subse-
quent duration of exposure to anesthetics, the dif-
ficulty of patient positioning for optimal 
respiratory support, maternal and fetal oxygen-
ation demands, and ultimately, the training and 
experience of the surgeon (Fig. 35.3). The com-
plexity of surgical intervention increases with 
gestational age. Laparoscopy during pregnancy is 
best performed by an experienced surgeon in a 
tertiary medical center, with facilities to manage 
delivery and the neonate if the pregnancy is via-
ble [51]. If no such option exists and the mother 
has been admitted to a medical center with lim-
ited laparoscopic surgery experience, open sur-
gery may be the better option [71, 72].

The optimal surgical approach to a pregnant 
woman with suspected appendicitis is through a 
transverse incision in McBurney’s point. Equally 
good alternatives surgical approaches to the diagno-
sis and treatment of surgical conditions that may 
mimic appendicitis include incision at the point of 
maximum sensitivity or a midline vertical incision 
from the umbilicus to the ramus pubis. Uterine trac-
tion and handling of the uterus should be minimal.

Both early and later reports agree that laparo-
scopic appendectomy can be performed during 
all trimesters with few maternal complications 
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[73–77] even after perforation [46]. A systematic 
review [78] of laparoscopic management for non-
specific abdominal pain and suspected appendici-
tis among pregnant women concluded that 
laparoscopy was beneficial, with a high rate of 
specific diagnoses and a low rate of removal of 
normal appendices compared with open appen-
dectomy. To minimize risk, use of any instru-
ments in the cervix should be avoided altogether. 
Trocar insertion should only be performed under 
direct vision, and the location of insertion should 
take into account uterine size. Gas insufflation 
should be minimized and insufflation pressures 
should not exceed 10–15 mmHg.

While there are some reports of an increased 
rate of fetal loss when compared with open 
appendectomy (OR 1.91, 95% CI 1.31–2.77%) 
[79, 80], none of those studies are adjusted for 
confounders (e.g., maternal age, gestational age, 
complicated appendicitis, surgeon experience).

35.7  Biliary Tract Disease

Approximately 0.05–0.8% of pregnant women 
have symptomatic gallstones [81]. Among 
1,064,089 pregnancies, 1882 (0.2%) had  gallstone 
disease. Of these, 239 (13%) had an antepartum 

Ultrasongraphic imaging during pregnancy is safe and useful in identifying the cause of acute abdominal pain in the pregnant patient
   (moderate; strong).

Contemporary multidetector computed tomography protocols deliver a low radiation dose to the fetus and may be used judiciously during
     pregnancy (moderate; weak).

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 cholongiography during pregnancy to decrease the radiation
  exposure to the fetus (low; weak).

Diagnostic laparoscopy is well tolerated and effective when used selectively in the workup and treatment of acute abdominal processes in
   pregnancy (moderate; strong).

Laparoscopic treatment of acute abdominal disease has the same indications in pregnant and nonpregnant patients (moderate; strong).

Laparoscopy can be safely performed during any trimester of pregnancy (moderate; strong).

Gravid patients should be placed in the left lateral decubitus position to minimize compression of the vena cava (moderate; strong).

Initial abdominal access can be safely performed with an open (Hasson) technique, Veress needle, or optical trocar, if the location is
   adjusted according to fundal height and previous incisions (moderate; weak).

Intraoperative and postoperative pneumatic compression devices and early postoperative ambulation are recommended prophylaxis for
  deep venous thrombosis in the gravid patient (moderate; strong).

Laparoscopic cholecystectomy is the tratment of choice in the pregnant patient with gallbladder disease, regardless of trimester
    (moderate; strong).

Laparoscopic appendectomy may be performed safely in pregnant patients with appendicitis (moderate; strong).

Laparoscopic adrenalectomy, nephrectomy, splenectomy, and mesenteric cyst excision are well tolerated procedures in pregnant patients
    (low; weak).

Tocolytics should not be used prophyloctically in pregnant women undergoing surgery but should be considered perioperatively when signs
   of preterm labor are present (high; strong).

Obstetric consultation can be obtained pre and/or postoperatively based on the severity of the patient’s disease and availability (moderate;
   strong).

Fetal heart monitoring should occur pre and postoperatively in the setting of urgent abdominal surgery during pregnancy (moderate; strong).

Laparoscopy is recommended for both diagnosis and treatment of adnexal torsion unless clinical severity warrants laparotomy (low; strong).

Laparoscopy is a well tolerated and effective treatment in gravid patients with symptomatic ovarian cystic masses. Observation is
  acceptable for all other cystic provided ultrasound is not concerning for malignancy and tumor markers are normal. Initial obeservation is
  warranted for most cystic lesions <6 cm in size (low; strong).

Choledochlithiasis during pregnancy may be managed with preoperative endoscopic retrograde cholangiopancreatography with
   sphincterptomy followed by laparoscopic cholecystectomy, laparodcopic comman bile duct exploration, or postoperative endoscopic
   retrograde cholangiopancreatography (moderate; strong).

CO2 insufflation of 10–15 mmHg can be safely used for laparoscopy in the pregnant patient (moderate; strong).

Intraoperative CO2 monitoring by capnography should be used during laparoscopy in the pregnant patient (moderate; strong).

MRI without intravenous gadolinium can be performed at any stage of pregnancy (low; strong).

Adminidtration of radionucleotides for diagnostic studies is generally safe for mother and fetus (low; weak).

Expeditious and accurate diagnosis should take precedence over concerns for ionizing radiation. Cumulative radiation dosage should be
    limited to 5–10 rads during pregnancy (moderate; strong).

Fig. 35.3 Guidelines for laparoscopic surgery suring 
pregnancy, developed under the auspices of the Society of 
American Gastrointestinal Endoscopic Surgeons (taken 

from non-obstetric anesthesia during pregnancy, Heesen 
et al. Curr Opin Anesthesiol 2016, 29:297–303)
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cholecystectomy and 1643 (87%) were managed 
conservatively. Of those managed conservatively, 
319 (19%) had a postpartum cholecystectomy 
[82]. Biliary surgery and biliary procedure type 
should not be delayed and indications should be as 
for nonpregnant patients. Delays are associated 
with worse outcomes [39]. Surgery may be 
required for perforated gallbladder, common bile 
duct obstruction or for repeated attacks of biliary 
colic and biliary pancreatitis, as for any patient. 
Current evidence supports selecting a treatment 
approach similar to one acceptable for the general 
population.

In the general population, a conservative 
approach with administration of antibiotic ther-
apy alone has been associated with poorer out-
comes than in an open surgical approach, and 
both are associated with poorer outcomes than 
closed drainage [83]. Nonsurgical (conservative) 
management, including antibiotics and intrave-
nous fluid supplementation, has also been 
reported in pregnant women. In this population 
too this approach has been associated with high 
rates of symptom recurrence and disease progres-
sion [52, 84, 85]. Furthermore, pregnant women 
with biliary tract disease who were managed con-
servatively had a higher risk of maternal readmis-
sion (ARR [absolute risk reduction] 4.7, 99% CI 
4.2, 5.3) and one in five (19%) eventually under-
went postpartum cholecystectomy [82]. Although 
most women with gallstones are managed con-
servatively during pregnancy, surgical manage-
ment decreases the readmission rates [82]. 
Despite this, most women with biliary tract dis-
ease during pregnancy remain managed conser-
vatively [86].

No differences have been observed in mode 
of delivery or preterm birth rates for women 
treated surgically versus conservatively. 
However, pregnant women with symptomatic 
gallstones causing biliary pain or with biliary 
complications such as acute cholecystitis or pan-
creatitis have a higher risk of planned preterm 
birth as compared to women with an incidental 
finding of gallstones (ARR (absolute risk reduc-
tion) 1.6, 99%CI 1.2, 2.1). This likely reflects 
caregiver anxiety rather than the natural course 
of the disease or therapy [86].

Despite the fact that symptomatic biliary 
tract disease is a leading indication for emer-
gency non-obstetric surgery, fetal death has not 
been reported in association with this type of 
surgery. This may be based on the natural course 
of the disease, which rarely causes viscus perfo-
ration, or on timely and accurate diagnosis of 
biliary complications when compared to the 
diagnosis of appendicitis [81, 87, 88]. However, 
one cohort study did report an increased risk of 
preterm birth, jaundice, small-for-gestational 
age, respiratory distress syndrome, and intra-
uterine fetal death associated with pancreatitis 
secondary to gallstone disease during preg-
nancy, regardless of surgical management [82]. 
While these are rare complications, the mother 
should be informed of these risks, and they 
should not be disregarded.

35.7.1  Recommended Surgical 
Approach to Cholecystectomy

The operative management of symptomatic cho-
lelithiasis (biliary colic, acute and chronic 
 cholecystitis, choledocholithiasis, and biliary 
pancreatitis) during pregnancy can be either lapa-
roscopic or open cholecystectomy. Traditionally, 
the timing of laparoscopic or open biliary tract 
surgery in pregnancy was determined mainly by 
gestational age; if the disease presented during 
early pregnancy, the thought was that nonemer-
gency surgery could be delayed until the second 
trimester (Fig.  35.3). By this time, the risk of 
miscarriage was believed to be lower, the risk 
incurred by exposure to anesthetics decreased, 
and there was still the benefit of operating in an 
abdomen without an overly large gravid uterus 
[87]. A recent meta-analysis compared the surgi-
cal laparoscopic approach to the open approach 
and reported that laparoscopic surgery is associ-
ated with significantly fewer maternal and fetal 
complications, less surgical complications, and a 
shorter hospital stay despite similar duration of 
surgery [40]. However, 91% of the women in this 
meta-analysis were in the first or second trimes-
ter at the time of surgery [40], and most cholecys-
tectomies (63.4%) were performed during the 
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second trimester. As pregnancies advanced into 
the third trimester, there was an increasingly 
greater likelihood of open surgery [40]. Although 
the reasons for performing open surgery in 
advanced pregnancies were not stated in any of 
the studies, they are presumably related to techni-
cal considerations. These may include limited 
operative space, difficulties in managing the 
required surgery with the required alteration in 
laparoscopic port placement and poorer visual-
ization of the operative field due to obstruction by 
the gravid uterus. Regardless of cause, this find-
ing supports early intervention for symptomatic 
gallstones (i.e., in the first and second trimester), 
as at this time a laparoscopic approach is more 
likely to be used. The one caveat to this recom-
mendation is the fact that the only maternal death 
report was in the laparoscopic group (0.001%). 
The rate of preterm delivery seemed slightly 
higher after  laparoscopic surgery, but this finding 
did not reach statistical significance. Whether 
this finding stemmed from the limited sample 
size or from actual lack of increased risk remains 
unclear [40] (Table 35.1).

35.8  Hernias

Another cause of emergency non-obstetric sur-
gery during pregnancy is hernias that may 
become incarcerated or strangulated due to 
increased intra-abdominal pressure [89, 90]. 
Superficial surgical site infection was the most 
common morbidity in pregnant women undergo-

ing open umbilical hernia repair [91]. The long- 
term recurrence rate of urgent complicated 
umbilical hernia repair performed in pregnant 
women has not been evaluated to date.

35.9  Obesity and Bariatric 
Surgery

Obesity and bariatric surgery have become 
increasingly common and thus merit special 
attention during pregnancy [91, 92]. During the 
first pregnancy after bariatric surgery, the rate of 
surgery for intestinal obstruction was 1.5% 
among women that had undergone bariatric sur-
gery versus 0.02% among women with similar 
Body Mass Index and no previous surgery. The 
rate of diagnostic laparoscopy or laparotomy was 
also significantly higher (1.5 versus 0.1%) [93]. 
Young women who are considering bariatric sur-
gery should be informed that this could poten-
tially be an issue during pregnancy.

35.10  Robotic Surgery

At the time of this writing, the use of robotics for 
acute abdominal surgery has not been reported 
for pregnant women. There is a single report on 
the use of robotic surgery in ovarian cystectomy 
during pregnancy. Lower levels of intra-abdomi-
nal pressure were required for performing the six 
successful procedures described [94]. The 
authors postulated that the use of robotics 
increases dexterity, similar to an open procedure. 
They also postulated that performing laparos-
copy in these women would likely have been 
accompanied by increased blood loss and even 
conversion to laparotomy.

35.11  Conclusions

Diagnosing the non-obstetric causes of acute 
abdominal/pelvic symptoms during pregnancy is 
challenging. Imaging should be used as required 
to optimize decision-making and to reduce the 
incidence of unfavorable maternal and fetal 

Table 35.1 Differential diagnosis for right upper quad-
rant pain in pregnancy

Appendicitis
Cholangitis
Cholecystitis
Cholelithiasis
Hepatitis
Liver hematoma
Pancreatitis
Peptic ulcer
Pneumonia
Pyelonephritis
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 outcomes. The most significant maternal risks are 
engendered by delays in treatment. The course of 
the intra-abdominal disease and overall maternal 
well-being will also determine fetal outcome. 
Fetal death is highest in perforated appendicitis 
(resulting from delayed care).

Non-obstetric surgery during pregnancy 
requires a multidisciplinary approach, including 
availability of neonatologists and specialized 
neonatal care. Anesthesia during intra-abdominal 
surgery in pregnant women is a challenge regard-
less of gestational age, as the intra-abdominal 
pathology compounds the risks of airway and cir-
culatory compromise. Laparoscopy is safe and 
feasible in any trimester of pregnancy and may 
improve maternal outcomes without adversely 
affecting pregnancy outcomes.
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36

Bullet Points
• Pregnant and postpartum women have 

the same incidence of intracranial neo-
plasms as the general population.

• During pregnancy, the risk for aneurys-
mal rupture is highest in late pregnancy, 
but there is little evidence supporting an 
increased likelihood of rupture during 
pregnancy, labor, or puerperium.

• Abnormal intracranial pressure and 
cerebral perfusion pressure thresholds 
are similar in pregnant women and in 
the general population.

• The physiological changes of pregnancy 
can lead to a diproportional increase in 
pressure as a result of a pathological 
increase in intracranial volume.

• The clinical signs and symptoms of 
increased intracranial pressure in preg-
nant women are similar to those of the 
general population and include head-
ache, vomiting, and papilledema.

• Neurosurgical procedures (spine and 
brain) should be considered despite the 
presence of pregnancy whenever radicu-
lar pain and progressive neurological 
deficits do not respond to medical 
management.

• Maternal benefit must be prioritized 
over that of the fetus, particularly in 
neurosurgical emergencies.

• Diagnostic imaging should be per-
formed as required to advance both 
diagnosis and management.

• Clinical decisions should be made by a 
multidisciplinary team that includes an 
obstetrician, neurosurgeon, anesthesiol-
ogist, critical care physician, and 
neonatologist.

• The hemodynamic responses to intuba-
tion and extubation must be blunted if 
general anesthesia is used.
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36.1  Introduction

Several neurological pathologies may be encoun-
tered during pregnancy. Some occur coinciden-
tally with pregnancy, and others may be 
exacerbated by the presence of pregnancy. The 
anatomical and physiological adaptations of the 
central nervous system to pregnancy and their rel-
evance to emergency treatment are discussed else-
where in this book (Chap. 24). The principles that 
should guide neuro-anesthesia neuro surgery, and 
delivery in association with these situations are 
presented in this chapter. In all of these situations, 
determining the right choice of action and balanc-
ing the needs of the mother with those of the fetus 
is undoubtedly challenging [1, 2]. However, preg-
nancy is not a major contraindication to neurosur-
gery. Delaying surgery in many of these cases 
may result in maternal deterioration and the need 
for urgent intervention [3–6]. Maternal deteriora-
tion may inevitably damage the fetus; thus, 
emphasis must always be placed on treatment of 
the mother. Regardless of the pathology, treat-
ment priorities should always be discussed by a 
multidisciplinary team (i.e., obstetrician, neuro-
surgeon, anesthesiologist, critical care physician, 
and neonatologist). Treatment algorithms which 
have improved outcomes in the non-pregnant 
population should be used (e.g., advanced trauma 
life support protocols). Medications and proce-
dures which may determine maternal outcome 

should not be withheld (e.g., treatment of 
 vasospasm, antihypertensives, embolization). 
Diagnostic procedures should be performed as 
necessary. Delivery should not be performed 
unless it is intended for maternal benefit. Since 
there is little evidence regarding the management 
of many of these emergencies in pregnancy, com-
mon sense should always be applied as well.

36.2  Initial Workup

A major setback for diagnosis of intracranial 
pathology during pregnancy is the prevalence of 
the alternative diagnosis of eclampsia. 
Preeclampsia is typically accompanied by hyper-
tension and peripheral edema, and eclampsia will 
present as generalized tonic-clonic convulsions. 
Brain tumors are more likely to present with 
headache and focal signs rather than convulsions. 
Simple fundoscopy may be useful to identify 
increased intracranial pressure (ICP). Some 
pathophysiological effects on the central nervous 
system may be investigated by transcranial dop-
pler during pregnancy, e.g., aneurysm- associated 
vasospasm. Preeclampsia may also be accompa-
nied by impairment of autoregulatory mecha-
nisms that manifest as cerebral arteriolar 
dysfunction; these can be detected using tran-
scranial doppler [7]. Ultrasound measurement of 
the optic nerve sheath diameter may also assist in 
this diagnosis [8]. The pulsatility index of the 
middle cerebral artery increases between 8 and 
29  weeks of gestation and peaks in mid-preg-
nancy. The cerebral perfusion pressure decreases 
in mid-pregnancy (lowest at 15th week) and after 
delivery, but it rises significantly during late 
pregnancy and peaks toward its end [9]. Impaired 
cerebral flow velocities are common in women 
with eclampsia and may be involved in the devel-
opment of eclamptic encephalopathy [10]. 
Unfortunately, this finding has only been reported 
anecdotally, making it unreliable for differentiat-
ing between potential causes of maternal neuro-
logical conditions. Neuro-monitoring is further 
discussed in Chap. 24.

Once the presence of an intracranial pathology 
is suspected in a pregnant woman, diagnostic 

• Neuraxial anesthesia may be performed 
in specific cases. Whether this anes-
thetic approach is possible should be 
determined on an individual basis 
according to the specific pathology 
involved.

• Pregnancy and the puerperium are pro-
thrombotic states. This, combined with 
the increased likelihood of thrombosis 
with intracranial pathology, puts all 
women with neurosurgical problems at 
increased risk of thromboembolic dis-
ease during pregnancy.
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imaging is inevitable. Ultrasound is the ideal 
imaging modality for use in pregnancy due to its 
fetal safety profile. However, it is unlikely to pro-
vide sufficient information regarding central ner-
vous system pathologies [11]. Computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) therefore remain the mainstay of diag-
nosis when questions arise regarding intracranial 
and spinal pathological processes. The use of 
these imaging modalities during pregnancy is 
typically accompanied by concerns regarding 
their effect on fetal well-being. However, in the 
balance of things, the risk of fetal damage from 
radiation remains lower than the risk of maternal 
decompensation. Computed tomograpy (CT) and 
magnetic resonance imaging (MRI), as well as 
other radiological techniques and clinical assess-
ments (such as Glasgow Coma Scale and neuro-
logical assessment) and laboratory tests (full 
blood count, liver function, clotting, renal func-
tion) and their accompanying considerations in 
pregnancy are discussed in Chaps. 34 and 35. This 
chapter will not discuss neurosurgical trauma; 
however Fig. 36.1 presents a decision tree regard-
ing the potential management pathways for preg-
nant women with traumatic brain injury.

36.3  Intensive Care 
Considerations

36.3.1  Management of Increased 
Intracranial Pressure (ICP)

The normal range of ICP varies with age and 
ranges between 6 and 25  cm H2O (95% confi-
dence intervals) with a  population mean of about 
18  cm H2O for adults [12]. The thresholds of 
abnormal ICP and cerebral perfusion pressure are 
similar in pregnant women as in the general pop-
ulation [8]. However, in the presence of intracra-
nial pathology, the physiologic changes of 
pregnancy (i.e., shifts in hemodynamics, blood 
volume, and water balance) accompanied by 
even a small increase in intracranial volume may 
increase ICP [13]. The clinical signs and symp-
toms of increased ICP include headache, vomit-
ing, and papilledema. Diagnosis of increased ICP 
should ideally occur before neurological deterio-
ration begins, as this is an ominous sign in terms 
of patient prognosis.

Timely management of increased maternal 
ICP may determine maternal neurological and 
mortality outcome but will probably not affect 
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No need for urgent neurosurgery

Admit and observe
Plan for urgent neurosurgery

Fetus viable

Periodic fetal heart rate /
ultrasound monitoring

Plan for “unplanned” delivery 

Fetus non-viable

Treat as if not
pregnant

Need for urgent neurosurgery

Fetus viable

Maternal
neurosurgery

emergent

Maternal
neurosurgery
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neurosurgery

Need for surgery other
than neurosurgery

See Chapter 34

Fig. 36.1 A decision 
tree regarding the 
potential management 
pathways for a pregnant 
women with traumatic 
brain injury
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the course of pregnancy other than indirectly 
through the mother. Management of increased 
ICP includes correct positioning, sedation, 
drainage of cerebrospinal fluid, and osmother-
apy with either mannitol or hypertonic saline. 
Modest short-term hyperventilation may 
 temporarily be used to reduce dangerously 
raised ICP or to improve surgical exposure 
during craniotomy. Ongoing hyperventilation 
(PaCO2 < 35 mmHg) should be avoided, as it 
has been shown to adversely affect cerebral 
metabolism and patient outcomes [14–16]. 
Extreme hyperventilation may also decrease 
placental O2 transfer and resultantly fetal cere-
bral tissue oxygenation [13, 17].

If time constraints allow, perioperative cere-
bral edema is best treated with dexamethasone. 
Intravenous dexamethasone 4 mg every 6 h is the 
usual initial dose. Corticosteroids are indicated 
for promoting fetal lung maturity anyway and 
may therefore improve maternal outcome while 
causing no fetal harm [18]. In women who 
receive less than 14 days of dexamethasone ther-
apy, treatment may be abruptly discontinued. 
However, typical doses of dexamethasone used in 
patients with brain tumors are supra- physiological 
and may therefore suppress the hypothalamic- 
pituitary- adrenocortical axis if administered for 
longer periods. If such treatment is indeed pro-
longed, the dose must be slowly tapered prior to 
cessation.

Mannitol is an osmotic diuretic used to 
reduce ICP in emergencies. It is usually admin-
istered intravenously as a one-time or repetitive 
bolus dose of 0.25–1 g/kg. Mannitol crosses the 
placenta and may alter utero-placental perfu-
sion [19], but this physiological effect does not 
constitute a contraindication to treatment. The 
relationship between strategies to reduce ICP 
(e.g., diuretics, mannitol) and uterine blood 
flow is not well established. Fetal cardiac activ-
ity may be monitored and maternal blood pres-
sure maintained within 15% of baseline to 
ensure adequate uteroplacental circulation dur-
ing mannitol administration, but neither have 
actually been shown to make a difference [20] 
(see also Chap. 38).

36.3.2  Glucose Control

The blood glucose levels of critically ill pregnant 
women should be targeted to 110–180 mg/dL simi-
larly to other critically ill patients. Three meta-
analyses of randomised controlled trials comparing 
intensive versus conventional insulin therapy in 
traumatic brain injury have shown that intensive 
insulin therapy did not improve short- or long-term 
mortality in patients with traumatic brain injury 
[21–23]. One of these meta-analyses also sought, 
yet reported no differences in neurological out-
comes [22]. However, two studies have suggested 
that intensive insulin therapy was associated with 
increased risk of hypoglycemia [22, 23]. 
Consequently, although care should be taken to 
avoid hyperglycemia, a similar degree of effort 
should be invested in ensuring that hypoglycemia 
is avoided as well. While none of these studies have 
looked specifically at pregnant women, there is no 
evidence to direct practice differently in this popu-
lation. In addition, maternal hyperglycemia in the 
pre- delivery period increases fetal insulin secretion 
and may result in neonatal hypoglycemia [24].

36.3.3  Timing of Neurosurgery 
Versus Delivery

When a pregnant woman with a viable fetus pres-
ents with new intracranial pathology, one of three 
treatment strategies may be chosen: neurosurgery 
without delivery, neurosurgery followed by deliv-
ery, or delivery followed by neurosurgery. Some 
of the considerations for these three strategies for 
the pregnant woman and her fetus are presented 
in Table 36.1. The sequence of actions selected 
should be considered case by case in a multidis-
ciplinary discussion. Fetal viability and well- 
being is never a standalone consideration [6] and 
should never be prioritized over maternal 
well-being.

• Urgent neurosurgery prior to delivery: If per-
formance of neurosurgery is urgent (i.e., life- 
saving or function-preserving for the mother), it 
should be performed without delay regardless 
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of pregnancy. Shortening the interim between 
brain injury and normalization of maternal 
physiology will likely improve maternal and 
fetal outcomes. The patient’s family should be 
informed that there may be an increased risk of 
fetal exposure to anesthetic and analgesic drugs, 
maternal hyperventilation, hypotension, or 
hyperglycemia, but these risks are easily offset 
by the major benefit of optimizing the environ-

ment that is ultimately ideal for fetal develop-
ment. If maternal blood pressure allows, higher 
minimal alveolar concentrations of volatile 
anesthetics may be used to ensure uterine relax-
ation and a parallel decrease in ICP.

In potentially viable pregnancies, fetal moni-
toring is best performed in this situation after 
the surgical procedure has been completed and 
the mother has been stabilized. In other clinical 

Table 36.1 Considerations regarding the timing of neurosurgery in relation to delivery in pregnant women with an 
intracranial pathology

Antepartum neurosurgery
Neurosurgery + 
cesarean delivery Postpartum neurosurgery

Fetus Requires monitoring 
either pre and post surgery 
or intraoperatively

Risk of intraoperative 
uterine atony and 
uterine hemorrhage

Maternal risks during labor

Intracranial 
pressure

Managed during surgery Managed during 
surgery

Avoid maneuvers to raise intracranial 
pressure during labor

Seizure risk Minimized Minimized Potential for intrapartum seizures 
depending on pathology

Pre-surgical 
deterioration risk

Minimized Minimized Concern

Surgical timing May be delayed if surgical 
condition permits to allow 
fetal maturity (surgery 
may provoke preterm 
labor)

May be required if 
neurosurgical 
deterioration in term/
mature fetus

May become urgent if maternal 
situation deteriorates. Stable patient 
may undergo vaginal delivery prior to 
neurosurgery (recommended shortened 
second stage with epidural). Some 
advocate cesarean delivery is essential

Fetal 
corticosteroids for 
lung maturation

May be required May be required May be required

Anesthesia 
considerations

Potential difficult obstetric 
airway, aspiration risk, 
antacid prophylaxis 
required

Potential difficult 
obstetric airway, 
aspiration risk, 
antacid prophylaxis 
required

After 2–6 weeks, physiological changes 
of pregnancy expected to dissipate

Intraoperative 
obstetric related 
risks

Urgent cesarean delivery Risk of postpartum 
hemorrhage; need for 
careful uterotonic 
management

Dependent on timing of surgery

Angiographic 
procedure

Possible, potential fetal 
radiation risks and fetal 
protection required

Not relevant Not relevant

Patient positioning Aortocaval compression 
must be alleviated

Aortocaval 
compression must be 
alleviated prior to 
delivery

Not relevant

Hyperventilation Risk of compromised fetal 
oxygenation as 
oxyhemoglobin 
dissociation curve shifted 
left

Not relevant Not relevant

Mannitol May be administered in 
normal clinical doses

May be administered 
in normal clinical 
doses

May be administered in normal clinical 
doses
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circumstances, monitoring the fetus has been 
shown to distract attention away from the 
mother [25]; this same principle very likely 
holds true during brain surgery. As the condition 
of the fetus should not drive treatment decisions 
for the mother in any case, intraoperative fetal 
monitoring is not recommended [25]. 
Furthermore, intraoperative monitoring of the 
fetus during prolonged neurosurgery requires 
the availability of a trained clinician to interpret 
changes, as well as an intervention plan. 
Simultaneous cesarean delivery is not an option 
regardless of patient positioning because the 
hemodynamic shifts accompanying uterine sur-
gery may further endanger the already compro-
mised maternal brain. The only exception to this 
rule is a situation where the mother is not likely 
to survive, in which case perimortem cesarean 
delivery is indicated. Experience with brain 
dead mothers in the intensive care unit suggests 
that the fetus can survive significant maternal 
injury and is more likely to benefit from remain-
ing in utero, but this situation raises important 
ethical issues (see also Chap. 29).

• Expedited neurosurgery prior to delivery: If 
surgery is recommended but there is still a 
brief hiatus for decision making, treatment 
priorities should be discussed. In such cases, 
fetal age and/or well-being may contribute to 
the decision-making process. The plan should 
optimize maternal outcomes while minimiz-
ing fetal harm and discussion should include 
the possibility of unplanned vaginal delivery 
after recent neurosurgery. This situation is 
challenging, given the risks of increased ICP 
and cerebral blood flow due to uterine con-
tractions and labor pain [26, 27].

• Delivery prior to neurosurgery: If maternal 
condition is stable, the intracranial pathology 
does not require urgent intervention but may 
worsen with ongoing pregnancy and the fetus 
is viable, consideration may be given to deliv-
ery before neurosurgery. Neuraxial anesthe-
sia, which is generally the preferred technique 
for cesarean delivery, may be contraindicated 
in women with an intracranial lesion.

If delivery is to be performed under general 
anesthesia, the anesthesia plan should include 
strategies to blunt the hemodynamic and ICP 

response to intubation. Uterotonic drugs will 
be needed for prevention of bleeding [28]. The 
effects of uterotonic drugs on ICP and cere-
bral blood flow are not well studied. 
Syntocinon, carbetocin, and misoprostol 
(prostaglandin E1) have all been used after 
delivery in women with a variety of neurologi-
cal diseases with no complications [29]. 
However, ergometrine may cause hyperten-
sion [30, 31]; it has also been reported to be 
associated with cerebral vasospasm precipitat-
ing postpartum cerebral angiopathy, a form of 
reversible cerebral vasoconstriction syndrome 
[32, 33]. Therefore, ergometrine is probably 
best avoided in the presence of increased ICP 
[34]. Care should also be taken to avoid deliv-
ery of high minimal alveolar concentrations of 
volatile anesthetics, as these induce uterine 
relaxation and may increase the risk of atony. 
Prostaglandins F2 alpha, E1, and E2 have a 
wide range of cardiovascular and smooth 
muscle effects, but their effect on ICP has not 
been studied. Regardless of the initial deci-
sion, maternal neurosurgery should not be 
delayed if neurological deterioration occurs.

36.4  Approach to Anesthesia 
for Surgery

36.4.1  Awake Craniotomy

Locoregional anesthesia is often indicated for pro-
cedures requiring intraoperative monitoring of 
speech/motor function in order to minimize the risk 
of compromising neurologic function during tumor 
resection. During awake craniotomy, the patient 
must be cooperative and capable of reporting the 
occurrence of sensory and/or motor deficiencies.

In the general population, awake craniotomy 
has been associated with shorter hospital stay, 
improved survival, and better neurological out-
come [35]. Awake craniotomy has also been 
described as safe in selected cases of pregnant 
women with central nervous system tumors [36, 
37] or sequelae of traumatic injuries such as 
pseudoaneurysms [38].

As no large studies are forthcoming on awake 
craniotomy in pregnant women, data from the 
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general population should be extrapolated to this 
special population at this time. A recent meta- 
analysis of awake craniotomy for neurosurgical 
procedures [35] included 47 studies that described 
different techniques: 18 articles that studied the 
asleep-awake-asleep technique, 27 that studied 
monitored anesthesia care, one article that stud-
ied both above-mentioned techniques, and one 
article that studied the awake-awake-awake tech-
nique. Maternal complications included awake 
craniotomy failure (2%), intraoperative seizures 
(8%), new neurological dysfunction (17%), and 
conversion into general anesthesia (2%). The 
estimated odds ratio when comparing the asleep-
awake-asleep technique to monitored anesthesia 
care was 1.66 [95%CI:1.35–3.70] for new neuro-
logical dysfunction and 2.17 [95%CI:1.22–3.85] 
for conversion into general anesthesia [35].

Propofol, used alone or in combination with a 
short-acting opioid, is commonly used for seda-
tion during awake craniotomy [39]. 
Dexmedetomidine, a highly selective alpha-2 
agonist with sedative, analgesic, and anxiolytic 
properties, is also rapidly gaining popularity for 
this indication due to its minimal effects on venti-
lation. Dexmedetomidine has been successfully 
used as an adjunct to general anesthesia for non-
obstetric surgery during pregnancy [40]; it pro-
vides excellent hemodynamic stability when used 
as a sedative in preeclamptic women in the inten-
sive care unit [41] and has been shown to be safe 
for the neonate when used for cesarean delivery 
[42]. In animal studies, dexmedetomidine modi-
fied uterine contraction [43]. Dexmedetomidine 
has been shown to reduce  opioid requirements by 
30–50% [44] and can also substantially decrease 
the requirement for propofol [45].

36.4.2 General Anesthesia

When performing general anesthesia for cesarean 
delivery in women without central nervous systems 
pathology, the patient is first scrubbed, the urinary 
catheter is inserted, and then general anesthesia is 
induced. Since the mother is stable and mostly 
healthy, induction of anesthesia is deferred to the 
last moment in order to minimize fetal exposure to 
anesthesia drugs. Conversely, in neurosurgical 

cases with a raised ICP, the patient is first carefully 
anesthetized and only then are surgical procedures 
initiated. The latter option is more appropriate for 
the pregnant critically ill woman who must undergo 
a neurosurgical procedure, as physiological stabili-
zation is the first treatment priority.

Patient Positioning: Neurosurgery often 
entails unique patient positioning. A semi-sitting 
position may be used for posterior fossa lesions. 
The authors of this chapter searched the literature 
and found only one case report of maternal posi-
tioning in a semi- sitting position for this type of 
surgery [46]. However, during pregnancy, the 
semi-sitting position may actually provide better 
respiratory function and less risk of aorto-caval 
compression by the gravid uterus.

Prone positioning may also be required in 
some pregnant women and has been reported to 
be possible [47, 48]. Other than the standard left 
lateral decubitus position, there is little evidence 
to show which position (i.e., full prone, three- 
quarters prone or full lateral position) is prefera-
ble for uteroplacental perfusion and for relieving 
compression of large vessels in such cases.

Induction of anesthesia: If general anesthesia 
is unavoidable, the most important anesthesia 
consideration to take into account is the need to 
balance the risk of a difficult airway with the 
need for rapid intubation in order to prevent 
increases in ICP.  Pregnancy is accompanied by 
an increased risk of difficulty in airway manage-
ment (see also Chap. 21). Hypoxia, hypercarbia, 
and increases in blood pressure must be mini-
mized during tracheal intubation in order to blunt 
the attendant rise in ICP [49]. Induction of anes-
thesia must therefore be rapid, albeit smooth. In 
order to achieve these aims, the airway should 
ideally be managed by an expert in airway man-
agement. If time and maternal condition allow, 
aspiration prophylaxis should be administered 
(e.g., oral or intravenous ranitidine 50  mg, 
sodium bicitrate 0.3 M 20–30 mL) [50]. Cricoid 
pressure may be used during endotracheal intu-
bation to reduce the risk of regurgitation [51] 
although care must be taken to ensure that this 
manuevre does not limit airway visualization.

Propofol may be used as the induction agent. 
Propofol provides excellent anesthesia, decreases 
ICP [52], has a relaxing effect on the gravid 
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uterus [53, 54], and has been associated with no 
neonatal adverse effects after emergency cesar-
ean delivery [55].

Muscle relaxants should be used in order to 
facilitate intubation, but the literature remains 
divided regarding the ideal muscle relaxant in the 
presence of neurological pathologies. 
Succinylcholine has traditionally been considered 
a better option than rocuronium to facilitate intu-
bation; it was believed to provide better muscle 
relaxation (and therefore better conditions for 
visualizing and managing the airway) and does not 
cross the placenta [56–58]. However, Stourac et al. 
[59] recently compared the two drugs head to head 
during induction of anesthesia for cesarean deliv-
ery and reported no advantage in intubating condi-
tions with either drug. While this finding did not 
lead the authors to conclude that rocuronium is 
preferred for intubation, they did note other mater-
nal advantages with the use of this drug (including 
less postoperative muscle pain) [59].

Adjuvant short-acting drugs may be adminis-
tered concomitantly to blunt the systemic response 
to laryngoscopy and intubation. Examples include 
short-acting opioids (e.g., remifentanyl), lido-
caine, and esmolol. Remifentanil can safely be 
used in pregnant patients, as it is metabolized by 
non-specific esterases and therefore has an elimi-
nation half- life of no more than 5 min [60–62]. 
Remifentanil also enables performance of rapid 
wake-up tests which may be invaluable for mater-
nal neurological assessment. For additional litera-
ture regarding the use of beta-blocking agents and 
opioids in pregnancy, refer to Chap. 38.

Throughout induction, medications should be 
administered in titrated doses despite the need for 
rapid airway management as maternal cerebral 
perfusion and fetal systemic perfusion may be 
compromised by low blood pressures. 
Uteroplacental perfusion is directly related to 
maternal blood pressure [63, 64], and cerebral 
autoregulatory mechanisms are often impaired in 
the presence of intracranial pathology. Therefore, 
maternal hypotension (systolic blood pressure 
less than 100 mmHg) should generally be avoided 
[65]. At the same time, care must be taken to 
avoid maternal hypertension, as it may induce or 
increase intracranial hemorrhage [58]. Additional 
details regarding airway management and drug 

safety profiles during pregnancy may be found 
elsewhere in this book (see Chaps. 21 and 38).

Maintenance of anesthesia: Following endotra-
cheal intubation, controlled mechanical ventilation 
should generally be used to maintain normocapnea 
(PaCO2 35–38  mmHg), unless control of acutely 
increased intracranial pressure is required [65]. 
Prolonged prophylactic hyperventilation [14, 15, 
65, 66] should be avoided. Maintenance of maternal 
oxygenation and hydration status are likely condu-
cive to both improved maternal neurological out-
come and fetal outcome. Efforts should therefore be 
made to avoid both hypoxia (O2 saturation lower 
than 92–94%) [67] and hyperoxia [68, 69]. Systolic 
blood pressure is best kept at 100 mmHg or some-
what higher [65]. Anesthesia targets should be simi-
lar to those of the general population.

Desflurane and sevoflurane are commonly 
used during pregnancy to maintain anesthesia 
[70, 71]. Both have a significant tocolytic effect, 
but questions remain regarding potential neuro-
toxicity [60].

Extubation considerations: There are no data 
regarding the use of neostigmine to reverse the effect 
of muscle relaxants in pregnancy. However, attempt-
ing to balance between minimal dosing of acetylcho-
line esterase inhibitors and prevention of residual 
muscle weakness may be redundant; pregnant 
women undergoing neurosurgery and those who 
have undergone any other treatment of a neurological 
crisis that required intubation are best extubated in 
the intensive care unit. Balancing the risk of aspira-
tion in pregnancy and the peripartum period versus 
extubation under sedation, pain management during 
pregnancy with a risk of increased ICP, and preserva-
tion of the cough reflex while preventing sharp 
increases in ICP due to cough are all difficult chal-
lenges. It is generally recommeded that such cases be 
treated clinicians with the relevant expertise and the 
patience to conduct weaning from mechanical venti-
lation that may extend hours after the end of surgery.

36.5  Brain Tumors

Pregnant and postpartum women have the same 
incidence of intracranial neoplasms as the general 
population [72]. The most common types of brain 
tumors include gliomas, meningiomas, pituitary 
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adenomas, acoustic neuromas, and metastatic 
lesions. The following section will discuss the 
unique characteristics of three of the more common 
types of cerebral tumors seen during pregnancy 
(gliomas, meningiomas, and pituitary adenomas).

36.5.1  Management of Intracranial 
Tumors in Pregnant Women

Once an intracranial tumor has been discovered 
during pregnancy, clinical management priorities 
should be determined by the severity of maternal 
neurological signs and symptoms and fetal gesta-
tional age. If the mother is clinically stable, fetal 
development is normal, and the pregnant woman 
wishes to wait, pregnancy may be continued. 
However, the delivery plan should be clarified a 
priori; in specific cases it may be recommended 
to avoid vaginal delivery, as discussed previously 
[59, 73].

Any “watch-and-wait” strategy must be 
accompanied by close neurological follow-up 
with repeated clinical examinations by an expert, 
repeat MRIs, and a plan for tumor resection 
shortly after delivery. Whether observation 
should be conducted in a monitored environment 
depends on the severity of the findings. Criteria 
for proceeding immediately to neurosurgery dur-
ing pregnancy include:

 1. Removal of tumors that are malignant, rapidly 
growing (e.g., high grade glioma), very large, 
or located in a critical location (posterior fossa 
or eloquent areas).

 2. New onset or worsening of neurological 
symptoms, including appearance of hydro-
cephalus (which requires urgent shunting).

 3. Compromised or abnormal fetal development, 
which may direct a decision to proceed with 
surgery due to the low likelihood of good 
pregnancy outcome.

 4. Maternal preference to receive treatment 
despite potential fetal harm (if legally allowed).

36.5.1.1  Gliomas
The term “glioma” is currently used to cover a 
large spectrum of tumors. The relationship 

between glioma behavior and pregnancy remains 
to be clarified. Several studies have suggested 
that the velocity of expansion of low grade glio-
mas increases during pregnancy, but this claim is 
based on relatively small cohorts. Therefore, with 
close follow-up, postponement of neurosurgery 
to after delivery is an option with some low grade 
gliomas. In one series of patients [74], the five 
patients with grade I tumors had stable disease 
during and after pregnancy, but among the 18 
women with grade II or III gliomas, 8 (44%) had 
clear tumor progression during pregnancy or 
within eight weeks of delivery [74]. A retrospec-
tive study of 281 women who did not undergo 
delivery immediately after being diagnosed with 
a low grade glioma showed a median survival of 
14.3 years (95% CI 11.7–20.6 years); the effect 
of pregnancy on survival was insignificant [75].

A systematic review of publications on glioma 
and pregnancy [76] found only 27 relevant obser-
vational studies and articles describing expert 
opinions on clinical management. Taken all 
together, these publications included 316 women 
with either newly diagnosed (n = 202) or known 
(n  =  114) gliomas during pregnancy. 
Observational studies of adequate quality sup-
ported the lack of effect of pregnancy on survival 
in low grade glioma patients but also suggested 
that pregnancy can provoke clinical deterioration 
and tumor growth on MRI [76].

If glioma resection is required during preg-
nancy, surgery may be extensive and should ide-
ally be accompanied by functional monitoring. 
Awake craniotomy provides the concomitant 
advantages of constant assessment of patient 
neurological condition and reduction in fetal 
exposure to anesthetics. Delivery considerations 
should be based on the existing observational 
findings that in stable women at term, cesarean 
delivery provides no advantage over vaginal 
delivery with respect to either maternal or fetal 
adverse events [76].

Only 12 papers have described the manage-
ment of brainstem gliomas during pregnancy (16 
women); these are summarized in a systematic 
review [77]. The women presented at a median 
gestational age of 23 weeks and all but one had 
already suffered neurologic deficit at the time of 
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presentation. MRI conclusively diagnosed all the 
cases. Although the summary noted that “surgical 
tumor resection (n  =  4) and radiation therapy 
(n  =  3) were successfully undertaken during 
pregnancy”, half of the women died either during 
(n = 5) or within a month (n = 3) of pregnancy. 
There were 12 live-born babies. One pregnancy 
was terminated, and four were miscarried in 
association with maternal critical illness and 
eventual death. Three babies underwent induced 
premature delivery to facilitate glioma manage-
ment, and two were spontaneously delivered pre-
term. There was one case of fetal growth 
restriction.

36.5.1.2  Meningioma
Mengiomas, and particularly benign meningio-
mas, are more common in women than in men 
(Fig. 36.2). The 5-year relative survival estimates 
for benign meningiomas in the general popula-
tion is 85.6%; both young age and female sex 
predict better survival [78]. A strong association 
has been observed between female sex hormone 
levels and the diagnosis of meningiomas [79–81]. 
There is probably no absolute increase in the 
incidence of meningiomas during pregnancy 
[82], but previously asymptomatic tumors may 
become symptomatic during pregnancy due to 
tumor expansion [83, 84]. Pregnancy is accompa-
nied by hormonally induced salt and water 
 retention [85]. This increase may exacerbate 
peri-tumoral edema [86]. Progesterone has tradi-
tionally been considered the main contributor to 
this effect [87–89], but epidemiological studies 
[90] suggest that this is related to tumor expres-
sion rather than development. Prolactin- 
modulated pathogenesis has also been suggested 
for this phenomenon [82, 91]. Fortunately, tumor 
shrinkage has also been reported after delivery 
[92–94].

Recurrence is possible in additional pregnan-
cies; poor perinatal outcomes and maternal 
deaths have been associated with unplanned 
pregnancy in the presence of known brain tumors 
and with tumors diagnosed during pregnancy. 

Nonetheless, most meningioma survivors of 
childbearing age report a desire for children 
despite concerns regarding possible recurrence 
[95]. Therefore, referral of the post-partum 
woman to expert counseling is important at the 
time of hospital discharge [57].

36.5.1.3  Pituitary Adenomas
The normal pituitary gland enlarges during preg-
nancy, predominantly due to estrogen-stimulated 
hyperplasia and hypertrophy of lactotrophic 
cells. Hyperplasia begins within weeks of gesta-
tion and peaks postpartum [96–98]. Increased 
estrogen levels induce the mitotic activity of lac-
totrophic cells, and tumor cells in patients with 
prolactinomas express estrogen receptors [99]. In 
women with a pituitary tumor, this raises concern 
regarding the possibility of patient deterioration 

Fig. 36.2 Computed tomography (CT) of a 37-year-old, 
18-week pregnant patient admitted for sudden blindness. 
Unenhanced axial CT scan images of the head show a 
midline parasagital meningioma of the cerebral falx
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due to tumor enlargement during pregnancy. The 
degree of concern should hinge, however, on the 
size of the tumor.

Microadenomas are generally more common 
than macroadenomas. However, untreated mac-
roadenomas are 10  times more likely to grow 
during pregnancy than microadenomas (approxi-
mately 1–3% vs. approximately 25–30%, depen-
dent on the case series) [100]. Macroadenoma 
growth can be prevented by either pre-pregnancy 
tumor debulking or by chemotherapy [100]. 
Macroadenomas also reduce in size significantly 
when treated with dopamine or dopamine ago-
nists [101] such as bromocriptine or cabergoline 
[100, 102, 103]. These points should therefore be 
considered before surgery in a pregnant symp-
tomatic woman. In a crisis, a dopamine drip may 
be administered. Oral therapy with bromocryp-
tine is preferred to cabergoline as there is more 
experience with this drug during pregnancy. 
Bromocriptine therapy during pregnancy has 
been associated with a similar incidence of abor-
tion and congenital anomalies as that observed in 
the general pregnant population [100].

In a woman diagnosed with a pituitary ade-
noma who is currently deteriorating (i.e., worsen-
ing visual field defects and/or deteriorating level 
of consciousness), the option of insufficient ste-
roids should also be considered and replacement 
should be administered if indicated.

If medical treatment fails and there is progres-
sive neurological worsening (clinically or in 
imaging studies), surgery should be considered 
[104–108]. Surgery should also be considered in 
women who develop pituitary apoplexy. The 
trans-sphenoidal route is most commonly used.

36.6  Cerebrovascular Disease

Cerebrovascular disease is the most common 
intracranial pathology encountered during preg-
nancy. The most prevalent conditions include 
arterio-venous malformations (AVMs), aneu-
rysms, and intracranial bleeding due to pre-
eclampsia or eclampsia [109]. Treatment of 

vascular pathologies during pregnancy usually 
requires immediate or even emergency 
treatment.

36.6.1  Arterio-venous Malformation 
(AVM)

AVMs are congenital anomalous vascular struc-
tures comprised of a pathological web of vessels 
through which arteriovenous shunting occurs. 
The decisions regarding optimal timing of deliv-
ery and type of anesthesia for delivery are dis-
cussed in Chap. 25. The pathological process 
underlying creation of an AVM is believed to be 
dysregulation of vascular endothelium growth 
factor. Most AVMs are solitary (95%), but some 
rare syndromes are associated with multiple 
AVMs (e.g., Osler-Weber-Rendu, Wyburn 
Mason). The majority of AVMs are supratentorial 
(about 85%).

All AVMs have a nidus (Latin for “nest”) 
which includes the shunting arterioles and the 
venous loops with which they are interconnected. 
AVMs are classified according to the composi-
tion of their nidus into either (1) compact (or 
glomerular), comprised of abnormal vessels 
only, or (2) diffuse (or proliferative), comprised 
of a poorly formed nidus with functional neuro-
nal tissue interspersed in between the anomalous 
vessels.

In the general population, about one in ten 
cerebral AVMs is symptomatic, rendering AVMs 
the most common symptomatic vascular malfor-
mation. Because they worsen over time, diagno-
sis is more common after puberty. However, 
almost one-third of AVMs diagnosed due to hem-
orrhage are identified at ages <20  years. 
Hemorrhage is by far the most common present-
ing symptom, representing 65% of clinically 
symptomatic cases. But clinical presentation may 
also include headaches, seizures, or ischemic 
stroke secondary to vascular steal.

In pregnant and peripartum women: There is 
some controversy with regard to whether 
 pregnancy influences the progression of AVMs. 
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A study conducted in 1990 (n  =  451 pregnant 
women with cerebral AVM) reported that the 
hemorrhagic risk of cerebral AVM during preg-
nancy was 3.5%, which is similar to that observed 
in the non-pregnant population (3.1%) [110]. 
More recent studies have concluded that there is 
an increase in the annual rate of cerebral AVM 
hemorrhage during pregnancy and puerperium 
[111, 112]. However, there is no evidence to sug-
gest any relationship between the mode of deliv-
ery (vaginal/cesarean) and the risk of AVM 
hemorrhage [113]. Pregnancy should be allowed 
to continue if (1) the AVM was an incidental find-
ing and it has not ruptured or (2) the AVM has 
ruptured but there are no new focal deficits and 
the neurological course is stable. However, in 
such women, a plan should be prepared not only 
for postpartum definitive neurosurgical or endo-
vascular intervention but also for the occurrence 
of rapid neurological deterioration at any point. 
More than half of cerebral AVM hemorrhages 
occur in the first and second trimesters of preg-
nancy [114], coinciding with maternal hemody-
namic changes. Most AVMs are detectable before 
the 32 week of gestation [115]. The intervention 
required, whether radiological or surgical, should 
hinge upon the type of AVM identified, the exper-
tise available, and the severity of maternal 
condition.

36.6.2  Aneurysm

Cerebral aneurysms are created by the shear 
stress placed on blood vessel walls by the blood 
flowing through the vessel. The inner diameter 
and structure of the arterial walls are regulated by 
blood flow. Increased arterial blood flow leads to 
a chronic rise of wall shear stress, with subse-
quent stretching of the endothelial cells aligned 
in the direction of the flow. If the wall shear stress 
increases focally, it can potentially cause a focal 
enlargement and damage to the arterial wall. This 
pathological dilatation of the arterial walls fre-
quently occurs near the arterial bifurcations in 
the circle of Willis [116]. Aneurysms typically 
develop after age 40. Predisposing factors include 
hypertension, prior brain injury, infection, drug 

abuse (e.g., cocaine), and, more rarely, blood ves-
sel disorders (e.g., cerebral arteritis, fibromuscu-
lar dysplasia).

Cerebral aneurysms differ in size (small 
<5  mm diameter, medium 6–15  mm, large 
16–24 mm, giant >25 mm) and in shape (saccular 
to fusiform). An unruptured aneurysm could be 
small and completely asymptomatic or large and 
accompanied by symptoms stemming from 
increased intracranial pressure or compromise of 
nearby cerebral regions (e.g., headache, coma, 
visual field disturbance, paresthesia/hyperalgesia, 
plegia/paresis, dysphasia, amnesia, seizures). 
Diagnosis requires CT with contrast angiography, 
MRI, or (rarely) cerebral angiography. A single 
aneurysm is 15–20% likely to be associated with 
the presence of additional aneurysm(s) [34].

36.6.2.1  Management of a Pregnant 
Women with an Aneurysm

Management of pregnant women with an unrup-
tured aneurysm. When an unruptured intracranial 
aneurysm is incidentally discovered during preg-
nancy, if there is no neurosurgical emergency and 
the fetus is viable, neurosurgical or endovascular 
treatment may be postponed until after the deliv-
ery [113]. In this scenario, the primary goal during 
pregnancy is to maintain maternal cardiovascular 
stability, as hemodynamic changes (both hypo- 
and hypertension) may shift the forces acting 
across the wall of the aneurysm and potentially 
precipitate aneurysmal rupture [117].

Management of a pregnant woman with a 
ruptured aneurysm (Fig. 36.3). If the aneurysm 
has already ruptured and the woman presents 
with subarachnoid hemorrhage, treating the 
 aneurysm (clipping or coil embolization) should 
be prioritized. In general, the timing of treatment 
hinges on the urgency of the required interven-
tion. In emergency cases (life or brain saving), 
the interest of the fetus must be put aside, and the 
procedure should not be delayed. In less urgent 
cases, if endovascular radiological or surgical 
intervention is indicated, the timing of delivery 
in relation to the procedure should be discussed. 
Two obstetric issues require addressing: (1) 
Endovascular intervention requires systemic 
anticoagulation. Administration of heparin 
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together with antiplatelet agents during emboli-
zation may lead to increased obstetric hemor-
rhage during spontaneous labor or cesarean 
delivery [118]. (2) Endovascular treatment of 
aneurysms entails exposure to a significant 
amount of radiation, raising the issue of radia-
tion effects on the fetus [119]. Lead aprons 
should be always used to cover the abdomen if 
possible. Regardless of the degree of urgency, 
the family must clearly understand the situation 
and the duty to prioritize the mother over the 
fetus. If time allows and the fetus is viable, the 
pros and cons of a surgical delivery concurrent 
or prior to endovascular or surgical treatment 
versus the option of ongoing pregnancy should 
also be presented to the family.

In a paper pooling cases of pregnant women 
with aneurysmal subarachnoid hemorrhage 
from the literature [120] (n  =  52), univariate 
analysis suggested that maternal outcome 
hinges on patient age, Hunt and Hess scale 
score, Glasgow Coma Scale at arrival, treatment 
modality for the aneurysm, mode, and timing of 
delivery. However, in multivariate analysis, only 
the presence of general complications resulted 
in a significant impact on maternal outcome 
[120]. Reactive vasospasm complicates approx-
imately 20% of cerebral aneurysm cases, poten-
tially exacerbating cerebral damage. Secondary 
obstructive hydrocephalus occurs in 20–30% of 
cases. The onset of this potentially devastating 
complication can be either acute (within 48 h of 
hemorrhage) or chronic (a week to months 
later). Both of these situations may require 
admission to an intensive care unit.  In such 
cases, the staff of the intensive care unit should 
be informed of the delivery plan and be pre-
pared for obstetric emergencies.

Aneurysm rupture during pregnancy is no 
more frequent than rupture of aneurysms in the 
general population [121]. Despite this, there are 
potential predisposing factors in pregnancy for 
rupture of the aneurysm. The maternal physio-
logic rise in cardiac output can lead to an increase 
in the hemodynamic shear stress forces exerted 
over the aneurysmal sac. At the same time, hor-
mones (estrogen, progesterone, human chorionic 
gonadotropin) affect remodeling of the arterial 

and venous intima and media [122], thereby 
weakening the arterial wall. The risk of rupture is 
highest in late pregnancy (gestational age 
30–40  weeks), since at this time hemodynamic 
stress is maximal [120].

Anesthesia considerations for surgical delivery. 
General anesthesia with opioids, propofol, and vol-
atile anesthetics is often described for emergency 
delivery for pregnant women with aneurysms) [13]. 
However, neuraxial anesthesia with control of intra-
cranial pressure is also a viable option [123]. In 
terms of hemodynamic stability, neuraxial anesthe-
sia may actually provide some advantages com-
pared to general anesthesia [13, 124].

36.6.3  Cavernous Malformation

Cerebral cavernous (or capillary venous) mal-
formations (CCMs) are vascular abnormalities 
comprised of closely clustered, abnormal, partly 
thrombosed capillaries. These capillaries are 
 typically dilated with hyalinized walls and are 
surrounded by deposits of hemosiderin. Since 

Fig. 36.3 Computed tomography of a 32-year-old 
patient, who presented with a subarachnoid hemorrhage 
during her third trimester of pregnancy, shows a large vol-
ume of acute subarachnoid hemorrhage blood within the 
suprasellar and the basal cisterns. The patient underwent 
surgical clipping of the aneurysm and concurrent cesarean 
delivery
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they exhibit vascular proliferation and neoangio-
genesis, CCMs are often described as vascular 
neoplasms. CCMs may be either sporadic (inci-
dence of 0.1–0.5% in the general population) 
[125] or familial (incidence 20%, autosomal 
dominant with varied expression and incomplete 
penetrance) [126].

CCMs are low pressure and low flow lesions 
and are therefore rarely associated with dra-
matic hemorrhage due to simple trans-vessel 
pressure shifts. Rather, blood slowly leaks 
through the vessel walls into the angioma, 
changing its shape and/or size. Stagnating 
blood thromboses, thus re-routing these leaks. 
Unless the CCM has enlarged sufficiently to 
encroach upon the surrounding brain tissue, 
these events remain mostly asymptomatic. 
Gross hemorrhage, which is most commonly 
associated with clinical symptoms, occurs only 
when blood begins to escape the confines of the 
vascular lesion. Most CCMs are supratentorial 
and therefore manifest with headaches or new-
onset seizures.

In pregnant and postpartum women. There are 
so few cases that the natural history and treat-
ment of CCMs remains anecdotal. CCMs may 
modify their morphological and clinical features 
as a result of physiological changes occurring 
during pregnancy [127, 128]. Some authors have 
claimed that pregnancy and the puerperium are 
associated with an increased risk of hemorrhage 
and, based on this claim, promote aggressive 
treatment of CCMs in pregnant women; however, 
data to support this assumption are scarce [129, 
130]. Conversely, the guidelines published in 
2017 by the Angio Alliance [131] state that the 
risk of neurological symptoms during pregnancy 
is likely no different than in the non-pregnant 
state. If hemorrhage does occur, factors that need 
to be taken into account in treating the patient are 
the severity of symptoms, the risk of recurrent 
hemorrhage, and the risk of surgical intervention 
at that point in the pregnancy. It was generally 
agreed that vaginal delivery is appropriate unless 
there is a precluding neurological deficit or recent 
hemorrhage.

36.7  Spinal Surgery

Back pain and specifically low back pain are 
very common during pregnancy, affecting about 
56% of women typically between the 5th and 
the 7th month of gestation [132]. However, only 
about one in 10,000 pregnant women actually 
shows symptoms from a lumbar disc herniation 
[133]. There are no treatment guidelines for spi-
nal surgery in pregnant women; therefore the 
indications for surgery should reflect those of 
non-pregnant patients [134]. Spinal surgery 
should only be considered during pregnancy if 
radicular pain and progressive neurological def-
icits do not respond to medical management. 
Cauda equina syndrome is a neurosurgical 
emergency. It is caused by compression of the 
lumbosacral nerve roots. The clinical signs and 
symptoms include radiating pain or numbness 
in the lower limbs, paralysis, sexual dysfunc-
tion, and bladder or bowel impairment (ranging 
from painless retention to full incontinence). 
MRI should be performed as soon as possible if 
cauda equina syndrome is suspected, since this 
neurological crisis is potentially reversible if 
managed in a timely manner [135]. If imaging 
demonstrates a causative lesion, urgent surgical 
intervention is indicated regardless of 
pregnancy.

Patient positioning for lumbar spine surgery 
may be challenging during pregnancy. Most sur-
geons are familiar with the prone position. This 
position may be used during the first trimester of 
pregnancy and at the beginning of the second 
[136]. In the third trimester, surgery in the prone 
position may be problematic, particularly if pres-
sure is to be placed on the area above the gravid 
uterus. Therefore, in the late stages of pregnancy, 
the left lateral decubitus position is usually cho-
sen [137], although even the right lateral decubi-
tus position has been described [138]. 
Alternatively, surgery can be performed on the 
Relton–Hall laminectomy frame, an equivalent 
four-poster or bow frame [136]. There is no lit-
erature supporting a specific choice of 
anesthesia.
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36.8  Conclusion

This chapter summarizes much of the literature 
with regard to management of the pregnant and 
peripartum woman with space occupying intra-
cranial and spinal pathologies. The challenges 
presented by this population are unique, as both 
the direct hormonal and indirect effects of preg-
nancy may affect the delicate balance of the neu-
roanatomical milieu. Much of our knowledge 
today is still based on case reports and epidemio-
logical studies. Hence, data collection with 
regard to this population is imperative to enable 
improvements in patient care.
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37.1  Introduction

37.1.1  Historical Disaster 
Preparedness

The World Health Organization defines a disaster 
as “an occurrence disrupting the normal condi-
tion of existence and causing a level of suffering 
that exceeds the capacity of adjustment of the 
affected community” and an emergency as “a 
state in which normal procedures are suspended 
and extra-ordinary measures are taken in order to 
avert a disaster” [1]. The key to a successful out-
come in a disaster situation is good preparation, 
fast response, rehabilitation, reconstruction, and 
when possible, prevention of future events [1]. 
The etiology of a disaster can be natural, human, 
technological, or from hazardous material 
(HAZMAT) (Table 37.1).

Disasters differ in terms of speed, spread, and 
impact. Epidemics or pandemics (e.g., H1N1 
influenza, Ebola virus disease, and severe acute 
respiratory syndrome) may originate in one geo-
graphical area and spread globally because of 
international travel. Natural disasters may be 
geographically limited and unique to specific 
locations (e.g., earthquakes, floods, tornados) or 
less limited but still dependent on location (e.g., 
major volcano eruptions, hurricanes). Man-made 
disasters are typically not geographically limited 
and result from an unwanted impact of modern 
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Bullet Points
• Disaster planning requires unique con-

siderations for pregnant and peripartum 
women.

• Providers of obstetric care and facilities 
that deliver maternity services must be 
able to render appropriate care to their 
patients in a disaster.

• Pregnant women and their unborn 
infants are more vulnerable to short- and 
long-term effects from disasters.

• Introduction of an obstetric-specific tri-
age tool and hospital levels of maternal 
care is offered as a means to facilitate 
rapid evacuation and transfer.

• Obstetric-specific tools that are readily 
available to be utilized in a disaster are 
vital for the well-being and safety of 
obstetric patients.

• Disaster preparedness and training of 
staff should be ongoing with regular 
updates for maintenance of knowledge 
to enable a seamless process.
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society (e.g., nuclear plant breakdowns, oil spills, 
global warming).

Hazard vulnerability analysis is a method 
used by healthcare organizations and public 
health departments to identify hazards and risks 
that are most likely to impact the facility and/or 
surrounding community, thereby directing plan-
ning efforts [2]. Community disaster prepared-
ness (i.e., the ability of a community to withstand 
and recover from disasters) mainly focuses on 
disasters that occur in society as a whole and 
assume that hospitals will exist to treat the poten-
tial mass of injured victims. Hazard vulnerability 
analysis and community disaster preparedness 
are therefore complementary.

Hospitals are required to have their own disas-
ter plans in place and to ensure that staff are 
familiar and trained in their use. However, within 
the framework of a hospital, disaster plans are 
usually generic. Consequently, they may not 
encompass the needs of specific medical disci-
plines, especially when a wide spectrum of 
requirements exists, ranging from neonatal care 
to geriatric care.

If the hospital itself is directly or indirectly 
affected by the disaster, and can no longer func-
tion as a receiving facility for casualties or pro-
vide routine care to existing patients, finding an 

alternative location to care for these patients may 
also be particularly challenging.

37.1.2  Why Disaster Preparedness 
for Pregnant and Peripartum 
Women Is Unique

Pregnant women, laboring women, and newborn 
infants are vulnerable populations whose unique 
needs are often overlooked in disaster planning. 
A simple generic disaster plan will not cover the 
large spectrum of needs seen on every obstetric 
unit, ranging from providing a disaster plan for a 
healthy woman after a normal vaginal delivery to 
a patient who is undergoing emergency surgery 
with regional/general anesthesia (Table 37.2) [3]. 
In addition to the varied acuity of the mother, 
there is also the challenge of caring for more than 
one patient at a time: the mother and her fetus. 
When consideration must be given to evacuation 
of a pregnant woman, the best location for the 
mother may not be optimal for the fetus or vice 
versa. Careful thought and preplanning are 
needed to assure the best care for both patients.

Furthermore, in a disaster, the obstetric and neo-
natal populations are likely to be disproportionally 
more affected by social and environmental changes 

Table 37.1 Disaster types

Natural Human Technological Hazardous materials (HAZMAT)
Geophysical
– Earthquake
– Landslide
– Tsunami
– Volcano
Hydrological
– Flood
– Avalanche
Climatological
– Extreme temperature
– Drought
– Wildfires
Meteorological
– Cyclones
– Storms/wave surges
Biological
– Disease epidemics
– Insect/animal plagues

Power outage
Electrical fire
Internal flood
Structural defect
Terrorism
Bombs
Shooting
Violence
Transport accidents
Industrial accidents

Communication failure
IT system outage
Cyberattack

Chemical spill
Gas leak
Radioactive leak
Toxic biological leak

http://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/
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such as disruption of housing, lack of routine med-
ical care, and food and water supply shortages and 
may be particularly vulnerable to the effects of 
both violence and toxins [4]. Hence, mitigating the 
immediate physical effects of a disaster for both 
the mother and fetus is of great importance.

Finally, indirect exposure to stress may also 
endanger both the mother and the fetus. Pregnant 
women exposed to a disaster seem prone to a 
higher incidence of pregnancy-associated dis-
eases (e.g., stress perception significantly predis-
poses to maternal hypertension and gestational 
diabetes); the mental health of the mother is 
thought to affect fetal growth and timing of deliv-
ery [5]. A higher incidence of premature delivery 
and low birth weight babies have been observed 
after major stress. Exposure to major stress at an 
earlier gestational age has been associated with 
shorter gestation [6–9]. While a clear delineation 
of all the effects on the neonate remain 
 controversial, those on the mother remain largely 
unstudied [10]. Therefore, at this point, prepared-
ness should include plans to alleviate maternal 
stress in order to minimize the chances of an 
untimely or complicated delivery that could 
endanger both the mother and neonate.

37.2  Organization and Resources

37.2.1  Organizational Support 
of Disaster Readiness

The American Medical Association’s code of 
medical ethics notes that physicians have an ethi-
cal obligation to provide urgent medical care in a 

disaster, even in the face of greater than usual 
risks to their safety, health, or life [11]. It is also 
the responsibility of physicians to keep up to date 
with knowledge in this field to ensure their ability 
to provide appropriate medical care in a disaster. 
However, the last two decades of experience with 
major disasters have made it evident that hospital 
disaster preparedness should also include the 
needs of special populations, including patients 
who differ from general medical patients, such as 
pregnant or peripartum women. The 2013 
American College of Obstetricians and 
Gynecologists (ACOG) document addressing 
disaster preparedness states: “Providers of obstet-
ric care and facilities that provide maternity ser-
vices offer services to a population that has many 
unique features warranting additional consider-
ation” [12]. The ACOG statement highlights that 
disaster planning for trauma and medical patients 
requires a special skill set needed to be able to 
deliver a pregnant woman or to care for a new-
born infant in austere environments.

Disasters may have a major impact on staffing, 
which can affect patient care if no pre- planning 
has been organized by the hospital. Institutional 
policies detailing contractual obligations of man-
datory disaster duty requirements should be 
clearly stated ahead of time [13]. The ability and 
willingness of healthcare providers to respond 
during an event may also be dependent on a staff 
member’s mental and physical fitness and stamina 
in extreme heat or cold temperatures, especially 
with limited food or water [14]. Other consider-
ations include the personal needs of some staff 
members, such as chronic illness requiring medi-
cations (e.g., diabetes or hypertension), and their 
out-of-hospital responsibilities, such as depen-
dent family members and pets. The hospital must 
find a way to accommodate family members and 
pets in order to ensure that these staff members 
remain available to perform their work duties.

37.2.2  Framework of an Obstetric 
Disaster Plan

A comprehensive obstetric disaster plan must 
include several organizational aspects of care:

Table 37.2 Obstetric patient subgroups

Patient type
Pregnant patient hospitalized for non-obstetric reasons
Antepartum patient requiring observation and/or 
monitoring
Laboring patient
Intraoperative and postoperative patient
Postpartum patient—uncomplicated, healthy 
newborn(s)
Postpartum patient—complicated, requiring 
observation and/or treatment

37 Maternal Critical Care in a Disaster
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 1. Understanding of a standard disaster 
language

 2. A commonly used obstetric-specific triage 
system

 3. An agreed upon stratification of maternity 
hospitals’ levels of care

 4. A preexisting collaborative network of 
regional and national obstetric hospitals

 5. An effective patient tracking system

37.3  Terminology

For clear communication, there must be a com-
mon language when describing disaster concepts 
and processes.

Evacuation refers to vacating the current loca-
tion. The decision to evacuate patients may be 
time-dependent and directly or indirectly related 
to the disaster that occurred (i.e., fire rendering 
the unit unusable). This decision may also be 
determined by the number of casualties, avail-
ability of resources for mobilizing patients, and 
availability of an alternative location.

Shelter-in-place refers to the decision to 
remain in the current location rather than evacu-
ate. The decision to shelter-in-place is guided by 
the need to maximize patient care. There are a 
variety of reasons that shelter-in-place may be 
chosen: evacuating patients may be hazardous, 
staff and supplies remain available on-site, or the 
situation is considered temporary.

Surge refers to the capability of managing a 
sudden, unexpected influx of patients and con-
sists of three subsets (Table 37.3) [15].

Hospital staff should be educated and adept 
with this terminology to allow ease of communi-
cation in a disaster incident.

37.4  Tools

Throughout the United States, the hospital inci-
dent command system (HICS) has been adopted 
as the system for managing medical facilities 
during a disaster [11]. HICS is a flexible manage-
ment method designed to adapt to the needs of 
different facilities. The idea underlying the estab-

lishment of this system was that it should be use-
ful for managing all types of disasters by (a) 
establishing a clear chain of command, (b) inte-
grating staff members from different departments 
into a team capable of effectively addressing 
problems and delegating responsibilities, (c) pro-
viding logistical and administrative support that 
operational personnel may require, and (d) ensur-
ing key elements of the hospital response func-
tion while eliminating duplication.

The HICS must include an outline of the inci-
dent management team, including the hospital 
command functions that have been identified, 
who has been assigned to these roles, and how 
authority and responsibility are distributed. 
Among other command functions, HICS requires 
designation of an incident commander and estab-
lishment of a hospital command center (HCC) 
situated in a predetermined area in the hospital 
(dependent on local preferences) and unit leaders 
who are responsible for staff with specific roles. 
The HCC manages the hospital’s response to an 
incident and establishes priorities. If resources 
are limited, the HCC is responsible for allocation 
and obtainment of additional items, allowing 
clinical units to concentrate on patient care.

The only line of communication from the 
HCC to/from the unit/ward should be through the 
unit leaders. Each medical unit or floor in the 
hospital has a unit leader (UL). The UL will gen-
erally be a nurse or physician who is familiar 
with the needs of those specific patients. 
Throughout the disaster, the HCC must commu-
nicate and update the ULs as to the status of 

Table 37.3 Surge subsets

Capacity type Definition
Conventional 
capacity

Spaces, staff, and supplies used are 
consistent with daily practices within 
the institution

Contingency 
capacity

Spaces, staff, and supplies used are 
not consistent with daily practices 
but maintain or have minimal effect 
on usual patient care practices

Crisis 
capacity

Adaptive spaces, staff, and supplies 
are not consistent with usual 
standards of care but provide 
sufficiency of care in the setting of a 
catastrophic disaster

G. Abir and K. Daniels
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events. At the same time, the ULs must provide 
the HCC with real-time information regarding 
staff and patients, safety, hazards encountered, 
and resources needed. An order to evacuate can 
only be authorized by the HCC, which will also 
dictate the evacuation plan and time line.

Online tools specifically developed to guide 
hospital-based evacuation or shelter-in-place for 
labor and delivery/antepartum and postpartum 
units are available at https://obgyn.stanford.edu/
community/disaster-planning.html. These docu-
ments can be edited to be institution-specific.

37.4.1  Hospital Stratification

In 2015, the ACOG published an obstetric care 
consensus that distinguishes levels of maternal 
care [16]. There are five levels of maternal care 
centers; these are dependent on facility capabili-
ties and availability of healthcare providers. The 
definitions provided for levels of maternity care 
are distinct but complimentary to the long-stand-
ing stratification of neonatal care [16]. Each 
facility should create a list of their local and 
regional hospitals based on maternity and neona-
tal levels of care to ensure that the mother and 
infant are sent to the most appropriate hospital in 
an evacuation event.

37.4.2  Availability of a Disaster Plan

Units that provide care to pregnant and peripar-
tum women during a disaster should collate all 
relevant information and tools in paper format 
and place these in a designated binder. This 
“disaster plan binder” should be stored in an eas-
ily accessible and known location. The binder 
should contain such items as a disaster roles 
poster, job action sheets, census sheets, depart-
ment damage map, triage forms, grab-and-go 
lists, transfer forms, transfer order forms, mater-
nal discharge forms, neonatal discharge check-
lists, generic prescription forms, useful contacts, 
and other pertinent information (see below for 
more details). It is prudent to also have paper 
medical record options available in the binder as 

the electronic medical record (EMR) may not be 
available in an emergency (e.g., during a power 
failure or cyber attack) [17–19].

Equipment specifically designated for use in a 
disaster should be stored in designated, labeled 
boxes in an easily accessible location in each 
unit. The box should contain such items as paper 
forms, flashlights, headlamps, non-rechargeable 
batteries, handheld Doppler probes (that obstetri-
cians likely use daily and are familiar with), lan-
yards, grab-and-go bags (empty), and vests for 
designated leadership roles. To ensure inventory 
maintenance, the box should only be retrieved in 
a disaster situation.

The purpose of the binder and the box is to pro-
vide the necessary information and vital equip-
ment when needed urgently, allowing for seamless 
patient care. Each institution should have a depart-
ment, in some institutions called the Office of 
Emergency Management (OEM), responsible for 
routine maintenance of both binder and box.

Leadership—As in any emergency situation, 
in order to achieve optimal patient outcomes, all 
staff members should work as a team with a clear 
leadership hierarchy. Within the unit, the main 
leadership roles should be titled using nomencla-
ture used by HICS.  Using these common terms 
will avoid confusion between units. The assigned 
positions should begin with the ULs who should 
be the most knowledgeable individuals on the 
unit. For example, in the delivery suite this would 
be the obstetric attending and/or charge nurse. 
Further roles are the assistant unit leaders (e.g. 
obstetric resident and/or team leader nurse), anes-
thesiologist, triage physician or nurse, bedside 
nurses, nursing assistants, technicians, and clerk/
administrator. Of note, the designation of medical 
case managers for specific patients based on the 
patients’ conditions may expedite care [20]. The 
disaster roles poster found in the disaster plan 
binder should be displayed with each team mem-
ber’s name and designated role. This will ensure 
that all the staff understand their own and other 
team members’ responsibilities on the unit.

Job Action Sheet—An example of a job action 
sheet (JAS) is presented in Fig. 37.1. The purpose 
of JASs is to ensure that all mandatory tasks are 
completed and pre-assigned to specific roles. The 
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JAS should include role-specific task lists divided 
into predetermined time frames. The time frames 
are immediate (operational period 0–2 h), inter-
mediate (operational period 2–12  h), and 
extended (operational period >12 h or as other-
wise determined by the HCC). However, the list 

of tasks on the JASs is not exhaustive; they pro-
vide only an initial framework.

Obstetric Triage—A major step in planning 
evacuation is patient triage, i.e., determining who 
should be evacuated, in what order, by whom, and 
by what means. Whether the need is to evacuate 

OB Anesthesiology Job Action Sheet:

• L&D: OB Anesthesiology Attending +/- Anesthesiology Fellows & Residents

Date: ______________ Start: ________ End: ________Position Assigned to: ________________________

Position Reports to: OB Unit Leader (UL) & Assistant Unit Leader (AUL), Hospital Command Center (HCC) H3210 Tel:

**Equipment needed: ID Badge, Stethoscope, Pen, Flashlight ***

Immediate (Operational Period 0-2 Hours) Done? Initial

Getting Started:
1. Attending to check-in at Main OR front desk - if attending pulled to Main OR,
    designate OB anesthesiology role on L&D to a fellow or appropriate resident
2. Allocate anesthesiology staff (fellows/residents/tech) to check machines & equipment
3. Meet with UL at nurses station or other safe area as designated by the UL
4. Identify which patients have necessary epidurals or procedures running to triage
    anesthesia care
5. Meet with all available on-site MDs and nursing staff at nursing station
6. Provide the UL with your best form of communication (phone, text, pager)

PATIENT CARE
1. Ensure only life sustaining equipment is plugged into RED EMERGENCY PLUGS
2. Communicate with AUL & OB Tech after TRAIN Triage to identify high-risk/injured patients
3. Report emergent/life-threatening conditions to AUL, who reports to Hospital Command

DAMAGES
1. Familiarize self with general condition and needs of the unit
2. Discuss status of O2 & N2O gas valves with AUL and Tech (only Engineering can turn on)

SUPPLIES
1. Gather supplies for anesthesiology GRAB & GO Bag: Keep bag with you to be
    prepared for rapid evacuation
2. Assess anesthesiology medication, equipment, and supply needs for the next 24 - 48
    hours

Intermediate (Operational Period 2-12 Hours) Done? Initial

STAFF
1. Meet with UL on the time intervals designated by UL

PATIENT CARE
1. Ensure only life sustaining equipment is plugged into RED EMERGENCY PLUGS
2. Assist with TRAIN triage: Identify high-risk patients and injured patients
3. Report emergent/life-threatening conditions to UL, who reports to Hospital Command

COMMUNICATION
1. Communicate with AUL regarding medical status change of any patients
2. Communicate anesthesiology-related updates to patients and family members 

SUPPLIES
1. Communicate needs to AUL
2. Keep anesthesiology GRAB and GO bag with you and be prepared for rapid evacuation

Extended ( >12 Hours or as determined by Command Center) Done? Initial

Continue to provide care as directed in the Immediate & Intermediate Plan (see above)

Fig. 37.1 Obstetric anesthesiology job action sheet. Reprinted with permission from the Obstetric Disaster Planning 
Committee at the Johnson Center for Pregnancy and Newborn Services, Stanford, USA
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the facility or to prepare for increased surge 
capacity, a triage method is required to quickly 
and accurately assess patients [21]. The most 
effective triage tool is one that is clearly defined, 
with consistent and understood categories, and 
has a method of recording and displaying the 
information [22]. Urgent transportation of preg-
nant and laboring women can be very challenging 
and poses significant risk to both the mother and 
the fetus. Factors to consider when initiating an 
evacuation that are related to transportation 
include the lack of training in obstetric and neona-
tal resuscitation by general transport staff, space 
limitations in terms of pelvic access to deliver 
urgent care during transport, inadequate monitor-
ing, and lack of specialized medications such as 
tocolytics [23]. During a mass disaster, the num-
ber of available (and appropriate)  vehicles will 
most likely be limited, and road conditions may 
vary considerably. To optimize management of 
high-risk pregnant and peripartum patients during 
transportation, it is recommended to have a spe-
cialized obstetric transport nurse or obstetrician to 
escort these patients during the transfer process.

Neonatologists at Lucile Packard Children’s 
Hospital at Stanford developed a pre-event triage 
tool, the “Triage by Resource Allocation for 
Inpatient” (TRAIN), which is used in daily prac-
tice to rapidly categorize patients depending on 
what clinical resources are needed in case of 
evacuation [24]. The OB TRAIN was adapted 
from TRAIN specifically for triage of antepar-
tum and laboring women (Fig. 37.2a) and post-
partum women (Fig. 37.2b) [21]. The antepartum/
labor OB TRAIN is comprised of four maternal 
parameters (labor status, mobility, epidural sta-
tus, and maternal or fetal risk status), with each 
component color graded according to the mode 
of transportation. Women are designated to a 
final mode of transportation dependent on their 
highest risk identified in the OB TRAIN 
(Fig.  37.2a, b). Transportation options include 
(with increasing level of care) car, emergency 
medical technician- staffed ambulance, para-
medic-staffed ambulance, and a specialized 
ambulance with a specifically trained obstetric 
transport nurse or physician escort. There is also 
the option to shelter- in-place if delivery is immi-

nent. Due to the rapidly changing status of labor-
ing women, categorizing patients using OB 
TRAIN must be repeated shortly before evacua-
tion. Incorporating OB TRAIN into daily prac-
tice on the unit or placing it in the EMR is 
optimal, so providers can become familiar with 
the terminology facilitating its use during a 
disaster. Setting up a triage system with a lan-
guage specific to obstetric patients in a disaster 
is vital to allow a rapid evacuation and transfer 
of patients between facilities.

Hospital policy should state that in the event 
of a disaster, only urgent and emergent antepar-
tum, labor, and postpartum care should be pro-
vided. All scheduled surgical cases (including 
scheduled cesarean deliveries) should be post-
poned, as well as other scheduled procedures 
such as induction of labor.

Grab-and-Go bag—Grab-and-go bags are 
intended for individualized patient care at the 
time of either shelter-in-place off the unit or dur-
ing patient evacuation. Creating a list of essential 
items with details of the exact locations of where 
the items are stored on the unit will allow for ease 
of use. An empty backpack is retrieved from the 
disaster box; the patient’s nurse then fills the bag 
with medications and essential supplies neede for 
that patient (e.g., for a vaginal delivery in a non-
medical area). The bags stay with the individual 
patients during evacuation and transportation. 
The bags are not pre-filled due to perishable 
items. An example of a grab-and-go bag for the 
anesthesiologist is presented in Fig. 37.3.

Communication—Clear and effective com-
munication is vital within a team, between teams, 
within a facility, and between facilities. As the 
usual lines of communication (telephone, text 
message, e-mail, facsimile, and media) may not 
be functional during a disaster, alternative meth-
ods of communication (e.g., satellite phones) 
should be readily available. Communication may 
be required for coordination of patient transfers 
and/or for patient treatment. Specialists may not 
be able to reach facilities by regular transporta-
tion, so in such a situation, telemedicine (video-
phones) may be used for communicating expert 
advice from a specialized center to a remote and/
or isolated facility [25].
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37.4.3  Specifics for Evacuation

The evacuation process should only begin with 
an order from the HCC, at which time an updated 
patient, staff, and equipment census data, as well 
as information regarding structural damage and 
specific requests, are transferred from the ULs to 
the HCC.  Review of the patients’ triage status 
should be ongoing, so the correct information is 
up-to-date at the time of evacuation. Those who 
meet discharge criteria (which may be more 
lenient in a disaster) will need a discharge form. 
Those who are being evacuated to another loca-

tion within the facility or to another facility will 
need a grab-and-go bag, a patient transfer form, 
unit-specific transfer orders, and a completed 
neonatal discharge checklist if applicable (for 
examples of these forms, see website in “Tools”). 
Complete and correct transmission of patient 
information to the receiving facility is of utmost 
importance during a rapid evacuation. The patient 
transfer form should stay with the patient at all 
times (preferably attached to the patient) and 
contains maternal and neonatal identifiable data, 
as well as laboratory results, and information 
regarding ongoing medical issues.

Transport
CAR

(Discharge)
BLS ALS SPC

SHELTER IN
PLACE 

Labor
Status None Early Active

At risk
for

en route
delivery

If delivery is
imminent,
‘Shelter-in-
place’ and 
TRAIN after

delivery

Mobility Ambulatory*
Ambulatory or

Non-ambulatory Non-ambulatory Non-ambulatory

Epidural
Status None

Placement
>1 hr**

Placement
<1 hr** N/A

Maternal
Risk  Low Low/Moderate Moderate/High High

Transport BLS ALS SPC

Delivery
VD >6 hr or
CD >48 hr

VD<6 hr or
CD <48 hr 

Complicated VD
or CD

Medically
complicated

Mobility Ambulatory*
Ambulatory or

Non-ambulatory
Ambulatory or

Non-ambulatory 
Non-ambulatory

Post Op
Non CD
surgery
>2 hr** 

>2  hr from CD <2 hr from CD
Medically

complicated

Maternal Risk Low Low/Moderate Moderate/High High

CAR
(Discharge)

a

b

Fig. 37.2 (a) OB 
TRAIN for antepartum 
and labor and delivery. 
(BLS Basic Life support 
[Emergency Medical 
Technician-staffed 
ambulance], ALS 
Advanced Life Support 
[Paramedic-staffed 
ambulance], SPC 
Specialized [must be 
accompanied by MD or 
Transport Nurse], * Able 
to rise from a standing 
squat, ** Epidural 
catheter capped off).  
(b) OB TRAIN for 
postpartum. (BLS Basic 
Life support [Emergency 
Medical Technician- 
staffed ambulance], ALS 
Advanced Life Support 
[Paramedic-staffed 
ambulance], SPC 
Specialized [must be 
accompanied by MD or 
Transport Nurse], VD 
Vaginal delivery, CD 
Cesarean delivery,  
* Able to rise from a 
standing squat, ** If 
adult supervision is 
available for 24 h). 
Reprinted with 
permission from the 
Obstetric Disaster 
Planning Committee at 
the Johnson Center for 
Pregnancy and Newborn 
Services, Stanford, USA
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OB Anesthesiology Grab & Go Bag List:

Airway: Location/Notes:

Ambu bag x 2 From epidural cart or on wall in LDR hallway 

O2 tank x 2 + wrenches Dirty utility room across from LDR 8

Laryngoscope & Blade x 2 

ETT x 2

NRB mask x 3

Oral airways

Proseal LMA #3, #4, #5

Bougie

Suction:

Portable Suction machine Top of code cart (across from LDR8)

Monitors:

Propaq + power and monitor cables Anesthesia Tech Rm

Portable SpO2 Top of OR C Anesthesia machine

IV:

IV start equipment

NS or LR 1000ml bag x 4

IV blood tubing x 2

Meds:

Omnicell Keys 

1. Pick up key packet from Main
    Pharmacy for anesthesia cabinets
    and/or nursing cabinets
2. Insert appropriately labelled keys
    into top + bottom locks on front panel

3. Retrieve needed drugs
4. Keep track of drugs administered and associated
    MRNs
5. Give key to Pharmacist or RN Manager
    (not Resource RN)

Propofol & Succinylcholine

Labetalol

Pitocin

PPH Kit x 2 Med room + PACU Omnicells only

Emergency meds: Epinephrine/ Atropine / Phenylephrine/ Ephedrine

SL NTG

2% lidocaine/epi/bicarbonate  10ml syringes x2

Other:

10cc syringe x 20

18g needle x 20

25g needle x 10

Gas Shut-Off Valves: Turn off if smoke or fire present, once off, only Engineering can turn back on

PACU/11A, 11B, 11C/US room: Just outside PACU

LDR rooms: Between break room and double doors to OR

OR A: Just outside OR A

OR B: Just outside OR B

OR C: Just outside OR C

Fig. 37.3 Obstetric anesthesiology grab-and-go bag list. Reprinted with permission from the Obstetric Disaster 
Planning Committee at the Johnson Center for Pregnancy and Newborn Services, Stanford, USA
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37.4.4  Specifics for Surge

The surge capacity of a medical facility refers to 
its ability to accommodate a sudden surge 
(increase) in the number of patients requiring 
treatment. A situation requiring surge capacity 
requires deviation from the normal workflow. In 
other words, when there is a sudden influx of 
patients, there needs to be a new understanding of 
what level of medical care can be achieved. Surge 
capacity is divided into three strata: conventional, 
contingency and crisis (Table 37.3) [15, 26]. In a 
conventional surge level, service expansion gen-
erally remains in line with existing licensing and 
regulatory requirements. Once a maximum con-
ventional surge level has been reached, contin-
gency capacity begun. Contingency capacity 
requires preplanning by the facility with a plan 
that delineates where overflow patients can be 
safely accommodated and how to call for addi-
tional staff. Contingency plans should also 
include a method to transfer patients to local 
facilities, so the hospital can return to normal or 
conventional surge plans as quickly as possible. 
Having a preexisting list of hospital levels of 
maternity and neonatal care will ensure that the 
patient and her infant are sent to the right loca-
tion. For example, a bed may be appropriate for 
use for general patient care but not for special-
ized care for pregnant or postpartum women.

Beyond contingency planning, at crisis surge, 
the level of medical care may be significantly 
compromised. Difficult choices will have to be 
made during a crisis surge level. This would 
likely include expanding the scope of practice of 
healthcare providers. During a state of emer-
gency, it may be necessary to practice outside 
specialty expertise (e.g., performance of a cesar-
ean delivery by a general surgeon) to provide bet-
ter care for a greater number of patients, rather 
than optimal care to a few. Providers must still 
practice within their skill set; a nurse will still 
function as a nurse and a physician as a physi-
cian. For example, a floor nurse may be tasked 
with working in the intensive care unit (ICU) as a 
nurse with direct supervision by an ICU nurse. It 
is recommended that the OEM of each hospital 
maintains an inventory of skills/experiences 

beyond the normal licensing scope for each staff 
member. Examples of extra licensing skills 
include a respiratory therapist who has suturing 
skills from the military or a laboratory technician 
with experience in grief counseling [27]. Much 
discussion has been dedicated to the degree of 
leniency in standards of care allowed during cri-
ses [28, 29]. It is imperative that practitioners are 
aware of local regulations that mandate adher-
ence to local laws. For example, in some places, 
staff members from neighboring areas/facilities 
may only be allowed to assist (even voluntarily) 
if they are already credentialed locally [27]. In 
others, there may be an emergency credentialing 
system.

In terms of supplies and equipment, the main 
considerations for critically ill patients have been 
outlined elsewhere [30]. While these may generi-
cally include critically ill pregnant or peripartum 
women, the special needs of this population were 
not taken into consideration when compiling this 
resource. At this time, there is no consensus list 
for pregnant and peripartum women for medica-
tions and fluids, equipment, food and water, and 
waste disposal or sanitation requirements.

37.5  Disaster Training

Disaster training consists of educating healthcare 
providers on anticipation and planning, disaster 
concepts and language, local protocols, action 
plans, and familiarity with available tools and 
aids. Within the hospital, training to treat preg-
nant or peripartum women during and immedi-
ately after a disaster should be led by a local 
champion who is familiar with the unit and 
understands the unique needs of this population. 
Neonatology services also need to be incorpo-
rated in training programs as they play a funda-
mental role in ensuring a safe environment for the 
neonate.

Disaster training is relevant not only for 
healthcare providers but also for community 
members. All communities, not only those in 
high-risk geographical areas, should be prepared 
for disasters, since man-made or infectious disas-
ters may occur in any location. Disaster plans 
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therefore should include a coordinated commu-
nity response (e.g., how to provide care to a preg-
nant woman delivering at home because of 
damage to infrastructure that prevents her from 
traveling to hospital or how to ensure that preg-
nant women who require medications have access 
to needed medications), along with the facility 
response (outlined in this chapter).

One possible training modality is the use of 
multidisciplinary simulation. Simulation training 
has proven effective in the management of trauma 
and resuscitation and other emergency situations 
and is currently being used for obstetrical emer-
gencies; the leap to include disaster training is not 
large [31]. Training through simulation compels 
the participants to “experience” an actual disaster 
setup and to “use” the same tools and aids they 
will use in a genuine event, thereby hopefully 
improving recall. Including all healthcare team 
members (obstetricians, anesthesiologists, inten-
sivists, pediatricians, nurses, technicians, and 
clerks) during a simulation will ensure that all 
staff will be effective during an actual event. 
Involvment of intensive care is important since in 
a disaster scenario, treatment may be suboptimal. 
Suboptimal treatment has been associated with 
complications and poorer maternal outcomes.

Inter-agency simulations provide the most 
realistic experience. Inter-agency simulations 
involve collaboration between emergency ser-
vices/departments and disaster organizations and 
the hospital to replicate a catastrophic event for 
the purpose of training. Most inter-agency simu-
lations are planned annually or biannually and 
provide the best basis for observing how an actual 
event may unfold, thereby allowing identification 
of system errors.

For healthcare providers to invest time and 
effort in preparing and training for disasters, they 
need to be aware of the potential benefits it will 
provide them, their patients, and their families. 
Some of the training received though hospital- 
based training schemes is transferrable to the 
community or home. Several useful websites pro-
vide an abundance of information for community 
disaster preparedness [32, 33].

Regular updates are required to keep health-
care providers apprised of new/revised protocols 

and guidelines. To this end, there are several use-
ful training resources online [34–36]. Updates 
can also be led by a local point person (i.e. cham-
pion) through refresher courses and/or bulletins. 
The HICS should reach out (using the local point 
person) to neighboring facilities and regional 
leadership to establish a collaborative training 
environment.

In summary, disaster preparedness is relevant 
and necessary for all institutions. Particular 
attention needs to be given to the vulnerable and 
overlooked populations of obstetrical and neo-
natal patients. Disaster planning, including 
incorporation of an obstetric-specific triage tool, 
understanding levels of care for maternity hos-
pitals both locally and regionally, training staff 
to be ready for these events, and understanding 
local resources will optimize patient care 
throughout the whole spectrum of disaster 
situations.
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Medication Use During Pregnancy 
in the Intensive Care Unit

Asher Ornoy

38.1  Introduction

Of the thousands of drugs used in medicine, there 
are relatively few drug groups that are completely 
safe in pregnancy, as most drugs cross the placen-
tal barriers and reach the fetus. On the other hand, 
relatively few drugs are highly teratogenic. As, 
for most drugs there is no proof of teratogenicity, 
pregnant women who require medications during 
pregnancy should receive the required treatment. 
However, since there are likely several alternative 
drugs, it is generally possible to avoid treatment 
with the more teratogenic drugs. An example of 
such considerations is treatment with antiepilep-
tic drugs in pregnancy. There are many antiepi-
leptic drugs, with several that are teratogenic and 
some that are not. Among these, valproic acid, 
which is the most teratogenic antiepileptic drug, 
can be replaced by less teratogenic (i.e., carbam-
azepine) or non-teratogenic (i.e., lamotrigine, 
levetiracetam) antiepileptic drugs. Teratogen 
information services and appropriate medical lit-
erature [1–4] can be consulted to find the least 
harmful drug. Sometimes, a teratogenic drug is 
the single choice—a problem which is often 
encountered in intensive care. In such cases it is 
for the physician and patient or their family to 
weigh the potential risk to the fetus against the 
potential benefit of saving the mother.

This chapter summarizes the data on the pos-
sible effects on the embryo and fetus of most 
drugs used in intensive care units (ICUs). The 
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Bullet Points
• While treating a pregnant woman, it is 

important to remember that most drugs 
cross the placenta and reach the embryo 
or fetus.

• Although most drugs are relatively safe 
for the developing embryo and fetus, 
efforts should be made to avoid drugs 
that might adversely affect pregnancy if 
possible.

• Since there are usually several drugs 
with similar action, it is often possible 
to change a teratogenic drug to a less or 
non-teratogenic one.

• The effects of an agent on the fetus are 
also dose and duration dependent, there-
fore some drugs may be used for short 
periods of time even if they may have 
adverse effects on the pregnancy.

• Teratogen information services can be 
consulted regarding the safety of drug 
use in pregnancy.
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Appendix presents pregnancy and breastfeeding 
drug classifications.

The major groups of drugs covered in this 
chapter are:

 1. Drugs for control of cardiac rhythm: lido-
caine, alpha and beta blockers, calcium chan-
nel blockers (verapamil), amiodarone, digoxin

 2. Vasopressors: noradrenaline and adrenaline, 
ephedrine, milrinone, vasopressin, and 
phenylephrine

 3. Antibiotics
 4. Antifungals
 5. Antiviral (antiretroviral) drugs
 6. Drugs for decreasing intracerebral pressure: 

pentothal, propofol, and mannitol
 7. Anticonvulsants (phenytoin, sodium valpro-

ate, levetiracetam)
 8. Nitric oxide
 9. Peptic ulcer prophylaxis
 10. Sedatives
 11. Analgesics
 12. Anesthetics

For some drugs we will give a brief discussion 
related to the entire group of drugs, and for some 
the discussion will deal with individual drugs. 
There will be no attempt to cover the entire litera-
ture, and we will summarize only the more 
important points. Additional drugs are discussed 
elsewhere in this book when relevant.

38.2  Drugs That Control Cardiac 
Rhythm (Anti-arrhythmic 
Drugs)

These are classified according to their mecha-
nism of action. Class I, IA, to class IC are drugs 
that affect the sodium channel, thereby generally 
affecting the action potential and slowing con-
duction in the heart; class II are beta adrenergic 
blocking agents; class III drugs affect the potas-
sium channel (k-channel blockers); and class IV 
are calcium channel blocking agents [5].

Lidocaine: Lidocaine, in addition to its use as 
a local anesthetic, is also a class I B anti- 
arrhythmic agent used for the treatment of ven-
tricular arrhythmias, generally with other 

anti-arrhythmic agents (e.g., verapamil). 
Lidocaine is also used for epidural anesthesia 
during labor. Its main mechanism of action is 
blocking of sodium channels.

Lidocaine does not produce congenital anoma-
lies in rodents even when administered systemi-
cally in high doses. However, in high doses/
prolonged use, it may induce adverse behavioral 
effects in rats [6] and even fetal convulsions in 
sheep [7]. In humans, lidocaine crosses the placen-
tal barrier. There is insufficient data on the use of 
systemic lidocaine during pregnancy; however, 
prospective and retrospective investigations on 
more than 1000 pregnancies following systemic 
administration of lidocaine did not find any increase 
in the rate of major congenital malformations or of 
neurodevelopmental problems [8, 9]. Hence, lido-
caine can be safely administered systemically in 
pregnant women at any stage of pregnancy.

Procainamide: Procainamide, which is a class 
IA antiarrhythmic agent, can be used in preg-
nancy as no teratogenicity was reported in ani-
mals or human [8].

Amiodarone (Procor): This class III, potas-
sium channel blocking agent is generally admin-
istered intravenously in intensive care settings 
and has a very long duration of action. It may be 
important in pregnancy to use drugs of shorter 
duration of action if possible. Amiodarone has 
not been found to be teratogenic in rats and rab-
bits [9, 10]. However, amiodarone contains a 
high proportion of iodine, and adverse effects on 
fetal thyroid function were reported by several 
investigators [11–13]. Due to these possible com-
plications, it is advisable to use amiodarone in 
pregnant women only in cases where other anti-
arrhythmic agents are ineffective [13, 14].

Verapamil (Ikacor): This class IV calcium 
channel blocker is the preferred calcium channel 
blocker in pregnancy as there is more data regard-
ing its use that any other drug of this group. 
Verapamil does not produce congenital anoma-
lies in rats in relatively low doses but may be 
teratogenic in  vivo and in  vitro in high doses, 
generally affecting the central nervous system 
and the heart [15]. In human pregnancies, several 
large population studies have shown that vera-
pamil is not a human teratogen [16–18]. Although 
there are no controlled data in human pregnancy, 
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there have been reports of fetal harm while using 
verapamil for treatment of arrhythmia. The 
hypothesis is that relatively large doses of vera-
pamil may produce maternal hypotension [19], 
decreasing placental perfusion and potentially 
leading to fetal growth retardation and in rare 
cases even fetal death [20]. Hence, verapamil 
should be used with caution in pregnancy, and 
during its use, maternal blood pressure should be 
constantly monitored. Verapamil may be helpful 
in preventing premature delivery but may also 
delay delivery, causing post-maturity. Other cal-
cium channel blockers can also be used in preg-
nancy, but there is little data on their safety for 
the developing embryo and fetus, except for nife-
dipine, where data are relatively sufficient.

38.3  Adrenergic Blockers

Alpha and beta adrenergic blockers generally act 
as antagonists to epinephrine and norepineph-
rine, used for the control of cardiac rhythm and as 
hypotensive agents. There are relatively few 
alpha adrenergic blockers (i.e., phentolamine) 
and a large number of beta blockers (i.e., pro-
pranolol, atenolol, metoprolol). Labetalol and 
carvedilol are both alpha and beta blockers [1–4, 
21–25]. All these drugs seem to cross the human 
placenta.

38.3.1 Alpha adrenergic blockers

There is very little data on the possible effects of 
phentolamine in pregnant women other than some 
animal data reported by the manufacturer show-
ing that even high doses did not induce congenital 
malformations in mice rats and rabbits [22]. There 
is very little data also on the possible perinatal 
effects of prenatal phentolamine treatment.

38.3.2 Beta adrenergic blockers

Propranolol [23] and metoprolol [24] seem to be 
the drugs in this group with most data on preg-
nancy outcome with associated use. These drugs 
may induce a higher rate of perinatal hypoglyce-

mia and a decrease in the pulse rate of the new-
born if administered close to term [23, 24, 26]. 
Recent evidence suggests that any adverse effects 
on the developing embryo and fetus caused by 
beta blockers are extremely rare [27].

Propranolol: While most studies did not 
report on human or animal teratogenicity, there 
seems to be sufficient data demonstrating an 
association between propranolol use in preg-
nancy and intrauterine fetal growth restriction 
(FGR). For example, the reports by Pruyn et al. 
[28] and by Redmond [29] on over 30 pregnan-
cies, show an increased rate of FGR not associ-
ated with maternal hypertension.

A plausible mechanism for impairment of 
fetal growth by beta blockers is the reduction of 
placental perfusion due to the inhibitory effects 
on maternal cardiac rate and output. This has 
been observed in animals, especially in rats 
where it was also associated with intrauterine 
growth restriction [30].

Metoprolol: There seems to be sufficient data 
on metoprolol in pregnancy to demonstrate that 
metoprolol, similar to other beta blockers, is not 
a human teratogen [24]. Animal studies found 
no teratogenicity in rats and rabbits, but fetal 
growth restriction and death were observed with 
very high doses [31]. Decreased birth weight 
but no increase in malformations was also 
reported in humans [32]. A possible increase in 
cardiac malformations following prenatal expo-
sure to beta blockers was reported [33], but this 
was not verified by other studies [24]. No 
increase in other malformations was described. 
A higher rate of hypoglycemia was reported in 
several studies [24].

There is little data on other beta adrenergic 
blockers, but there is no reason to believe that any 
of these drugs are teratogenic.

38.3.3  Combined Alpha and Beta 
Adrenergic Blockers

Labetalol: The animal data from rats and rabbits 
is reassuring as no increase in congenital anoma-
lies has been observed even following treatment 
with high doses of labetalol. However, decreased 
fetal weight was described in rats. Several reports 
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on perinatal effects of prenatal exposure to labet-
alol have described an increased rate of hypogly-
cemia, transient hypotension, respiratory distress, 
and FGR [25, 26]. Evidence from two large inter-
national cohorts suggests this drug is relatively 
safe for administration during pregnancy [27].

It can be summarized that alpha or beta adren-
ergic blockers can be used safely in critically ill 
pregnant women. As they are generally used for 
short-term periods, there is only a remote possi-
bility that they will affect fetal growth. However, 
if used near term, the possible perinatal adverse 
effects should be kept in mind.

38.4 Digoxin

Digitalis glycoside is used in the treatment of car-
diac arrhythmia and heart failure. It does not 
belong to any anti-arrhythmia classes. It inhibits 
the action of sodium potassium adenosine tri-
phosphatase (Na+/K+ ATPase), mainly in the 
myocardium, causing increased intracellular 
sodium, thereby reducing the heart rate and 
improving cardiac output [34].

Animal studies did not show any teratogenic-
ity in mice and in rats, despite transplacental 
transfer of digitalis [35]. Although digoxin 
crosses the human placenta as well, [36] it has 
been broadly used during pregnancy and is con-
sidered a safe antiarrhythmic during pregnancy, 
as human data is also generally negative in rela-
tion to teratogenicity [37]. However, maternal 
overdose that results in fetal overdose may be 
lethal to the fetus [38]. Hence, digoxin can be 
used safely in pregnancy for maternal or fetal 
needs, but special care should be given to the 
dose administered and to monitoring of drug 
levels.

38.5  Vasopressors and Inotropes

Phenylephrine: This sympathomimetic drug is a 
selective α1-adrenergic receptor agonist that poten-
tiates the release of norepinephrine. It is a potent 
vasoconstrictor used in spinal anesthesia to treat 
the possible accompanying hypotension. 

Phenylephrine is recommended to prevent hypo-
tension induced by spinal anesthesia during cesar-
ean deliveries [39]. Phenylephrine caused fetal 
growth restriction in rabbits and may have fetal 
adverse effects in sheep [40]. Phenylephrine as a 
decongestant is even sold over the counter without 
need for a prescription. However, several case con-
trol and population studies have been published 
demonstrating an increase in various malforma-
tions in offspring of women treated during preg-
nancy. In the Collaborative Perinatal Project, a 
study of 1249 pregnancies with first trimester use 
of phenylephrine found an increase in the rate of 
neonatal ear, eye, and limb defects [8]. Other stud-
ies [41–43] found an increase in several types of 
cardiac malformations (endocardial cushion 
defect, ventricular septal defects) as well as in 
anomalies of the gut (pyloric stenosis), abdominal 
wall (umbilical hernia), and feet. These malforma-
tions may be related to the vasoconstrictive effects 
of phenylephrine. Hence, it may be advisable not 
to use phenylephrine in the first trimester of preg-
nancy and even thereafter.

Ephedrine (and pseudoephedrine): This sym-
pathomimetic amine has similar action and indi-
cations to phenylephrine, being a vasoconstrictor 
and decongestant. Animal data exist for chick 
embryos demonstrating an increase in cardiovas-
cular malformations. In humans, there are several 
case reports associating the use of ephedrine in 
pregnancy with several malformations [44–46]. 
However, studies on the effects of ephedrine 
taken in pregnancy did not find any adverse 
effects on the developing embryo and fetus [8]. 
Ephedrine is used for the same indications as 
phenylephrine with similar clinical benefits for 
possible hypotension during spinal anesthesia 
[47]. It can be concluded that ephedrine for use 
during spinal anesthesia is preferable over phen-
ylephrine in the first trimester of pregnancy, 
while in the second half of pregnancy, there 
seems to be no such preference.

Noradrenaline (norepinephrine): This α1 and 
α2 adrenergic agonist is a naturally occurring neu-
rotransmitter and hormone. Due to its vasocon-
strictive effects, it is mainly used for the elevation 
of blood pressure. In rodents, high doses of nor-
epinephrine may produce fetal ischemia and 
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hence delayed ossification, cataract, and intrauter-
ine growth retardation [48, 49]. Intra- amniotic 
injection of norepinephrine and epinephrine to 
15- or 16-day-old mouse fetuses produced arterial 
constrictions and hemorrhage in the limbs [50]. 
Recently norepinephrine has been used for short 
periods during cesarean delivery to prevent spinal 
hypotension, without untoward fetal effects 
reported [39]. There seem to be no large studies 
on the possible effects of norepinephrine in human 
pregnancies, but it is reasonable to assume that it 
is not teratogenic [8]. However, due to the paucity 
of data in pregnancy, norepinephrine should be 
used in pregnancy only for life saving indications 
and mainly if there are no other alternatives.

Adrenaline (epinephrine): This naturally occur-
ring hormone was found to be teratogenic in high 
doses in rodents. Administration of high adrena-
line doses to rabbit fetuses on days 18–22 pro-
duced peripheral edema and necrosis of the distal 
extremities [51, 52]. In pregnant mice,  epinephrine 
administration produced a 14% frequency of cleft 
palate, and in rats, direct fetal injection on day 17 
produced limb malformations [51, 52].

Regarding human pregnancies, the 
Collaborative Perinatal Project found a signifi-
cant association between first trimester exposure 
to epinephrine and an increased risk of malfor-
mations, especially inguinal hernias [8]. However, 
inguinal hernias may also be related to other fac-
tors. Schatz et al. [53] studied the pregnancy out-
comes of 180 women who used inhaled beta 
sympathomimetics in the first trimester of preg-
nancy and did not find any increase in the rate of 
congenital malformations or other adverse fetal 
effects. However, only few used adrenaline. 
Moreover, as anaphylactic shock is rare in preg-
nancy, the few cases of treatment with adrenaline 
generally occurred during the second half of 
pregnancy [54]. Hence, adrenaline can be used in 
pregnancy if needed for life-saving procedures.

Vasopressin (antidiuretic hormone): This hor-
mone is a potent vasoconstrictor used for the 
treatment of diabetes insipidus and for the eleva-
tion of blood pressure. Lysine vasopressin has 
similar effects to the native, arginine vasopressin 
hormone. Its use in pregnancy is very rare, and 
most data is from description of pregnant women 

treated for diabetes insipidus. Most cases describe 
treatment in the second half of pregnancy, gener-
ally with favorable outcomes for the mother and 
fetus. Experimental data from mice and rats 
shows that intra-amniotic injections of vasopres-
sin (as well as adrenaline and noradrenaline)-
induced hemorrhage in the fetal limbs due to 
constriction of the main limb arteries [50, 55]. 
There is practically no data on the possible effects 
of vasopressin on the developing embryo and 
fetus if administered to the mother in the first tri-
mester of pregnancy. Due to the possible effects 
of vasopressin on uterine contractions, it is advis-
able, if possible, to avoid the use of vasopressin 
in pregnant women. In pregnant women with dia-
betes insipidus, it is advised to use the synthetic 
analogue, desmopressin (DDAVP) which acts 
more specifically on the kidney [56–58].

Milrinone (Primacor): This vasodilator and 
inotropic agent is a phosphodiesterase-3 inhibitor 
that increases cardiac contractility and decreases 
pulmonary vascular resistance. It is used for the 
treatment of pulmonary hypertension in infants 
and in elder patients with cardiac failure and/or 
pulmonary hypertension undergoing cardiac sur-
gery [59]. It is generally given intravenously but 
can also be given by inhalation [60]. There are no 
data on the possible of milrinone in human preg-
nancies. In animals, the data in rats and rabbits 
show that milrinone is not teratogenic or embryo-
toxic even at high doses, unless maternal toxicity 
occurs [61]. Hence, if needed, milrinone can be 
used in pregnant women.

38.6  Antibiotics

Generally, antibiotic drugs used for the treatment 
of acute infections in the ICU are not teratogenic, 
despite crossing the placental barrier. In animals 
too, most antibiotic agents are not teratogenic 
unless used in very high doses. Quinolones are an 
exception as they may affect the cartilage of fetuses 
and young offspring. Similarly, several aminogly-
cosides may be nephrotoxic in exposed fetuses 
when used in large doses. We will discuss briefly 
each one of the more commonly used antibiotics in 
the ICU.

38 Medication Use During Pregnancy in the Intensive Care Unit
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38.6.1  Aminoglycoside Antibiotics

This is a group of bactericidal antibiotics that 
inhibit protein synthesis and contain, as a portion of 
the molecule, an amino-modified glycoside (sugar). 
They are mainly effective against aerobic Gram-
negative bacteria but not against Gram- positive or 
anaerobic bacteria. They specifically inhibit bacte-
rial protein synthesis by binding to ribosomes [62]. 
The first antibiotic of this group was streptomycin, 
but the more commonly used drugs of this group 
are gentamycin (garamycin), kanamycin, tobramy-
cin, amikacin, neomycin, streptomycin, and dehy-
drostreptomycin. All drugs belonging to this group 
might be toxic in high doses and may exert a neph-
rotoxic and ototoxic effect. They generally cross 
the placental barrier but are not considered human 
teratogens [63]. In pregnant animals, some of these 
antibiotics induced congenital malformations, 
especially ototoxicity, but there are very few human 
reports on fetal ototoxicity.

Gentamycin: Fetal renal damage was demon-
strated in rats and guinea pigs following prenatal 
exposures to high doses [64, 65]. In humans, nei-
ther fetal nephropathy nor ototoxicity has been 
demonstrated, although in neonates treated with 
gentamycin, nephrotoxicity is a known complica-
tion. Hence, maternal treatment with gentamycin 
near term should be given with caution and drug 
levels should be monitored [66]. In human popu-
lation studies, gentamycin was not found to 
increase the rate of congenital anomalies [63]. 
Hence, gentamycin can be administered to preg-
nant women whenever clinically indicated.

Kanamycin: Experimental animal studies 
have demonstrated a low rate of ototoxicity in the 
offspring of pregnant rats and other rodents [67]. 
No other anomalies were reported in pregnant 
animals. In human, there are no reports of con-
genital malformations except a few cases of fetal 
ototoxicity, generally following high maternal 
doses that also caused maternal ototoxicity [68, 
69]. The risk for fetal ototoxicity is apparently 
very low. Hence, kanamycin can be administered 
during pregnancy whenever clinically indicated.

Tobramycin: Experimental studies in pregnant 
rodents did not find any increase in major anoma-
lies in the offspring. High doses that were neph-
rotoxic to the dams also induced nephrotoxicity 

in the offspring of rats [70]. Similar data were 
found in guinea pigs [71]. In humans, despite 
some individual case reports, larger population 
studies did not find an increased rate of congeni-
tal malformations [63]. However, nephrotoxicity 
and possibly ototoxicity in human pregnancies 
cannot be completely ruled out due to a relatively 
small number of cases reported. Hence, tobramy-
cin may be used during pregnancy, but if other 
aminoglycosides are similarly effective, they 
should be preferred.

Neomycin: This aminoglycoside is generally 
used topically, with no reported teratogenic 
effects in humans or animals. It is often used in 
combination with other antibiotics. The studies 
on systemic use in animals have demonstrated 
only ototoxicity with the administration of very 
high doses [72]. There is very little data on the 
use of systemic neomycin in pregnant women, 
but these showed no increase in the rate of con-
genital anomalies. Hence systemic neomycin 
may be administered if required.

Amikacin: Studies in pregnant animals have 
not shown fetal damage [73], unless maternal 
toxicity was induced. However, there are no stud-
ies on the possible effects of amikacin in preg-
nant women. Hence it seems reasonable to avoid 
using amikacin in pregnant women if possible.

38.6.2 Cephalosporins

The first, second, and third generation of these 
beta lactam antibiotics comprise over 20 different 
antibiotics (e.g., cephalexin, cefuroxime, ceftri-
axone). These drugs exert a bactericidal effect 
through disruption of the peptidoglycan layer of 
the bacterial wall. Generally these drugs do not 
increase the rate of congenital anomalies when 
administered to pregnant rodents [74, 75]. Human 
data in pregnancy did not demonstrate any dam-
aging effects on the developing embryo and fetus, 
as demonstrated in a large population-based, 
case-control study and in several cohort studies 
[74]. Hence, it can be concluded that cephalospo-
rins can be used safely in pregnancy. It should 
also be noted that treating pregnant women with 
different penicillins (penicillin V, G, amoxicillin 
ext) has been found to be safe [74].
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38.6.3 Fluoroquinolones

This group of broad- spectrum antibiotic agents is 
bactericidal to many Gram-positive and Gram-
negative microorganisms and thus is used exten-
sively in various infections. Their main 
mechanism of action is by inhibition of bacterial 
DNA gyrase, thus preventing DNA synthesis and 
replication [76]. The commonly used drugs in 
this category are ciprofloxacin, levofloxacin, 
moxifloxacin, ofloxacin, norfloxacin, and nali-
dixic acid.
In animals, quinolones were not teratogenic, but 
large doses, especially ciprofloxacin, adminis-
tered to very young dogs, rats, and mice produced 
arthropathic changes [77]. In humans, there is 
now data on over 2000 women treated during 
various phases of pregnancy with different qui-
nolones, demonstrating the safety of these drugs. 
The largest study was published by Padberg et al. 
[76] on 949 pregnancies prospectively following 
first trimester exposure to different fluoroquino-
lones, and there was no reported increase in the 
rate of major congenital anomalies, prematurity, 
or spontaneous abortions. No cases of arthropa-
thy were observed in human studies. Hence, qui-
nolones during pregnancy do not increase the 
general rate of congenital anomalies or other 
pregnancy complications [76, 78, 79] and can be 
safely administered whenever needed.

38.6.4 Metronidazole (Flagyl)

Metronidazole is a wide-spectrum antibiotic and 
antiprotozoal drug that is used in the treatment of 
amoebiasis, trichomonas, giardia, and several 
bacteria causing pelvic inflammation. In critical 
care settings, it is often used in combination with 
other antibiotic or antifungal drugs for coverage 
of anaerobic infections. Metronidazole inhibits 
nucleic acid synthesis by disrupting the DNA of 
microbial cells but has little effects on mamma-
lian cells. Metronidazole is also administered to 
pregnant women for the prevention of preterm 
birth in bacterial vaginosis [80].

Animal studies in pregnancy generally did not 
show any teratogenicity of metronidazole [81, 
82]. However, a single high dose of metronida-

zole with miconazole induced axial skeletal mal-
formations in mice offspring [83].

Prospective and retrospective studies have 
reported the outcome of almost 3000 human 
pregnancies treated with metronidazole. There 
was no indication that metronidazole is a human 
teratogen as there was no increase in the rate of 
major congenital anomalies, of premature 
deliveries, or of spontaneous abortions [84, 85]. 
On the contrary, treatment prevented premature 
deliveries [80]. Hence, if indicated, metronida-
zole can be administered during pregnancy.
With the worldwide increase in the prevalence of 
multidrug-resistant pathogens, critically ill 
women are more likely to require treatment with 
additional antibiotics. There is little to no infor-
mation regarding the short- and long-term effects 
of most antibiotics on the fetus, a situation exac-
erbated by the near-exclusion of pregnant women 
from drug trials. Given the lack of data, if a clini-
cal situation arises that requires consideration of 
such treatment during pregnancy, treatment 
should not be withheld from the mother due to 
concerns regarding the fetus.

38.7  Antifungal Drugs

Amphotericin B (liposomal): There is very little 
data on the possible effects of liposomal ampho-
tericin B in pregnant animals or in human. The 
few animal experiments did not reveal teratoge-
nicity, although the doses administered did not 
exceed those used in human treatment [86]. The 
data on human pregnancies are also very limited 
but so far negative. Due to the clinical benefits of 
this drug in severe cases of Cryptococcus infec-
tions (and possibly leishmaniasis), it is recom-
mended to use this drug in pregnancy when 
clinically indicated [87, 88].

Imidazole fungicides (fluconazole, miconazole 
itraconazole variconazole, oxiconazole): These 
antifungal drugs have been tested in pregnant ani-
mals and often produced maternal toxicity with 
adverse effects on the developing embryo and 
fetus (i.e., increased spontaneous abortions and 
fetal death) or skeletal, nervous system, and other 
malformations. These anomalies were especially 
pronounced with itraconazole. In some studies 
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skeletal axial malformations or other adverse 
effects were produced in rodents even without 
signs of maternal toxicity. These were mostly 
attributed to the anti-estrogenic or other endocrine 
effects of these drugs. However, in the absence of 
maternal toxicity, there were generally no terato-
genic or embryotoxic effects [89, 90].

Human studies in pregnancy have reported 
on a large number of infants and are generally 
negative. However, there are large differences in 
the amount of data for each one of these drugs. 
For example, there is sufficient data for flucon-
azole and miconazole, demonstrating that these 
drugs are safe for use in pregnancy, but there is 
much less data for itraconazole [91–93], and no 
human data for voriconazole or oxiconazole. 
Hence, if clinically possible, fluconazole and 
miconazole are the preferred options for preg-
nant women.

38.8  Antiviral Drugs

38.8.1  Antiretroviral Drugs

There are about 30 drugs that help to control 
HIV infections that minimize the presence of the 
virus, effectively preventing the disease progres-
sion. These drugs can be classified according to 
their mechanism of action and resistance profiles 
into six groups: (1) nucleoside-analog reverse 
transcriptase inhibitors (NNRTIs), (2) non- 
nucleoside reverse transcriptase inhibitors 
(NNRTIs), (3) integrase inhibitors, (4) protease 
inhibitors (PIs), (5) fusion inhibitors, and (6) co- 
receptor antagonists [94]. Many of these drugs 
have been and continue to be used in pregnancy 
with promising data as to their clinical effective-
ness in preventing the transplacental transmis-
sion of the virus to the fetus and the fact that they 
seem to be harmless for the embryo and fetus.

Animal studies were generally negative for 
teratogenicity. Even drug combinations in con-
centrations similar to those used in humans were 
not teratogenic. However, very high doses gener-
ally induced maternal toxicity in a rat model, 
with a high frequency of fetal death and other 
adverse effects [95].

When assessing the possible effects of these 
drugs on human pregnancy outcomes, the possi-
ble adverse effects of the underlying disease 
should also be considered. There are now many 
studies on thousands of pregnancies, most of 
them showing no teratogenicity. Conversely, 
most also demonstrate the protective effects of 
these drugs on the developing fetus [96–98]. 
Hence, antiretroviral therapy should be adminis-
tered in pregnancy when indicated.

38.8.2 Other Antiviral Drugs

These can be administered as well during preg-
nancy, and for most there is sufficient evidence 
that they have no adverse effects on the develop-
ing embryo and fetus.

38.9  Drugs for Decreasing 
Intracerebral Pressure (ICP)

Mannitol: This hypertonic alcohol is used for the 
alleviation of increased ICP due to its high osmo-
larity and rarely as a diuretic substance [99]. 
Rarely, mannitol may cross the blood- brain bar-
rier and therefore increase intracranial pressure. 
Although it might be superior to pentothal, it is 
not as effective as hypertonic saline for decreas-
ing ICP [99]. Animal studies in pregnancy in rats 
and rabbits were generally negative regarding 
teratogenicity with mannitol. Human data is rela-
tively scant, and most data are from second and 
third trimester pregnancies. So far, there seem to 
be no adverse effects on the fetus following 
maternal mannitol administration [100, 101]. 
Hence, mannitol can be used during pregnancy if 
needed.

Pentothal (thiopental): This rapidly acting 
barbiturate, affecting several ion channels in the 
brain, was previously used for induction of anes-
thesia. Today it has generally been replaced by 
other sedative/anesthesia drugs such as propofol. 
Pentothal decreases neuronal activity and is now-
adays used mainly to reduce acute brain edema in 
the ICU setting because it decreases the produc-
tion of osmotically active metabolites, which in 
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turn decreases brain swelling. It is also used for 
the induction of “barbiturate coma” for the treat-
ment of severe brain edema, although the benefit 
of such treatment is questionable [102, 103]. 
Pentothal may also have some general neuropro-
tective effects.

In rats and mice, pentothal is not teratogenic, 
but high doses may cause fetal death and abortion 
[104]. There are little human data regarding the 
use of pentothal in pregnancy. The Perinatal 
Collaborative Study [8] described data on 152 
pregnant women anesthetized with thiopental in 
the first trimester of pregnancy, and did not find 
any increase in major congenital malformations. 
In several other studies and reviews, anesthetic 
agents including pentothal, were not teratogenic 
in human [105]. Hence, if needed, pregnant 
women can be treated with pentothal.

Propofol: Propofol is an anesthetic agent 
sometimes used for the induction of anesthesia 
and for the treatment of increased intracranial 
pressure [102]. It is a well-tolerated agent with 
relatively few side effects. Administration to preg-
nant rats and rabbits was not teratogenic, but if 
administered early or late in pregnancy to rats, it 
induced neurobehavioral changes in the offspring, 
impairing learning and memory [106, 107]. In 
pregnant women propofol crosses the mature pla-
centa, leading to fetal blood concentrations very 
close to those of the mother. However, most exist-
ing data on the possible effects of propofol on the 
fetus are from term pregnancies. Hence, its pos-
sible teratogenicity was not studied, although 
studies evaluating effects of anesthesia in general 
suggest no connection [8, 105]. When used in the 
third trimester of pregnancy, no adverse effects on 
the offspring were noticed, including no effects 
on the Apgar score or other neonatal assessment 
scores. Although there is very little data, if needed, 
propofol may be used in pregnancy.

38.10  Anticonvulsant Therapy

Many antiepileptic drugs are teratogenic. Since 
anticonvulsive treatment is sometimes manda-
tory, these drugs are used in pregnancy. It is, 
however, important to use the most effective but 

least teratogenic among them. It is generally 
accepted that antiepileptic drugs should not be 
changed during pregnancy as such change may 
increase the risk of seizure activity in a previ-
ously balanced patient, and this might endanger 
the mother and fetus. The exception to this rule is 
valproic acid (VPA) that could be switched to an 
alternative due to its neurodevelopmental adverse 
effects. In a recent review and meta-analysis on a 
large number of pregnant women treated with 
antiepileptic drugs [108], the following drugs 
significantly increased the rate of major congeni-
tal malformations: ethosuximide, valproate, topi-
ramate, phenobarbital (odds ratio of 2 or above), 
and phenytoin and carbamazepine (odds ratio 
below 2). Only gabapentine (OR, 1.0; 95% CI 
0.47–1.82), lamotrigine (OR, 0.96; 95% CI, 
0.72–1.25), and levetiracetam (OR, 0.72; 95% 
CI, 0.43–1.16) did not increase the rate of major 
malformations. We will discuss only the antiepi-
leptic drugs used in the ICU to control acute sei-
zures: VPA, levetiracetam (Keppra), and 
phenytoin.

Valproic acid: VPA seems to be the most tera-
togenic antiepileptic drug; hence, whenever pos-
sible, its use in pregnancy should be avoided 
[109–113]. It is teratogenic in most animals in 
doses that are not much higher than the human 
dose [95]. VPA in humans has been associated 
with a 1–2% incidence of lumbar meningomy-
elocele (neural tube defects). Other congenital 
anomalies that are increased following the use of 
VPA in pregnancy are cardiac anomalies, facial 
clefts, dental agenesis, hypospadias, craniosyn-
ostosis, and limb defects, particularly radial apla-
sia. A typical “valproic acid facial dysmorphic 
features” (VPA syndrome) has been described, 
manifested by small nose, depressed nasal bridge, 
abnormal ears, a flat and long philtrum, and a thin 
upper lip. These features are similar to those 
described as the “antiepileptic drug syndrome.” 
VPA syndrome is often accompanied with neuro-
developmental delay and an increased rate of 
Autism Spectrum Disorder [109–114]. The rate 
of congenital malformations among offspring 
prenatally exposed to VPA generally ranges 
between 6.7% [110] to over 16% and is dose 
dependent [111, 112]. When VPA is administered 
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together with other antiepileptic drugs, the rate of 
congenital malformations increases and is gener-
ally above the rate induced by VPA alone [99, 
100]. However, multiple studies have shown that 
there is a threshold for VPA-induced teratogenic-
ity; daily doses below 800 mg are apparently not 
teratogenic [109, 110]. If possible, VPA treat-
ment should be avoided in pregnancy.

Phenytoin: Phenytoin has been used for many 
years to control seizures. It mainly acts by block-
ing sodium channels, thus interfering with synap-
tic impulse propagation [115]. Levetiracetam and 
phenytoin are both used in the intensive care unit 
(ICU) for prevention of convulsions following 
head trauma or brain occupying lesions. 
Phenytoin is a known teratogenic drug that 
induces various congenital malformations in 
rodents. It is also teratogenic in man [94, 97, 98] 
and, if possible, should not be used in pregnancy. 
However, it is preferred over VPA.

Levetiracetam (Keppra): Keppra is the pre-
ferred drug in pregnant patients at high risk for 
convulsions for prevention of seizures. This rela-
tively new drug has not been found to be terato-
genic in pregnant rats or rabbits even in relatively 
high doses, but it often interfered with fetal 
growth [116]. The drug inhibits presynaptic cal-
cium channels, reducing neurotransmitter release, 
thereby decreasing impulse conduction across 
synapses. As noted above, it is used to prevent 
seizures after head trauma or brain tumors [117]). 
There are several relatively large human cohort 
studies with more than 1000 pregnancies exposed 
to keppra monotherapy in the first trimester. 
Generally there was no increase in the rate of 
congenital malformations, spontaneous abor-
tions, or stillbirths. In several studies, evaluating 
the neurodevelopmental effects of keppra, there 
were no also differences between the children 
prenatally exposed to keppra and controls [118]. 
It seems, therefore, that keppra can be used in 
pregnancy whenever needed.

38.11  Nitric Oxide

Nitric oxide (NO) is a reactive nitrogen species 
that serves as a signalling molecule in several 
biological systems. It dilates blood vessels, low-

ering blood pressure as it also causes smooth 
muscle relaxation. Nitric oxide plays an impor-
tant role in pregnancy; trophoblastic cells pro-
duce nitrous oxide which plays an important 
role in trophoblastic invasion [118]. Inhaled NO 
is used in mechanically ventilated adult critical 
care patients with severe V-Q mismatch and in 
severe pulmonary hypertension. Nitric oxide is 
very important in the control of placental blood 
flow, explaining the effects of nitric oxide 
manipulations in pregnancy in mice [119] and in 
human [120]. In experimental animals, increased 
production of nitric oxide was not teratogenic. 
There is very little data on the effects of inhaled 
nitric oxide in human pregnancies. Transdermal 
nitroglycerin that produces vasodilation by the 
formation of nitric oxide does not interfere with 
pregnancy and does not seem to affect fetal car-
diac function or fetal growth [108]. l-arginine, a 
precursor of nitric oxide, is often used for the 
treatment of preeclampsia and does not affect 
the fetus either [121]. Hence, it can be con-
cluded that nitric oxide treatment in pregnancy 
seems safe.

38.12  Peptic Ulcer Prophylaxis

The main drugs used for stress ulcer prophy-
laxis are proton pump inhibitors (omeprazole, 
pantoprazole, esomeprazole) or H2 receptor 
antagonists (ranitidine, cimetidine, famoti-
dine) [122].

Proton pump inhibitors: Animal studies on 
drugs of this group did not find teratogenic effects 
with omeprazole or esomeprazole in rats and rab-
bits, and as a group, animal teratogenic studies 
with proton pump inhibitors are negative [123]. 
Most human data in pregnancy is on omeprazole. 
So far, more than 2000 human pregnancy out-
comes have been described, and the data does not 
show any increase in the rate of congenital mal-
formations, spontaneous abortions, or effects on 
fetal growth and gestational age at delivery [124, 
125]. It can therefore be summarized that proton 
pump inhibitors can be used in pregnancy.

H2 receptor antagonists: Studies on pregnant 
rats and rabbits did not find any increase in the rate 
of congenital anomalies or of other adverse effects 
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in pregnancy. Prospective cohort studies on about 
2000 human pregnancies following ranitidine 
treatment during pregnancy, mostly during the first 
trimester, did not reveal any increase in the rate of 
major congenital anomalies or other adverse 
effects [126–129]. Similar reassuring data exists 
for famotidine and cimetidine. Hence, H2 receptor 
antagonists can be used in pregnancy.

38.13  Anti-histamines and 
Anti-emetics

Passiflora, valerian, histamine H1 antagonists 
(antihistamines -doxylamine, diphenidramine).

Various animal studies in mice, rats, and rab-
bits did not demonstrate teratogenic effect of any 
of these agents. There is very little data in human 
pregnancies for passiflora and valerian obtained 
from plants but more data on histamine H1 antag-
onists. The available human data is generally 
reassuring [8, 130–132]. Hence, if needed, these 
drugs can be used in pregnancy. Non- 
pharmacologic and pharmacologic options are 
also available for management of nausea and 
vomiting in pregnancy [133]. Ondansetron 
administered in the first trimester is not associ-
ated with cardiac malformations; however there 
is a small increased risk of cleft lip [134].

38.14  Analgesics

Generally, the different groups of analgesics may 
be used in pregnancy for short periods of time (up 
to several days). However, if prolonged use is 
needed, it is preferable to avoid treatment with 
high doses.

38.14.1 Paracetamol

Studies in pregnant mice and rats did not find any 
increase in the rate of congenital anomalies or 
other adverse effects on pregnancy. Case control 
or population-based studies in human pregnancies 
were also largely negative, except for some 
increase in the rate of cryptorchidism following 
paracetamol use during the first and second tri-

mesters of pregnancy. There are some studies 
pointing to a possible increase in the rate of autism 
following prenatal exposure to paracetamol, but 
the data are problematic as many possible con-
founding factors were not excluded [135–137]. 
Hence, paracetamol can be used during pregnancy, 
especially when taken for short periods of time.

38.14.2 Dipyrone

This rapidly reversible inhibitor of cyclooxygen-
ase (metamizole) is not licensed in the USA but is 
used in other developed and non- developed coun-
tries. There are no clear data on the possible 
effects of dipyrone in pregnant animals, and the 
data on human pregnancies is also insufficient, 
but so far no adverse effects on pregnancy were 
found [138, 139]. There is a single description of 
a case of premature constriction of the ductus 
arteriosus apparently produced by high doses of 
dipyrone administered toward the end of preg-
nancy [140]. However, since dipyrone is used 
extensively in Israel, Brazil, and several European 
countries, and no negative effects were reported, 
it seems safe to use this drug in pregnancy.

38.14.3  Opioids

There are several opioid-based analgesic drugs: 
i.e., fentanyl, methadone, codeine, pethidine, 
morphine, oxycodone, tramadol. These will be 
addressed as one group differing among them-
selves as to their indications and effectiveness.

All opioids seem to bind to opioid receptors in 
the central nervous system. Some adverse preg-
nancy outcomes described in association with 
opioid misuse include preterm birth, low birth 
weight, reduced infant head circumference, 
increased perinatal mortality, neonatal with-
drawal syndrome, and postnatally increased sud-
den infant death as well as increased rate of 
learning difficulties and ADHD.  It is generally 
agreed that there is no increase in the rate of con-
genital malformations [141, 142].

The low cognitive abilities observed in asso-
ciation with opioid use in pregnancy are, to a 
large extent, attributed to poor home environ-
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ment. Children that were born to opiate depen-
dent mothers but were raised in a “good” home 
environment (i.e., adopted at a young age) have 
normal or close to normal cognitive abilities but 
still have a very high rate of ADHD [142, 143]. 
Hence, many of the pregnancy complications 
believed to be induced by opioids in the offspring 
of opioid-dependent mothers can be attributed to 
factors related to maternal addiction and the 
impact of the poor home environment on the 
young child, rather than to the opiates them-
selves. Opioids used as analgesics for manage-
ment of acute pain are not necessarily associated 
with a poor home environment, and therefore the 
adverse effects observed in the offspring of opi-
oid addicted mothers are not expected in such 
circumstances. Hence, opioid analgesics can be 
used in pregnancy if required.

38.14.4  Non-steroidal Anti-
inflammatory Drugs 
(NSAIDs) Including Aspirin

Generally, as a group, NSAIDs are not consid-
ered human  teratogens although some of the 
drugs of this group are teratogenic in rodents 
(i.e., high doses of aspirin in mice and rats) [144, 
145]. There are many studies on the possible 
effects of NSAIDs in human pregnancies. Most 
studies did not reveal any increase in the rate of 
congenital malformations following exposure in 
the first trimester of pregnancy.
Aspirin: Aspirin was not found to increase the 
rate of congenital anomalies as evidenced from a 
large meta-analysis [146] and from a prospective 
study on over 50,000 pregnancies treated with 
aspirin [8, 147, 148]. However, several smaller 
studies have demonstrated some adverse effects 
on the developing embryo/fetus, i.e., increased 
oral clefts and reduced fetal weight [148, 149]. 
Rarely, long-term treatment with high doses of 
aspirin can also cause fetal and maternal bleeding 
[8]. However, low doses of aspirin do not increase 
bleeding tendency in the newborn [146].
Indomethacin: Some increase has been reported 
in the rate of spontaneous abortions following 
indomethacin treatment in the first trimester of 

pregnancy, but most large prospective studies 
have found no evidence of an increase in the rate 
of congenital anomalies [150]. Treatment with 
indomethcin in the later stages of pregnancy 
was reported to cause some adverse effects, 
especially constriction of the ductus arteriosus 
which may rarely occur between weeks 28–31 
but is more common from 32  weeks of gesta-
tion. Some increase in the rate of intracerebral 
hemorrhage was also reported with prenatal 
exposure to indomethacin [151].
Ibuprofen: Ibuprofen has been associated in 
some studies of human pregnancies with an 
increased rate of cardiac malformations, but 
the data is inconsistent and cohort studies are 
generally negative [152].
Naproxen: Regarding naproxen, some studies 
have demonstrated an increased rate of oral clefts 
and of cardiac anomalies with naproxen, while 
others did not [153]. Increased pulmonary hyper-
tension and constriction of the ductus arteriosus 
have been described with the use of naproxen as 
well as other NSAIDs late in pregnancy [154].
Diclofenac: Diclofenac was not teratogenic in 
most studies on pregnant mice and rats. In humans, 
most studies did not demonstrate any increase in 
the rate of congenital anomalies among the off-
spring or of spontaneous abortions [155].

It can be summarized that the use of the differ-
ent NSAIDs may cause increased early spontane-
ous abortions, but this might also be related to the 
underlying disease. The use of NSAIDs in the 
first 7 months of pregnancy is generally safe with 
regard to congenital anomalies and other adverse 
effects, but these drugs should not be used from 
week 32 of pregnancy and perhaps even from 
week 28 onwards [156]. Low-dose aspirin is the 
exception to this rule. No adverse effects have 
been observed with the long-term use of such low 
amounts of aspirin, and it can therefore be used 
throughout pregnancy.

38.15  Anesthetic Agents

It is estimated that 1–2% of pregnant women 
undergo general anesthesia during pregnancy, gen-
erally for reasons unrelated to gestation; see above 
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for descriptions of thiopentone and propofol. Due 
to their lipid solubility, general anesthetic agents 
easily cross the placental barriers, thereby reaching 
the fetus and affecting the fetal brain. There seems 
to be sufficient data demonstrating that general 
anesthesia, even in the first trimester of pregnancy, 
does not result in adverse effects on the fetus. 
However, if such an association exists, it may also 
be due to the underlying cause that necessitated 
general anesthesia [1, 8, 100, 157, 158]. Exposure 
to anesthetic agents is usually brief, and it generally 
occurs no more than once during pregnancy. 
Experimental animal studies, even with long-term 
treatment, are generally negative with no proven 
teratogenic effects. The anesthetic gases or inject-
able agents are not considered to be human terato-
gens, and the data on the safety of halogenated 
inhalation anesthetic agents are quite convincing 
[8, 100, 157, 159]. The safety for the fetus of non-
obstetric surgery and anesthesia in pregnancy is 
well-documented. These findings suggest no sub-
stantial detrimental risk on child fine motor and 
attention deficit disorder symptoms after prenatal 
benzodiazepines/hypnotics, whether exposure was 
to these drugs alone or in combination with opioids 
or antidepressants [160, 161].

Nitrous oxide: Although nitrous oxide has lim-
ited anesthetic abilities, it is used often during 
delivery because it is well tolerated and has very 
limited negative effects on the circulation or uter-
ine contractures. This substance seems to have no 
adverse effects on the developing embryo and 
fetus and can be used in pregnancy [8, 162].

Local, epidural, and spinal anesthesia are simi-
larly performed for non-obstetric as well as for 
obstetric procedures, i.e., vaginal delivery and 
cesarean sections. The drugs used for these proce-
dures also seem to be safe for the embryo and fetus 
and have no adverse effects on the newborn infant, 
and the different agents used are not teratogenic in 
man [8]. Hence, local anesthetics can be used in 
pregnancy.

38.16  Conclusions

Pharmacological treatment is essential for preg-
nant women in the ICU, and it often necessitates 
quick decisions. Maternal safety is the prime con-
sideration in such cases. Fortunately, most drugs 
used in the ICU are not human teratogens and can 
be used without endangering the embryo or fetus. 
In this chapter we have tried to describe in brief the 
possible adverse effects of the different drugs in 
use and demonstrate that most drugs are safe, 
especially if used for short periods of time. 
However, many drugs that might adversely affect 
pregnancy can be replaced by other, safer drugs 
with similar pharmacologic action (Box. 38.1).

Box 38.1 Drugs to be Used with Caution in 
Pregnancy

Use less teratogenic (carbamazepine) or 
non-teratogenic (levetiracetam, lamotrig-
ine) drugs

Phenytoin. Avoid if possible but still 
preferred over VPA

Amiodarone. Use only when other 
drugs are ineffective

Verapamil. The preferred calcium 
channel blocker in pregnancy due to most 
reports of use; However, use with caution 
and monitor blood pressure. Nifedipine 
may be an alternative

Adrenaline. Can be used for life saving 
procedures

Norepinephrine. Can be used for life 
saving procedures

Vasopressin. Avoid if possible
Phenylephrine. Use ephedrine where 

possible in first trimester of pregnancy; no 
preference in second/third trimester.

Tobramycin. Preference for other ami-
noglycosides if indicated

NSAIDS. Can be used up to week 28–32
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38.17  Appendix

38.17.1  Pregnancy and 
Breastfeeding Drug 
Classifications

Drugs are labelled with a narrative according to 
the recommendations for stages of pregnancy and 
breastfeeding. For most drugs there is no defini-
tive answer, and clinical judgment is required. 
Information taken from https://www.drugs.com/
pregnancy-categories.html, accessed 27th 
September 2019.

Pregnancy (includes Labor and Delivery):
• Pregnancy Exposure Registry
• Risk Summary
• Clinical Considerations
• Data

Lactation (includes Nursing Mothers)
• Risk Summary
• Clinical Considerations
• Data

Females and Males of Reproductive 
Potential

• Pregnancy Testing
• Contraception
• Infertility

Until 2015, drugs were labelled according to 
five risk categories that may still be stated on 
drug package labels:

Category A Adequate and well-controlled stud-
ies have failed to demonstrate a risk to the fetus 
in the first trimester of pregnancy (and there is no 
evidence of risk in later trimesters).

Example drugs or substances: levothyroxine, 
folic acid, liothyronine

Category B Animal reproduction studies have 
failed to demonstrate a risk to the fetus and there 
are no adequate and well-controlled studies in 
pregnant women.

Example drugs: metformin, hydrochlorothi-
azide, cyclobenzaprine, amoxicillin

Category C Animal reproduction studies have 
shown an adverse effect on the fetus and there are 
no adequate and well-controlled studies in 
humans, but potential benefits may warrant use 
of the drug in pregnant women despite potential 
risks.

Example drugs: gabapentin, amlodipine, 
trazodone

Category D There is positive evidence of human 
fetal risk based on adverse reaction data from 
investigational or marketing experience or stud-
ies in humans, but potential benefits may warrant 
use of the drug in pregnant women despite poten-
tial risks.

Example drugs: losartan

Category X Studies in animals or humans have 
demonstrated fetal abnormalities and/or there is 
positive evidence of human fetal risk based on 
adverse reaction data from investigational or 
marketing experience, and the risks involved in 
use of the drug in pregnant women clearly out-
weigh potential benefits.

Example drugs: atorvastatin, simvastatin, 
methotrexate, finasteride
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39.1  Introduction

In developed countries, 0.05–1.7% of obstetric 
patients will be admitted to critical care units 
either antenatally or in the postpartum period [1]. 
Pain in the critically ill obstetric patient may be 
due to trauma (such as rib fractures) or a medical 
condition (such as pancreatitis) or in the context 
of surgical procedures (either non-obstetric sur-
gery, cesarean delivery, or both) and may also be 
caused by a procedure that is part of the manage-
ment plan in the intensive care unit (ICU).
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Bullet Points
• In developed countries, 0.05–1.7% of 

obstetric patients will be admitted to 
critical care units either antenatally or in 
the postpartum period.

• The physiology of pregnancy combined 
with untreated pain will alter both 
maternal and fetal homeostasis (mater-
nal oxygenation, placental perfusion, 
and, as a result, fetal perfusion) and 
hence requires specific considerations in 
the obstetric population.

• Pharmacological analgesia is the first 
line of treatment for pain management 
in the ICU for obstetric patients.

• Pain management with regional or neur-
axial medications is preferable for 
obstetric patients, as it decreases the 
need for systemic medications that cross 
the placenta.

• Optional regional analgesia techniques 
include neuraxial (epidural analgesia 

and intrathecal morphine), trunk, and 
limb blocks.

• Optional systemic analgesia medications 
include non-opiates (acetaminophen and 
nonsteroidal anti-inflammatory drugs), 
opioids, and adjuncts (e.g., ketamine, 
dexmedetomidine, and gabapentinoids).

• A combined analgesia regimen that 
includes both regional and systemic med-
ications optimizes pain management.

• A multidisciplinary team that includes 
anesthesiologists, intensivists, neona-
tologists, and obstetricians should col-
laborate in creating the pain management 
plan.
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Similar to the critically ill non-obstetric 
patient, the use of pharmacological analgesia will 
be the first line to manage pain in the ICU.  If 
women are able to communicate, evaluation of 
pain with the numeric rating scale (NRS) will 
help with titrated administration of analgesic 
medications. Appropriate pain control should 
minimize sedation requirements; however in 
some instances, sedation will be required to alle-
viate discomfort and excruciating pain in critical 
conditions. When sedation is needed, titration of 
analgesics might be eased using the well- 
validated Richmond Sedation and Agitation 
Score. However, it is important to bear in mind 
that most analgesic or sedative drugs adminis-
tered systemically will cross the placenta (or 
breastmilk) and may result in fetal/neonatal seda-
tion and potential respiratory depression; their 
pharmacology must be known to all prescribers. 
Optimizing pain management with regional or 
neuraxial medications may therefore be prefera-
ble, as these should not reach the fetus/neonate. 
Ideally, their indication should be decided by a 
multidisciplinary team that includes intensivists, 
neonatologists, obstetricians, and anesthesiolo-
gists. Often, a combined analgesia regimen that 
includes regional and systemic medications gives 
the best result for pain management.

In this chapter, we will focus on the pharma-
cological aspects of pain management for preg-
nant women admitted to the ICU presenting with 
non-labor pain. Pain management in laboring 
women, which includes neuraxial analgesia, or 
when contraindicated intravenous administration 
of fentanyl or remifentanil via patient-controlled 
analgesia (PCA), or inhaled nitrous oxide, will 
not be discussed here. Non-pharmacological 
means of pain management such as acupuncture, 
hypnosis, pressure points, mindfulness, and other 
modalities are also not covered in this chapter, 
though they may be useful as adjuncts or alterna-
tives in some cases.

39.1.1  Pain in the Context 
of Pregnancy

Differentiating between somatic and visceral 
pain is as important for determining analgesic 

strategies in obstetric patients as it is in non- 
obstetric patients. Somatic pain is easily local-
ized and characterized by sensations that are 
perceived very distinctly. It typically originates 
from joints, bones, muscles, and/or soft tissues. 
Visceral pain is diffuse and poorly localized. This 
type of pain is typically caused by distention of 
hollow internal organs, traction on the mesente-
rium, ischemia, and/or inflammation [2].

Certain analgesic modalities are effective for 
one type of pain and are not effective for the 
other, hence the importance of taking into consid-
eration the origin of the pain—visceral, somatic, 
or both. For example, neuraxial analgesia (epi-
dural or spinal or a combination of both) man-
ages both somatic and visceral pain. However a 
regional block, such as a transversus abdominis 
plane (TAP) block, will only be effective for 
somatic pain resulting from abdominal wall pain.

In addition, it is important to consider the 
effects of medications on the fetus. A multimodal 
analgesia regimen which utilizes drugs with dif-
ferent mechanisms of action optimizes the anal-
gesic effect of each drug while lowering the dose 
of opioids administered to the mother and thereby 
the fetus [3].

39.1.2  Physiologic Changes During 
Pregnancy and Their Impact 
on Pain Tolerance 
and Analgesia

Adaptive physiological changes occur during 
normal gestation that may impact tolerance to 
pain and the response to analgesic modalities. 
These changes require that a fine balance be 
achieved between the risk of undertreated pain 
and the risk of oversedation and respiratory 
depression in a population at peril for rapid oxy-
gen desaturation (Table 39.1).

39.1.2.1  Pulmonary Physiology 
and Physiopathology

Pregnant women have a reduced pulmonary reserve 
due to a decrease in functional residual capacity 
(FRC), an increase in oxygen consumption and 
minute ventilation, as well as nasal congestion due 
to an increase in progesterone (see Chap. 20). 
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These changes contribute to the perceived dyspnea 
reported by many women during pregnancy. Labor 
pain leads to maternal hyperventilation with sec-
ondary respiratory alkalosis. This alkalosis may 
decrease placental transfer of oxygen. At the same 
time hyperventilation is accompanied by develop-
ment of a compensatory maternal metabolic acido-
sis, which worsens as maternal pain progresses 
and, depending on its severity, can lead to fetal 
metabolic acidosis [4–12].

39.1.2.2  Cardiovascular Physiology 
and Physiopathology

In a normotensive woman, cardiac output, stroke 
volume, and heart rate all increase in the first tri-
mester of pregnancy. Systemic vascular resis-
tance is decreased throughout pregnancy due to 
the development of a low resistance vascular bed. 
Blood pressure measurements decrease in mid- 
pregnancy and return to baseline at term. In addi-
tion, aortocaval compression occurs in the supine 
position as of the second trimester and may 
decrease maternal blood pressure and uterine 
blood flow (see also Chap. 9). All of these place 

the pregnant woman at the edge of the physiolog-
ical reserve for maintenance of blood pressure 
and cardiac output and therefore at risk of cardio-
vascular collapse.

At the same time pain, stress, and anxiety 
cause release of stress hormones such as cortisol 
and β-endorphins. The sympathetic nervous sys-
tem response to pain is a marked increase in cir-
culating catecholamines, such as norepinephrine 
and epinephrine. These hormonal effects may 
increase cardiac output and vascular resistance. 
The assumption is that these hemodynamic 
changes may not only adversely affect uterine 
activity and uteroplacental blood flow but also 
effect some degree of imbalance in maternal 
hemodynamics. The magnitude of these effects is 
unpredictable and differs between individuals 
[11–15]. In pregnant women with cardiac pathol-
ogy, such as cardiomyopathy, valve pathologies, 
arrhythmia, or pulmonary hypertension, such 
changes are not desirable. Thus, pain manage-
ment becomes that much more invaluable for 
lessening the stress response and its related 
hemodynamic consequences.

Table 39.1 During pregnancy several systems are affected by the change in physiology: pulmonary, cardiovascular, 
gastrointestinal, hematological and immune. These physiological changes have clinical impacts, and the addition of 
pain and analgesia further affect the function of these systems

Pregnancy changes Pulmonary Cardiovascular Gastrointestinal
Hematological and 
immune

Physiology and 
physiopathology

↓ FRC
↑ O2 consumption
↑ VE

↑ Nasal congestion

↑ Cardiac output
↑ Stroke volume
↑ Heart rate
↓  Systemic vascular 

resistance

↓ LES tone ↑ Plasma volume by 
50%
↑  Clotting factors 

impaired immune 
function

Clinical impact ↓ Pulmonary reserve
Perceived dyspnea

↓  Blood pressure 
mid-pregnancy

↑  Risk of syncope

↑  Risk of 
aspiration

Anemia
Thrombocytopenia
Hypercoagulable state
Possible iatrogenic 
anticoagulation
↑ Risk of infections

Consequences of 
pain

Hyperventilation
Worsening respiratory 
alkalosis
Possible fetal acidosis

↑ Cardiac output
↑  Systemic vascular 

resistance
↑ Blood pressure
↑  Stress hormones
Possible fetal 
acidosis

↓  Gastric 
emptying

↓ Cellular immunity

Addition of 
analgesia

Risk of desaturation 
and apnea with 
opioids/sedation

↓  Stress hormones
↑  Uteroplacental 

blood flow

↓  Gastric 
emptying with 
opioids

Neuraxial blocks 
contraindicated if 
coagulopathy, severe 
thrombocytopenia, or 
sepsis
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39.1.2.3  Gastrointestinal Physiology 
and Physiopathology

The thoracic cage increases in diameter, and the 
stomach is displaced upward. Progesterone 
relaxes the tone of the lower esophageal sphinc-
ter, contributing to the risk of aspiration that 
occurs as of the second trimester [16]. These 
changes may combine with the effect of pain and 
systemic opioids to increase the potential for 
delayed gastric emptying and increase the risk of 
regurgitation and aspiration [17].

39.1.2.4  Hematological and Immune 
Physiology 
and Physiopathology

Pregnancy is a hypercoagulable state (see Chap. 
5). Many women may be receiving or may require 
treatment with anticoagulants during pregnancy, 
based on current recommendations to prevent 
thromboembolic events [17–19]. This requires 
special attention to prevent procedure-related 
hemorrhage. Despite an increase in leukocytes, 
immune function is also impaired during 
 pregnancy (see Chap. 15). This may increase the 
risk for procedure-related infections.

In summary, in the context of pregnancy in a 
critically ill patient, pain-induced maternal stress 
may be particularly deleterious for both mother 
and fetus. Maternal pain induces a stress response 
and releases maternal cortisol and catechol-

amines and consequently impacts the maternal 
hemodynamic profile, oxygen consumption, and 
release. In addition, maternal pain has numerous 
negative effects in the fetus.

39.1.3  Pain Management 
in the Obstetric Population

Regional techniques often use a continuous infu-
sion of a local anesthetic that surrounds the nerves 
and creates minimal plasma concentrations. The 
use of neuraxial or regional analgesia can there-
fore reduce, or even prevent, maternal systemic 
opioid intake. This is particularly important as a 
prolonged in utero fetal exposure to systemic opi-
oids may result in opioid withdrawal at birth (neo-
natal opioid withdrawal syndrome, NOWS) and 
opioid tolerance. Thus, depending on the location 
and type of pain, if a neuraxial technique or a 
regional block is possible and available, these 
should be the preferred primary analgesic modal-
ity in pregnant women (Fig. 39.1).

39.2  Neuraxial Analgesia

Neuraxial analgesia includes (1) epidural analge-
sia and (2) injection of intrathecal morphine. 
Neuraxial analgesia procedures and administra-

Limbs

PAIN LOCATION?
PAIN MANAGEMENT
for the Critical Care Pregnant Patient

Head
& Neck 

Trunk
Neuraxial Analgesia
• Epidural
• Intrathecal morphine

Peripheral Nerve
Plexus Blocks

Upper Limb Blocks
• Interscalene
• Infraclavicular
• Axillary

Lower Limb Blocks
• Femoral
• Adductor canal
• Popliteal sciatic

Systemic Analgesia
•  Non-opioids
•  Opioids
•  +/- Adjuvants

Consider Alternative
Trunk Blocks
• Transversus Abdominus
  Plane
• Quadratus Lumborum
• Serratus anterior

Contraindicated? 

Fig. 39.1 Summary of possible analgesic modalities at different anatomical pain locations with the goal of optimizing 
multimodal analgesia
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tion of neuraxial medication is to be done by 
anesthesiologists.

39.2.1  Continuous Epidural 
Analgesia

39.2.1.1  Indications
Continuous epidural analgesia is best known for 
its use in obstetric anesthesia for provision of 
labor analgesia, in which case the epidural cath-
eter is placed at the lumbar level [20]. Additional 
indications include postoperative analgesia after 
thoracic, abdominal, or bilateral hip surgery [21]. 
Depending on the surgical site, the epidural may 
be placed at the thoracic or lumbar level. 
Continuous epidural analgesia can also be used 
to manage nonsurgical gastrointestinal pain, such 
as pain from pancreatitis, and thoracic pain from 
rib fractures.

An epidural catheter may be left in place for 
several days. The insertion site should be 
checked regularly for signs of swelling, redness, 
or pain [22, 23]. Recent evidence suggests that 
tunneling the catheter subcutaneously may be 
associated with fewer catheter-related infec-
tions [24]. Therefore if the epidural catheter is 
tunneled under the skin, it may be kept in situ 
for much longer (up to several weeks). In the 
context of a pregnant woman admitted to the 
ICU for an extended period of time, this may be 
a very desirable solution for several pain prob-
lems. However, this option must be considered 
within days of hospital admission, since the risk 
of infectious complications increases with 
increasing length of stay. Unfortunately in some 
cases, other issues preclude this option within 
such a brief time frame (e.g., the risk of 
hemorrhage).

39.2.1.2  Procedure and Medications
An epidural catheter is placed between two verte-
brae at the dermatomal levels approximating the 
location of the pain. With the catheter in place, a 
low dose/concentration of local anesthetic (typi-
cally bupivacaine or ropivacaine) is administered 
together with a lipophilic opioid (fentanyl or sufen-
tanil). The spread of the epidural solution and the 

number of dermatomes covered is dependent on 
the total mass (concentration and volume) of local 
anesthetic injected and the site of the catheter (tho-
racic versus lumbar) [25], with a typical spread of 
several dermatomes above and below the level at 
which the epidural catheter is sited. It is believed 
that the presence of engorged epidural veins and 
additional epidural fat in pregnancy reduces the 
volume of local anesthetic required per dermatome 
[26, 27]. Continuous epidural infusion may be 
accompanied by  patient- controlled epidural anal-
gesia (PCEA) for self- administered boluses when-
ever possible.

When patient mobilization is possible and 
desired, an alternative may be sought for continu-
ous epidural infusion of local anesthetic solution 
as this method may be accompanied by sympa-
thetic and/or motor block. In such cases adminis-
tration of repeated doses of epidural 
preservative-free morphine, which has no such 
side effects, is preferred. Repeated epidural injec-
tions of morphine (once or twice daily) may be 
maintained for several days.

39.2.1.3  Side Effects and Complications
Sympathetic Blockade and Hemodynamic Effects: 
The most rapid effect of neuraxial administration 
of local anesthetics is a sympathetic block which, 
depending on the dose/concentration, will result 
in maternal hypotension. For this reason, low 
concentrations of local anesthetics are typically 
used with the addition of low-dose short-acting 
opioids, and adequate monitoring of maternal 
hemodynamic parameters and fetal heart rate are 
essential at the time of initiation of neuraxial 
analgesia.

Uteroplacental blood flow: Maternal hypo-
tension and fetal heart rate abnormalities may 
occur following initiation of labor epidural 
analgesia, with local anesthetics and or opioids, 
secondarily impairing uteroplacental blood 
flow. In the context of a contracting uterus, 
which also reduces uteroplacental blood flow, 
concerns have arisen regarding neonatal out-
comes with labor epidural analgesia. However, 
these transient alterations have not been shown 
to affect neonatal outcome [28–30]. Regardless, 
vasopressors should be used to prevent and 
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treat maternal hypotension following initiation 
of epidural analgesia, even in the absence of 
labor.

Motor blockade: With higher doses or concen-
trations of local anesthetic solutions, motor 
blockade may occur, causing weakness of the 
lower limbs. In a critically ill patient, there are 
multiple additional reasons for motor weakness. 
Therefore, the severity and level of motor block-
ade should be constantly evaluated both before 
induction and during epidural analgesia [31]. 
When mobilization is an option, increased vigi-
lance is required as there is an increased penchant 
for falls.

Accidental dural puncture: Accidental dural 
puncture is a complication of the epidural tech-
nique that occurs when the large epidural needle 
(17 or 18 gauge) unintentionally punctures the 
dura and subarachnoid, resulting in leakage of 
cerebrospinal fluid (CSF). The risk of accidental 
dural puncture in the obstetric population is 
 considered to be in the order of or less than 1% in 
centers with experienced anesthesiologists [32]. 
Post-dural puncture headache (PDPH) may occur 
after accidental dural puncture or intended spinal 
anesthesia with a pencil-point atraumatic spinal 
needle. The risk of developing PDPH is the high-
est in young nonobese women and is estimated to 
be 50–80% after accidental dural puncture (with 
a 17G or 18G epidural needle) and much lower 
after intended spinal anesthesia with an atrau-
matic spinal needle (25G or 27G) [32, 33]. 
However, PDPH remains the most common seri-
ous complication after neuraxial procedures [34]. 
Epidural blood patch (i.e., a sterile injection of 
10–30  mL autologous blood into the epidural 
space) is the most effective treatment for 
PDPH.  After a single epidural blood patch, 
65–90% of patients no longer present with head-
ache symptoms [20].

An additional complication of accidental dural 
puncture is when it remains unidentified. In such 
cases high doses of local anesthetic are adminis-
tered into the CSF (spinal canal) unknowingly. 
This causes a high neuraxial block which is 
accompanied by major potential for severe respi-
ratory depression and cardiovascular collapse. A 
“high spinal” is one of the most common serious 

complications of obstetric anesthesia, with an 
incidence of somewhat less than 1:4000 neurax-
ial procedures [34].

39.2.2  Intrathecal Morphine

39.2.2.1  Indication
A single intrathecal injection of morphine may 
be beneficial when neuraxial analgesia is pre-
ferred, but an epidural catheter cannot be left in 
place. A typical example is the patient who will 
require therapeutic anticoagulation after the 
neuraxial procedure.

39.2.2.2  Procedure and Medication
Intrathecal morphine is administered as a single 
injection between two lumbar vertebrae, below 
the level of the conus medullaris (L2). Once cere-
bral spinal fluid (CSF) return is confirmed, pre-
servative-free morphine is injected into the 
CSF.  Morphine acts centrally on the opioid 
receptors in the substantia gelatinosa of the dor-
sal horn of the spinal cord and can provide pain 
relief for up to 12–24 h after injection [35, 36]. It 
has low lipid solubility which explains its slow 
onset and prolonged duration of action [36]. 
Typically, intrathecal morphine doses range 
between 0.1 and 0.3 mg in North American prac-
tice [37]. Less commonly, an intrathecal catheter 
may be left in place (e.g., after an unintended 
dural puncture), and repeated doses (once or 
twice daily) of intrathecal morphine may be 
given for several days.

39.2.2.3  Side Effects 
and Complications

Intrathecal morphine may cause nausea, vomit-
ing, and pruritus, as well as respiratory depres-
sion due to rostral spread in cerebrospinal fluid 
with slow penetration into the brainstem [38–40]. 
Several studies have shown that with doses below 
0.5 mg, analgesia is effective and maternal respi-
ratory depression does not occur [41–44]. 
Extrapolating from several studies that describe 
the use of intrathecal morphine as an adjuvant for 
neuraxial labor analgesia used to prolong the 
effect of a single spinal dose during labor, none 
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reported any adverse neonatal outcomes with 
doses up to 0.25 mg [36, 42–45].

In morbidly obese pregnant women, with or 
without obstructive sleep apnea, the risk of respi-
ratory depression is increased [46]. Nonetheless, 
obese pregnant women may be administered 0.1 
mg–0.15 mg of intrathecal morphine for analge-
sia as the benefits outweigh the risks [38, 46]. 
Capnography is ideal to alert for apnea or hyper-
carbia but is not in routine clinical use [47]. 
Respiratory rate, sedation scores, and pulse 
oximetry are the tools commonly utilized to 
detect respiratory depression.

39.2.2.4  Absolute and Relative 
Contraindications 
for Neuraxial Procedures

Absolute contraindications for a neuraxial proce-
dure include the presence of coagulopathy (either 
a medical condition or pharmacological antico-
agulation), infection (sepsis, or at the site of 
puncture), and lack of resources to administer the 
technique [34, 48–52].

In the previously healthy pregnant woman, 
there are several obstetric pathologies that result in 
contraindications for neuraxial procedures, in par-
ticular (1) intrauterine fetal demise (IUFD) which 
may result in disseminated intravascular coagula-
tion (DIC); (2) hypertensive disorders of preg-
nancy, such as preeclampsia with severe features, 
which may cause severe thrombocytopenia; and 
(3) fatty liver of pregnancy. In addition, women 
with a history of a thromboembolic event may 
have an indication for pharmacological anticoagu-
lation, with either low molecular weight heparin 
(LMWH), unfractionated heparin (UFH), or even 
antiplatelet medications, such as clopidogrel.

In uncomplicated gestational thrombocytope-
nia, platelets remain functional. Recent studies 
support conducting a neuraxial technique in this 
situation provided the platelet count is over 
70,000/μL [48–50]. In other situations, aside 
from platelet count, additional factors must be 
considered in a pregnant woman with thrombo-
cytopenia. These include the rate and timeline of 
platelet decline (particularly, but not only, in pre-
eclampsia or HELLP syndrome), the potential 
effect of the accompanying pathology on platelet 

function (e.g., DIC), and the experience and 
training of the anesthesiologist performing the 
technique [50].

Fatty liver of pregnancy is associated with an 
increasing international normalized ratio (INR). 
An INR below 1.5 is the recommended cutoff for 
safe neuraxial analgesia procedures in general, 
and this recommendation remains pertinent 
throughout pregnancy despite the hypercoagula-
ble state of pregnancy [51]. Intrahepatic cholesta-
sis occurring during pregnancy rarely results in 
coagulation abnormalities, and in these cases 
neuraxial technique can often be performed [53].

Relative contraindications to neuraxial anal-
gesia procedures include severe and/or instru-
mented scoliosis and certain neuropathies. In 
these cases, the benefits of neuraxial analgesia 
should be weighed against the risks of alternative 
therapies [50].

39.3  Trunk Blocks

39.3.1  Indications

Although not as effective as neuraxial analgesia, 
trunk blocks may be a reasonable alternative for 
management of somatic thoracoabdominal pain 
[54–57]. Trunk blocks are performed in tissue 
planes and therefore require large volumes of 
local anesthetic to be effective. A recent review 
details the abdominal wall blocks that can be per-
formed in adults [58]. However, caution must be 
used when performing such blocks in pregnant 
women as their abdominal anatomy may differ 
that of non-pregnant individuals. Trunk blocks 
must be performed with ultrasound guidance by 
an anesthesiologist with expertise in performing 
these blocks.

39.3.2  Procedures and Medications

39.3.2.1  Transversus Abdominis 
Plane (TAP) Block

Local anesthetic is injected between the internal 
oblique and transversus abdominis muscles. This 
can be done unilaterally or bilaterally and can be 
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administered as a single shot or as an infusion of 
local anesthetic using a catheter [59]. The TAP 
block provides somatic analgesia to the anterior 
abdominal wall from T6 to L1. TAP blocks are 
currently considered superior to no analgesia, but 
they provide only superficial abdominal wall 
analgesia (i.e., surgical incision for a limited 
amount of time (12–15  h), unless catheters are 
left in situ for reinjections). There is limited 
available data to support the use of long-acting 
liposomal bupivacaine to prolong analgesia for 
single-shot TAP blocks [60]; however this option 
is currently under investigation.

39.3.2.2  Quadratus Lumborum Block 
(QLB)

This block is a relatively novel approach that pro-
vides somatic and possibly visceral analgesia to 
the upper and lower abdominal wall (depending 
on the anatomical approach). Local anesthetic is 
injected around the quadratus lumborum, and 
analgesia is typically achieved from T4 to L1. 
The QLB can be done unilaterally or bilaterally 
and can be administered as a single shot or as an 
infusion of local anesthetic using a catheter [61, 
62]. The QLB is more difficult to perform than 
the TAP block, and its comparative benefits for 
post-cesarean analgesia remain to be determined. 
One recent study of 48 cases comparing the QLB 
to placebo for post-cesarean pain demonstrated 
reduced postoperative morphine consumption in 
the QLB group when used with a standard post- 
cesarean analgesia regimen without intrathecal 
morphine [63].

39.3.2.3  Serratus Anterior Plane 
Block

The serratus anterior plane block provides anal-
gesia to the hemithorax. It too can be performed 
unilaterally or bilaterally and can be adminis-
tered either as a single shot or as an infusion of 
local anesthetic using a catheter. Local anes-
thetic is injected into the plane between the latis-
simus dorsi and serratus anterior muscles [64]. 
The serratus anterior block has been used for 
analgesia after thoracoscopy and breast surgery, 
as well as for pain management after rib frac-
tures [65–67].

39.3.2.4  Additional Trunk Blocks
The paravertebral and intercostal nerve blocks 
can be useful for thoracic pain, such as that stem-
ming from rib fractures. However, like epidural 
analgesia, these blocks are contraindicated in 
patients with coagulopathy.

39.3.3  Side Effects 
and Complications

Perforation of intra-abdominal organs (intestines, 
kidney, liver, and spleen) or injection into unin-
tended structures has been described in the non- 
obstetric population [68, 69] and one case of 
transient femoral nerve palsy occurring with a 
TAP block after cesarean delivery [70]. These 
procedures should be performed with ultrasound 
guidance by experienced anesthesiologists. In 
addition, specific to the highly vascularized 
quadratum lumborum region, increased absorp-
tion of local anesthetic is a risk. As large volumes 
of local anesthetics are used for these blocks, it is 
important to calculate the appropriate dose with 
respect to patient size to prevent exceedingly 
high peak plasma concentrations. This is even 
more critical in frail patients and those with liver 
failure or when drug-drug interaction for compet-
ing hepatic metabolic pathways may become an 
issue.

39.4  Limb Plexus Blocks

39.4.1  Indications

For pain involving an arm or a leg, regional 
blockade of a nerve plexus is recommended. A 
brachial plexus block can provide analgesia for 
the hand, elbow, or shoulder depending on the 
location of needle insertion. Using a catheter, an 
interscalene block can provide continuous shoul-
der analgesia, whereas an infraclavicular block 
can provide continuous analgesia for the hand 
and forearm [71]. Also using a catheter, a femoral 
block or adductor canal block can provide con-
tinuous analgesia for the territory of the femoral 
nerve which becomes the saphenous nerve 
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 distally. A popliteal sciatic block with catheter 
placement provides continuous analgesia for the 
back of the knee and the majority of the foot and 
ankle [71].

39.4.2  Procedures and Medications

These blocks are performed using ultrasound 
guidance; however in low resource settings, some 
of these blocks can also be performed using 
neurostimulation. A local anesthetic (typically 
bupivacaine or ropivacaine) is administered as a 
single injection (for an expected duration of 
action of approximately 10–12 h) or as an infu-
sion through a catheter. In unsedated patients, 
patient-controlled self-administered boluses 
(PCA) of local anesthetic can be added for pain 
management if required. If therapeutic anticoag-
ulation is planned and a deep block is necessary 
for analgesia, a single shot of local anesthetic can 
be injected, and the block can be prolonged (for 
up to a total of 20 h) with intravenous or perineu-
ral dexamethasone [72, 73].

39.4.3  Contraindications

Contraindications to regional plexus blocks of 
the limbs should be weighed case by case, and 
accordingly a single-shot procedure rather than a 
continuous approach should be considered, based 
on coagulopathy, systemic infection, and lack of 
resources [51, 52]. Pre-existing neuropathy 
should be well documented prior to performing 
the block and is considered a relative contraindi-
cation [74–77].

39.5  Systemic Analgesia

While it has been suggested that pain perception 
may be reduced during pregnancy, in a phenom-
enon termed “pregnancy-induced analgesia,” 
reducing analgesic dosing is not the norm for 
pregnant women or in the postpartum period 
[78]. It is recommended to administer ideal 
weight adult doses of analgesics for parturients, 

as would be done for a non-pregnant adult. 
Although the volume of distribution, renal blood 
flow, and other parameters affecting drug phar-
macokinetics are all altered during pregnancy, 
there are no recommendations to adapt medica-
tion doses to any of these. The multiple interac-
tions between these factors seem to lead to an 
equilibrium similar to baseline; therefore 
 systemic drug dosing remains unchanged 
throughout pregnancy.

39.5.1  Stepwise Systemic 
Multimodal Analgesia 
for the Obstetric Patient

The World Health Organization (WHO) pain lad-
der has been guiding clinicians for almost three 
decades with regard to multimodal systemic 
administration of analgesic drugs [79]. The WHO 
pain ladder recommends a stepwise multimodal 
approach, which involves starting with non- opioid 
pain medications such as acetaminophen and non-
steroidal anti-inflammatory drugs (NSAIDs), and 
progressing to opioids only if required for increas-
ing pain. Adjuvant medications can be added at 
any stage of therapy. These include ketamine, 
dexmedetomidine, and gabapentinoids [80, 81]. 
Similar to the non-pregnant patient, pregnant and 
peripartum women will benefit from stepwise 
multimodal analgesia, which is intended to allow 
opioid-sparing pain management.

39.5.2  Nonsteroidal Anti- 
inflammatory Drugs (NSAIDs) 
and Acetaminophen

39.5.2.1 Indication
A combination of NSAIDs and acetaminophen is 
recommended and effective for mild to moderate 
pain or in association with opioids for moderate 
or severe pain.

Over 14 years of recent data has accumulated 
regarding the association between maternal 
analgesic intake before conception until the end 
of the first trimester and the risk of birth defects 
[82]. Despite this, it remains unclear whether in 
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utero exposure to analgesics causes birth defects 
or if birth defects are related to the condition for 
which pregnant women were taking analgesic 
medications. In contrast to acetaminophen use, 
mothers taking NSAIDs have been reported to 
be more likely to have an offspring with birth 
defects. However, similar associations have 
been reported with most pain medications, 
including opioids [82]. Unfortunately the over-
whelming majority of these studies are retro-
spective and therefore affected by reporting 
bias, or observational, where upon causation 
cannot be inferred. Therefore when a critically 
ill pregnant or peripartum patient is in pain and 
requires analgesia, her needs must be prioritized 
over that of the fetus. Ideally, a balance should 
be sought to cause the least harm while fulfilling 
these needs.

39.5.2.2 Contraindications
The use of NSAIDs during pregnancy, particu-
larly in the first 8 weeks of gestation, has been 
reported to be associated with miscarriage [83, 
84]. Although still subject to controversy, the use 
of NSAIDs does not seem to increase the risk of 
birth defects in the first trimester [85]. In addi-
tion, repeated systemic use of NSAIDs in the 
third trimester may cause constriction of the 
ductus arteriosus [86]. These potential risks 
should be carefully considered before adminis-
tering NSAIDs to the pregnant patient. For 
women with preeclampsia, the use of NSAIDs 
postpartum, which were thought to be associated 
with an increased rate of persistent hypertension 
postpartum, is currently debated, and while his-
torically not recommended, these recommenda-
tions may be changing [87]. The use of 
acetaminophen is cautioned in women with 
altered or compromised liver function (e.g., in 
fatty liver of pregnancy).

39.5.3  Opioids

39.5.3.1 Indication
Administration of systemic opioids is recom-
mended in combination with acetaminophen and 
NSAIDs, if moderate to severe pain (break-
through pain) occurs.

39.5.3.2 Medication and Mode 
of Administration
 The route of opioid administration depends on 
the condition of the woman and her ability to 
ingest oral medication and/or to self-administer 
medication via intravenous patient-controlled 
analgesia (IV PCA). The most commonly used 
opioids for IV PCA in the ICU setting are mor-
phine and hydromorphone as they seem to have 
the most predictable pharmacology. Fentanyl IV 
PCA has also been well studied in the obstetric 
setting because it is the most suited alternative for 
women unable to receive neuraxial analgesia dur-
ing labor and delivery [88–91]. Protocols for 
morphine, hydromorphone, or fentanyl PCA 
should be similar to those used in any adult ICU 
patient.

In an awake and cooperative patient, if pain 
persists despite standard medication doses, 
higher doses of opioids in addition to sedatives 
may be useful, under cautious monitoring. For 
example, in some settings, severely morbidly 
obese (e.g., BMI > 50) pregnant women with or 
without obstructive sleep apnea may be admitted 
for monitoring of respiratory function (and CO2 
retention) throughout the duration of time they 
are receiving neuraxial or systemic opioids. 
Similarly women with congenital heart disease 
may require a monitored environment during the 
peripartum period when the risk of decompensa-
tion is most significant. However, most ICU 
patients experience some degree of pain and IV 
opioids are commonly used for pain control in 
both intubated and non-intubated women. 
Fentanyl is frequently used drug for this purpose 
in the ICU, and due to its prolonged and variable 
context-sensitive half-time, fentanyl can undergo 
substantial accumulation after several boluses 
and/or prolonged administration. Remifentanil is 
a possible alternative as it has a short, stable 
context- sensitive half-time of 3 min with predict-
able drug offset [92]. However, remifentanil may 
rapidly induce tolerance and opioid-induced 
hypersensitivity in ICU patients exposed to opi-
oids for several days.

39.5.3.3 Contraindication
Contraindications in the obstetric population 
are not different from the general adult popula-
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tion. The use of opioids will be subject to the 
same precautions and monitoring as those 
required for other adult populations.

39.5.3.4  Side Effects 
and Complications

Maternal
Maternal side effects are similar to those 
described in any general population of adult 
patients.

Fetal/Neonatal
ICU patients are often prescribed multiple respi-
ratory depressants; the risk of additive effects and 
the need for fetal monitoring must be considered. 
Because opioids cross the placenta, neonatal 
respiratory depression is a serious risk even with 
ultra-short-acting opioids, such as IV remifent-
anil [93]. After prolonged exposure, NOWS is a 
serious risk that should be prevented with appro-
priate care [94, 95].

Morphine, hydromorphone, and fentanyl 
demonstrate a low risk of malformations when 
taken during pregnancy [82, 96]. These agents 
are classified as category D medications if used 
for an extended duration or in high doses [96].

The recent Committee for Opioid Use and 
Opioid Use Disorder in Pregnancy evaluated the 
effects of opioid use in pregnancy and pregnancy 
outcomes [97]. Literature from the 1980s 
reported that oxycodone, propoxyphene, and 
meperidine were not shown to increase the risk of 
birth defects [98, 99]. More recent studies evalu-
ating the effects of morphine and hydromorphone 
report some risk of birth defects when these opi-
oids were taken just before or during the first tri-
mester of pregnancy [100, 101]. However, 
methodological problems exist in all of these 
studies, and the fact is that birth defects are rare 
and most studies show a very small increase in 
absolute risk.

Codeine use during the first trimester of preg-
nancy has been linked to congenital malforma-
tions in some studies [100, 102, 103], but not in 
others [104, 105]. This led to the conclusion that 
codeine should not be administered to pregnant 

women as alternative options exist which are 
safer for the fetus. More recently it has been sug-
gested that codeine should be avoided altogether 
in the obstetric population and particularly post-
partum in breastfeeding mothers, due to the risk 
of fatal infant overdose if the mother is a CYP2D6 
ultrametabolizer [106, 107].

39.5.4  Ketamine

Ketamine is a hypnotic analgesic drug that acts 
mainly through blockade of the N-methyl-d- 
aspartate (NMDA) receptor as an antagonist. At 
high doses in rodents, ketamine is also able to 
induce neuroapoptosis and impair neuronal cir-
cuitry formation [108]. As an induction agent for 
general anesthesia for emergency surgery, includ-
ing cesarean delivery, ketamine is safe. For seda-
tion in the ICU, there are more appropriate 
agents, such as propofol.

For pain management in the ICU, low doses 
of ketamine may be given as a continuous infu-
sion (2  mcg/kg/min) or in combination with 
morphine or hydromorphone PCA (0.5 or 1 mg/
mL of ketamine in the morphine or hydromor-
phone syringe). Such treatment has been shown 
to reduce acute postoperative pain and pain in 
the ICU setting [81]. There is no data on the use 
of ketamine in association with PCA in ICU 
pregnant patients; however the literature from 
non- obstetric perioperative and ICU patients 
seems sufficiently robust to consider this thera-
peutic option for pregnant patients in the ICU 
[109]. Of note, in ICU mechanically ventilated 
adult patients, the use of ketamine is associated 
with decreased opioid use, but is also associated 
with increased use of dexmedetomidine and 
ziprasidone to achieve and maintain sedation 
[110].

39.5.5  Dexmedetomidine

Dexmedetomidine is a selective alpha-2 adrener-
gic receptor agonist that has both sedative and 
analgesic properties, with minimal respiratory 
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depression. Dexmedetomidine is rated category 
C in pregnancy [96]. Dexmedetomidine may be 
used as an analgesic and sedative agent for the 
pregnant patient admitted to the ICU with a pain-
ful condition. The suggested dosing is an infu-
sion of 0.2–1.4  mcg/kg/h with or without a 
1 mcg/kg bolus IV over 10–20 min [111–114]. 
The use of dexmedetomidine for pain manage-
ment and/or sedation in the parturient has only 
recently begun to be reported [112–116]. At this 
time there are only a handful of studies available 
on its use specifically in the ICU in the pregnant 
population [113–115]. However, dexmedetomi-
dine has minimal placental transfer and can 
modulate the release of catecholamines, which 
also makes it an interesting option for blood 
pressure control in women with preeclampsia. 
There is evidence to suggest its utility in women 
with ongoing severe hypertension from eclamp-
sia as it blunts the adrenergic response, particu-
larly in the post-partum management phase in 
the ICU [111, 113, 114, 117]. The use of intrave-
nous dexmedetomidine several hours before 
cesarean delivery has been associated with either 
no effect on the neonate [116] or minor neonatal 
bradycardia [117].

39.5.6  Gabapentinoids

Gabapentinoids include structurally similar gab-
apentin and pregabalin. Their efficacy to treat 
neuropathic pain lies in their binding to voltage- 
gated calcium channels in the central nervous 
system which decreases neurotransmitter release 
by reducing calcium influx through these chan-
nels [118]. The advantage of pregabalin over 
gabapentin is a faster absorption and a more lin-
ear pharmacokinetic profile, as well as less risk 
of side effects such as sedation and dizziness 
[118]. Their indication to treat neuropathic pain 
is generally undisputed; however studies have 
been contradictory in their use as a component of 
multimodal analgesia to treat acute pain [119, 
120]. In addition, the risk of congenital malfor-
mations when gabapentinoids are used during 
pregnancy cannot be ruled out [121]. Thus, based 
on recent data on uncertain benefits in acute pain 

and the potential for fetal risk, the addition of 
gabapentinoids for the treatment of acute pain in 
the critically ill pregnant patient needs to be eval-
uated on a case by case basis.

39.6  Systemic Sedation

When pain relief is difficult to achieve despite 
multimodal regional and systemic analgesia 
(with or without opioid IV PCA), sedation may 
be useful.

Propofol and volatile anesthetics (using the 
AnaConDa device, for instance) are both options 
for ICU sedation. Predicting fetal in utero expo-
sure and possible toxicity of sedative agents is 
impossible, as it depends on maternal factors 
such as organ failure, blood flow and cardiac out-
put, metabolism, genetics, and also on the extent 
(dose) and duration of the required sedation. The 
toxicity of most sedative drugs has been with 
regard to fetal brain development has been evalu-
ated in multiple animal models. All anesthetic 
agents induce an increased rate of neuroapoptosis 
in the fetal brain [122]. Whether this neuroapop-
tosis using high doses of sedative agents has a 
significant impact on future brain development of 
the child and learning abilities remains unclear 
[123].

39.7  Clinical Scenarios Specific 
to the Obstetric Patient

39.7.1  The Opioid-Tolerant Obstetric 
Patient

In the United States, the prevalence of opioid 
abuse or dependence during pregnancy has qua-
drupled from 0.15% (1999) to 0.65% (2014), and 
this represents a major public health problem 
[124]. More women are using prescription opi-
oids, illegal opioids, and opioid-substitution ther-
apy. Pregnant women addicted to opioids often 
suffer from associated mental health conditions 
(e.g., depression, anxiety, trauma, and post- 
traumatic stress), present with lack of prenatal 
care, and have an increased risk of fetal growth 
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abnormalities or death [125]. These pregnant 
women are challenging to manage in the ICU due 
to their multiple, and often illicit, drug use.

Avoiding withdrawal is essential for the 
mother and the fetus/neonate (in utero or at birth). 
When admitted to the ICU, it is recommended to 
maintain the same opioid at the usual daily dose 
(possibly in divided doses) and treat any acute 
pain that may concurrently be present with addi-
tional analgesic strategies (neuraxial analgesia, 
blocks) and systemic adjuvants [97]. It is strongly 
recommended to involve the chronic pain team to 
create an adapted analgesia plan, particularly if 
women are on medication-assisted treatment 
(MAT). In women receiving stable doses of 
methadone or buprenorphine, maintaining usual 
therapy is crucial. Of note, buprenorphine has 
been associated with a lower risk of overdose 
[126], fewer drug interactions, and a decrease in 
illicit drug use compared to methadone [127], as 
well as lower rates of severe NOWS [127, 128]. 
However, in some cases receiving buprenorphine, 
treatment may be switched to conventional opi-
oids if an elective procedure is indicated and time 
allows [129]. Recently, the FDA has approved a 
long-lasting implant that provides buprenorphine 
for as long as 6 months, but no data exist on its 
use in pregnant women.

Management of acute severe pain in women 
on MAT may require the use of adjuvants such as 
ketamine or dexmedetomidine. In terms of opioid 
choice, an IV PCA of hydromorphone, due to its 
high μ-opioid receptor affinity and low Ki value, 
has been suggested to be more effective than 
other opioids in overcoming the agonist/antago-
nist properties of buprenorphine [130].

39.7.2  Sickle Cell Crisis During 
Pregnancy

Women with sickle cell anemia are at signifi-
cantly increased risk for vaso-occlusive crisis 
(VOC) and acute chest syndrome (ACS) during 
pregnancy due to the hypercoagulable state, 
worsening anemia, vascular stasis, and increased 
metabolic demands accompanying pregnancy 
[131, 132].

Risk factors for sickle cell crises include 
hypoxia, cold, dehydration, infection, and stress 
[131]. These women are often admitted for man-
agement of sickle-cell events during pregnancy, 
and over 50% will have at least one painful event 
during pregnancy [131, 133]. The risk of maternal 
mortality with sickle cell disease is over 14 times 
higher than for pregnancies without the disease 
[134]. The pain of VOC and ACS is typically isch-
emic pain; end-arterioles become occluded with 
sickled erythrocytes, eventually leading to hemo-
lysis and end organ microinfarction [131, 132].

Systemic analgesia is beneficial mainly when 
combined with regional analgesia. 
Recommendations for pain management include 
systemic opioid analgesia; however it is often 
insufficient when given alone [131, 132]. We rec-
ommend that when possible and relevant, the first 
line of treatment for sickle cell crisis pain be 
regional analgesia (e.g., epidural or a regional 
plexus block). Several case reports describe the 
use of epidural analgesia for sickle cell crisis dur-
ing pregnancy and conclude that neuraxial anal-
gesia is highly recommended [132, 135, 136]. 
The advantages of neuraxial or regional analgesia 
are twofold. In addition to effective analgesia, 
local anesthetics also cause a sympathetic block. 
The vasodilation accompanying this block con-
fers the additional benefit of treatment of the 
VOC [132].

39.7.3  Blunt Thoracic Trauma 
in the Obstetric Patient

Trauma is common in pregnant women (see 
Chap. 34). Rib fractures are the most common 
injury in blunt thoracic trauma, occurring in up 
to 7–10% of all trauma cases in some areas of 
the world [137]. The mortality rate accompany-
ing multiple rib fractures may be as high as 10% 
[137, 138]. Many of the complications leading to 
poor outcomes are due to pain-related changes in 
breathing mechanics, including the inability to 
clear airway secretions by coughing and lack of 
deep breathing. In pregnancy, the mechanics of 
breathing are physiologically altered as described 
above. Therefore effective pain management is 
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crucial for prevention of complications. With 
one or two fractured ribs, the risk of complica-
tions and mortality is low since respiratory 
mechanics are only minimally impaired; there-
fore non- opioid analgesics suffice for pain man-
agement [139]. However, when three or more 
ribs are fractured, regional analgesic/anesthetic 
approaches such as thoracic epidural analgesia, 
paravertebral blocks, intercostal blocks, or a ser-
ratus anterior plane block are recommended [67, 
137, 139, 140]. Ideally continuous regional anal-
gesia should be provided for several days. This 
can be achieved using a catheter placed either 
epidurally or during a paravertebral or a serratus 
anterior plane block. A handful of reports have 
described an increased risk of rib fractures in 
pregnancy, often related to coughing—possibly 
related to a change in chest-wall mechanics with 
increased stress placed on the ribs [141, 142]. In 
one case a T9 rib fracture occurring at 28 weeks 
of gestation was treated with maternal intercos-
tal nerve blocks at T8 and T9. The resultant pain 
relief lasted 16 h. To prevent the risks of repeated 
intercostal blocks, continuous thoracic epidural 
analgesia was then successfully administered at 
level T8-T9 with the catheter left in place for 
days [143].

39.7.4 Acute Pancreatitis

Has an overall mortality of 1%, which increases 
to 30% in its severe form. Pain from acute pan-
creatitis is typically extremely severe and requires 
adequate management. Thoracic epidural analge-
sia is usually effective in achieving adequate pain 
relief and provides a beneficial sympathectomy 
which improves splanchnic circulation [144, 
145]. In animal models, thoracic epidural analge-
sia results in decreased severity of pancreatitis 
and better survival [146, 147].

A large multicenter study is underway in non- 
pregnant critically ill patients to test the hypoth-
esis that thoracic epidural analgesia in addition to 
standard care will improve respiratory outcomes 
in patients with acute pancreatitis compared to 
standard care alone [148]. Although there are no 
reports on the use of epidural analgesia for acute 

pancreatitis in the obstetric population, such a 
recommendation may be extrapolated from 
recent clinical reports and a review of the litera-
ture which support the use of thoracic epidural 
analgesia for non-pregnant patients with acute 
pancreatitis to manage pain and improve perfu-
sion [144–147].

In pregnancy, most cases of acute pancreatitis 
are secondary to gallstones. Less common, but 
also seen, are cases of hypertriglyceride-induced 
pancreatitis. Some women may require endo-
scopic sphincterectomy or stent placement as 
treatment. There are several reports on the obstet-
ric management of acute pancreatitis in pregnant 
women, but few describe the management of 
analgesia throughout the acute episode or anes-
thetic management at delivery [149]. Many 
describe a fatal outcome [150–152], yet little 
address is given to the option of epidural analge-
sia as a treatment modality in this population 
[153]. Provision of epidural analgesia for man-
agement of pain during acute pancreatitis may be 
even more important in pregnancy, when regional 
analgesia and pain management may improve 
both maternal and neonatal outcomes.

39.7.5  Preeclampsia and 
Complications Associated 
with Hypertensive Disorders 
of Pregnancy

Preeclampsia is associated with life-threatening 
complications such as cerebral hemorrhage, 
liver rupture, and peripartum cardiomyopathy, 
and many women with preeclampsia are admit-
ted to the ICU before or after delivery [154] (see 
Chap. 16).

Preeclampsia with severe features may be 
associated with right upper quadrant pain, pleu-
ritic pain, or headache. Continuous, prolonged 
epidural analgesia is an effective solution for 
trunk pain. The benefits of epidural analgesia in 
these women extend beyond pain relief; local 
anesthetic infusion may contribute to antenatal 
and postpartum blood pressure control [155, 
156]. A pilot study of antepartum continuous 
epidural analgesia (tunnelized at the thoracic 
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level) has been shown to improve splanchnic and 
uteroplacental blood flow in women with early-
onset preeclampsia [129]. Therefore neuraxial 
analgesia should not be withheld for fear of 
adverse fetal outcomes in preeclamptic pregnan-
cies. As previously discussed, careful assess-
ment of platelet and coagulation function is 
mandatory prior to administering neuraxial 
analgesia.

39.7.6 Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) is a rare 
mitochondrial disease that manifests in the later 
stages of gestation with potentially fatal conse-
quences to both mother and child (see Chap. 33). 
According to a 2008 UK cohort study, the inci-
dence of AFLP is 5.0/100,000 maternities [157]. 
In the United States, a cohort study in 2013 
reports an incidence of 1/10,000 births [158]. 
Although the mortality rates have much decreased 
since the disease was described in 1940 by 
Sheehan, the estimated maternal mortality still 
approximates 10% [159]. AFLP appears in the 
third trimester of pregnancy and seems to be a 
result of the buildup of metabolites from inher-
ited maternal defects. The metabolites accumu-
late leaving microvesicular infiltrates or steatosis 
in hepatocytes that will likely result in severe 
hepatic dysfunction. AFLP has no medical treat-
ment, but delivery of the fetus abates the disease. 
Postoperative pain management is an important 
aspect of patient care and is particularly chal-
lenging in these women. With impaired hepatic 
function, most opioids will be contraindicated as 
they will worsen mental status and increase the 
risk for respiratory depression. Acetaminophen is 
relatively contraindicated given the acute and 
severe hepatic dysfunction. Nonsteroidal anti- 
inflammatory drugs are also relatively contrain-
dicated because of platelet aggregation inhibition 
in the postsurgical setting, as well as the likeli-
hood of acute kidney disease often seen with 
AFLP [160].

AFLP also often presents with inherent coag-
ulopathy, which is a major risk factor for the 
development of epidural hematoma with neurax-

ial techniques. Thus, neuraxial analgesia is con-
traindicated in these patients [51]. A TAP block 
may be suitable for postoperative analgesia after 
cesarean delivery to avoid the toxicities and side 
effects related to acetaminophen, NSAIDs, and 
opioids [58]. However, TAP blocks using 3 mg/
kg of ropivacaine produce venous plasma con-
centrations that are potentially neurotoxic, 
although broadly consistent with plasma levels 
found after injection at other comparable sites 
[161]. This might be even more true in AFLP 
patients in the ICU with liver and renal dysfunc-
tion, where a TAP block may expose the patient 
to a high risk of toxicity [162].

In summary, for women with AFLP admitted 
to the ICU, recommendations for pain manage-
ment include the use of titrated doses of opioids 
for sedation (remifentanil may be best suited), 
with monitoring of respiratory status, and when-
ever indicated and possible in combination with 
the use of regional analgesia such as TAP blocks. 
Regional analgesia should be used with caution; 
the initial and maintenance doses should be 
decreased, and if local anesthesia toxicity (LAST) 
is suspected, plasma concentrations of the local 
anesthetics should be evaluated and appropriate 
treatment offered.

39.7.7  Specific Postpartum 
Considerations 
in the Breastfeeding Patient

In the past, breastfeeding was considered contra-
indicated during treatment with opioids or seda-
tive drugs. Recent recommendations make this 
no longer true, and in general, a mother may 
resume breastfeeding once awake, stable, and 
alert despite receiving anesthesia or sedation 
[163, 164]. In 2017, the FDA issued a warning 
against the use of codeine and tramadol in preg-
nant patients and particularly in breastfeeding 
women [165]. These drugs are metabolized by 
CYP2D6, and a subset of the population are 
ultra-metabolizers. Postpartum, this characteris-
tic leads to excessive amounts of morphine in 
maternal breastmilk, which may increase the risk 
of neonatal overdose and respiratory depression. 
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The current recommendation is to favor multi-
modal opioid-sparing strategies and to limit the 
use of opioids whenever possible in order to 
avoid unnecessary maternal and neonatal seda-
tion [106, 166, 167].

39.8  Conclusion

As in all instances of pain management in criti-
cally ill patients, and in the specific context of 
the pregnant patient admitted to the ICU, several 
key elements are important. Appropriately treat-
ing maternal pain benefits both the mother and 
the fetus. Untreated pain may negatively impact 
maternal oxygenation, placental perfusion, and 
hence fetal acid base status. A multimodal anal-
gesia regimen, which includes regional analge-
sia whenever possible, is the optimal approach to 
pain control. This approach diminishes the like-
lihood of unwanted medication effects on both 
mother and child. Pain management for pregnant 
patients in an ICU setting requires several types 
of expertise; therefore it  warrants a multidisci-
plinary approach. Anesthesiologists, intensive 
care physicians, obstetricians, and neonatolo-
gists must all be involved. Finally, the analgesia 
plan must take into account the resources avail-
able and the expertise of the clinicians providing 
care.
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Anaphylaxis in Pregnancy

Nadav Levy and Carolyn F. Weiniger

40.1  Introduction

Anaphylaxis is a rare, life-threatening event that 
may carry serious morbidity or mortality to the 
mother and neonate [1]. In pregnant women, the 
recognition of anaphylaxis and the initiation of 
treatment may be slower than in the non-obstetric 
population [2]. This is due to the multitude of 
alternative causes for cardio-respiratory collapse 
which may occur during the peripartum period. 
For this reason, anaphylaxis should always be con-
sidered in the differential diagnosis of both cardio-
vascular and respiratory collapse in pregnant 
women. The equipment and medications required 
to treat this complication should be available, and 
treatment algorithms should be practiced by medi-
cal and nursing staff in every obstetric unit. In this 
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Bullet Points
• Pregnancy is associated with multiple 

causes for cardio-respiratory collapse, 
but anaphylaxis should always be con-
sidered in the differential diagnosis of 
shock in pregnant women.

• Anaphylaxis is a rare, life-threatening 
event that may carry serious morbidity 
or mortality to the mother and neonate.

• Early signs of anaphylaxis may be con-
fused with the effects of normal labor.

• The definitive diagnosis of anaphylaxis 
is made through measuring mast cell 
tryptase, but the results of this test are 
only available long after the anaphylaxis 
has been treated.

• Treatment is comprised mainly of epi-
nephrine and fluid resuscitation.

• Early intubation may be necessary in 
women showing signs of angioedema, 
as they may deteriorate quickly, and are 
considered candidates for a difficult air-
way scenario.

• In the ICU, anaphylaxis may be masked 
by pathologies such as ARDS or sepsis 
with hemodynamic instability.

• Treating teams should consider anaphy-
laxis in any previously stable pregnant 
woman, as they would for the non- 
obstetric population.
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chapter we will discuss life- threatening anaphy-
laxis that may cause severe cardio-respiratory 
instability requiring intensive care treatment and 
that which occurs during treatment of the pregnant 
woman for another condition.

40.2  Risk Factors

Information regarding a personal or family history 
of atopy, food and drug allergies and previous reac-
tions to anesthetics should be gathered for every 
pregnant woman who presents for treatment. 
Women who present in extremis due to another 
severe condition may be unable to impart this infor-
mation. Thus, alternative information sources, such 
as family or electronic medical records, should be 
consulted if required. Women with a higher risk for 
latex sensitivity should be identified. These include 
women with a history of previous latex exposure 
(e.g. healthcare workers or those with prior surgery, 
particularly cesarean delivery) and women with 
allergies to certain food products (kiwi, peach, 
banana, avocado, chestnuts, nuts, potatoes, toma-
toes) or other trigger substances [3, 4].

40.3  Causes

The etiologies of anaphylaxis in pregnant 
women are similar to those in the general popu-
lation. These include foods, insect bites and 
venom, latex and medications [5]. The most 
common triggers for anaphylaxis occurring dur-
ing labor and delivery; these include antibiotics, 
latex, local anesthetics, neuromuscular blocking 
agents, oxytocin and transfusion of blood/blood 
products [1, 5].

40.4  Symptoms

During obstetric emergencies, efforts should be 
invested in treating all possible causes, including 
anaphylaxis, while reassessing the situation to 
determine the next diagnostic or therapeutic step. 
The clinical criteria for defining anaphylaxis are 
detailed in Box 40.1 [1].

During pregnancy, the clinical signs of anaphy-
laxis may involve multiple organ systems, resem-
bling anaphylaxis in the non-obstetric population. 
The skin, respiratory, cardiovascular and central 
nervous system may all be involved. Anaphylaxis 
in a pregnant women may manifest as vulvar and 
vaginal itching, low back pain, uterine cramps, 
fetal distress and preterm labor [5].

The early signs of anaphylaxis may be con-
fused for the effects of normal labor; signs such 
as facial edema, flushing and back pain caused by 
an anaphylactic reaction may go unnoticed. In 

Box 40.1 Clinical Criteria for Defining 
Anaphylaxis
The presence of at least one of the 
following:

 1. A life-threatening airway problem is 
taken to include:
 (a) Laryngeal or pharyngeal edema.
 (b) Hoarse voice.
 (c) Stridor.

 2. A life-threatening breathing problem is 
taken to include:
 (a) Shortness of breath and raised 

respiratory rate.
 (b) Wheeze.
 (c) Decreased oxygen saturations.
 (d) Confusion secondary to hypoxia.
 (e) Cyanosis.
 (f) Respiratory exhaustion or respira-

tory arrest.
 3. A life-threatening circulatory problem 

is taken to include:
 (a) Signs of shock such as faintness, 

pallor or clammy skin.
 (b) Tachycardia >100 bpm.
 (c) Systolic BP <90 mmHg.
 (d) Decreasing level of consciousness.
 (e) Signs of ischemia on ECG.
 (f) Cardiac arrest.

Adapted from McCall et al., BJOG 2018 
and used without modification thus meet-
ing the reproduction conditions.
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many cases of anaphylaxis in pregnant women, a 
complaint of ‘feeling unwell’, or sneezing [6] 
preceded the onset of hypotension and other clin-
ical signs [2]. The diagnostic challenge is even 
greater when the patient is ventilated during 
anesthesia or in the intensive care unit; additional 
signs such as pharyngeal edema and broncho-
spasm may be masked. Since the intensity and 
characteristics of the signs and symptoms of ana-
phylaxis differ between patients [5], anaphylaxis 
should be included in the differential diagnosis of 
every clinical deterioration occurring during 
pregnancy and labor. The diagnosis of an anaphy-
lactic reaction in this clinical situation may be 
based solely on the medical history of the patient.

40.5  Differential Diagnosis

As noted above, many emergency obstetric/anes-
thesia conditions may resemble an anaphylactic 
reaction. The differential diagnosis of a sudden, 
symptomatic, clinical presentation consistent 
with anaphylaxis includes local anesthetic toxic-
ity, hypotension associated with vasodilatation 
during neuraxial anesthesia, aortocaval compres-
sion, cardiac failure, pulmonary aspiration/
edema, hemorrhage, thromboembolism, amni-
otic fluid emboli, pre-eclampsia and sepsis.

The urgent symptomatic treatment and sup-
portive care indicated for each of these condi-
tions should not be delayed due to attempts to 
reach a definitive diagnosis. In some cases, the 
medical history of the patient, the chain of events 
and the presenting symptoms may all be mislead-
ing and an alternative diagnosis is reached instead 
of anaphylaxis. This could become a serious 
problem if the option of anaphylaxis has not even 
been considered and the patient remains exposed 
to potential triggering substances. Thus, a high 
index of suspicion is required.

40.6  Diagnosis

The definitive diagnosis of anaphylaxis is made in 
the laboratory through measuring serum levels of 
mast cell tryptase. Release of tryptase from the 

secretory granules is a characteristic feature of mast 
cell degranulation. Elevated serum mast cell trypt-
ase levels are highly suggestive of an immunologi-
cally mediated reaction [7]. However, normal levels 
are not sufficient to exclude an allergic reaction [4]. 
Mast cell tryptase levels should ideally be measured 
three times in three separate blood samples. These 
should be taken immediately after resuscitation, 
then 1–2 h after the event and then at least 24 h after 
the suspected event (as a “washout” comparator 
which assumedly reflects baseline levels) [2].

40.7  Management

As stated above, during pregnancy and labor, the 
main challenge to timely initiation of the treatment 
of anaphylaxis is the decision-making process. 
Given the wide differential diagnosis, delays may 
occur in initiation of treatment [2]. The mainstays 
of treatment for anaphylaxis are administration of 
epinephrine and fluid resuscitation. The manage-
ment of anaphylaxis is outlined in Box 40.2. These 
management steps should be implemented as soon 
as an anaphylactic reaction is suspected.

40.7.1  Caveats to Application 
of Anaphylaxis Treatment 
Protocols During Late 
Pregnancy and in Labor

Airway management may be challenging in the 
obstetric population as is discussed in Chap. 21. 
The risks and benefits of intubation should there-
fore be weighed carefully during management of 
anaphylaxis in each case. On the one hand, early 
intubation is vital to securing the airway in women 
showing signs of angioedema. On the other hand, 
the situation may easily deteriorate to a difficult 
airway scenario. Impending airway obstruction 
should therefore be identified and prevented early. 
At the same time it is important that the treating 
team avoid fixation on airway management, as 
this could potentially delay administration of epi-
nephrine and provision of circulatory support. 
Correct dosing and timely administration of epi-
nephrine is expected to reduce airway edema and 
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bronchospasm, thus facilitating ventilation and 
airway protection if needed. Fluid resuscitation 
may require volumes of 2–4 L of crystalloids. [4, 
8] These women should be carefully monitored 
both during fluid administration and in the hours 
following it due to the increased risk of pulmo-
nary edema after labor.

Phenylephrine was the vasopressor most com-
monly used in cases of anaphylaxis in obstetric 
patients, as reported by the 6th National Audit 
Project of the Royal College of Anaesthetists [2]. 
Phenylephrine is a relatively safe vasopressor 
which is commonly used and is often immedi-

ately available in the labor ward [9]. It may there-
fore be used as the initial treatment should 
hemodynamic compromise occur. However, as 
epinephrine decreases mediator release from 
mast cells, it may be life- saving during anaphy-
laxis; thus, epinephrine remains the drug of 
choice. Administration of epinephrine should not 
be delayed for the sake of administering drugs 
with no immediate life- saving benefits such as 
glucocorticoids and H2 blockers [5, 8].

A biphasic reaction to the triggering agent is 
experienced by up to 23% of non-obstetric ana-
phylaxis patients. Thus, there is a significant likeli-
hood of symptom recurrence after the initial 
improvement observed in response to treatment [3, 
10] This phenomenon mandates that the patient 
remain under observation for a period even after 
stabilization. Although there are no specific rec-
ommendations regarding the length of observation 
in non-obstetric patients, 6–8 h has been recom-
mended in otherwise stable patients [10].

40.8  Summary

Life threatening anaphylaxis in pregnancy 
may occur as an isolated phenomenon or in the 
context of critical illness. Anaphylaxis is par-
ticularly difficult to diagnose in critically ill 
patients. This is precisely why it should always 
be considered in the differential diagnosis of a 
critically ill pregnant women patient who 
deteriorates despite seemingly adequate sup-
portive care. The challenge, as in other popu-
lations, remains early identification. Timely 
identification of anaphylaxis enables rapid ini-
tiation of treatment, thereby preventing further 
clinical deterioration. The management of 
anaphylaxis in pregnant women is generally 
similar to that recommended for the non-preg-
nant population. If intubation is required for 
such a woman, the airway should ideally be 
managed by a trained and experienced 
clinician.

Box 40.2 The Ten Steps of Management of 
Anaphylaxis
 1. Remove/discontinue potential caus-

ative agents.
 2. Provide 100% O2 at a high flow rate 

(>10 L/min).
 3. Give intravenous fluid bolus 20 cc/kg.
 4. Give epinephrine IVa.
 5. Consider intravenous vasopressin 

bolus/infusion or norepinephrine 
infusion.

 6. Consider inhaled β2 agonist to treat 
bronchospasm.

 7. Consider a large bore IV access and 
arterial line placement.

 8. Consider early intubation to secure the 
airway.

After initial patient stabilization:
 9. Consider H1, H2 antagonist and 

corticosteroids.
 10. Measure serum tryptase levels. Repeat 

test within 1–2 h and over at least 24 h.

aEpinephrine should be administered in 
escalating doses. Start at 10–100 μg IV and 
increase the dose every 2 min until clinical 
improvement is noted. Start infusion of 
epinephrine early [11].
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 Appendix

Table 2 Differential diagnosis of some of the possible causes of hypoxemia in pregnancy and the peripartum period, 
with an accompanying list of the chapter(s) that address each potential cause

Immediate cause
Underlying 
pathology Chapter

Low FiO2 (ambient 
hypoxia)

Inappropriate ventilator settings 23

Decreased respiratory 
drive

Iatrogenic/
self-induced

Drugs 38

Isolated CNS 
pathology

Stroke (ischemic or hemorrhagic) 25
Traumatic brain injury 34
Seizures 36

Systemic disease Preeclampsia 16
Sepsis 18
Hepatic encephalopathy 33
Autoimmune (thrombotic thrombocytopenic purpura, 
hemolytic uremic syndrome)

5

Viral infection 17

(continued)

Table 1 Differential diagnosis of some of the possible causes of seizures in pregnancy and the peripartum period, with 
an accompanying list of the chapter(s) that address each potential cause

Pathology Etiology Chapter
Direct CNS Embolus/thrombosis 5, 8, 15

Hemorrhage 5, 6, 34, 36
Infection 17–19
Space occupying lesion 36

Indirect  CNS Drug toxicity 38
Eclampsia 16
Endocrine and metabolic 33
Infection 17–19
Intentional or accidental poisoning 38

https://doi.org/10.1007/978-3-030-43477-9#DOI
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Immediate cause
Underlying 
pathology Chapter

Inspiratory airway 
obstruction

Kinked tubing 20
Upper airway obstruction 21
Small airway disease 23

Hyperinflation, air 
trapping

Lower airway disease 23

Ineffective  A-a gas 
diffusion

Alveolar disease 23

Shunting/dead space 
ventilation

Embolic disease Pulmonary embolism, amniotic fluid embolism 8
Liver disease 33

Abnormal/low flow 
states

Hemorrhage 6, 34
Pulmonary disease 23
Cardiac disease 10–12
Anaphylaxis 40
Others (refer to hemodynamic instability table)

Mitochondrial 
dysfunction

Sepsis 18

Table 2 continued
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Type of  hemodynamic 
instability Cause Refer to Chapter
Hemorrhagic Obstetric hemorrhage Antenatal hemorrhage

Placenta accreta 
spectrum
Placental abruption
Uterine atony
Uterine rupture
Vaginal tears
Ectopic pregnancy
4 T’s Tone, Thrombus, 
Tissue, Trauma

6 for further diagnoses 
and management

Nonobstetric Aortic dissection 34
Trauma 34

Cardiogenic Cardiomyopathy 11
Decompensation of pre-existing congenital cardiac 
condition

10

Myocardial ischemia 8
Pulmonary hypertension 12
Secondary myocardial dysfunction (e.g., late sepsis) 19

Distributive Anaphylaxis and local anesthetic systemic toxicity 
(LAST)

40

Drug overdose Not in the book
Sepsis 17, 18, 19
Amniotic fluid embolism 8

Obstructive Pulmonary embolism 8
Tamponade 28

Neurogenic Intracranial hemorrhage Eclampsia 6
Trauma 34
Space occupying 
lesion

36

Vascular occlusion Stroke 25
Hypercoagulable state 5

Table 3 Differential diagnosis of some of the possible causes of hemodynamic instability in pregnancy and the peri-
partum period, with an accompanying list of the chapter/s that address each potential cause
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