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Preface

Obstetric critical care is a relatively new medical field that has grown and gained its 
critical care space. Every day, the nature of critical illness is better understood at the 
molecular, cellular, organ, whole patient, and population levels. Diagnostic and 
monitoring tools, such as point-of-care ultrasound, stroke volume estimating equip-
ment, and biomarkers, have altered the way we examine our critical obstetric 
patients. New drugs and devices have been devised, tested, and applied. Large clini-
cal trials now inform a broad range of treatments, including respiratory failure, sep-
tic shock, and acute kidney injury, and better understanding. The modern intensivist 
must master a complex science of pathophysiology and be intimately familiar with 
an increasingly specialized literature. In the twenty-first century, the specialty of 
critical care has genuinely come of age.

Why have Obstetric Catastrophes as textbook at all in the modern era? Whether 
at home, in the office, or on the road, we can access our patients' vital signs, radio-
graphs, and test results electronically; at the click of a mouse, we can peruse the 
literature of the world. This is a book that allows us to understand the common 
mechanisms that transcend all critical illnesses and provides an in-depth, specific 
discussion of essential procedures and diseases.

Our approach to patient care, teaching, and critical care investigation are ener-
gized fundamentally by our clinical practice. In turn, our practice is informed, ani-
mated, and balanced by the information and environment arising around learning 
and research. Clinical excellence is founded in careful history taking, physical 
examination, and laboratory testing. These data serve to raise questions concerning 
the patient's disease mechanisms, upon which a complete, prioritized differential 
diagnosis is formulated and treatment plan initiated. The reality, complexity, and 
limitations apparent in the ICU drive our search for a better understanding of critical 
care's pathophysiology and new, effective therapies. We hope that this textbook 
reflects the interweaving and mutually supporting threads of critical care practice, 
teaching, and research.

While the field of critical care has changed dramatically, several years ago, Dr. 
Carlos Montufar and Dr. Alfredo Gei start working together in the pursuit of excel-
lence in the practice, teaching, and study of critical obstetric care. Dr. Jorge Hidalgo 
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has been invited to join them in creating the first edition of this textbook. The chap-
ters reflect the growing scope of critical care obstetrics and the increasing impor-
tance and recognition of the hospital structure's field. All intensivists, regardless of 
primary discipline, must possess a core set of critical care skills to manage critically 
ill patients. Furthermore, most hospitals today contain intensive care units (ICUs) 
mixed by intention or by overflow, and multidisciplinary trained intensivists are 
equipped to recognize and manage the wide range of acute care problems, promot-
ing and keeping the team approach multi-professional nature of critical care delivery.

This textbook, in addition to the practicing critical care physicians and fellows in 
training, is designed to be a valuable resource for all critical care providers, hospi-
talists, subspecialty physicians, residents, nurses, physician assistants, nurse practi-
tioners, nutritionists, pharmacists, respiratory therapists, and medical students 
involved in the care of critically ill obstetric patients.

Panama City, Panama Carlos Montufar
Belize City, Belize Jorge Hidalgo
Houston, TX, USA Alfredo F. Gei 

Preface
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Chapter 1
Critical Care of the Obstetric Patient

Carlos Montufar

The obstetric patient, pregnant or puerperal, is significantly different from the aver-
age patient who enters an intensive care unit. These patients have a unique patho-
physiology and present specific disorders; in addition, there is the presence of the 
fetus, an alteration of the pharmacokinetics, diseases that may be aggravated by 
pregnancy and the scenario of a birth.

The pregnant patient undergoes dramatic physiological changes at the cardiovas-
cular, respiratory, renal, endocrinological, and hematological levels, which make 
her a different patient [1]. Post-partum hemorrhages, pre-eclampsia, acute fatty 
liver of pregnancy, and post-partum endometrial infections are unique conditions in 
an obstetric patient. The management challenge of these patients increases with the 
presence of the fetus. Publications report that there is a prevalence of critical obstet-
ric patients of 100–900/100,000 gestations (0.1–0.9%) [2, 3], but these statistics are 
usually from medium- and high-resource countries. Statistical data from low- 
income countries reach much higher values and often patients do not even manage 
to be treated in intensive care units. The mortality ratio is also very different between 
rich and low-income countries, with statistics of 6–24/100,000 live births (LB) in 
the highest-income countries, and 55–920/100,000 LB in poor countries [4].

It is estimated that 75% of hospitalizations of obstetric patients to intensive care 
units occur in the puerperium [3], because it is a period susceptible to complications 
such as pulmonary edema (due to a reduction in oncotic pressure) and a high fre-
quency of hemorrhages, such as uterine atony.

In the ICNARC study in UK 2007, 81.5% of patients were reported as recently 
pregnant (within 42  days of admission to the ICU) [5], either post-partum or 
post-abortion.

There are vulnerable populations where the risk of maternal death is multiplied, 
such as ethnic minorities, extreme maternal ages, and low socioeconomic status [6]. 
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These factors usually result in less prenatal care, late hospital admissions, and more 
serious clinical conditions.

Further, significant pathological conditions can present in the pregnant patient, 
including hypovolemia, hypotension, hypoxia, and acidosis may result in greatly 
reduced uteroplacental flow, with subsequent fetal hypoxia and acidosis or even 
death. Blood product transfusion in the ICU was independently associated with fetal 
loss in one retrospective series [7].

The causes that lead a pregnant or puerperal patient to a critical state can be 
direct obstetric disorders (hemorrhagic shock due to uterine atony, puerperal sepsis) 
in 50–80% of cases and medical disorders (heart disease, diabetes, etc.) between 
30% and 60% of patients. Pollock et al. reported that approximately 70% of admis-
sions, in developed and developing countries, were due to obstetrics directly condi-
tion [8].

A study in the United Kingdom in 14 intensive care units reported that 1.84% of 
the admissions was obstetric patients, representing 0.17% of all births, with the 
most frequent causes being preeclampsia and obstetric hemorrhages [9].

The World Health Organization, in an article published in 2014 [4], for the first 
time documented hemorrhagic phenomena as the main cause of obstetric death, 
over and above preeclampsia, both in low-resource countries and in the so-called 
rich countries.

The evaluation of critical obstetric patients and the analysis of their statistics 
have led to the knowledge of risk factors that can lead to fetal death. These risk fac-
tors are complications in pregnancies far from the term, maternal shock, and the 
need for blood products in mothers. There are factors inherent to women that 
increase the risk of death, such as advanced (obstetric) age. Women aged 35–39 years 
have a 2.6 times higher risk of death and women older than 40 years increase this 
risk of death to 5.9-fold 95% CI 4.6, 7.7 [1]. Also, black maternal race confers a 
relative risk of 3.7 (95% CI 3.3, 4.1) for maternal death compared with white women.

There are so dramatic maternal physiological changes that can affect or facilitate 
conditions that threaten the life of the mother and the fetus. Of these, three are 
extremely important: decrease in residual functional capacity (transforming it into 
tidal volume), renal loss of bicarbonate (consequence of respiratory alkalosis), and 
the prothrombotic state of the pregnant woman. This makes the patient obstetric, 
intolerant to hypoxia, vulnerable to acidosis, and develops a high risk of thrombosis.

Pregnancy may be associated with an increase in the severity of some medical 
conditions. The overall risk of ICU admission for pregnant or postpartum women 
with H1N1 influenza was sevenfold higher than for non-pregnant females [10]. 
Despite similar rates of bacteriuria in pregnant and non-pregnant women, the rate of 
pyelonephritis is higher in pregnancy [11]. Further, pregnancy increases the risk of 
venous embolism [12].

In relation to Public Health and Women’s Health Policies, there are factors that 
can become risk factors for causing maternal deaths: poor or absent prenatal con-
trol, and a hospital medical team that does not have the knowledge or skills to care 
for both patients pregnant and puerperal women, seriously complicated [3, 13].
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It is estimated that 80% of pregnant or puerperal patients who develop complica-
tions do not have an identified risk factor [13].

Kilpatrick [14] published some interventions that could prevent obstetric compli-
cations: use of contraceptives to avoid unwanted pregnancies, providing forms of 
safe abortions to avoid deaths from complications from abortions, active manage-
ment of the third stage of labor for the prevention of maternal deaths due to hemor-
rhage secondary to uterine atony, and the timely interruption of pregnancy in 
patients with pre-eclampsia.

About 15–20% of pregnancies are complicated, and most of these complications 
are difficult to predict, and the highest number of maternal deaths occur in patients 
considered low risk. Therefore, the focus is on preparing effective emergency inter-
ventions [15].

The decrease in maternal mortality is based on the correct management of obstet-
ric emergencies and acute medical complications, rather than on identifying risk 
factors, which requires that the human personnel who take care of pregnant patients 
must know how to deal with these emergencies and complications. One is consid-
ered a qualified provider of obstetric health if one is able to attend a delivery, and 
also diagnose, treat, and/or refer women who present different obstetric emergen-
cies [15].

In the Green-top Guidelines No 56 of United Kingdom Royal College of 
Obstetricians and Gynecologists, a systematic review of life-support training 
showed a significant reduction in maternal morbidity and mortality [15].

In many countries, the reduction in the maternal mortality ratio gave rise to a 
false perception of an improvement in obstetric care. But it has been found that for 
every maternal death, there are a considerable number of patients who did not die 
thanks to timely intervention (near-miss) [3].

The term near-miss or severe maternal morbidity refers to this recent concept of 
non-fatal maternal morbidity. It is estimated that for each maternal death, there may 
be a significant number of near-misses, many of which will require care in a general 
intensive care unit or a specific unit of intensive obstetric care [3]. Hemorrhage and 
preeclampsia are the most frequent causes that force an obstetric patient to enter a 
general intensive care unit.

In 2003, the first formal proposals for the structuring of specific intensive care 
units for pregnant and/or puerperal patients were initiated [16], and by 2009, ACOG 
had published its first practice bulletin regarding critical care in pregnancy [17].

Subsequently, the first obstetric intensive care units of the United States started 
coming into existence.

Given the limited specific evidence in the management of obstetric patients in 
critical condition, many doctors and hospital centers have based their management 
extrapolation of information on the management of non-obstetric patients.

Critical care in obstetric patients, as a specialty or sub-specialty area, is still 
underdeveloped [18]. The creation of a program with a multimodal curriculum is 
considered promising, to have a doctor with an ideal profile to understand an 
approach an obstetric patient in critical condition, such as: oxygen therapy, mechan-
ical ventilation, transfusion therapy, knowledge of coagulopathy, Adult Respiratory 
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Distress Syndrome, hemodynamic and respiratory monitoring, septic shock, nutri-
tional support, renal failure and renal replacement therapy, analgesia and sedation, 
trauma, airway management, and vascular access; in addition, of the knowledge of 
the different obstetric and medical pathologies that can expose to the death, in the 
pregnant woman and/or during the puerperium.

The creation of specific intensive care units for obstetric patients can improve the 
results in terms of management and survival [19] as long as the doctors and all the 
personnel who work in these units have the physiological knowledge of pregnancy 
and puerperium, and the knowledge of the pathophysiologies of the different condi-
tions and diseases that occur in these patients. A better understanding of maternal 
complications will have an impact on maternal mortality statistics.

Critical illness is an uncommon but potentially devastating complication of preg-
nancy. The priority is to stabilize the mother, with the understanding that what is 
good for the mother is good for the fetus. Critical-care interventions are like those 
for non-pregnant patients; however, adjustment of physiologic targets for metabolic, 
pulmonary, and hemodynamic control may be necessary. The majority of acquired 
pregnancy-related diseases, such as preeclampsia and acute fatty liver of pregnancy, 
are abrogated by delivery. However, timing and the state of fetal maturation are 
crucial to decision-making.

A pregnant patient in critical condition is a challenge. Maternal physiological 
changes can generate diagnostic errors or prevent the recognition of a pathological 
condition and overlook a diagnosis. In addition, the fetus imposes obstacles to cer-
tain medications or interventions. It is necessary to know the changes of pregnancy 
and puerperium, as well as the pathophysiology of direct obstetric complications, to 
improve the clinical results in pregnant patients.

The medical team that takes care of pregnant patients must have the correct train-
ing to effectively manage the complications of the pregnant woman are direct 
obstetric or medical complications.

Similarly, the work team that is responsible for the management of severe obstet-
ric patients must have knowledge about fetal biophysical variables and their patho-
logical states, especially metabolic, gas exchange, and hemodynamic variables. 
This will be a determinant in obtaining better perinatal results.
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Chapter 2
Hemodynamic Monitoring in Pregnancy 
and Puerperium

Miguel Chung Sang, Jorge Hidalgo, Jose Miguel Jauregui, and Maily Velasco

 Introduction

Maternal mortality is unacceptably high. About 830 women die from pregnancy- or 
childbirth-related complications around the world every day. It was estimated that 
in 2015, roughly 303,000 women died during and following pregnancy and child-
birth. Almost all of these deaths occurred in low-resource settings, and most could 
have been prevented. About 73% of all maternal deaths between 2003 and 2009 
were due to direct obstetric causes and deaths due to indirect causes accounted for 
27.5% of all deaths. Hemorrhage accounted for 27.1%, hypertensive disorders 14%, 
and sepsis 10.7% of maternal deaths [1].

The overall prevalence of obstetric patients who may require critical care during 
their pregnancy in our institution ranges from 30 to 40 in 1000 childbirths with a 
2.25% of mortality. The main admission causes are hypertensive diseases (eclamp-
sia, preeclampsia, HELLP syndrome) (46%), followed by hemorrhage (uterine 
atony, lacerations and hematomas, retention of placenta or tissues, abruptio placen-
tae, ectopic gestation) (27%) and then infections (sepsis and septic shock) (16%) 
(Fig. 2.1).
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In a non-obstetric population, the optimization of cardiac output (CO) had been 
shown to improve survival and to reduce postoperative complications, organ failure, 
and the length of stay. So hemodynamic monitoring became a fundamental part of 
the diagnostic and therapeutic tools of the critical patient, and the obstetric critical 
patient is not an exception.

In the past decades numerous reports have appeared that show different hemody-
namic profiles seen in pregnant patients with a variety of pathologic conditions 
including pregnancy-induced hypertension, structural cardiac disease, amniotic 
fluid embolism, and septic shock.

We will review the different modalities of hemodynamic monitoring used, their 
application to characterize the hemodynamic patterns in normal pregnancy and 
labor, and their applications in the more common causes of critical illness in the 
obstetric population, especially in preeclampsia/eclampsia population.

 Modalities of Hemodynamic Monitoring in Pregnancy

The different modalities used in hemodynamic monitoring include invasive and 
noninvasive techniques.

46%

Preeclampsia / Eclampsia /
HELLP

Hemorrage / Shock

Infections / sepsis / Septic
Shock

Other

Data unpublished fron HUG ICUM

27%

16%

11%

Fig. 2.1 Distribution of admission causes to the Maternal ICU of Hospital Universitario de 
Guayaquil
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 Invasive Techniques

 The Pulmonary Artery Catheter (PAC or Swan-Ganz Catheter)

A PAC is placed into the pulmonary artery via a jugular, subclavian, or brachial 
vascular access. The catheter has several lumens, injection and sampling ports, and 
a thermistor and balloon at the tip, permitting various pressure (central venous pres-
sure, pulmonary artery pressure, and pulmonary capillary wedge pressure) and out-
put measurements. CO is measured by thermodilution based on the law of 
conservation of energy. A bolus solution of known volume (5–10 mL) and tempera-
ture (either cooled or at room temperature) is injected as an indicator and mixes 
with blood, thereby cooling it. CO is deducted from curves of temperature differ-
ence over time between the injection site and the tip of the PAC using the modified 
Stewart-Hamilton equation. Intermittent CO values are obtained by averaging 3–5 
thermodilution curves or incorporating an electric heating filament into the PAC 
permitting continuous CO trend measurements of every 30–60 s after initial and 
regular subsequent calibration with the intermittent bolus technique. The technique 
is highly invasive with substantial procedure-related risks and limited to ICU set-
tings [7].

In 1980, Benedetti et al. [2] first described the use of PACs in critically ill obstet-
ric patients (10 patients with severe preeclampsia). Since then, it became the stan-
dard of care of severe preeclamptic patients and for characterization of hemodynamic 
profiles of normal pregnant women or preeclamptic/eclamptic patients. A series of 
publications appeared, but the most relevant were the study of Clark et al., with their 
pivotal description of hemodynamics in pregnant women, and the study of Cotton 
et al. [4] in 1988, first describing in detail the changes in a group of 45 preeclamptic 
patients. A summary of 14 studies about the use of PACs in obstetric patients, pub-
lished in 1992 by Nolan et al. [5], demonstrated that 64.3% of PACs were used to 
monitor patients with preeclampsia or eclampsia, specially for control of fluid over-
load, but none of the studies cited indicate that hemodynamic data would have been 
helpful in the clinical management of the patients.

In the 2000s Gilbert et al. [6] published a retrospective analysis of 100 medical 
records of critically ill pregnant women and found that use of PAC in severe pre-
eclampsia complicated with renal failure in 53 cases (53%), pulmonary edema in 30 
(30%), and eclampsia in 17 (17%). Subjective evaluation demonstrated that the pul-
monary artery catheter was helpful in determining management in 93 cases (93%). 
The measurements of pulmonary artery wedge pressure and central venous pressure 
were increased in the cases of pulmonary edema (21.0 ± 2.0 mm Hg and 9.6 ± 1.2 mm 
Hg, respectively) but were normal in the cases of renal failure and eclampsia. There 
was a 4.0% complication rate.

Complications of PACs include pneumothorax, ventricular arrhythmias, air 
embolism, pulmonary infarction, pulmonary artery rupture, sepsis, local vascular 
thrombosis, intracardiac knotting, and valve damage. Gilbert et al. [6] found in their 
revision a 0.4% of complications in the obstetric population.

2 Hemodynamic Monitoring in Pregnancy and Puerperium
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Despite being considered the reference method for CO measurements, it is good 
to realize that even in optimal conditions the accuracy and precision of the method 
reflecting the “true actual CO” remains around 10–20% due to inherent technical 
limitations. It means that PAC, even as a reference technique, can only reliably 
demonstrate changes in CO of at least 15–30%, being on average 0.75–1.5 L/min 
for a mean CO of 5 L/min in adults [7–9].

Once popular in intensive care settings and obstetric critical care for hemody-
namic monitoring and treatment guidance until the beginning of the twenty-first 
century, controversy about its risk/benefits ratio and the development of less inva-
sive techniques make the PAC rarely justified, especially in obstetric patients, where 
most are ambulatory and require a longitudinal follow-up. CO monitoring in preg-
nant women preferably requires a noninvasive, accessible, and reliable technique 
that is safe for both the mother and child [7].

 Less Invasive Techniques

Pulse Contour Calibrated Devices and Transpulmonary Thermodilution
Pulse contour is based on the analysis of pressure waveforms in a peripheral artery, 
and assumptions are made to calculate the predicted changes in pulse wave contour 
to estimate SV and CO. Today, there are numerous commercially available devices, 
each based on a different algorithm of an arterial pulse pressure waveform analysis. 
One can differentiate between uncalibrated and calibrated devices, in which the lat-
ter need to be externally calibrated once the device is connected with the patient.

The Volume View/EV1000® systems and PiCCO® system use transpulmonary 
thermodilution similar to thermodilution with PAC. They require a central venous 
line and femoral or axillary arterial line with thermistor tip, and are only slightly 
less invasive as compared to PAC, limiting their use to ICU settings. In addition to 
CO and central venous and intra-arterial pressure, global end diastolic volume (as a 
measure of preload) and extravascular lung water (as a measure of pulmonary 
edema) can be obtained. But, there are no studies validating or using the abovemen-
tioned technologies in pregnant women, except for a few case reports [7].

The LiDCOplus® device combines pulse contour analysis with lithium indicator 
dilution for continuous monitoring of CO. It needs the placement of an arterial line, 
a peripheral or central venous catheter for the lithium bolus, and a lithium sensor. It 
has the inconvenience that the lithium used for calibration is teratogenic, so in the 
first trimester of pregnancy, its use must be avoided [7].

Dyer et al. first described a comparison of cardiac output (CO) measurements 
derived from pulse waveform analysis (LiDCOplus®) with values obtained by ther-
modilution (TD), in patients with postpartum complications of severe preeclampsia. 
18 patients were included at 24–96 h postpartum. Measurements were done at 0, 15, 
and 30 min after calibration. Bland-Altman Plot was used for comparison between 
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TD and LiDCOplus; TD exhibited a significant positive bias of 0.58 L/min−1 
(95% CI: 0.77–0.39). After peripheral venous calibration, there was no significant 
bias [0.16 L/min−1 (95% CI: −0.37 to 0.06)] [10].

 Noninvasive Techniques

 Doppler Echocardiography

Doppler echocardiography is of similar value to PAC, without the complications 
and invasiveness. Easterling et al. [11, 12] published two studies where they dem-
onstrate the high correlation between Doppler and thermodilution (PAC) with 
respect to CO.  In 1994, Belfort et  al. [13, 14] assessed the correlation between 
Doppler echocardiography and invasive hemodynamic measurements made with 
the pulmonary artery catheter (PAC) in 11 critically ill obstetric patients. The 
authors showed a high correlation. There was a good correlation between the two 
methods for stroke volume (R2 = 0.98), cardiac output (R2 = 0.98), cardiac index 
(R2 = 0.96), left ventricular filling pressure (R2 = 0.79), pulmonary artery systolic 
pressure (R2 = 0.85), and right atrial pressure (R2 = 0.86). The same authors demon-
strate the clinical utilization of Doppler echocardiography to guide therapeutics and 
to avoid unnecessary placement of PAC in 10 out of 12 critically ill obstetric 
patients.

 Bioimpedance and Bioreactance

Bioimpedance techniques are another noninvasive tool of central hemodynamic 
assessment, but in contrast to Doppler, they do not require specific training. In 1989, 
Masaki et  al. [15] did a comparison between thoracic electrical bioimpedance 
(TEB) and PAC in 11 pregnant women. 9 patients completed the study, and there 
was an agreement (within ±20%) between the two methods. Bivariate linear regres-
sion showed excellent correlation (r = 0.91, p less than 0.001) with a slope of 1.04, 
which indicated a one-to-one relationship between thoracic electrical bioimpedance 
and thermodilution. However, a study conducted by Clark et al. [16] assessing car-
diac index in normal term pregnancy with thoracic electrical bioimpedance and 
oxygen extraction techniques showed that the results of thoracic electrical bio-
impedance were influenced by maternal position.

Doherty et al. [17] compared bioreactance (BRT) with Doppler and found in 35 
healthy pregnant women at 21–29 weeks of gestation that there was good agreement 
between measured stroke volume (SV) [mean bias 6 ml (limits of agreement −18 to 
29); ICC 0.8 (95% confidence interval 0.6–0.9), p < 0.001] and CO [mean bias 0.2 L 
(limits of agreement −1.3–1.7); ICC 0.8 (95% confidence interval 0.7–0.9), p < 0.001.

2 Hemodynamic Monitoring in Pregnancy and Puerperium
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 Changes in Normal Cardiovascular Physiology Induced 
by Pregnancy

 Hemodynamic Changes Observed in Pregnancy Compared 
with Non-pregnancy

30 years ago in a pivotal study conducted by Clark et al. [3], 10 carefully screened 
normal pregnant patients between 36 and 38 weeks (in left lateral decubitus posi-
tion) of gestation were studied using current clinical techniques. Each patient served 
as their own control during the postpartum period (between 11 and 13 weeks of 
puerperium). They place a pulmonary and radial artery catheters and central hemo-
dynamics described; finding a significant (p < 0.05 compared with the non-pregnant 
state) fall in systemic vascular resistance (21%), pulmonary vascular resistance 
(34%), and colloid oncotic pressure (14%) and a significant rise in cardiac output 
(43%) and heart rate (17%) in all patients. But there was no significant change in 
pulmonary capillary wedge pressure, central venous pressure, left ventricular stroke 
work index, or mean arterial pressure. See (Fig. 2.2).

Robson et al. [18] published a study where longitudinal maternal hemodynamics 
measurements were done, using echocardiography and Doppler; 13 healthy women 
complete the study. They were measured 2 times before conception, every month 
during pregnancy and after partum. Cardiac output had increased by 5 weeks of 
pregnancy, and the increase continued to 24 weeks when it was 47% above the non- 
pregnant level, but no further changes were noted in the rest of pregnancy, and it was 

Hemodynamic
parameter
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Resistance
(dines.cm.sec–5)
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(mmHg)
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Central venous pressure
(mmHg)

Adapted from Clark SL et al: Central hemodynamic assessment of normal term pregnancy.
Am J Obstet Gynecol 1989; 161: 1439–1442
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Fig. 2.2 Central hemodynamic changes in pregnant vs. non-pregnant women
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stated that these changes are the result of heart rate and stroke volume elevations. 
The heart rate increase was seen by 5 weeks’ gestation and continued till 32 weeks. 
The stroke volume increase occurred a little later at 8 weeks and reached its maxi-
mum at about 20 weeks. There was a slight fall in stroke volume after 38 weeks but 
this was not significant. See (Fig. 2.3).

Vårtun et al. [19], using thoracic impedance cardiotocography, conducted a pro-
spective longitudinal study on 98 healthy pregnant women who were examined 
3–5 times during 20–40 weeks of gestation (a total of 441 observations) and found 
that the SV increased from 83.0 ± 15.83 ml during 20–24 weeks to a maximum of 
84.6 ± 16.74 ml at 28–32 weeks and then decreased to 81.7 ± 16.62 ml during 
36–40  weeks. The CO was 6.58  ±  1.34  L/min at 20–24  weeks, increased to 
7.14 ± 1.46 L/min (8.5%) at 28–32 weeks, and then decreased to 7.03 ± 1.57 L/min 
at 32–36  weeks and 7.11  L/min at 36–40  weeks. The HR and TFC increased 
steadily from 82/min to 90/min and from 28.63/kOhm to 30.16/kOhm, respec-
tively, during 20–40 weeks. The blood pressure was lowest at 24–28 weeks, and 
then there was a steady increase toward term. The SVR was lowest (899 dyne s/
cm5) at 28–32 weeks; thereafter it increased slightly to 971 dyne s/cm5 at term 
(Fig. 2.4).
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Fig. 2.4 Maternal functional hemodynamics in the second half of pregnancy. A. SV, stroke vol-
ume; B. HR, heart rate; C. CO, cardiac output; D. MAP, mean arterial pressure; E. SVR, systemic 
vascular resistance and F. TFC, thoracic fluid content Adapted from Vårtun Å, Flo K, Wilsgaard T, 
Acharya G (2015) Maternal Functional Hemodynamics in the Second Half of Pregnancy: A 
Longitudinal Study. PLoS ONE 10(8): e0135300. https://doi.org/10.1371/journal.pone.0135300

 Hemodynamic Changes Observed During Labor 
and Early Postpartum

Robson et al. [20] conducted a study in 15 women during the first stage of labor and 
at 24 h after delivery. They measure CO by Doppler and cross-sectional echocar-
diography. They found basal cardiac output (between uterine contractions) increased 
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from a prelabor mean of 6.99 L/min to 7.88 L/min. During uterine contractions, 
there was a further increase in cardiac output (7.88 L/min to 10.57 L/min). Mean 
arterial pressure also increased during the labor. One hour after delivery the heart 
rate and cardiac output had returned to prelabor values except arterial pressure, and 
24 h after delivery all hemodynamic variables had returned to prelabor values.

Ashwal et al. [21] described the hemodynamic patterns (using impedance cardi-
ography) seen in 37 healthy pregnant women pre- (latent phase), intra- (active 
phases), and post labor. They found that in the prelabor after the administration of 
epidural analgesia, a decrease in mean cardiac index (CI), cardiac output (CO), 
stroke volume (SV), and heart rate (HR) and an increase in total peripheral resis-
tance (TPR) were observed; during the labor phase, an increase in CI, CO, SV, and 
HR and a decrease in TPV in comparison to the prelabor and no significant changes 
during the rest of the labor and after 1  h postpartum; but within 1–48  h after 
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delivery, CI, CO, SV, and HR decrease to lower values and TPR increases to higher 
values in comparison to the latent phase (Fig. 2.5).

When do cardiovascular parameters return to their preconception values? This is 
the question that Capeless et al. tried to answer in a study where 35 healthy women 
were recruited before they became pregnant and studied their hemodynamic param-
eters at that time and 6 and 12 weeks after partum. The technique used was echocar-
diography. What do they found? Stroke volume and end diastolic volume remained 
consistently elevated over preconception values at 6 and 12 weeks. Systemic vascu-
lar resistance remained decreased, compared with baseline, at 12 weeks [22].

In conclusion, using noninvasive and invasive techniques, the general consensus 
is that CO rises in the first trimester and peaks by the end of the second trimester at 
approximately 30–50% of non-pregnant values (3.5–6.0 L/min), and SV and HR 
augment during pregnancy while SVR (TPR) diminishes. But there is still debate 
with CO and SV in the last trimester: some studies found a decline; others show no 
change or an increase. These differences may be related to the techniques or meth-
odology or the population participating. During labor CO, SV, and HR increase due 
to the injection of 400–500 mL of blood from the uterus, every time it contracts. 
Finally, it is unknown how long CO, SV, and SVR remain elevated [23].

 Indications of Hemodynamic Monitoring in Pregnancy [7]

Cardiac indications

• Severe valvular heart disease (aortic stenosis or mitral stenosis associated with 
pulmonary hypertension)

• Cardiomyopathy with ejection fraction 15–20%
• Sudden cardiovascular collapse (suspected amniotic fluid embolism or pulmo-

nary embolism)

Pulmonary indications

• Adult respiratory distress syndrome with positive end-expiratory pressure 
15 mm Hg

• Severe pulmonary disease with secondary pulmonary hypertension
• Pulmonary edema associated with severe preeclampsia

Renal indications

• Persistent oliguria despite fluid resuscitation (e.g., severe preeclampsia)

Miscellaneous

• Septic shock refractory to fluid resuscitation and vasopressor therapy

 Hemodynamic Monitoring in Preeclampsia/Eclampsia

 Characterization of Hemodynamic Profiles of Preeclamptic/
Eclamptic Women
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Cotton et al. [4] studied 45 women with severe preeclampsia/eclampsia with the 
placement of a PAC to describe their hemodynamic profile. They found that these 
women could not be easily categorized into one specific hemodynamic pattern. The 
mean heart rate was 95  ±  2  beats/min. The mean arterial blood pressure was 
138 ± 3 mm Hg. The mean arterial blood pressure from the women with severe 
preeclampsia (145 ± 2 mm Hg) was significantly higher than that of patients with 
eclampsia (122 ± 2 mm Hg) (p < 0.001). Stroke volume and cardiac output varied 
markedly in this population; when these parameters were normalized for body sur-
face area, they were not appreciably different from the values reported for normal 
pregnancy. Mean SVI was 44 ± 1 ml.beat.m2 and CI 4.14 ± 0.13 L/min/m2 but in 9 
patients the CI was >5 L/min/m2. The mean central venous pressure was 4 ± I mm 
Hg. The mean pulmonary artery and pulmonary capillary wedge pressures were 
17 ± 1 and 10 ± 1 mm Hg, respectively. The percentage distribution of this patient 
population to the “normal” pregnancy parameters were as follows: 69% had normal 
cardiac indices, and 20% had elevated cardiac indices compared with 11% with low 
values; 71% were noted to have elevated systemic vascular resistance indices, with 
the majority of the remaining patients having high normal values; 53% demon-
strated pulmonary capillary wedge pressures in the normal range. 31% had pulmo-
nary capillary wedge pressure measurements >12 mm Hg while only seven patients 
16% were observed to have low values. A graphic analysis of left ventricular func-
tion (pulmonary capillary wedge pressure versus left ventricular stroke work index) 
revealed that 80% had hyperdynamic left ventricular function characterized by a 
Starling curve shifted upward and to the left (Fig. 2.6).

Ohashi et al. [24] in Brazil conducted a study where they compared hemody-
namic profiles of healthy and mildly preeclamptic pregnant women at term, as well 
as those of non-pregnant controls, using a new noninvasive cardiac output monitor 
(NICOM) based on bioreactance. The preeclamptic group showed higher HR, CO, 
and SVR (85.4 ± 8.4 beats.min−1; 6.6 ± 0.7 L.min−1; 1369.9 ± 173.5 dyne.sec.cm−5, 
221.6  ±  22.4  ms) compared to the non-pregnant group (67.9  ±  9.5 beats.min−1; 
5.6 ± 0.7 L.min−1; 1136.9 ± 149.8 dyne.sec.cm−5, 265.0 ± 28.8 ms), but there were 
no statically significant differences in these parameters between preeclamptic and 
pregnant women.
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 Hemodynamic Monitoring as a Tool to Identify Different 
Phenotypes of Preeclampsia

Recent investigations have identified striking differences in the maternal hemody-
namic profiles of early-onset and late-onset preeclampsia, leading to the hypothesis 
that these hypertensive disorders of pregnancy most likely arise from different 
pathoetiologies. Early-onset preeclampsia seems to be mediated predominantly by 
placental dysfunction, whereas late-onset preeclampsia more likely relates to mater-
nal constitutional factors associated with the metabolic syndrome and abnormalities 
in vascular function.

Valensise et al. [25] compared maternal hemodynamics (calculated using echo-
cardiography) at 24  weeks gestation in a group of normotensive asymptomatic 
patients with subsequent development of early (<34  weeks gestation) and late 
(≥34 weeks gestation) preeclampsia. Women who develop early-onset preeclamp-
sia demonstrate significantly higher blood pressure and systemic vascular resistance 
with lower heart rate, stroke volume, and cardiac output and exhibit significantly 
higher levels of placental-derived antiangiogenic proteins and significantly lower 
levels of proangiogenic proteins, when compared with healthy pregnant women. By 
contrast, pregnant women who subsequently develop late-onset preeclampsia mani-
fest higher stoke volume, cardiac output, and heart rate with significantly lower 
vascular resistance compared with normotensive pregnant women; is less frequently 
associated with placental pathology and more normal levels of placental-derived 
angiogenic proteins compared with early-onset preeclampsia; and is associated with 
more favorable maternal and infant outcomes, with a normal or even large for ges-
tational age birth weight. Total vascular resistance was 1605  ±  248 versus 
739 ± 244 dyn·s·cm−5, and cardiac output was 4.49 ± 1.09 versus 8.96 ± 1.83 L in 
early versus late PE (p < 0.001). Prepregnancy body mass index was higher in late 
versus early preeclampsia (28 ± 6 versus 24 ± 2 kg/m2; p < 0.001).

McLaughlin et  al. [26] conducted a study where 26 normotensive pregnant 
women at high risk to develop hypertension and 20 normotensive healthy women 
(controls) were recruited between 22 and 26 weeks of gestation. Transthoracic bio-
reactance was used to estimate stroke volume continuously for 15 min. They iden-
tify three groups of patients: (1) (“low risk” of hypertension) was characterized by 
a high volume, low resistance hemodynamic profile with normal levels of circulat-
ing angiogenic proteins and maternal blood pressure, along with normal birth 
weight and 4% incidence of hypertensive disorders of pregnancy; (2) (“moderate 
risk” of hypertension) was characterized by a lower volume, higher resistance 
hemodynamic profile compared with group 1, with higher sFlt-1 (an angiogenic 
protein) and blood pressure levels, along with lower birth weight and a 27% inci-
dence of hypertension during pregnancy; and (3) (“high risk” of hypertension) 
exhibited a low volume, high resistance hemodynamic profile with an elevated anti- 
angiogenic protein profile and higher blood pressure levels. They also report that 
total peripheral resistance was the most significant distinguishing parameter 
between these groups (p < 0.0001), followed by placental growth factor, endoglin, 
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and cardiac output (p < 0.0001). Using these four parameters, a receiver operating 
curve was constructed with an area under the curve of 0.975 (95% confidence inter-
val 0.93–1) for the prediction of developing hypertension in pregnancy.

Miranda et al. [27] conducted a prospective observational study in an obstetric- 
referral center in Cartagena, Colombia. 30 pregnant women presenting with PE 
were recruited, and hemodynamics were obtained through bioreactance. 
Preeclampsia with high SVR had worse hemodynamic parameters than those with 
normal SVR, and significantly lower cardiac output, stroke volume, and oxygen 
delivery index compared to controls (all p values <0.05). Furthermore, preeclamp-
sia with high SVR had a trend toward higher brain natriuretic peptide and longer 
length of hospital stay, but also their newborns have significantly lower birth weight.

 Hemodynamic-Guided Antihypertensive Therapy 
in Preeclampsia

The management of preeclampsia is primarily focused on the therapy of maternal 
hypertension to reduce the risk of severe hypertensive episodes and to safely pro-
long gestation. In general, the current standard of care follows the principle that 
optimum timing and effectiveness of antihypertensive therapy have favorable influ-
ence on maternal and fetal outcomes.

Current recommendations for antihypertensive therapy during pregnancy do not 
differentiate therapy based on an assessment of maternal hemodynamics and is 
based mereley in empirical recommendations when blood pressure is above a cer-
tain threshold. Furthermore, the choice of antihypertensive medications for the 
management of hypertensive disorders of pregnancy is recommended to be primar-
ily based on the physician’s familiarity and experience, adverse effects and contra-
indications to the prescribed drug, local availability, and cost.

Although the theory of guiding antihypertensive treatment in pregnancy through 
hemodynamic assessment is not novel, only a small number of trials have evaluated 
maternal hemodynamics in pregnant women receiving antihypertensive thera-
pies [28].

Cornette et al. [29] studied the hemodynamic effects of intravenous nicardipine 
in 10 severely preeclamptic pregnant women and found a significantly reduced 
mean arterial blood pressure (median difference, 26 mmHg; p = 0.002) and total 
vascular resistance (median difference, 791 dynes × s/cm5; p = 0.002) in all patients. 
This induced a reflex tachycardia with consequent increase in cardiac output of 
1.55 L/min (p = 0.004), without affecting uteroplacental or fetal perfusion.

Scardo et  al. [30] evaluated the hemodynamic effects of oral nifedipine in 10 
severely preeclamptic women. Patients were hemodynamically monitored in the lat-
eral recumbent position by thoracic electrical bioimpedance before, during, and 
after oral nifedipine dosing. A steady decrease in mean arterial pressure was noted, 
and cardiac index increased over time (p = 0.0011). There was no significant effect 
on maternal heart rate or stroke index. No periodic fetal heart rate changes were noted.
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Easterling et al. [31], in a randomized, placebo-controlled trial, found that ateno-
lol decreased the incidence of late-onset preeclampsia in nulliparous women with a 
high cardiac output hyperdynamic state (>7.4 L/m at 24 week of gestation), com-
pared with placebo treatment (18 vs. 3.8% p < 0.04).

Stott et al. [32] conducted a study where 134 pregnant women presenting with 
hypertension at a UK hospital were treated with labetalol and monitored hemody-
namically (bioreactance) at presentation and at 1 h and 24 h after commencement of 
treatment. They found that who were unresponsive to labetalol were characterized 
as being more likely to be of black ethnicity and to have higher blood pressure and 
total peripheral resistance and lower heart rate and cardiac output at the time of 
clinical presentation, as assessed through thoracic bioreactance; and these unre-
sponsive women also delivered significantly earlier in pregnancy with lower fetal 
birth weight, were twice as likely to develop preeclampsia, and over 10× as likely to 
develop severe hypertension. In another study [33] found that antihypertensive ther-
apy for pregnant women presenting with any type of hypertension being referred for 
antihypertensive therapy that was guided by hemodynamic monitoring significantly 
reduced the rates of severe maternal hypertension from 18% to 3.8%.

 Hemodynamic Monitoring in Septic Shock

There is a paucity of studies of hemodynamic monitoring specifically in septic preg-
nant or postpartum patients. An old study conducted by Lee et al. [34] using PACs 
for monitoring 10 pregnant women complicated with septic shock showed the clas-
sical hemodynamic picture of reduced systemic vascular resistance with depressed 
myocardial function. The mean initial systemic vascular resistance index in eight 
surviving women was 885 +/− 253 dyne.sec/cm5.m2, mean cardiac index of 4.20 
+/− 2.01 L/min/m2, and in 50% of the patients, there were evidence of myocardial 
depression based on analysis of their left ventricular function curves. A hemody-
namic algorithm based on volume therapy, vasopressors, and inotropes was admin-
istered, producing an improvement in the hemodynamic parameters.

More recently, Guinn et al. [35] in an essay recommended the Early Goal Directed 
Therapy for Sepsis (EGDT) during pregnancy, the same way that was stated by 
Rivers et al. [36] and the Surviving Sepsis Campaign. But as stated by Joseph et al. 
[37] there is no evidence-based goal-directed recommendations for this group, and 
noted that normal pregnancy-induced physiological changes confound the applica-
tion of EGDT during pregnancy because the CVP may be increased to 10 mmHg, 
the MAP is decreased, and the Scv02 may be as high as 80%. CO monitoring may 
be useful to guide fluid resuscitation but has not been studied formally in this setting.
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Chapter 3
Eclampsia

Keyra Morales-Allard

 Introduction

Eclampsia represents an obstetric catastrophe resulting from the umbrella of hyper-
tensive disorders, which complicates about 10% of pregnancies [1]; these disorders 
are one of the leading causes of maternal death worldwide, only surpassed by 
obstetric hemorrhage, and most of these deaths occur in developing countries [2]. 
Around the world 76,000 women and 500,000 babies die from these disorders each 
year [3].

Preeclampsia is a multisystem disorder; even though the brain is just one of sev-
eral organs affected, cerebrovascular events in the context of hypertensive disorders 
during pregnancy represent a direct cause of death in about 40% of cases [4]. In a 
published study of 53 pregnant women who were complicated with eclampsia, only 
13% had been diagnosed with severe preeclampsia prior to the convulsive epi-
sode [5].

The incidence of eclampsia and its complications is significantly low in devel-
oped countries. In the United States, it has declined from 8 per 10,000 births in 2001 
to 5.6 cases per 10,000 births in 2007. On the other hand, in underdeveloped coun-
tries the incidence of eclampsia is very high [6]. In the Western world a range of 
incidence is reported from 1 in 2000 to 1 in 3448 pregnancies [7].

It’s crucial to develop capacities for the suspicion and recognition of complica-
tions of preeclampsia and its management. Eclampsia, although, it’s probably the 
most florid and easiest to diagnose, the same can’t be said about its management, 
especially if progression occurs to other complications resulting from the convul-
sive episode such as bleeding, brain herniation, and convulsive status. This chapter 
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will develop key points for the diagnosis and management of eclampsia and its main 
complications.

 Definitions

Preeclampsia is a multisystem disorder that can define as high blood pressure (sys-
tolic blood pressure ≥140 and/or diastolic blood pressure ≥90  mmHg) after 
20  weeks of gestation and postpartum, associated with proteinuria and/or target 
organ damage.

Any hypertensive disorder during pregnancy can result in preeclampsia. This 
way, 35% of patients diagnosed with gestational hypertension will develop pre-
eclampsia and the same goes for 25% of patients with chronic hypertension, which 
is called superimposed preeclampsia [1].

Understanding that preeclampsia originates from a reduction in placental perfu-
sion and hypoxia, which ultimately triggers pathophysiological mechanisms that 
result in systemic vascular endothelial dysfunction [8], the disease therefore resolves 
with the interruption of pregnancy. Its natural history implies that it’s progressive; 
therefore once the diagnosis is made, it’s time to decide optimal time for delivery, 
and this decision takes into account the development of maternal and fetal compli-
cations, and the latter concept is mainly related to the gestational age at which the 
diagnosis is made and the fetal condition.

One of the maternal complications we face is the development of eclampsia; 
although rare, important maternal and fetal morbidity occurs because of it. Eclampsia 
is defined as the occurrence of one or more new convulsive episodes superimposed 
on a preeclamptic syndrome [9] during pregnancy or postpartum, up to a period of 
10 days [10].

Eclampsia is directly related to neurological events that are a potential cause of 
death. Acute seizures can result in severe complications such as stroke, bleeding, 
edema, and brain herniation [11]. Despite of the usually self-limiting nature of 
eclamptic seizures, catastrophic events can occur and progression to a convulsive 
status is possible. This status is characterized by both clinical and electroencepha-
lography epileptic activity that persists beyond 5  min, or if there is no recovery 
between the seizure events in this period of time [12].

 Pathophysiology

The pathophysiological mechanisms of eclamptic episode have been the subject of 
research over the years. In order to understand the concept, we must take into 
account the non-expansive nature of the human skull as a continent.

Preeclampsia can produce severe and acute elevation of systemic blood pressure, 
and this causes a loss of cerebral compensatory mechanisms. Cerebral blood flow is 
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regulated mainly by changes in the vascular caliber to maintain cerebral perfusion 
pressure [4]. Increased blood pressure causes an increase in hydrostatic pressure 
and a state of cerebral hyperperfusion that is initially regulated by increasing cere-
brovascular resistances through vasoconstriction; finally these compensatory mech-
anisms are depleted causing loss of the vascular resistances, resulting in the abrupt 
increase in the permeability of the blood-brain barrier generating a vasogenic cere-
bral edema and increasing intracranial pressure [4, 11]. The expansion of extracel-
lular space during vasogenic edema occurs in the closed space of the skull causing 
progressive cerebral compression, which causes classic symptoms like headache, 
nausea, vomiting, visual disturbances, and seizure [11, 13]. The global endothelial 
injury and the oxidative stress typical of preeclampsia also causes alterations in the 
permeability of the blood-brain barrier allowing access to pro-inflammatory cyto-
kines exacerbating cerebral injury and edema [14]. This final concept explains cases 
of eclampsia that are not accompanied by hypertensive crisis.

The primary explanation of edema pathogenesis and the neurological symptoms 
of eclampsia is that they represent a form of posterior reversible encephalopathy 
syndrome (PRES) [4]. This syndrome is characterized by clinical symptoms such 
as headache, visual disturbances, and seizures, associated with white matter abnor-
malities suggestive of cerebral edema observed in neuroimaging studies, which is 
precipitated in this case by endothelial dysfunction and hypertension [6, 15]. The 
syndrome is called this way to allude to the propensity of the posterior brain devel-
oping the pathology, which is not yet clearly explained. Some theories have been 
exposed including decreased vascular sympathetic innervation and the increased 
capillary density of the posterior brain region [11]. The truth is that in neuroimag-
ing studies such as MRI, injuries are not only confined to the posterior brain, they 
have been described in the parietal brain, cerebellum, middle brain, and basal gan-
glia [6]. On the other hand, follow-up studies of patients using neuroimaging have 
been published, where it’s observed that the lesions don’t disappear or do so par-
tially [2].

 Diagnosis

As we mentioned, the diagnosis of eclampsia is made when we are faced with a new 
convulsive episode during pregnancy, or in the postpartum period, this patient may 
not been known with the diagnosis of preeclampsia. If the patient hadn’t been diag-
nosed with hypertension, in our first contact we should suspect that the cause of 
convulsions is eclampsia, and in this emergency scenario it’s reasonable to begin 
management even before having a thorough clinical analysis and anamnesis.

The eclamptic seizure is usually a generalized tonic-clonic type and self- limiting, 
and typically doesn’t last more than 3 or 4 min. In some some patients when the 
origin is occipital, the episode may be preceded by auras and visual hallucina-
tions [6].
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One of the aspects associated with seizure is hypertension that can be severe 
(systolic pressure ≥160 mmHg and/or diastolic pressure ≥110 mmHg) in which 
case it must be treated immediately, or mild hypertension (systolic pressure between 
140 and 159 mmHg and/or diastolic pressure between 90 and 109) [16]. However, 
there’s a significant percentage of patients in which hypertension can be absent, the 
same with proteinuria, suggesting that the diagnosis of preeclampsia isn’t necessar-
ily a prerequisite for eclampsia [7, 11, 16].

In relation to symptomatology in the context of preeclampsia, in 2013 the 
American College of Obstetrics and Gynecology published the Task Force for 
Hypertension in Pregnancy describing the new onset of cerebral and visual distur-
bances as one of the six diagnostic criteria for severity of preeclampsia and super-
imposed preeclampsia [17]. They mentioned that some symptoms such as persistent 
occipital or frontal headache, blurred vision, photophobia, severe persistent right 
upper quadrant or epigastric pain, and altered mental status have potential utility in 
predicting an eclamptic seizure [7].

It has been established that headache in a preeclamptic patient is characterized 
for being severe, persistent, progressive, and unresponsive to medication, in a very 
imprecise way [17–19]. And this represents a premonitory symptom of an eclamptic 
seizure.

It’s described in some publications that more than half of patients reported severe 
headache prior the eclamptic seizure [19, 20]. However, it’s important that it’s 
unknown how many patients with preeclampsia and severe headache will develop 
eclampsia [20]. In fact, headache may be a benign symptom in 60% of women in 
their reproductive lives. On the other the other hand, a severe headache may be the 
initial symptom in more than half of patients with intracranial hemorrhage, limiting 
its utility in the diagnosis of preeclampsia [20, 21]. In 2011 a systematic review was 
published showing that the sensitivity and specificity of headache as a predictor of 
maternal adverse outcome were 54% and 59%, respectively, and the area under the 
curve for prediction of maternal complications was 0.58 [22]. This study suggests 
that using headache as a diagnostic criteria for severe preeclampsia or as an indica-
tion of immediate delivery is unreliable, is imprecise, and is unable to predict mater-
nal and perinatal adverse outcomes [20].

Visual disturbances are described in about 32% of patients who experience an 
eclamptic seizure and ranges from scotomas to bright flashes [7, 19].

Sensorium alteration is sudden, is acute, and usually follows the seizure, and a 
prolonged decrease of mental status must be assessed for possible complications, 
which should be treated, such as convulsive status or severe metabolic alteration 
like uremia [23].
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 Maternal and Fetal Adverse Outcomes of the Seizure Episode

As we have mentioned, eclampsia is associated with a high risk of maternal and 
perinatal death, mainly in developing countries. Seizures during pregnancy can 
result in both maternal and fetal acute complications, also long-term adverse out-
comes. Pregnancies complicated with eclampsia have an increased maternal risk of 
abruptio placentae, disseminated intravascular coagulation, pulmonary edema, 
acute kidney failure, aspiration pneumonia, and cardiac arrest [7, 16].

Prolonged tonic-clonic seizures can cause maternal acidosis, hypoxia, head 
trauma, and bleeding. It’s necessary to perform an appropriate physical examination 
after the convulsive episode looking for focal neurologic signs that are suggestive of 
complications.

The fetus has an important risk of perinatal death that has been reported from 5.6% 
to 11.8%, which is related to prematurity, abruptio placentae, and severe growth 
restriction [7, 10]. A prolonged eclamptic seizure can lead to such a state of hypoxia 
that there may be a fetal bradycardia, late decelerations, minimal variability, and a 
transient tachycardia for more than 20 min in fetal monitoring, especially if we haven’t 
started resuscitation maneuvers [11]. It isn’t right to perform an emergency c-section, 
particularly if the mother is unstable. An increase in uterine dynamics and tone may 
occur, which can be resolved spontaneously in the next 3–10 min. If bradycardia and 
late decelerations persist for more than 10–15 min despite proper resuscitation, we 
should suspect abruptio placentae and nonreassuring fetal status [7].

 Differential Diagnosis

The main cause of seizures during pregnancy is eclampsia. Discarding other diag-
noses becomes important when we witness an atypical eclamptic seizure, focal neu-
rologic signs, or prolonged coma [7].

Seizures without neurological deficit may be associated with metabolic disorders 
(hydroelectrolytic imbalance and hypoglycemia), toxic drugs (abuse drugs and 
medication such as oxytocin), and infections (encephalitis, meningitis, sepsis) [24]. 
However, not finding focal neurological deficit doesn’t rule out anatomical abnor-
malities, such as, stroke, tumors, and bleeding. In order to optimize the diagnosis, 
an adequate medical history is necessary if it’s possible and a rigorous physical 
examination.

Neuroimaging studies such as computed tomography and MRI are not routinely 
performed, but they can be used to show complications secondary to vasogenic 
cerebral edema, like brain herniation, and to rule out other diagnostic alternatives 
[11] especially in those patients who are refractory to initial treatment.
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 Management

The initial approach of the eclamptic patient is based on the following:

 1. Prevent traumatic injuries. It’s necessary to prevent a patient injury with objects 
around her during the convulsive episode. In-hospital, we must adapt the patient’s 
bed to prevent falls or wounds with sharp objects.

 2. Ensure airway permeability and oxygen intake. Despite the self-limiting condi-
tion of the eclamptic seizure, its prolongation results in a state of maternal 
hypoxia, which we can correct by administering supplemental oxygen through a 
face mask to 8–10 Lpm, only if it’s necessary.

 3. Preventive bronchoaspiration measures. Place the patient in lateral decubitus 
position, and suction secretions to prevent fluid aspiration.

 4. Managing the hypertensive crisis if present. There is no controversy that blood 
pressure should be treated until it’s less than 160/110, which is considered severe 
hypertension. In case of eclampsia, which is considered a “target organ damage,” 
a rapid reduction in blood pressure is recommended. However, there isn’t enough 
evidence on the blood pressure targets to be achieved in women with preeclamp-
sia and cerebrovascular complications. We should take into account that a failure 
in the treatment of severe hypertension is associated with maternal death by 
intracranial hemorrhage and aortic dissection [25] and a blood pressure level 
below 110/80 compromises the blood perfusion to vital organs, so abrupt reduc-
tion in mean arterial pressure should be avoided.

In order to control severe hypertension, it’s recommended the use of three 
antihypertensives [1]:

• Labetalol intravenous: 10–20 mg, then 20–80 mg every 15 min. Maximum 
300 mg. Infusion 1–2 mg/min

• Hydralazine intravenous: 5  mg, then 5–10  mg every 20  min. Maximum 
20 mg. Infusion at 0.5–10 mg/h

• Nifedipine oral immediate release 10–20 mg every 2–6 h. Maximum 180 mg/d

 5. Preventing seizure recurrence: magnesium sulfate is the treatment of choice. 
Magnesium sulfate is credited with advantages over decreased cerebral edema 
and blood-brain barrier disruption, in addition to its anticonvulsive effect [26]. 
The Magpie study showed that MgSO4 is able to improve maternal mortality and 
reduce the risk of eclampsia by 58% of women with preeclampsia [9]. Systematic 
reviews show their superiority over diazepam, phenytoin, nimodipine, and pla-
cebo. In a publication by the Eclampsia Trial Collaborative Group, MgSO4 was 
able to reduce the risk of seizure recurrence in eclamptic women by 52% when 
it was compared with diazepam and by 67% when it was compared with phe-
nytoin [27]. The serum concentration of MgSO4 to be achieved for the treatment 
of eclamptic seizures should be 3.5–7 mEq/L (4.2–8.4 mg/dL), which can be 
achieved with intravenous administration of 4–6 g in bolus, followed by a main-
tenance dose of 1–2 g/h for 24 h after birth or the last convulsive episode [17]. 
Approximately 10% of patients will repeat another seizure after starting treat-
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ment; it’s advisable to administer an additional bolus of 2 g of magnesium sul-
fate [7]. It’s of utmost importance to be alert of the development of a convulsive 
status and start its management quickly.

 6. Pregnancy interruption. Once the patient is stable, if there is fetal viability we 
should start fetal heart rate monitoring and start pregnancy termination regard-
less of gestational age. This goal should be achieved as soon as possible. 
Eclampsia isn’t an indication for cesarean delivery. The decision on the route of 
pregnancy termination should be based on obstetric indications and whether we 
have the favorable conditions to benefit a timely vaginal birth.

Once the initial measures have been established, if the patient has regained her 
mental status, we should perform a rigorous physical examination aimed at detect-
ing possible complications secondary to the convulsive episode, such as maternal 
traumatic injuries. Non-invasive monitoring of maternal vital signs, including fetal 
heart rate and pulse oximetry, will provide evidence of other complications such as 
bronchoaspiration and abruptio placentae, especially when clinical expression isn’t 
as florid.

If the hypertensive crisis has been overcomed (blood pressure ≤160/110), subse-
quent blood pressure measurements should be recorded every 10 min for an hour, 
then every 15 min for an hour, then every 30 min for an hour, and then every hour 
[28]. The same as measuring diuresis should be every hour.

We must obtain laboratory tests of the patient, to analyze their liver, kidney, and 
hematological function, glycemia, and electrolytes, to rule out other disorders that 
need to be treated immediately.

Magnesium sulfate intoxication is always a concern. Diuresis, patellar reflexes, 
and respiratory pattern should be monitored. Plasma levels of 8–10  mEq/L are 
enough to abolish the patellar reflex, and respiratory arrest occurs when reaching 
13 mEq/L. We must have calcium gluconate and endotracheal intubation equipment 
available to respond to clinical suspicion of intoxication. The dose of 10% calcium 
gluconate is 1 g administered in bolus intravenously [12].

 Considerations in the Management of the Convulsive Status

Convulsive status is an obstetric emergency that carries high maternal and fetal 
mortality [29]. Quick and proper management should be performed in the obstetric 
intensive care unit and aims to reduce the occurrence of possible maternal and fetal 
neurological sequelae. Initially, it’s necessary to focus on maternal resuscitation. 
Once the mother is stable, if fetus is viable its indicated to start fetal monitoring.

In those patients who are refractory to initial treatment and who persist in con-
vulsion, despite maintaining therapeutic doses of magnesium sulfate, endotracheal 
intubation and sedation is required. First thing we need to ensure is oxygen input by 
administering oxygen therapy enough to maintain adequate O2 saturation. If the 
patient is still pregnant, an O2 saturation >95% is necessary to ensure the correct 

3 Eclampsia



34

fetal oxygenation [12]. Sedation can be achieved with midazolam administration 
(0.02–0.1 mg/kg/h), propofol (5–50 μg/kg/min, starts at 5 g/kg/min for 5 min and 
then increases at a dose of 5–10 g/kg/min every 5–10 min until the desired effect), 
or pentobarbital/thiopental (maintenance dose 1 mg/kg/h) [12, 30]. The patient’s 
epileptic activity should be monitored by electroencephalography, and if it’s neces-
sary, antiepileptic medications such as phenytoin and levetiracetam should be 
administered.

It’s necessary to keep in mind the physiological changes that involve convulsive 
status, which result mainly from the release of catecholamines into the systemic 
circulation, as well as from possible adverse effects of medication used. Close 
maternal hemodynamic monitoring is crucial. Termination of pregnancy in this sce-
nario should be a cesarean delivery and it should be performed once we achieve 
maternal stability.

Neuroimaging studies performed to an eclamptic patient who has progressed to 
a convulsive status are indicated to rule out differential diagnoses that need to be 
treated, such as hemorrhage and brain herniation. While brain MRI gives us a better 
anatomical detail, the time and complexity of the study puts it at a disadvantage 
compared to computed tomography, which meets the needs of immediate urgency.

 Long-Term Consequences of Eclampsia

According to the pathophysiology of eclampsia, a delay in the recognition and man-
agement of the disease could result in irreversible changes in maternal brain. The 
development of vasogenic brain edema with progressive pattern can eventually lead 
to cerebral ischemia and cytotoxic edema. This has been evident in neuroimaging 
studies conducted as a follow-up to these patients, where lesions have been observed 
in the white matter of the frontal, parietal, insular, and temporal lobe, mainly [31]. 
Neurological sequelae have been reported, such as permanent vision loss and long- 
term cognitive deficit [6].

The increased risk of cardiovascular disease has been known for several years in 
patients who have had preeclampsia/eclampsia. This is probably related to the 
hemodynamic changes these patients undergo that don’t revert in the postpartum 
and are maintained after this period, such as increased peripheral vascular resis-
tances and cardiac contractility dysfunction [32, 33].

Follow-up of complicated patients with preeclampsia/eclampsia is mandatory. 
Blood pressure monitoring is necessary until normalization, and some authors rec-
ommend cardiac function studies such as an echocardiogram at 6 and 12 months 
after pregnancy, where we can evaluate the ventricular function [32]. Little is known 
about the prevention of the hemodynamic impact of preeclampsia/eclampsia, so 
timely diagnosis and proper management are the best methods for decreasing car-
diovascular risk.

Eclampsia is a complication of preeclampsia that has important immediate and 
long-term clinical implications. Timely diagnosis recognition and administration of 
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anticonvulsant prophylaxis with magnesium sulfate is crucial. When the convulsive 
episode is associated with severe hypertension, it should be managed immediately 
to prevent exacerbation of brain injury. Knowing the pathophysiology of the dis-
ease, preeclampsia/eclampsia is a systemic and progressive disorder, and once the 
target organ damage is stablished, termination of pregnancy is necessary regardless 
of gestational age. Such interruption should be made in a timely manner as pro-
vided for maternal and fetal conditions. We must be prepared for the management 
of acute complications secondary to the grand mal seizure and for proper follow-up 
of the patient, in order to reduce the risk of long-term complications.
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Chapter 4
HELLP Syndrome

Carlos Montufar

 Introduction

In 1982, Weinstein described a “sub-group” of preeclamptic patients who collected 
a triad composed of hemolysis, elevated liver enzymes (hepatic dysfunction), and 
thrombocytopenia [1].

The interest of separating these patients from the rest of the preeclampsias was 
based on the higher rate of maternal and perinatal mortality and morbidity. There is 
a clear overlap between preeclampsia and HELLP syndrome, and it is unclear 
whether the latter is a primary or secondary disease process.

But the hematologic and hepatic abnormalities of three cases were described 
previously by Pritchard et al. in 1954 [2].

Chesley described the long-standing recognition that preeclampsia was associ-
ated with microthrombi and platelet consumption and that the overt development of 
a coagulopathy carried a poor prognosis [3].

Kitzmiller et al. identified significant thrombocytopenia in a group of patients 
with severe preeclampsia [4]. Weinstein began, with the description of his original 
29 patients with HELLP, the process that has led him and others to provide a better 
understanding of the entity he named [1, 5].

 Hemolysis

The decrease in the number of erythrocytes is secondary to the fragmentation of red 
cells, which is the result of (1) the weakening of the cell membrane by lipid 
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peroxidation carried out by free radicals and (2) the presence of fibrin deposits that 
develop in the microvasculature, which facilitate the rupture of the erythrocyte [6, 7].

 Liver Enzymes Elevation

Fibrin deposits at the vascular level can lead to an obstruction of the hepatic sinu-
soids, with consequent congestion and elevation of intrahepatic pressure, resulting 
in periportal necrosis and elevation of liver enzymes [8, 9].

 Low Platelet Count

Platelets are activated as a result of endothelial damage. The presence of thrombox-
ane A2 and serotonin lead to platelet agglutination in order to repair the sites of 
endothelial rupture of the entire microvasculature, with the consequent 
consumption.

Due to the platelet activation, the homeostatic mechanisms result in an increased 
number of released megakaryocytes circulating in the vessels, resulting in circula-
tion of platelets with a shorter mean lifespan, since the “newly created” cells are 
adhered to the exposed collagen of the traumatized endothelium.

 High Mortality and Complications

This group of patients, with HELLP syndrome, is associated with an increased risk 
of adverse maternal events, with serious complications such as cerebral hemor-
rhage and hepatic hematoma (liver rupture). There are other various life-threaten-
ing complications, such as placental abruption, pulmonary edema followed by 
acute respiratory distress, disseminated intravascular coagulation (DIC), cerebral 
hemorrhage, acute renal failure, and hepatic hemorrhage due to hepatic rup-
ture [10].

Women with preeclampsia complicated by HELLP syndrome have an increased 
risk of adverse maternal events compared to women with preeclampsia alone. Risks 
of perinatal morbidity and mortality are also increased [11].

In a multicentric study, Haddad et al. [12] described 183 patients with HELLP 
syndrome. Adverse outcomes occurred in almost 40% of cases, and two women died.

In pregnancies complicated by HELLP syndrome, multiorgan system derange-
ment can ensue, which can lead to produce acute renal impairment and third spacing 
of intravascular volume resulting in ascites and pleural effusion [13].

Also, postpartum hemorrhage, disseminated intravascular hemolysis (DIC), and 
transfusion of blood products are also more common in pregnancies complicated by 
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HELLP. Maternal death has traditionally been reported in up to 24% of cases of 
HELLP syndrome [13]. More recently, due to timely management, case-fatality 
rates have decreased.

HELLP syndrome complicates 0.2–0.8% of pregnancies and 12–20% of pre-
eclampsia [14].

Despite this recent literature, the diagnosis, management, and pregnancy out-
come of HELLP syndrome remain controversial.

Within the differential diagnosis of HELLP syndrome, we have thrombotic 
thrombocytopenic purpura, hemolytic uremic syndrome, and acute fatty liver of 
pregnancy. All are similar in the increase of liver enzymes, the presence of protein-
uria, and the possibility of developing a kidney injury. The main differences are 
based on the severity of hypertension, fibrinogen levels, and the platelet count.

It is likely that the patient with HELLP syndrome will have a more severe liver 
dysfunction, potentially complicated by hepatic infarction or subcapsular hema-
toma [10].

The Sibai criteria [13] is the most widely accepted diagnostic criteria for HELLP 
syndrome; it is defined by all three of thrombocytopenia, hemolysis, and liver func-
tion derangement and is best at predicting those women at risk of serious morbidity 
and mortality.

Thrombocytopenia is defined as a platelet count less than 100,000/μL. Hemolysis 
is characterized by blood film changes (schistocytes, burr cells, or falling hemoglo-
bin) or other markers of intravascular erythrocyte destruction including high reticu-
locyte count, elevated indirect bilirubin (>1.2 mg/dL), or low haptoglobin, coupled 
with an elevated lactate dehydrogenase (LDH) >600 IU/L [15].

Elevated transaminases may accompany other liver function derangement, but 
aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT) derange-
ment ≥70 U/L is diagnostic [15].

The diagnostic requires the presence of (1) microangiopathic hemolytic anemia 
with abnormal blood smear, low serum haptoglobin, and elevated LDH levels, (2) 
elevation of AST above 70  IU/L and LDH above 600  IU/L (both enzyme levels 
more than twice the upper limit of normal values) or bilirubin more than 1.2 mg/dL, 
and (3) a platelet count below 100, 000 mm3 [15].

Clotting parameters, such as the prothrombin time, partial thromboplastin time, 
fibrinogen, and bleeding time, in the patient with HELLP syndrome are generally 
normal in the absence of abruptio placenta or fetal demise [16].

 Clinical Features

The typical clinical characteristics are the development of the described triad of the 
syndrome, associated with a clinical scenario with findings of arterial hypertension 
as a criterion of preeclampsia.

A group of patients with HELLP syndrome do not meet the parameters of clas-
sical hypertension of preeclampsia. In one series of 112 women with severe 
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preeclampsia–eclampsia complicated by HELLP syndrome, diastolic BP was less 
than 110 mmHg in 31% of cases and less than 90 mmHg in 15% at admission [17].

The majority of patients present with signs or symptoms of liver compromise. 
Patients may present with nonspecific symptoms, mostly nausea, vomiting, mal-
aise/fatigue, and viral-like symptoms, as well as more specific ones, as mid-epi-
gastric/right upper quadrant discomfort, blurred vision, altered consciousness, 
clonus, bleeding diathesis, and pulmonary edema, abdominal distension, and 
hypertension or hypovolemic shock [18]. In most series, hepatic or right upper 
quadrant tenderness to palpation is seen consistently in HELLP syndrome patients 
[5, 19].

The incidence of recurrent HELLP syndrome was 19–27%, and the recurrence of 
any form of preeclampsia–eclampsia was 42–43% [20].

 Treatment

The management of patients with preeclampsia and HELLP syndrome is controver-
sial. Most therapeutic modalities are similar to those applied for severe preeclamp-
sia. What is certain is the decision to terminate the pregnancy by the most expeditious 
route. The mode of delivery should depend on the state of the cervix and other 
obstetric indications for cesarean birth. HELLP syndrome, by itself, is not an indi-
cation for cesarean delivery. At least half of patients with HELLP syndrome, how-
ever, will undergo operative delivery.

When the HELLP syndrome is diagnosed, clinically and by laboratory testing, 
the main priority is to assess and stabilize the woman’s condition, especially coagu-
lation dysfunction. Thereafter, fetal wellbeing should be evaluated by ultrasound 
biophysical profile, umbilical artery Doppler, and/or cardiotocography. Third, a 
decision needs to be made as to whether immediate delivery is indicated.

In severe cases, control of hypertension and immediate delivery, usually by cae-
sarean section, is the treatment of choice. A woman with HELLP at a gestational 
age greater than 34 weeks should also be delivered immediately. Before 34 weeks, 
the woman should be delivered if her condition cannot be controlled rapidly.

Several clinical trials have been performed since 1994 because it was expected 
that corticosteroid therapy, primarily with dexamethasone, accelerates recovery 
after delivery.

However, the effect of dexamethasone therapy in cases of HELLP syndrome 
with less than 50,000mm3 platelets is unclear [21, 22], although the evidence seems 
to indicate that it has no utility because it fails to reduce maternal mortality.

The Cochrane Database Systematic Review in 2010 also concluded that there 
was insufficient evidence to support the routine use of corticosteroids [23].

The patient must be transferred to a tertiary level center for their care, and if pos-
sible, be treated in an Intensive Care Unit either a Surgical Intensive Care Unit or a 
specific Unit of Critical Care Obstetric.
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The patient with HELLP syndrome should receive her infusion of MgSO4 as 
prophylaxis for seizures, to avoid a neurological catastrophe (cerebral hemorrhage), 
as a result of the combination of eclampsia and thrombocytopenia [24].

Eclampsia associated with HELLP syndrome is a dangerous complication in a 
pregnant woman. Low platelet count (100,000  mm3) secondary to HELLP syn-
drome and severe systolic hypertension can be associated with maternal mortality 
from eclampsia [24].

Similarly, in the presence of high blood pressure levels, antihypertensive drugs 
should be used for the management of hypertensive crises. The approved antihyper-
tensive for this purpose are labetalol, nifedipine, and/or hydralazine as first-line 
drugs [25].

The administration of magnesium sulfate intravenously as a measure of prophy-
laxis against seizures is considered to be essential and should be administered at the 
same dose used in preeclampsia [26]. The patient should receive the proper medica-
tion of antihypertensive drugs, such as hydralazine, nifedipine, or labetalol, in order 
to stabilize blood pressure and prevent further cardiovascular and renal complica-
tions, which may lead to systematic dysfunction [25].

Platelet transfusion is indicated if there is significant maternal bleeding (sponta-
neous or from surgical incisions), or if the platelet count is less than 10,000 cells/μl. 
If caesarean delivery is planned, then some experts recommend platelet transfusion, 
as necessary, to achieve a preoperative platelet count greater than 40,000–50,000 cells/
μl [27]. If it is necessary to perform a regional anesthetic block, it is necessary to 
reach a platelet level of 70,000–80,000 cells/μl [27].

The major life-threatening complications of HELLP syndrome are hepatic hem-
orrhage, subcapsular hematoma, liver rupture, and multiorgan failure. Liver hemor-
rhage is managed conservatively where possible with aggressive blood product 
resuscitation to reverse the coagulopathy and ensure adequate oxygen-carrying 
capacity. The development of a subcapsular hematoma may lead to hepatic rupture, 
which is potentially life-threatening for the mother and fetus.

Most authors and experts agree that the HELLP syndrome is not the appropriate 
scenario for expectant management in a pregnant patient, and the termination of 
pregnancy is suggested in the most expeditious manner.

The early identification of a patient with preeclampsia complicated with HELLP 
syndrome is crucial to carry out supportive and timely management, as well as the 
decision to terminate the pregnancy.
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Chapter 5
Acute Fatty Liver of Pregnancy

David B. Nelson, John J. Byrne, and F. Gary Cunningham

 Introduction

Acute liver failure was first described in pregnancy by Tarnier in 1857 as microve-
sicular fatty infiltration of the liver [1]. Evidence regarding this link was further 
described by Lomer in 1884, at which time he described 30 cases of fatty liver dur-
ing pregnancy at time of autopsy [2]. J. Whitridge Williams termed this acute yel-
low atrophy in the first edition of his textbook and stated that pregnancy appeared to 
be a predisposing factor [3]. Over the next few decades, there were sporadic case 
reports of women who died near term from acute liver failure with fatty infiltration; 
however, elucidation of its etiopathogenesis remained obscure [4].

Major progress in understanding the cause of acute liver failure in pregnancy was 
reported by Sheehan in 1940 [5]. At that time, he concluded that the majority of 
maternal deaths secondary to fatty liver were related to the common use of chloro-
form anesthesia which was popular from the mid-1800s through 1940. After exclud-
ing cases attributed to hepatotoxins, such as chloroform, and from infectious 
etiologies, he termed the remaining cases as obstetric acute yellow atrophy. During 
the late 1940s, however there were still case reports reviewing the difficulty of dif-
ferentiation between end-stage hepatitis and acute fatty liver of pregnancy [6, 7]. 
But while fulminant viral hepatitis does have clinical similarities with acute fatty 
liver of pregnancy, the two appear to be distinctly different histologically [8].

In 1982, Burroughs and colleagues [9] described the clinicopathological findings 
of idiopathic fatty liver of pregnancy, more contemporaneously known as acute fatty 
liver of pregnancy (AFLP). They described 12 women who were admitted to the 
Liver Unit at the Royal Free Hospital in London. Importantly, none of these women 
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had been exposed to chloroform, tetracycline, or other hepatotoxic agents. Indeed, 
the diagnosis in all but one case was biopsy proven. These investigators carefully 
characterized symptomatology, laboratory findings, light- and electron-microscopic 
histopathology, pregnancy outcomes, and complications. They reported that these 
women had characteristic clinical findings of acute liver failure to include encepha-
lopathy and severe metabolic acidosis. The biopsy findings disclosed widespread 
microvesicular fat infiltration with swollen hepatocytes, minimal necrosis, and cho-
lestasis. They also reported that acute kidney injury was common, and three women 
required dialysis. Another recognized manifestation was coagulopathy; however, it 
was reported as seldom clinically significant and infrequent. Common hematologi-
cal findings included thrombocytopenia and hemolysis.

 Epidemiology

The incidence of acute fatty liver of pregnancy varies depending on diagnostic cri-
teria and population studied and ranges from 1 in 7000 to 1 in 20,000 pregnancies 
[10–13]. There does not appear to be geographic or ethnic differences in the severity 
or incidence of the disease; however there are limited population-specific data [14]. 
Although there are a few cases reported in the second trimester, most develop in the 
late third trimester [12, 15].

AFLP has a number of associated risk factors. Fetal acid oxidation disorders, 
multifetal gestation, and male fetuses all have been reported to predispose a woman 
to develop AFLP [12, 16, 17]. Lesser reported risk factors include metabolic disor-
ders, obesity, and hepatic disorders such as intrahepatic cholestasis of pregnancy 
[12, 14, 18]. Preeclampsia syndrome is also a well-known association; however, 
cause-and-effect with AFLP are uncertain.

 Pathophysiology

An important finding regarding the pathogenesis of fatty liver disease of pregnancy 
was provided by Reye and colleagues [19], who described a similar syndrome in 
children. Subsequent research suggested that microvesicular fatty hepatocyte infil-
tration was caused by deficiency of one or more of the mitochondrial fatty-acid 
oxidative enzymes or fetal fatty acid oxidation defects [20]. In this scheme, the 
fetal-placental unit metabolizes free fatty acids for growth and development during 
pregnancy, and the placenta contains enzymes involved in the fatty acid metabolism 
pathway. Placental enzymes metabolize triglycerides into free fatty acids which 
enter the fetal compartment. Because the products of this metabolism are trans-
ferred to the fetus, defects in the fatty acid oxidation pathway of the fetal-placental 
unit result in accumulation of intermediate products of fatty acids in the maternal 
circulation. These metabolites are taken up by the maternal liver along with reactive 
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oxygen species that activate inflammatory processes and cause cellular hepatic 
necrosis [20, 21].

To date, there have been a number of mutations reported for genes that encode 
for enzymes in this pathway [21]. Of all of these oxidation disorders, maternal defi-
ciency of long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) has been most 
strongly linked with pregnancy-associated fatty liver disease [22, 23]. Other, less 
common, fatty acid oxidation defects have been associated with AFLP, such as 
medium-chain acyl CoA dehydrogenase (MCAD) deficiency, very long-chain acyl- 
CoA dehydrogenase (VLCAD) deficiency, and carnitine palmitoyltransferase 1 
(CPT1) deficiency [24, 25].

LCHAD deficiency is caused by a defect in the mitochondrial trifunctional pro-
tein along the inner mitochondrial membrane, specifically on the C-terminal protein 
of the alpha subunit. The most common defect seen in LCHAD deficiency is a 1528 
G-to-C nucleotide change in exon 15 of the alpha subunit, which causes a change of 
glutamate-to-glutamine [26]. Because the third step in the oxidation of long-chain 
fatty acids is catalyzed by LCHAD, a buildup of intermediate products of metabo-
lism is seen in individuals with LCHAD deficiency.

There are two proposed scenarios wherein accumulation of fatty acids and 
metabolites can accrue within the maternal compartment. In the first, a homozygous 
enzymatic defect is shared by the fetus and placenta. In the second, a heterozygous 
mother has decreased ability to perform fatty acid oxidation in late pregnancy. As 
seen in Fig.  5.1, homozygous enzymatic defects in the fetal-placental fatty acid 
oxidation pathway lead to an accumulation of fatty acid metabolites that are trans-
ferred to a heterozygous mother.

 Clinical Presentation

The woman with acute fatty liver will typically present in late pregnancy with a 
variety of nonspecific symptoms, such as persistent anorexia, nausea, vomiting, and 
abdominal pain. Some will have findings of encephalopathy or polydipsia and poly-
uria [10, 12, 27]. Nelson and colleagues [10] described 51 women with AFLP who 
presented to Parkland Hospital at a mean gestational age of 37 weeks. Most of these 
had a variety of the symptoms mentioned above; however, approximately 10% were 
asymptomatic. Almost half of the women had associated hypertension, with or 
without proteinuria. In some of these women, these clinical findings progressed to 
liver failure with associated renal failure, coagulopathy, and hypoglycemia. 
Figure 5.2 demonstrates the spectrum of clinical consequence to this disorder.

Classically, the initial laboratory findings in AFLP depend on the degree of 
hepatic dysfunction. Some of these abnormalities include elevated levels of hepatic 
transaminases, creatinine, bilirubin, ammonia, and uric acid, along with hypoglyce-
mia. There can also be associated coagulopathy [28]. This dysfunction can be pro-
found and typically manifests as a prolonged prothrombin time and international 
normalized ratio (INR) with varying degrees of hypofibrinogenemia and elevated 
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D-dimer levels [10, 27–30]. There is also usually some degree of hypocholesterol-
emia concordant with hepatic dysfunction, and antithrombin III levels are also 
decreased [10, 31]. The peripheral smear shows echinocytosis caused by hypocho-
lesterolemia [32], and there is typically a modest leukocytosis. Hemolysis with 
reticulocytosis and nucleated erythrocytes are also frequently seen [10].

Hemoconcentration is caused by endothelial cell activation with capillary leak-
age. There may be polycythemia, but with concomitant hemolysis, the hematocrit 
may be normal or even low. This “endotheliopathy” ultimately results in prerenal 
azotemia, compounding acute kidney injury. Intravascular volume depletion can be 
further intensified by associated ascites [33]. Hypovolemia combined with meta-
bolic acidosis from liver injury can cause a reduction in uteroplacental perfusion 
that can have profound adverse fetal affects to include death.

 Diagnosis

For clinical diagnosis, some recommend application of the Swansea criteria, as 
described by Ch’ng and colleagues (Table 5.1) [29]. These diagnostic criteria have 
since been validated by Knight and colleagues [12], and when six of these criteria are 

Fig. 5.1 Organ-specific effects of acute fatty liver of pregnancy. (Adapted from Nelson et al. [63])
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Fig. 5.2 Pathophysiology of acute fatty liver of pregnancy. The oxidation of long-chain fatty acids 
is catalyzed by long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) and medium-chain acyl 
CoA dehydrogenase (MCAD). When a homozygous enzymatic defect occurs in the fetal/placental 
fatty acid oxidation pathway, this leads to an accumulation of intermediate products of metabolism 
that are transferred to a heterozygous mother

Table 5.1 Diagnostic criteria using the Swansea criteria  – six of these criteria satisfy the 
diagnosis of AFLP

Swansea criteria Vomiting
Encephalopathy
Abdominal pain
Ascites
Polydipsia/polyuria
Bilirubin >0.8 mg/dL
Hypoglycemia <72 mg/dL
White blood cell count >11 × 109/l
Elevated urea >340 μmol/L 
ALT >42 U/L
AKI or Cr >1.7 mg/dl
Ammonia >47 μmol/L
Coagulopathy or PT >14s
Echogenic liver on ultrasound
Microvesicular steatosis on liver biopsy
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identified, the diagnosis of AFLP is suggested. These criteria are helpful because 
diagnosis may not be readily apparent, because of the previously described vague 
symptomatology. For the woman who presents with persistent nausea and vomiting, 
abdominal pain and jaundice and encephalopathy, the diagnosis is seemingly more 
straightforward. But for most women the differential diagnosis is wide. Specifically, 
AFLP is frequently confused with the more commonly associated obstetric conditions 
[34]. One of the most difficult conditions to distinguish is hemolysis, elevated liver 
enzymes, low platelets (HELLP) syndrome, which is considered an “imitator” [34].

To establish the diagnosis of AFLP, both clinical findings and laboratory evalua-
tion are essential. Shown in Fig. 5.3 is a suggested testing algorithm. Initially, serum 
creatinine and hepatic transaminase levels are measured along with a hemogram 
with platelet quantification. With evidence of liver failure and laboratory abnormali-
ties, these women should undergo further workup to differentiate between related 
disorders such as acetaminophen toxicity and hepatitis – as discussed in Differential 
Diagnosis. If abnormal laboratory values are identified, then targeted studies are 
performed including evaluation for hepatic function and disordered coagulation. 
Serum cholesterol and plasma fibrinogen levels can be a good measure of liver func-
tion. It is important to consider that both of these analytes are markedly influenced 
by the physiologic changes of normal pregnancy and increase substantially above 
nonpregnant values. Thus, these analytes can be dramatically abnormal when 

Testing algorithm for AFLP

Patient presents with symptoms/
signs of AFLP

Symptoms/signs of AFLP

Hypertension

Persistent nausea/vomiting

Abdominal pain

Anorxia

Encephalopathy

Jaundice

Initial evaluation

History,  clinical exam

Laboratory analytes
    (CBC, BMP, LFTs, LDH)
Urinalysis

Further workup
as indicated

Cholesterol

Cholesterol

Albumin

Bilirubin

Prothrombin
time

INR

Fibringogen

Uric acid Amylase
Lipase

Reticulocytes
Haptoglobin

Sonography

CT w/ contrast

MR abd w/ contrast

Targeted
studies

Normal findings/values High suspicion for AFLP

Fig. 5.3 Algorithm to identify acute fatty liver of pregnancy. (Adapted from Nelson et al. [63])
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considered in the context of the third trimester of pregnancy. For example, plasma 
fibrinogen levels in nonpregnant women range from 233 to 496 mg/dL; however, in 
the third trimester these range between 373 and 619 mg/dL [35].

Although imaging studies are recommended by some [14], in our experience, 
these are of limited value in the diagnosis of AFLP [10]. For example, although 
sonographic findings are one element of the Swansea criteria, only a fourth of women 
had the classic ultrasound findings in a prospective evaluation [12]. Using computed 
tomography, sonography, and magnetic resonance imaging, Castro and colleagues 
[11] attempted to confirm the diagnosis; however, they were only able to do so in 
30% of patients. The highest yield was 50% with computed tomography [11].

In the past, liver biopsy was considered necessary to confirm the diagnosis of 
AFLP; however, it is now accepted that it is not the case if characteristic clinical and 
laboratory findings are present. In women in whom the diagnosis is uncertain, liver 
biopsy may still be beneficial. As described by Sheehan, pathognomonic histopath-
ologic findings include swollen hepatocytes with central nuclei along with microve-
sicular fatty infiltration of hepatocytes [5]. In some cases, fat droplets may not be 
easily identified on hematoxylin and eosin staining; thus a special oil-red-O stain 
must be performed on specimens [36].

 Differential Diagnosis

A number of general as well as pregnancy-related disorders may initially be con-
fused with AFLP. In addition to the HELLP syndrome already mentioned, consid-
eration is given to viral hepatitis, acetaminophen toxicity, thrombotic 
microangiopathies, preeclampsia, and exacerbation of systemic lupus erythemato-
sus [34]. HELLP syndrome is by far the most common disorder that may be mis-
taken for AFLP and vice versa. The two disorders are characterized by a constellation 
of similar symptoms and laboratory values; however, there are a number of signifi-
cant  – albeit sometimes subtle  – differences. As initially reported by Vigil-de 
Gracia et  al. [37], hepatic, renal, and hemostatic dysfunction is more severe in 
AFLP. Recent observations by Byrne and colleagues [38, 39] showed that women 
with AFLP were more likely than those with HELLP syndrome to have hypofibri-
nogemia, acute kidney injury, hyperbilirubinemia, hypoglycemia, and hypocholes-
terolemia at the time of admission (Table  5.2). Although initial management is 
similar and both conditions warrant delivery, the recovery and associated morbidity 
can be substantially different.

 Management

Clinical management may vary because AFLP manifests as a spectrum from mild 
metabolic and coagulopathic disturbances to overt liver failure and hepatic encepha-
lopathy. The cornerstone of management of AFLP includes (1) prompt recognition 
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and evaluation of mother and fetus; (2) plan for supportive care such as reversal of 
coagulopathy; (3) preparation for delivery as soon as feasible; (4) and postpartum 
supportive care. Until the fetus is delivered, it is thought that the ongoing liver fail-
ure will continue with its attendant constellation of abnormalities. After delivery, 
there is a slow return to metabolic normalcy that frequently requires considerable 
supportive care for days and even weeks.

Thus, the clinical course of women with AFLP may be characterized by subacute 
or acute changes in either the maternal or fetal condition. Therefore, women who 
present with symptoms concerning for AFLP should be admitted to the labor and 
delivery unit of a hospital with the ability to transition care to an intensive care unit 
[40]. While evaluating the maternal status, the fetus should undergo fetal heart rate 
monitoring. Given the proclivity for maternal lactic acidosis with diminished utero-
placental blood flow in the setting AFLP, fetal condition may be nonreassuring. 
Indeed, fetal jeopardy accounts for the high rate of cesarean delivery. Although the 
definitive treatment is delivery, AFLP, per se, is not an indication for cesarean deliv-
ery, and vaginal delivery is preferable considering the sometimes profound coagu-
lopathy that accompanies the syndrome. In the setting of a vaginal delivery, care is 
taken to prevent vaginal trauma and lacerations  – including episiotomy  – given 
these bleeding risks.

A number of preparations are carried out quickly and as simultaneously as pos-
sible. Among these is consultation with anesthesiology colleagues. If the woman is 
obtunded, airway protection is paramount. Because of vomiting, consideration is 
given to a nasogastric tube with antacids to neutralize gastric contents. And for the 
woman with obvious hepatic encephalopathy, tracheal intubation should be consid-
ered. Two large-bore intravenous catheters are placed in anticipation of severe hem-
orrhage. As indicated above, continuous fetal monitoring is performed. Magnesium 
sulfate infusion is begun for neuroprophylaxis for those women who have evidence 
for preeclampsia which is seen in up to 70%. Finally, antihypertensive agents are 
given to treat dangerously high blood pressure levels [41].

Table 5.2 Most abnormal laboratory findings among women from Parkland Hospital with AFLP 
and HELLP syndrome

Analyte
AFLP
N = 67

HELLP
N = 67

Fibrinogen (mg/dL) 158 [87, 245] 422 [342, 482]
AST (U/L) 278 [146, 564] 135 [77, 250]
Creatinine (mg/dL) 2 [1, 2] 1 [1,1]
Cholesterol (mg/dL) 88 [70, 122] 168 [137, 227]
Total bilirubin (mg/dL) 5 [2, 8] 1 [1,2]
Platelets (/μL) 106,000 [57, 137] 44,000 [33, 63]
LDH (U/L) 512 [398, 865] 678 [530, 850]
Glucose (mg/dL) 88 [70, 122] 98 [137, 227]
White blood cell count (×103/mm3) 23 [18, 28] 16 [13, 20]

Data are presented as median [Q1, Q3]
Data from Byrne et al. [37, 38]
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 Delivery

Although vaginal delivery is preferred, the majority of these women will undergo 
cesarean delivery because of the high incidence of nonreassuring fetal status associ-
ated with maternal acidosis and decreased blood volume due to the endotheliopathy. 
We prefer a midline skin incision because there is less subcutaneous bleeding than 
with a Pfannenstiel incision. Some prefer to use a drain such as a Blake or Jackson- 
Pratt device given the possibility of ascitic fluid and bleeding. At Parkland Hospital, 
routine draine placement is not our practice.

Given the high risk of coagulopathy at time of delivery, preparations need to be 
made regarding the potential for massive hemorrhage [42, 43]. Restoration of pro-
coagulants and improvement of hypovolemia are integral especially if cesarean 
delivery is indicated. Because whole blood is not available in most institutions, 
resuscitation is done with packed red cells and fresh frozen plasma. Again, espe-
cially with operative delivery, maintenance of plasma fibrinogen levels >150 mg/
dL is important [42]. Finally, platelet transfusions may be necessary if there is 
severe thrombocytopenia [43].

 Analgesia and Anesthesia

The choice of analgesia depends on the degree of hepatic dysfunction and coagu-
lopathy, especially with consideration for cerebral edema and intracranial hyperten-
sion [30]. Cited again is the high incidence of cesarean delivery. For the majority of 
women who have a limited coagulopathy and only moderate thrombocytopenia, it is 
reasonable to place neuraxial analgesia with the proviso that the nadir of some of 
the analytes, vis-à-vis platelets, may not recover until several days postpartum. In 
other cases, the use of general anesthesia may be necessitated by profound coagu-
lopathy with severe thrombocytopenia, serious hemorrhage, or fetal compromise 
mandating emergency cesarean delivery.

 Postpartum Course

After delivery, even though the AFLP pathophysiology begins to reverse, there will 
be continuation of the changes for periods up to 7–10 days. Because these women 
have a high incidence of postpartum hemorrhage, disseminated intravascular coagu-
lopathy, acute renal failure, and gastrointestinal bleeding, continued care is neces-
sary in an acute care unit [40]. Serial measurements of hematologic, hepatic, and 
renal function is performed every 6 h within the first 1–2 days [10]. Anemia is com-
mon from brisk hemolysis, and multiple transfusions are usually required. If there 
is a recent surgical incision, then clotting function is monitored and transfusion with 
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fresh-frozen plasma, cryoprecipitate, or platelets may be indicated. Given the risk of 
hypoglycemia, serial blood glucose levels are monitored every 2–3 h, and if these 
are less than 60 mg/dL, then an infusion with 10% glucose is begun.

In most women, evidence of liver failure will begin to improve 2–3 days after 
delivery. Typically, hepatic transaminase values decline in a linear fashion to values 
at or below 100 IU/L after which values plateau for several weeks [10]. Other mark-
ers of liver failure, specifically total bilirubin and cholesterol levels, will start to 
improve after 3–4 days [44]. Acute kidney injury results from both prerenal and 
intrinsic pathology. The prerenal component can be seen in the swift decline in 
serum creatinine values after delivery, recovering to within a normal range within 
7–10 days; however, the intrinsic kidney injury component is evidenced by the per-
sistence of elevated serum creatinine for several weeks.

There are also two associated conditions that may be identified in the postpar-
tum period  – transient diabetes insipidus and acute pancreatitis. As many as a 
fourth of women develop diabetes insipidus, which is thought to be from elevated 
vasopressinase concentrations stemming from diminished hepatic production of its 
inactivating enzyme. Also, acute pancreatitis develops in up to 20% of the 
women [45].

More recently, postpartum artificial liver support therapy (ALST) has been 
described [46]. This includes plasma exchange which removes toxic metabolites, 
improves electrolyte management and acid-base balance, and supports coagulation 
factors [47, 48]. While plasmapheresis may result in an improvement of oxidative 
stress markers and hasten hepatic function recovery, there has not been an improve-
ment in mortality [48, 49]. And although the data are limited, continuous renal 
replacement therapy (CRRT) along with plasma exchange has been shown to 
improve clinical symptoms and laboratory analyte recovery [50].

For the woman with persistent profound hepatic failure with hypotension and 
acidosis, liver transplantation must be considered [51]. Usually, the need for trans-
plantation is typically later in the recovery period remote from delivery. Of the 51 
women whom we previously described at Parkland Hospital, only two were consid-
ered candidates for transplantation. One woman died from intractable liver failure, 
and the other survived after a long hospital course with application of CRRT.

 Experimental Treatment

One proposed treatment with possible benefits in AFLP is molecular absorbent 
recirculating system therapy [52, 53]. This system functionally replaces the liver 
in removing albumin-bound toxic metabolites from the blood via albumin dialysis, 
which results in stabilization of liver function and improvement in the hyperbili-
rubinemia. However, there has been no clear mortality benefit. This modality can 
be considered in patients with acute liver failure who are awaiting liver 
transplantation.
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 Maternal and Perinatal Outcomes

Since there has been broad acceptance for relatively uniform criteria for diagnosis, 
there are at least 10 reports that are listed in Table 5.3 and that include 18 or more 
pregnancies complicated by acute fatty liver [11, 27, 54–59]. The largest was a mul-
ticenter cohort study that identified 133 cases from four tertiary hospitals in China 
from January 2009 to April 2014 [59]. The single-center studies from Taiwan and 
California hospitals each reported an incidence of about 1:7000 deliveries in con-
trast to that of 1:20,000 from the UK nationwide audit [11, 12, 54]. It seems likely 
that these higher reported incidences result from regional referrals. Uniform to all 
12 reports are three major causes of maternal morbidity and mortality, including 
various combinations and severities of liver failure, renal failure, and hemorrhage. 
These reports stress that delivery is necessary to reverse ongoing organ dysfunction, 
but also recognize that cesarean delivery is more likely performed because of asso-
ciated fetal compromise and that operative delivery has more hemorrhagic 
complications.

These reports also cite maternal and perinatal survival rates that are much 
improved compared with earlier reports. In fact, maternal mortality rates in women 
with AFLP have improved dramatically over the last several decades. In the 1980s, 
the maternal mortality rate was as high as 80–90%, but this is now below 10% in the 
most recent literature [12, 59–61]. Many of these cases will trigger as a severe 
maternal morbidity (“SMM”) event, given their increased risk of acute kidney 
injury, ICU admission, and need for blood and component transfusions. Early diag-
nosis, prompt delivery, and improved supportive care have led to this improvement 
in severe morbidity and mortality over time. Although maternal mortality rates have 
improved over the last several decades, perinatal mortality rates continue to remain 
substantively increased. As seen in Table  5.3, perinatal mortality over a 20-year 
period was about 20%. Furthermore, there is still substantive maternal morbidity.

 Subsequent Pregnancy

Reports of AFLP recurrence in subsequent pregnancies are unusual [62]. In the set-
ting of women who are heterozygous or carriers of the long chain 
3- hydroxyacyconezyme A dehydrogenase mutation, the risk of recurrence is 
increased. This is contingent upon the fetus being affected during that subsequent 
pregnancy. If a woman has developed AFLP in a previous pregnancy, it is prudent to 
screen the fetus for fatty acid oxidation disorder, specifically LCHAD deficiency. At 
this time, there have only been case reports of recurrent AFLP outside of this pro-
posed pathogenesis [16].

Disclosure Statement The authors report no conflict of interest.
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Chapter 6
Liver Failure and Hepatic Encephalopathy 
in Pregnancy

Devang K. Sanghavi, Rebecca C. Burnside, Ronald G. Racho, Hassan Z. Baig, 
and Pablo Moreno Franco

 Introduction

Liver disease in pregnancy presents a challenging proposition as effects of liver 
dysfunction impact both maternal and fetal mortality and morbidity. The causes of 
liver disease in pregnancy can be classified into two types: the first type is condi-
tions which are unique to pregnancy such as HELLP (hemolysis, elevated liver 
enzymes, low platelets) syndrome, preeclampsia, acute fatty liver of the pregnancy, 
etc. The second type of liver disease in pregnancy is coincidental liver disorders and 
is not unique to pregnancy. The occurrences of this match the epidemiology of the 
general population. Pregnancy-related liver disease usually occurs around the third 
trimester of pregnancy. In this chapter we will discuss hepatic encephalopathy, 
acute liver failure in pregnancy, and extracorporeal liver support during acute liver 
failure.
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 Normal Liver Function in Pregnancy

The normal blood flow to the liver is around 25–33% of the cardiac output. This is 
essentially unchanged during pregnancy. Pregnancy does not induce hepatomegaly, 
and any hepatomegaly seen in pregnancy should be promptly evaluated. One poten-
tial confounder is that during pregnancy the gravid uterus increases in size and the 
liver is pushed upward toward the diaphragm. Liver enzymes are usually normal if 
there is a slight decline seen in their levels. Alkaline phosphatase increases with the 
advancing gestation.

 Hepatic Encephalopathy

Alteration in cognitive function is a hallmark feature of liver failure. This entity has 
traditionally been referred to as hepatic encephalopathy (HE). Precisely defining 
this condition has proven to be difficult due to variability in its presentation and 
course. Potential symptoms range from mild cognitive impairment, unrecognizable 
by standard physical exam, to cerebral edema, coma, and even death. The acuity of 
symptoms and prognosis differs depending on whether HE is a product of acute 
liver failure (ALF) or chronic liver disease (CLD). For patients with liver disease 
in pregnancy, HE is more likely to be an acute process. Not only do pregnant 
patients carry the same risk for developing acute liver failure as the general popula-
tion, but they also are at risk for pregnancy-specific causes of ALF. HE as a com-
plication of CLD is less likely in pregnancy as CLD leads to a reduced ability to 
conceive [1].

The identification of HE is of utmost importance due to the associated prognostic 
implications. In patients with ALF, intracranial hypertension and brain herniation 
are the leading causes of mortality [2]. In patients with CLD, onset of HE marks a 
predicted mortality of more than 50% within the following 12 months [3].

Evaluation of HE should be focused on rapid identification of associated end 
organ damage along with an exhaustive search for precipitating factors. Appropriate 
triage to specialized centers and higher level of care is often necessary.

 Epidemiology

 A. Acute Liver Failure

Very limited information exists regarding the epidemiology of ALF. One study 
looking at the burden of hepatic encephalopathy in the United States (US) between 
2010 and 2014 showed that approximately 4% of treated cases of HE could be 
attributed to ALF [4].
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 B. Chronic Liver Disease

Cirrhosis is scarring in the liver that over time replaces healthy tissue. Cirrhosis 
is a CLD that eventually leads to liver failure. At the time of diagnosis of cirrhosis, 
approximately 10–14% of individuals are found to have obvious symptoms of 
HE. In patients who undergo transjugular intrahepatic portosystemic shunt (TIPS), 
HE can be identified in as many as 50% of patients. Following an episode of HE, a 
patient’s risk for recurrent episodes increases and the time to a next episode 
decreases. HE related to CLD accounted for approximately 110,000 hospitaliza-
tions between 2005 and 2009 in the United States [5].

 Pathogenesis

Pathogenesis of HE remains only partially understood. There have been multiple 
coexisting mechanisms that have been described, and there is variability depending 
on underlying etiology of liver dysfunction. The proposed mechanisms leading to 
HE are summarized in Table 6.1.

 A. Toxins

In most cases, the accumulation of toxins has been implicated in the central ner-
vous system dysfunction and injury related to HE. Specifically, ammonia has been 
the topic of much discussion and research as well as the target of most accepted 

Table 6.1 Implicated processes of CNS injury in liver failure

Category Proposed mechanism

Toxins Ammonia Decreased clearance by the liver
Increased portosystemic shunting
Astrocyte alteration – see below

Glutamine Increased synthesis through combination of ammonia and 
glutamate
Osmolyte leading to cerebral edema

Lactate Increased intracranial hypertension and cellular swelling
Increase activation of microglia – see below

Cellular 
alterations

Astrocyte Cellular swelling secondary to ammonia and lactate 
accumulation
Impaired gene coding for structural proteins, 
neurotransmitter transporters, and receptors

Microglia Activation by increased levels of lactate leads to release of 
pro-inflammatory cytokines – see below

Pro-inflammatory 
state

Bacteria Dysregulation of the blood-brain barrier leading to 
vasogenic edema
Increased production in endogenous benzodiazepines 
leading to GABA receptor activation and neuro-inhibition

Cytokines 
(IL-1b, IL-6)

Increased permeability of the blood-brain barrier
Increased diffusion of ammonia into astrocytes
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therapies for HE. During digestion, protein is broken down by colonic bacteria and 
gut enzymes. This process produces ammonia, which is transported through the 
portal circulation to the liver for participation in the urea cycle. In the setting of liver 
failure, less detoxification by the liver leads to ammonia accumulation and shunting 
of ammonia directly into the systemic circulation.

In normal physiology, ammonia is removed from the central nervous system 
(CNS) through the function of astrocytes. Astrocytes are the sole location of gluta-
mine synthetase, which is able to synthetize glutamine from a combination of glu-
tamate and ammonia. In liver failure, the increased ammonia crosses the blood-brain 
barrier, which in turn leads to a larger amount of glutamine synthesis within the 
CNS. One proposed mechanism for the development of cerebral edema is that the 
increased CNS glutamine acts as an osmolyte and increases cerebral volume. In the 
setting of ALF and infection, there has been evidence that the blood-brain barrier 
can be altered leading to an acceleration of edema through vasogenic injury as 
well [2].

In addition to hyperammonemia and elevation in glutamine, there is also evi-
dence that increased lactate accumulation in the CNS has downstream negative 
effects. Increases in lactate concentration have been correlated with worsening neu-
rological status, intracranial hypertension, and astrocyte swelling in animal 
models [2].

 B. Cellular Alterations

There have been multiple other actions of ammonia in the CNS that have been 
identified: excitatory and inhibitory neurotransmission, stimulation of glycolysis, 
inhibition of pyruvate oxidation, and altered mitochondrial function [2]. Overall, 
these effects have been referred to as brain energy failure.

When weighing the impact of ammonia and glutamine accumulation, it has been 
proposed that the more injurious is ammonia. Glutamine accumulates within the 
cytoplasm but is transported into the mitochondria and converted back to glutamate 
and ammonia by glutaminase. The proposition that accumulation of glutamine is a 
benign intermediate has led to description of this process as the “Trojan Horse 
Hypothesis.”

Hyperammonemia has also been linked to alterations in gene expression for 
astrocytic proteins. Identified genes code for structural proteins of astrocytes (glial 
fibrillary acidic protein or GFAP), key amino acid neurotransmitter transporters 
(EAAT-2, GLYT-1, SNAT-3, and SNAT-5), and receptors (translocator protein or 
TLP.) [6].

In CLD, exposure to chronically elevated levels of ammonia in the CNS has been 
linked to downregulation of glutamate receptors and development of Alzheimer 
type II astrocytosis [7].

 C. Pro-inflammatory State

In ALF, increased lactate in the CNS has been linked to microglia activation and 
release of various cytokines, such as TNFα, IL-1b, and IL-6, which also suggests a 
pro-inflammatory response [2].
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It seems that in CLD, states of increased inflammation, such as GI bleeding or 
infections, contribute to an increased likelihood of HE. This systemic inflammation 
triggers the previously described pro-inflammatory response. Increased levels of 
CRP, IL-6, and white blood cells have been correlated with the development of HE 
[7]. Steroids synthesized within the CNS have been discovered and termed “neuros-
teroids.” These neurosteroids have been shown to act as neurotransmitters and have 
been implicated in development of HE through their action on GABA receptors. 
GABA receptors are inhibitory receptors and have been shown to be upregulated in 
the setting of HE. Both exogenous benzodiazepines and endogenous benzodiaze-
pines have action on GABA receptors. Increased endogenous benzodiazepines are 
produced by certain bacteria and can lead to activation of GABA receptors and 
contribute to HE [7].

 Diagnosis, Methods of Classification, and Grading Severity

There is no single exam finding, laboratory test, or imaging study that can unilater-
ally lead to diagnosis of HE. The diagnosis remains one that requires an appropriate 
clinical context and is a diagnosis of exclusion.

 A. Ammonia Level

A major focus of laboratory investigations has been measurement of ammonia 
levels within the blood. There has not been consistent correlation demonstrated 
between ammonia level and severity or likelihood of HE. One study by Ong et al. 
published in The American Journal of Medicine in 2003 showed a strong overall 
correlation (r  =  0.61, p  <  0.001) between ammonia levels and severity of 
HE. However, results also demonstrated a large degree of overlap between different 
grades of HE and absolute values of ammonia levels. Based on these results ammo-
nia levels can suggest the presence of HE in the correct clinical context and can be 
a useful marker to guide treatment response. However, a dichotomous grading sys-
tem for HE based on the level of serum ammonia alone has not been established [8]. 
While the level of ammonia in isolation cannot definitively diagnose HE, there have 
been studies showing correlation between the level of ammonia and prognosis in 
HE, which are outlined later in the chapter.

 B. Methods of Classification

There are multiple grading classification systems currently used to describe 
HE. Approaches include descriptors for (1) underlying disease, (2) time course, (3) 
symptoms at presentation, and (4) precipitating factors.

 (a) Based on criteria from the 11th World Congress of Gastroenterology [9], HE 
should be defined based on the underlying disease state:

 (i) Type A hepatic encephalopathy: acute liver failure
 (ii) Type B hepatic encephalopathy: portosystemic shunt without intrinsic 

liver disease
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 (iii) Type C hepatic encephalopathy: cirrhosis with portosystemic shunt or por-
tal hypertension, which can be further subclassified based on time 
course: [5]

 1. Episodic

 (a) First occurrence or recurrence
 (b) Spontaneous or related to precipitating factors

 2. Persistent

 (b) West Haven Criteria (WHC)
The WHC is the most recognized form of symptom classification of HE in cir-
rhotic patients. This system classifies HE into discrete grades 0–IV based on 
symptoms [10].

 (c) International Society for Hepatic Encephalopathy and Nitrogen 
Metabolism (ISHEN)

The most recent consensus established by the ISHEN focused on classifying 
the degree of impairment as a continuum rather than categorically. This classi-
fication system defines the presentation of HE as a continuum ranging from 
very mild changes in cognition to coma and potentially even death from hernia-
tion in the most severe cases [7, 11] (Fig.  6.1). This is described as covert 
hepatic encephalopathy (CHE) or overt hepatic encephalopathy (OHE). The 
ISHEN has defined CHE as the presence of neuropsychometric/neurophysio-
logical abnormalities in the absence of disorientation and asterixis [11]. In cases 
of CHE, there are various proposed tools to identify deficits that may not be 
readily apparent by tradition history and physical exam [12]. Some of the avail-
able tools are listed in Table 6.2. It is recommended that CHE is confirmed with 
at least two different neuropsychometric or neurophysiologic assessments [7]. 
CHE is a topic under much investigation in the setting of CLD, but is poorly 
understood as a feature of ALF at the present time.

Grade 3Grade 2Grade 1Grade 0Unimpaired
Grade 4
(coma)

COVERT HEPATIC
ENCEPHALOPATHY

OVERT HEPATIC
ENCEPHALOPATHY

Fig. 6.1 ISHEN classification of hepatic encephalopathy (covert and overt) and West Haven 
Criteria (Grades 0–4)
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 (d) Full Outline of UnResponsive (FOUR) Score
In patients with altered consciousness, the WHC does not give a precise 

stratification of acuity. For this subset of patients, the use of the FOUR score has 
been proposed [13, 14]. This scoring system has been validated for use in the 
setting of coma. It has been studied in patients with OHE in the setting of cir-
rhosis. It was shown to accurately predict severe stages of OHE, as well as 
discriminate between grades III and IV OHE, which traditionally have had a 
greater degree of interobserver variability. This scoring system uses an aggre-
gate of scores 0–4 for four separate components: eye response, motor response, 
brainstem reflexes, and respiration. A lower score indicates a greater degree of 
impairment [15]

 Prognosis

In acute liver failure, ammonia levels have been shown to have prognostic signifi-
cance. An ammonia level ≥211 μg/dL (124 μmol/l) has been associated with a 
higher probability of cerebral edema, seizures, higher grade of encephalopathy, and 
death [16]. In addition, one study showed a combination of a MELD of 32 or greater 
and ammonia level greater than 170  μg/dL (100  μmol/l) predicted the onset of 
advanced HE alone or with even more specificity in combination. In the same study, 
there was a positive correlation between rise in ammonia level and probability of 
intracerebral hemorrhage (ICH) [17].

While the presence of CHE is not routinely screened for in the clinical setting, 
there have been identified downstream consequences. These include reduced health- 
related quality of life scores, sleep derangements, more frequent falls, decreased 
ability to perform complex tasks, and a higher probability of developing overt 
hepatic encephalopathy [7, 11].

Table 6.2 Tools for 
assessment of CHE

Psychometric tests

Psychometric hepatic encephalopathy score (PHES)
Repeatable battery for the assessment of neuropsychological 
status (RBANS)
Choice tests and Sternberg paradigm
Inhibitory control test (ICT)
Cognitive drug research computerized assessment system 
(CDR)
Immediate postconcussion assessment and cognitive testing 
(ImPACT)
Central nervous system vital signs (CNSVS)
Neurophysiological tests

Electroencephalogram (EEG)
Critical flicker frequency (CFF)
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In CLD, the onset of HE has been associated with a poor prognosis with a 
12-month and 36-month mortality of 58% and 77%, respectively [18].

 Acute Liver Failure in Pregnancy

Acute liver failure (ALF) in pregnancy is rare and can occur at any time during the 
pregnancy. Acute fatty liver of pregnancy (AFLP) and HELLP (hemolysis, elevated 
liver enzymes, low platelets) syndrome are unique to pregnancy and typically occur 
in the late second trimester and third trimester. Management of these pregnancy- 
related liver diseases is focused on supportive care and prompt delivery of the fetus. 
AFLP and HELLP syndrome are discussed in detail elsewhere in this book. In this 
section, we will focus on the epidemiology, clinical characteristics, diagnosis, and 
management of the critically ill pregnant patient with ALF and hepatic encepha-
lopathy. Liver diseases that are not unique to pregnancy such as acute viral hepatitis 
and drug-induced liver injury can precipitate ALF in any trimester. In cases of ALF 
related to viral hepatitis and drug-induced liver injury, pregnant patients should be 
managed similarly as non-pregnant patients.

 HELLP Syndrome

HELLP syndrome is unique to pregnancy and presents in the late second trimester 
to third trimester with hemolysis, elevated liver enzymes, and low platelet count. 
HELLP syndrome occurs in less than 1% of pregnancies and up to 20% of cases of 
severe preeclampsia [26, 27]. The exact pathogenesis of preeclampsia and HELLP 
syndrome remains unclear, but the abnormal development of the placenta, endothe-
lial dysfunction, systemic inflammation, and defects in beta-oxidation of fatty acids 
have been described [28–30].

Patients may present with right upper quadrant pain, nausea, or vomiting. 
Features of preeclampsia include hypertension, proteinuria, and edema. Other end- 
organ damage may be present and manifest with acute renal failure, pulmonary 
edema, retinal detachment, disseminated intravascular hemolysis (DIC), and pla-
cental abruption. Hepatic rupture and acute liver failure are rare occurrences and 
have been managed with liver transplantation [31].

Lactate dehydrogenase, haptoglobin, complete blood count, and serum uric 
acid should be obtained as part of the workup when HELLP syndrome is sus-
pected. The diagnosis of HELLP syndrome according to the Tennessee 
Classification is defined by having a platelet count ≤100 × 109/L, AST ≥70 units/L, 
and LDH ≥600  units/L [26]. Imaging to detect intrahepatic hematoma and/or 
hepatic infarction should be obtained to evaluate for complications of preeclamp-
sia and HELLP syndrome.
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Management includes treatment of hypertension, coagulopathy, and prevention 
of seizures. Definitive therapy is delivery of the fetus.

 Acute Hepatic Hematoma and Rupture

Hepatic hematoma and rupture can occur in the setting of severe preeclampsia and 
HELLP syndrome [32, 33]. Imaging studies such as CT and MRI can detect com-
plications of hepatic infarct, hematoma, and rupture [34]. Ultrasonography is rec-
ommended as a first line test due to its non-invasive nature. Non-specific imaging 
findings may show perihepatic free fluid, hepatic steatosis, hepatomegaly, and peri-
portal edema. Doppler US may detect decreased arterial and portal venous blood 
flow in patients with severe preeclampsia and HELLP syndrome. Only if ultraso-
nography shows abnormal findings should cross-sectional imaging with CT or MRI 
be obtained to confirm hematoma or infarction [35].

A contained hematoma can be managed with supportive care along with blood 
transfusions. For enlarging hematomas with active bleeding, management may 
require surgery, hepatic artery embolization, and liver transplantation [36–38].

 Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) is rare (5 cases per 100,000 maternities) and 
occurs in the third trimester with signs and symptoms of ALF including jaundice, 
ascites, encephalopathy, and coagulopathy [39]. The pathogenesis involves defects 
in fatty acid metabolism with about 20% of AFLP attributed to fetal long-chain 
3-hydroxyacyl-CoA dehydrogenase deficiency (LCHAD) [30, 40]. Maternal het-
erozygosity for LCHAD deficiency leads to the inability of the mother to oxidize 
long-chain fatty acids from the liver and placenta which subjects the mother to 
increasing circulating hepatotoxic metabolites.

Patients may present with headache, fatigue, nausea, vomiting, right upper quad-
rant pain, and jaundice. Hepatic encephalopathy and coagulopathy are late compli-
cations and hallmarks of the development of ALF which can be further complicated 
by multi-system organ failure.

Histology typically shows microvesicular fatty infiltration of the liver [41, 42].
Maternal and fetal mortality rate is high. Management is supportive care and 

prompt delivery of the fetus.
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 Acute Viral Hepatitis

Acute hepatitis A virus (HAV), hepatitis B virus (HBV), and hepatitis E virus (HEV) 
can cause ALF.  Non-hepatotrophic viral infections such as herpes simplex virus 
(HSV), varicella-zoster virus (VZV), Epstein-Barr virus (EBV), adenovirus, and 
cytomegalovirus (CMV) have also been associated with ALF. Of all the viral infec-
tions listed above, only acute hepatitis related to HEV and HSV are known to have 
an increased risk of ALF in pregnant patients compared to non-pregnant patients [43].

Pregnant patients presenting with any combination of jaundice, right upper quad-
rant pain, elevated transaminases, or thrombocytopenia should have serological 
testing to evaluate for pre-existing or acutely acquired viral hepatitis. All pregnant 
patients should be screened for hepatitis B with HBsAg. Pregnant patients with 
chronic hepatitis B may have hepatitis flares within the first months after delivery. 
Cases of acute liver failure can occur in the peripartum period.

 Hepatitis A

HAV and HEV are transmitted through the fecal-oral route and do not progress to 
chronic infections with the exception of chronic HEV in immunocompromised 
patients [44]. While HAV infection is the most common cause of acute viral hepati-
tis in the general population, there is no evidence that pregnant women are at 
increased risk of severe liver injury or ALF from HAV infection [45, 46]. 
Complications such as premature contractions, placental separation, premature rup-
ture of membranes, and vaginal bleeding have been reported in acute HAV infection 
in pregnancy and may lead to preterm labor [45].

 Hepatitis E

In parts of the world where HEV is endemic, such as India, Southeast Asia, the 
Middle East, and Africa, it is a major cause of maternal and fetal mortality [14, 
47–50]. In a study from India, ALF was more common in the third trimester [51]. In 
the United States, HEV is an uncommon cause of acute liver failure; however it 
appears to be more likely in pregnant patients as well as in patients that are malnour-
ished or have underlying chronic liver disease [43]. Supporting the idea that preg-
nancy is a risk for viral replication, HEV viral loads were found to be significantly 
higher in pregnant versus non-pregnant patients [52]. Additionally, diminished cel-
lular immunity and increased level of steroid hormones may also impact viral repli-
cation during pregnancy [51]. Ribavirin is a teratogen and therefore should not be 
used in pregnant patients.
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 Hepatitis B

HBV can cause ALF by de novo infection, delta superinfection, or reactivation in 
the setting of previous HBV infection [53]. Among patients with acute HBV, about 
1% will develop ALF. The risk of ALF is increased in patients with hepatitis D virus 
(HDV) coinfection, chronic hepatitis C virus (HCV) infection, and older age patients 
[54–56]. The clinical course of acute HBV in pregnant patients is similar to non-
pregnant patients, but the risk of HBV transmission to the neonate increases in later 
part of gestation [57]. After delivery, women with chronic HBV may develop reac-
tivation and even ALF [58]. Antiviral therapies may be considered in patients with 
acute HBV.

 Herpes Simplex Virus

ALF due to herpes virus infection is exceedingly rare. While immunocompromised 
individuals are at risk, herpes virus ALF has occurred in immunocompetent indi-
viduals. Women in the third trimester of pregnancy are at increased risk of herpes 
virus ALF. HSV1 and HSV2 in pregnancy can cause disseminated infection as well 
as acute liver failure, particularly in the third trimester [59]. HSV hepatitis charac-
teristically presents without jaundice and is characterized as an anicteric hepatitis, 
where transaminases can be quite high and the bilirubin normal [60]. The typical 
lesions of herpes virus are only present in half of cases. Treatment includes sup-
portive care and prompt initiation of acyclovir (5–10 mg/kg every 8 h for at least 
7 days) [50, 59, 61–67].

 Drug-Induced Acute Liver Failure

While certain medications such as acetaminophen (APAP) have predictable dose- 
dependent hepatotoxicity, DILI and ALF can be the result of an idiosyncratic reac-
tion from a variety of drug classes including antimicrobials, herbals, and dietary 
supplements [68]. Anti-hypertensives such as methyldopa and labetalol, antimicro-
bials, antiretroviral agents, and propylthiouracil have been reported to cause DILI 
and ALF in pregnant patients [68, 69]. Drug-induced liver injury (DILI) and resul-
tant ALF is not unique to pregnant patients; however gender and pregnancy may 
impact the risk for both DILI and ALF [70]. Compared to men, women appear to be 
more prone to DILI from minocycline, methyldopa, diclofenac, isoniazid, and nitro-
furantoin [70, 71]. Along the same lines, tetracycline-induced hepatic microvesicu-
lar steatosis occurs most often in pregnant patients when given in high doses 
intravenously [70].
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Acetaminophen (APAP) is the most common cause of drug-induced ALF in 
developed countries and accounts for almost 50% of cases of ALF in adults [72, 73]. 
Acetaminophen is commonly used for analgesia with a typical therapeutic dose of 
1–4  grams daily. Hepatotoxicity can occur through intentional ingestion of high 
doses often in the setting of a suicidal gesture, but can also occur as a consequence 
of chronic use or a therapeutic misadventure. Toxic doses are generally greater than 
7–10 grams daily. In the liver, APAP is converted to glucuronide or sulfate metabo-
lites, then excreted in the urine [74]. Toxic doses of APAP saturate these pathways, 
and the remaining APAP is metabolized by hepatic cytochrome P450 oxidase path-
ways creating the toxic metabolite N-acetyl-p-benzoquinoneimine (NAPQI). 
Glutathione (GSH) forms a nontoxic APAP-GSH conjugate. However, when GSH 
is depleted, NAPQI forms irreversible NAPQI-protein adducts leading to oxidative 
hepatocyte injury and hepatocellular necrosis [75–77]. Chronic alcohol use can 
make patients more susceptible to APAP hepatotoxicity by increasing CYP2E1 
activity and decreasing glutathione (GSH) synthesis and storage. Pregnancy can 
increase activity of glucuronidation and increase oxidative pathways. Based on 
experimental data from mice, it appears that pregnant mice are at risk of 
acetaminophen- induced DILI from decreased GSH levels as a consequence of fetal 
and placental demand [78]. As is the case in non-pregnant patients, early therapy 
with IV N-acetylcysteine is likely beneficial and can reduce risk of miscarriage and 
fetal death.

 Management of Acute Liver Failure

ALF can be a rapidly progressive process with a high degree of morbidity and 
mortality.

 A. Diagnosis requires identification of the constellation of:

 (a) Elevated transaminases (twofold increase from upper limits of normal)
 (b) Altered coagulation (INR >1.5)
 (c) Hepatic encephalopathy

 B. ALF is subcategorized based on duration of illness:

 (a) Hyperacute (<7 days)
 (b) Acute (7–21 days)
 (c) Subacute (>21 days and <26 weeks)

It is imperative that patients with ALF are hospitalized for further monitoring.

 A. Initial Assessment

Laboratory investigation should include lab markers for severity of disease and 
identification of potential precipitating factors. It is important to note that an eleva-
tion in alkaline phosphatase, especially in later trimesters, is a normal finding in 
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pregnancy as it is produced by both the placenta and fetal bone development [19]. 
Close attention should be made to home medications, and investigation into addi-
tional over-the-counter supplements is necessary to rule out drug or toxin- 
induced injury.

 B. Imaging

Abdominal imaging is necessary in patients with pregnancy related liver dys-
function to rule out the presence of hepatic infarction, rupture, or hematoma. 
Hepatic rupture and hematoma are life threatening and associated with mortality of 
up to 50% [19]. Ultrasound imaging is the preferred initial modality given its lack 
of radiation. However, in scenarios where further characterization of the paren-
chyma is necessary, non-contrasted MRI or CT can be performed in the second and 
third trimester. When utilizing CT, it is recommended that protocols utilizing the 
lowest possible radiation (2–5 rads) should be employed. [21]

 C. Critical Care and Specialty Center Consultation

Patients with progressive coagulopathy, hemodynamic instability, or high grades 
(III-IV) of HE should be monitored in the intensive care unit (ICU). Consultation 
with a transplant center should take place early in the process of supportive care, 
and consideration for transfer should be made [20]. In the case of pregnancy specific 
ALF, such as AFLP or HELLP syndrome, prompt delivery is crucial to recovery. If 
the gestational age is greater than 34 weeks, induction should occur immediately. If 
the gestational age is between 24 and 34 weeks, corticosteroids should be given and 
delivery should be delayed for 48 h if possible [22]. Common regimens of antenatal 
steroids include:

 (a) Betamethasone 12 mg intramuscular given 24 h apart for two doses
 (b) Dexamethasone 6 mg intramuscular given 12 h apart for four doses

If recovery is not rapid following delivery, consideration for transplantation 
should not be delayed [20]. However, transplant will likely be unnecessary in up to 
half of cases. The most recent US data suggests superior outcomes in pregnancy- 
related ALF, acetaminophen toxicity, hepatitis A, or shock liver when compared to 
all other causes. These etiologies demonstrate a greater than 50% transplant-free 
survival compared to less than 25% in all other causes.

 Organ System Specific Considerations

 A. Central Nervous System

 a. Cerebral Edema and Intracranial Hypertension
Central nervous dysfunction in the form of HE is a hallmark feature of 

ALF.  While any degree of HE or rate of onset of liver disease has been 
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 associated with downstream morbidity, the acuity of consequences increases 
in both the setting of ALF and with increasing grades of HE. Patients with 
grades III–IV HE are at risk for increased intracranial pressure (ICP). The 
American Association for the Study of Liver Diseases (AASLD) recom-
mends hourly neurologic checks in all patients with grades III–IV HE to 
detect signs of elevated ICP at the earliest point. In centers with expertise, 
invasive ICP monitoring should be considered. In the absence of quantitative 
ICP monitoring, clinical signs of elevated ICP include Cushing’s triad (sys-
temic hypertension, bradycardia, and irregular respirations), pupillary dila-
tion, or decerebrate posturing. However, these are not consistently present 
and may only appear late in the course.

The goal of therapy is to reduce ICP (less than 20 mmHg) but maintain 
mean arterial pressure (MAP) as to preserve cerebral perfusion pressure 
(CPP), ideally greater than 60  mmHg. Strategies to reduce ICP include 
osmotic diuresis with mannitol and the use of hypertonic saline with a goal 
sodium level of 145–155 mmol/L. Hyperventilation with a goal PaCO2 of 
25–30 mmHg effectively produces cerebral vasoconstriction resulting in ICP 
reduction. However, this is very short-lived and only recommended as a 
bridge to additional therapies when there is impending herniation. In experi-
mental models, hypothermia (core temperature of 33–34 °C) has been shown 
to prevent development of brain edema [20].

 b. Hepatic Encephalopathy
As HE is considered a diagnosis of exclusion, it is important to confirm 

there is no coexisting abnormality that could explain an acute change in men-
tal status or sensorium. Once HE is confirmed, a search for precipitating fac-
tors should ensue. Initial management should focus on directed therapy at the 
underlying precipitating factors as well as targeted therapy for HE. Gold stan-
dard therapy for acute HE includes agents that enhance the removal of ammo-
nia in the gastrointestinal tract or reduce its production altogether. Several 
oral antibiotics including metronidazole, neomycin, and rifaximin have been 
studied, which all are effective at reducing the urease-producing bacteria in 
the gut. However, rifaximin has been proven superior to the others due to its 
minimal absorption, which leads to a higher long-term safety profile and 
reduction in side effects. Lactulose can be given in oral or rectal forms, and 
when compared to non-absorbable antibiotics, it has been shown to be inferior 
in reducing symptoms of HE with long-term use in patients with chronic liver 
disease. Neither non-absorbable antibiotics nor synthetic disaccharides, such 
as lactulose, have shown a mortality benefit in ALF.  In addition, caution 
should be taken when dosing lactulose in the critically ill as it can produce 
significant gastrointestinal side effects such as gaseous distention and even 
ileus [23]. These side effects may make transplantation more difficult.

Other supplements have been used to promote ammonia clearance includ-
ing zinc, L-ornithine L-aspartate, sodium benzoate, sodium phenylacetate, 
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and L-carnitine. These have been studied in the setting of chronic liver disease 
with variable outcomes.

 B. Cardiovascular

Hypotension is a common feature of ALF due to low systemic vascular resis-
tance. Maintaining an adequate mean arterial pressure is imperative to maintain 
adequate cerebral and renal perfusion. Given the likelihood of altered mental status 
and lack of oral intake prior to admission along with transudative extravascular fluid 
shifts, there is a typically a component of intravascular volume depletion as well. 
Fluid resuscitation with an isotonic solution is recommended as the initial therapy 
of hypotension.

In patients who are not fluid responsive, vasopressors are necessary. The recom-
mended initial vasopressor for shock in ALF is norepinephrine (NE). NE has greater 
α1 activity than cardiac β1 activity leading to increased SVR with less pronounced 
tachycardia when compared to other agents such as epinephrine. Vasopressin and its 
analogs have also been shown to help reduce the dose of NE and associated isch-
emia in peripheral tissues. Caution should be taken in patients with evidence of 
elevated ICP as there has been some evidence that it may increase cerebral vasodila-
tion and ICP [20].

Adrenal insufficiency has been associated with both acute and chronic liver fail-
ure. This is thought to be related to reduced synthesis of cortisol binding globulin by 
the liver [24]. Hypotension despite vasopressor use and volume resuscitation should 
prompt consideration of adrenal insufficiency and a trial of hydrocortisone.

 C. Coagulopathy

In the absence of liver failure, pregnancy is characterized by a procoagulant 
state. There are increases in clotting factors I, II, V, VII, X, XII, and fibrinogen. In 
ALF, there is typically an increase in INR, consumption of clotting factors, and 
onset of thrombocytopenia, which might suggest a predilection toward abnormal 
bleeding. However, when measuring hemostasis using thromboelastography (TEG) 
results are typically normal. Prophylactic transfusion or blood products should not 
be performed unless invasive testing or a planned procedure is performed, unless 
platelet count is <10,000/mm3. In preparation for invasive procedures or during a 
bleeding event, platelet transfusion with a goal of >50,000/mm3 is recommended. 
However, in centers where TEG is available and rapid, this can be a useful tool for 
guiding correction of coagulation deficits. Prophylaxis for gastrointestinal bleeding 
is recommended, and use of H2 blocking agents, such as ranitidine, or sucralfate is 
considered safe in pregnancy.

 D. Renal

The presence of coexisting renal failure in ALF ranges from 40% to 85% depend-
ing on the etiology of ALF. Typically, the cause of acute renal failure (ARF) can be 
linked to the relative pre-renal state that is induced by decreased SVR. The kidneys 
lose their ability to autoregulate and are dependent on systemic blood pressure to 
receive adequate flow. Other factors that may limit renal blood flow include the 
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development of tense ascites or hepatorenal syndrome (HRS). Depending on the 
underlying etiology of ALF, there may also be direct injury to the kidneys causing 
acute tubular necrosis. This is common with paracetamol overdose or viral hepati-
tis [25].

The combination of ALF and ARF should prompt admission to the ICU. This 
combination makes acute life-threatening derangements in acid/base status, electro-
lytes, volume status, and coagulation more likely. Early initiation of hemodialysis 
should be considered, especially in patients with cerebral edema or elevated 
ICP. The method of choice to reduce rapid shifts in systemic and intracranial hemo-
dynamics is continuous renal replacement therapy [20].

 E. Liver Transplantation

The available literature concerning timing and indication for orthotopic liver 
transplantation (OLT) in the pregnant patient with liver failure is sparse. There have 
been case reports of prepartum OLT performed pre-viable delivery and post-viable 
delivery with variable outcomes for the neonate [22].

While those with prepartum cirrhosis have a reduction in fertility, it has been 
shown that fertility is restored shortly following OLT. However, subsequent preg-
nancy is not without increased risk. Acute cellular rejection occurs in 10–17% of 
patients with a subsequent pregnancy, but can be reduced by delaying pregnancy for 
greater than 1 year following OLT. Infections occur in 27% of these pregnancies. 
There is also a 30% increased risk of prematurity and low birth weight. 
Immunosuppression is typically safe for the fetus, with most common regimens 
including azathioprine, tacrolimus, cyclosporine, and steroids. Mycophenolate has 
been associated with congenital facial abnormalities such as external ear malforma-
tion, cleft lip, and cleft palate. A 6-month gap between cessation of mycophenolate 
and pregnancy is recommended [19].

 Molecular Adsorbent Recirculating System (MARS®) 
Indications, Considerations, and Contraindications

Extracorporeal liver support system (ELS) using Molecular Adsorbent Recirculating 
System (MARS®) is an infrequent but very useful rescue strategy used in our insti-
tution to be used in certain severe cases with acute liver failure (ALF), acute-on- 
chronic liver failure (AOCLF), or certain intoxications. In this section we describe 
in more detail our decision-making process to initiate MARS®. Figure 6.2 depicts a 
sketch of a typical MARS® setup which includes albumin circuit and MARS® 
dialyzer.

 a. ELS indications:

 1. Portosystemic encephalopathy (PSE) is the main indication for which MARS® 
received FDA approval. We consider it for patients with ALF or AOCLF once 
the PSE has reached grade 3–4 and is refractory to maximum medical therapy 
with the rationale to maintain/improve cerebral perfusion pressure (CPP). 
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MARS® is used until PSE improves or as a bridge to transplant in patients 
who are liver transplant candidates. We typically include the following patient 
categories: Those who are listed or those who are undergoing liver transplant 
evaluation and do not have contraindications for transplantation [79].

 2. Intoxications and poisoning. As a general rule ELS use is more widely 
accepted in poisonings associated with liver failure. But ELS can also be 
considered in the setting of selected poisonings without liver failure that are 

ALBUMIN CIRCUIT

Ion
exchanger

Activated
charcoal filter

Blood Pump

Return
cannula

Access
cannula

RA

SVCAlbumin
Pump

MARS DIALYZER®

DiaFLUX

Fig. 6.2 Typical MARS® setup. Nothing in this manuscript implies Mayo Clinic’s endorsement of 
MARS or DiaFLUX

Table 6.3 ELS may be considered for some poisonings related and unrelated to liver failure

ELS indication for poisoning with albumin bound substances in patients presenting with other 
toxin-related organ dysfunctions not associated with liver failure
  1. Phenytoin [80]
  2. Lamotrigine [81]
  3. Theophylline [82]
  4. Calcium channel blocker – diltiazem [83, 84]
ELS indication for poisoning associated with liver failure due to the following substances:
  1. Chromium [85]
  2. Copper [85, 86]
  3. Paracetamol [87–91]
  4. Amanita phalloides [92–97]
  5. Diazepam [98]
  6. Midazolam [99]
  7. Fentanyl [99]
  8. Cocaine [100]
  9. Amphetamines [101]
10. Thiocyanate [102]
11. Allopurinol [103]
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due to albumin bound substances and causing other organ dysfunction/s 
related to that substance. ELS may be considered for selected cases of poison-
ing without liver failure with other organ dysfunction/s related to substances 
described on Table 6.3.

 a. Acute hepatic failure from acetaminophen overdose. This includes two 
possible groups: early on, meaning when there is still acetaminophen cir-
culating blood/plasma levels and such levels are high enough to cause 
severe hepatic injury. Later on (i.e., >24  h post overdose) once acute 
hepatic failure has become evident.

 b. Acute severe alcoholic hepatitis. Including Maddrey discrimination factor 
value >32 and/or spontaneous encephalopathy.

 3. Patients with cholestatic liver disease that have pruritus refractory to medical 
therapy. The procedure is low risk and typically well tolerated. The results 
tend to be only transient.

 b. ELS may be considered under the following circumstances:

 1. ELS will be considered in selected cases of AOCLF with hepatorenal syn-
drome as a combined decision between transplant (Tx) nephrology, Tx hepa-
tology, and Tx critical care.

 2. ELS may also be considered in patients with ALF as part of management to 
determine if the liver failure is reversible (e.g., acute liver failure due to hepa-
titis or shock liver). These patients should not have any of the contraindica-
tions listed (see below) and ideally would be considered liver transplant 
patients if the liver does not recover.

 3. We also consider ELS initiation and other forms of intracranial pressure (ICP) 
control therapies in ALF or AOLF patients with an acute and significant 
increase in ammonia level or with signs of increased ICP.

 c. ELS contraindications:
The decision to initiate MARS® treatment at our institution is made with input 
from Tx critical care, Tx nephrology, Tx hepatology, and Tx surgery. The follow-
ing is a partial list of absolute and relative contraindications for MARS® per the 
manufacturers’ recommendations, based on research and clinical data that was 
provided to the FDA for its approval:
Relative contraindications:
1. International normalized ratio (INR) >2.3
2. Platelet count <50K
3. Disseminated intravascular coagulation
4. Severe sepsis or septic shock unresponsive to antibiotics
5. Acute hemorrhage unresponsive to standard treatment
6. Unstable hemodynamics
Absolute contraindications:
This is a partial list of absolute contraindications:

1. Portal vein thrombosis in patients with HCC and malignant vascular invasion
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Chapter 7
Liver Hematoma and Hepatic Rupture

Carlos Montufar

 Introduction

Preeclampsia is a syndrome with multisystem expression and involvement, due to 
its pathophysiology, which has an endothelial component. In this way, preeclampsia 
has the ability to damage almost any organ or system, leading to serious complica-
tions such as cerebral hemorrhage, acute pulmonary edema, and hepatic rupture [1].

Another important complication of preeclampsia is the development of the triad 
consisting of hemolysis, elevated liver enzymes, and thrombocytopenia (HELLP 
syndrome), which increases maternal and perinatal mortality and morbidity [1]. 
This complication (HELLP syndrome), in turn, facilitates the formation of hepatic 
hematomas.

In 1844, Abercrombie published in the London Medic Gazette the “first case” of 
a liver rupture in a pregnant woman who, after 26 hours of labor and normal deliv-
ery, presented a circulatory collapse and death. The necropsy revealed a hemoperi-
toneum of approximately two liters and two sites of rupture of the hepatic 
parenchyma [2].

Hepatic rupture is a rare complication, but lethal. It is associated with preeclamp-
sia, and more specifically HELLP syndrome, with very few cases presented with 
preeclampsia without HELLP syndrome [3, 4]. Reported maternal mortality is 16% 
to 100% [5], depending on the capacity of the hospital center to solve these cases, 
according to its resources and medical technology, as well as the training of its 
medical personnel.

The actual frequency of hepatic hematomas in pregnant patients is unknown, 
since not all liver hematomas rupture. A considerable number of liver hematomas 
can remain intact, and are not diagnosed. The incidence is estimated to be at one per 
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67,000 births or one per 2000 patients with preeclampsia, eclampsia, or HELLP 
syndrome [6]. It is probable that only cases of liver rupture with successful out-
comes will be published, and the literature will not expose the cases with poor 
results.

The rupture of a hepatic hematoma in patients with HELLP syndrome usually 
occurs during pregnancy and a third occurs within the first 48 hours of puerperium 
[7], although hepatic ruptures have been described up to six weeks post-partum [8]. 
Regardless of when it occurs, hepatic hematoma is a serious condition, especially 
with the rupture thereof, which becomes an obstetric catastrophe.

 Pathophysiology

Its pathophysiology includes hemorrhage and periportal congestion, and fibrin 
deposits, which leads to sinusoidal obstruction and intrahepatic vascular conges-
tion, producing ischemia of the liver and necrosis [9, 10].

Sensitization of the reticuloendothelial system of the liver by preeclampsia may 
render it unable to clear the fibrin thrombi from the circulation, resulting in infarc-
tion with vascular disruption, leading to intrahepatic hemorrhage and parenchyma 
destruction [11]. The initial phase leads to the formation of “microhematomas.”

This liver damage leads to intrahepatic hemorrhage and the possible develop-
ment of a hepatic hematoma, which can cause a rupture within the peritoneal space, 
resulting in profound hemorrhagic shock and death [11].

 Clinical Presentation

Some patients present with a “mild” clinical presentation with the formation of a 
hematoma that is asymptomatic and without hemodynamic impact, while others 
may reach the catastrophic scenario of ruptured liver, severe coagulopathy, and deep 
circulatory collapse. Among its clinical manifestations is pain in the upper right 
quadrant or epigastric pain in 90% of cases, shoulder pain, vomiting, and sudden 
circulatory collapse [4].

Henny et al. described a biphasic sequence of events in which the patient initiates 
the described symptoms, with worsening of the epigastric pain and/or upper right 
quadrant of the abdomen, nausea, and vomiting; and a second phase where deep 
vascular collapse, shock and death, both maternal and fetal, develop [12].

Spontaneous hepatic hemorrhage/rupture has been reported to occur most com-
monly in the right lobe of the liver [13], with a group of patients that presents hema-
tomas in both hepatic lobes, and a smaller percentage of patients who present 
hematomas specifically in the left lobe of the liver. Thus, in almost 98% of cases, 
patients with preeclampsia/HELLP syndrome, who have a hepatic hematoma, have 
the right lobe of the liver involved [13].
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 Diagnosis

The diagnosis of liver rupture secondary to a hepatic hematoma in patients with 
preeclampsia/HELLP syndrome is based on clinical suspicion. The presence of a 
circulatory collapse and confirmation, either by imaging studies (ultrasonography, 
computed tomography, and magnetic resonance imaging) or from the finding of 
hemoperitoneum during a cesarean, make the diagnosis of liver hematoma. Both the 
ultrasound and the computed tomography are useful for the diagnosis by images of 
the hepatic hematoma. But sonography is more easily available and it is feasible to 
perform at the bedside of the patient wherever it is. In cases of having diagnostic 
doubts after performing a liver ultrasound, you can support by performing a 
Computed Tomography [14]. Magnetic resonance is more expensive and more dif-
ficult to dispose of this technological resource.

Given the lack of specificity regarding these symptoms, the variable clinical pre-
sentation, and the low incidence of this complication, diagnosis is often delayed 
until the rupture has already occurred and the patient is in hypovolemic shock.

The prevalence of liver hematomas in pregnant women with HELLP syndrome 
laboratory criteria and severe right upper quadrant pain was 39% in a series of 34 
cases [15].

 Treatment

There has been much disagreement about what would be the correct approach to 
liver hematoma, especially when it causes the rupture of the liver. The majority 
considers that a hematoma without a hepatic rupture can have a conservation 
approach, with clinical surveillance and through image studies.

In cases with bleeding without rupture of the capsule, conservative treatment 
with volume replacement and transfusion of blood products is the treatment of 
choice. Surgery is the treatment of choice in patients with hemodynamic instability 
despite adequate resuscitation and when the hematoma ruptures into the perito-
neal cavity.

When the diagnosis of hepatic hematoma (not broken) is suspected or confirmed 
during the antepartum period, an exploratory laparotomy and fetal extraction via 
cesarean section should be performed to avoid rupture of the liver due to increased 
intra-abdominal pressure during labor, or some other event such as vomiting or an 
eclamptic convulsions [12].

If the hepatic hematoma is diagnosed during the puerperium, conservative man-
agement is possible, following up with imaging studies, and in case of coagulation 
alteration, blood products will be transfused [4].

Even in the presence of a non-ruptured hepatic hematoma, laboratory alteration 
can occur with elevated aminotransferases and alterations in the parameters of coag-
ulation. In case of alterations of the coagulation, this should be corrected with the 
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transfusion of blood products: plasma, platelets, and cryoprecipitate. In cases where 
the hematoma is large and causes anemia, stored red blood cell should be transfused.

To avoid massive bleeding with a subsequent circulatory collapse due to a hepatic 
rupture secondary to a parenchyma hematoma, hepatic artery ligation [4, 16], embo-
lization of the hepatic artery [17, 18], suture of the hepatic parenchyma [7, 8], pack-
ing [4, 7, 8, 19], placement of absorbable hemostatic material [8], laser argon [6], 
until liver transplantation [7, 20] have been described.

The surgical approach by liver packing is the intervention with the lowest mortal-
ity rate (20–30%) for patients with a hepatic rupture described in the literature [8, 
21]. Other approaches such as hepatic lobectomy, hepatic artery ligation, and 
hepatic embolization have mortality rates of 75 [8], 40 and 35% [21], respectively.

The literature has shown that the performance of a hepatic lobectomy leads to 
higher maternal mortality when compared to the packing approach (82% vs 24% 
survival, respectively) [22].

The management of patients with hemodynamic and/or coagulopathic compro-
mise consists in a complex approach of different surgical options and correction of 
coagulation in an intensive care unit. In patients where rupture of the liver occurs, 
with a circulatory collapse due to hypovolemia, resuscitation with crystalloids, such 
as Ringer’s Lactate, is necessary. To the extent that massive bleeding stops, the use 
of crystalloids will be less necessary, and therefore, we will have less-known nega-
tive effects of the use of fluids. In many cases, due to the multisystemic impact of a 
massive hemorrhage, the use of vasopressors, such as norepinephrine, will be 
necessary.

Because cases of hepatic rupture secondary to HELLP syndrome are infrequent, 
there are no agreements regarding the best management of these patients. The most 
commonly used techniques are liver packing, hepatic artery ligation, and emboliza-
tion of the hepatic artery by specialists in interventional radiology [23].

Surgical options (hepatic artery ligation, embolization of the hepatic artery, 
hepatic parenchyma suture, liver packing, placement of absorbable mesh, laser 
argon, and liver transplant) will depend on the experience of the surgeon, as well as 
the availability of equipment and materials for the realization of the chosen 
procedure.

Another important factor is whether the patient responds to support management 
and stability is achieved. Only in this way it will be possible to perform procedures, 
such as embolization of the hepatic artery, by interventional radiology.

Liver transplantation is necessary in the presence of liver necrosis data, data of 
fulminant hepatic failure, or inability to stop liver bleeding.

Few cases of pregnancy following a liver rupture due to HELLP syndrome have 
been reported [24]. In most of these cases, a recurrence of hepatic rupture has not 
been published, except in one case [25].

There is still much to investigate and know about the pathophysiology of hepatic 
rupture in HELLP syndrome, as per the findings described by Greenstein [26], who, 
through a liver arteriogram, showed numerous pseudoaneurysms in the area of 
bleeding, suggesting that vasculopathy plays a primary role in the pathogenesis of 
the intrahepatic hemorrhage associated with pregnancy.
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Despite all the diagnostic, preventive, predictive, and therapeutic efforts, pre-
eclampsia remains one of the main causes of maternal death in the world. This 
syndrome has the capacity to generate complications with high lethality, such as the 
development of a hepatic hematoma with its consequent rupture and maternal death.

The early identification or suspicion of a hepatic hematoma or hepatic rupture, 
together with the transfusion of blood products for the correction of coagulopathy, 
and the choice of a surgical intervention to stop the bleeding, will be key to achiev-
ing the survival of patients with diagnoses of preeclampsia/HELLP syndrome.
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Chapter 8
Pregnancy-Associated Thrombotic 
Thrombocytopenic Purpura 
and Hemolytic-Uremic Syndrome

Rania Magdi Ali, Bahaa El-Din Ewees Hassan, 
and Noura M. Youssri Mahmoud

 Introduction

Thrombotic thrombocytopenic purpura (TTP) and hemolytic-uremic syndrome 
(HUS) are part of thrombotic microangiopathy (TMA) syndromes, which represent 
a spectrum of disorders characterized by endothelial damage resulting in microvas-
cular thrombosis that leads to the mechanical shearing of erythrocytes and the con-
sumption of platelets. The microvascular thrombi also lead to end-organ damage, 
such as renal abnormalities and neurological symptoms. Accordingly, TMA typi-
cally presents with microangiopathic hemolytic anemia (MAHA), thrombocytope-
nia, and organ failure of variable severity [1]. Both TTP and HUS are not 
pregnancy-specific pathologic conditions but occur with higher incidence in preg-
nancy [2].

TMA during pregnancy represents a heterogeneous group that also includes 
hemolysis, elevated liver enzymes, low platelets (HELLP) syndrome, acute fatty 
liver of pregnancy (AFLP), antiphospholipid syndrome (APS), and systemic lupus 
erythematosus (SLE) besides TTP and HUS. It is important to note other pregnancy- 
related complications, like sepsis, placental abruption, and postpartum hemorrhage; 
they can present as TMA since they can cause MAHA, thrombocytopenia in addi-
tion to acute kidney injury [3].

Efficient differentiation of the causes of TMA diagnosed during pregnancy is 
sometimes difficult due to overlapping clinical and laboratory features. A high index 
of suspicion and collaboration of multi-dispensary approach of different specialties 
that include nephrologists, hematologists, obstetricians, and intensivists are essen-
tial to a timely diagnosis and treatment.
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 Hemostatic Changes of Normal Pregnancy

Normal gestation is associated with marked hemostatic changes, which lead to a 
hypercoagulable state and provide a protective effect against hemorrhage at deliv-
ery. There is an increase in procoagulant activity, together with a decrease in fibri-
nolytic activity [4].

ADAMTS13, a disintegrin and metalloprotease with thrombospondin type 1 
motif, member 13, is an enzyme required to break down ultra-large von Willebrand 
factor multimers (VWF), which increase platelet adhesion with subsequent throm-
botic occlusion of the microvasculature and platelet consumption [5]. VWF increase 
in pregnancy and return to normal levels over the puerperium period. In normal 
pregnant women, ADAMTS13 activity normally decreases in the second and third 
trimesters of pregnancy and return to pre-gestational levels over the puerperium 
period. In women with hereditary TTP, the increase in VWF may consume an 
already severely reduced ADAMTS13 level. Therefore, late-onset hereditary TTP 
can be revealed by pregnancy. Therefore, hereditary TTP can be revealed by preg-
nancy and complications is usually noted in untreated cases from the second trimes-
ter whereas the requirements for plasma increase to maintain a normal platelet count 
in cases under treatment [6].

During pregnancy, there is a reduction in the platelet count to 10% less than the 
pre-pregnancy level, particularly during the last trimester. The mechanisms are a 
combination of dilutional effects and acceleration of platelet destruction across the 
placenta. Most women still have platelet counts within the normal range at term. 
Nevertheless, if the starting count is at the lower end of the normal range, or there is 
a more severe reduction, thrombocytopenia occurs [7]. Hence, thrombocytopenia is 
often an incidental feature, but it might also provide a biomarker of a coexisting 
systemic or gestational disorder.

 Pathologic Feature

The central pathologic feature of TMA is the formation of platelet thrombi in the 
microvasculature which may produce tissue ischemia and infarction. In TTP, the 
platelet thrombi contain large amounts of von Willebrand factor (VWF). These 
thrombi cause shearing stress on the red blood cells passing through the Plasma 
antithrombin III causing fragmentation and thrombotic microangiopathic hemolytic 
anemia [1].

In HUS, hyperactivation of complement results in diffuse endothelial injury, with 
subsequent formation of fibrin and platelet microthrombi in the vasculature, leading 
to hemolysis, thrombocytopenia, and acute kidney injury [8]. In atypical HUS asso-
ciated with pregnancy, the primary pathology is in the renal arterioles and interlobu-
lar arteries. Widespread endothelial cell swelling leading to exposure of the 
underlying basement membrane is the main manifestation. Hence, the vessel lumens 
are occluded by red cells and platelet fibrin thrombi [6]. In atypical HUS associated 
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with pregnancy, the primary pathology is in the renal arterioles and interlobular 
arteries, with widespread endothelial cell swelling, leading to exposure of the 
underlying basement membrane. The vessel lumens are occluded by red cells and 
platelet fibrin thrombi [6].

Although TTP and HUS have pathologic features similar to those of TMA and 
similar clinical features, they are distinct entities with distinct etiologies and 
pathogenesis.

 Etiologies of TTP and HUS

 TTP

TTP is more common in women and at least half of all cases of TTP occur in women 
of childbearing age [6]. Pregnancy can be the trigger event for approximately 5–25% 
of TTP cases [2]. TTP usually occurs in the second part of pregnancy and sometimes 
in postpartum, but it is not ruled out during the first trimester of gestation [9].

TTP is characterized by a severe deficiency of ADAMTS13 [5]. There are two 
types of TTP: the acquired type caused by anti-ADAMTS13 immunoglobulin G and 
the hereditary type caused by the mutation of genes resulting in persisting ultra- 
large von Willebrand factor multimers. The acquired type is much more common 
than the hereditary type [7].

A deficiency in ADAMTS 13 activity, less than 40% but greater than 10%, can 
be seen in disseminated intravascular coagulopathy (DIC), HUS, preeclampsia, and 
the HELLP syndrome, but a severe deficiency of less than 5–10% of the normal 
activity and the presence of IgG antibodies are specific to TTP [10]. Altered 
ADAMTS13 activity and presence of antibody can be found in secondary causes of 
TTP such as human immunodeficiency virus infection (HIV), hepatitis B and C 
virus, or iatrogenic by some drugs [11].

Although hereditary TTP is much less common than acquired TTP, the relative 
frequency of hereditary TTP is higher among women presenting during their first 
pregnancy. Approximately 10% of women with acquired TTP and up to half of 
those with hereditary TTP present for the first-time during pregnancy or postpar-
tum, often the first pregnancy [12].

 HUS

There are two forms of HUS: typical and atypical forms. Typical HUS is more com-
mon in children than in adults; the most common cause is infection with Shiga-toxin 
producing Escherichia coli. It can also be associated with HIV, oral contraceptive 
pills, autoimmune diseases like systemic lupus erythematosus, bone marrow trans-
plantation, cancer, and cyclosporin and other medications [2].
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Pregnancy usually triggers atypical HUS—20% of all women present with atypi-
cal HUS for the first-time during pregnancy [12]. HUS is estimated to occur in 1 in 
25,000 pregnancies and up to 20% of them present with atypical HUS during the 
initial pregnancy, while the others have had previous unaffected gestations [12]. 
Further, 80% of affected women develop HUS postpartum, with the remainder dis-
tributed throughout all trimesters [8].

Atypical HUS associated with pregnancy is caused by dysregulation of the alter-
native complement pathway. It is most commonly hereditary with mutations of 
genes encoding complement regulatory proteins and pregnancy acts as a trigger in 
those with an underlying genetic predisposition. Also, it may also be acquired with 
antibodies to complement factor H, the major regulatory protein of the alternative 
complement pathway [3]. Several factors such as inflammation, drugs, cancer, pre-
eclampsia, maternal–fetal hemorrhage, and infections may act as a trigger for com-
plement activation in an already genetically susceptible individual [8]. In atypical 
HUS, ADAMTS13 activity may be normal or moderately reduced more than 10% 
but with no antibodies to ADAMTS13 [13].

 Diagnostic Criteria for TTP and HUS

Presentation of a TMA requires careful review of clinical features and laboratory 
parameters to aid in differential diagnosis.

 Clinical Features

The diagnostic criteria for TTP and HUS consist of a classic pentad of MAHA, 
thrombocytopenia, central nervous system abnormalities, fever, and renal impair-
ment [14]. The differentiation between TTP and HUS depends on the severity of 
thrombocytopenia, neurologic abnormalities, and kidney injury.

Patients with TTP typically have severe thrombocytopenia ranging between 10 
and 30,000/μL and may have overt neurologic abnormalities but rarely have severe 
kidney injury. Thrombocytopenia presents as petechiae, nose bleeding and, more 
rarely, hematuria and gastrointestinal bleeding. It is unusual to have any clinical 
signs or symptoms when the platelet count is greater than 50,000/μL, unless platelet 
function is also defective [7]. Neurological presentation could include loads of signs 
as headache, altered personality, reduced cognition, and transient ischemic attacks 
up to coma [15]. In HUS, generally the platelet count does not drop severely, overt 
neurological abnormalities are rare, and the most distinctive feature is the more 
severe kidney impairment that requires dialysis. In HUS, severe hypertension, con-
gestive heart failure, and neurologic symptoms develop secondary to uncontrolled 
renal failure [8].
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The classic pentad occurs in less than half of the patients of TTP and HUS. The 
triad of anemia, thrombocytopenia, and fluctuating neurologic abnormalities can be 
observed in up to 75% of the patients of TTP and the triad of anemia, thrombocyto-
penia, and renal impairment is the typical presentation in atypical HUS [6]. Hence, 
the diagnosis of TTP and HUS is often made by a dyad of thrombocytopenia and 
MAHA because of the discrepancy of non-hematological findings, whether fever, 
neurologic abnormalities, or renal impairment [14].

The gestation at presentation is a factor that promotes distinguishing diagnosis. 
Although pregnancy-associated TTP most commonly presents in the third trimes-
ter or postpartum period, TTP remains the most likely diagnosis of a TMA pre-
senting in the first trimester. Also, most cases of HUS occur postpartum [6]. 
Diagnosis is clear when a previously healthy woman presents in the first trimester 
with severe MAHA, thrombocytopenia, and neurologic dysfunction, which may 
be accompanied by renal insufficiency and fever. On the contrary, as term 
approaches, the overlap with the features of severe pre-eclampsia (PE) progres-
sively increases [12].

The diagnosis of atypical HUS becomes clear when a pregnant woman presents 
with progressive renal failure, thrombocytopenia with platelet counts above 50,000/
μL, MAHA, and, occasionally, evidence of ischemic tissue injury elsewhere in the 
absence of meeting the criteria for PE and HELLP. Meanwhile, in women, rapidly 
progressive postpartum acute kidney injury without an apparent cause for acute 
tubular necrosis implies atypical HUS. Before renal failure becomes the predomi-
nant feature, it is hard to reach a definitive diagnosis, especially when thrombocyto-
penia is severe or when extrarenal manifestations occur [12]. Extrarenal 
manifestations incorporate neurological involvement including seizures and altered 
consciousness, pancreatitis, cardiac involvement and myocardial infarction, cerebral 
artery thrombosis, digital gangrene, ocular involvement, and pulmonary involve-
ment. It is not known whether they are a consequence of the TMA, a direct effect of 
complement activation, or complications of AKI, such as severe hypertension and 
uremia [16].

 Differential Diagnosis

The diagnosis of TTP or HUS should be considered in the appropriate clinical con-
text after exclusion of other causes of TMA and thrombocytopenia.

 Pregnancy-Specific TMA

In pregnancy, the differentiation of TTP or HUS from other TMAs may be very dif-
ficult. The primary diagnostic challenge is the differentiation from acute fatty liver 
of pregnancy (AFLP), PE, and HELLP syndrome.
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 1. PE and HELLP syndrome

When a pregnant or postpartum woman develops severe MAHA and thrombocy-
topenia, three syndromes must be considered: preeclampsia with severe features 
and HELLP syndrome, TTP, and HUS in spite of the fact that other conditions can 
cause them.

PE is a multisystem disorder resulting from endothelial damage. PE is the most 
common cause of thrombocytopenia associated with TMA presenting after 20 weeks 
of gestation and uncommonly postpartum. Most women with PE develop thrombo-
cytopenia, with platelet counts generally above 100,000/μL and not below 50,000/
μL unless there are superimposed complications [12].

Although MAHA is not among the criteria defining PE with severe features, it 
commonly occurs with the HELLP syndrome. HELLP syndrome is a variant of 
PE.  TMA-like presentation occurs more profoundly in HELLP syndrome and is 
characterized by more severely elevated liver function tests than in PE. Biochemical 
changes consistent with DIC may be present in up to 10% of women and can be a 
marker of disease progression [12].

Features of PE and HELLP syndrome may be the initial presentation prior to the 
subsequent diagnosis of TTP or HUS [5]. Due to overlapping clinical and laboratory 
features, TTP and HUS are often mistaken for PE or HELLP. Unfortunately, delays 
in appropriate diagnosis and treatment may be life-threatening.

Development of seizures in woman with TMA proposes the differential diagno-
sis of eclampsia in addition to TTP. In such conditions, PE and HELLP syndrome 
could exclude the diagnosis of TTP by providing an alternative etiology for MAHA 
and thrombocytopenia, particularly that TTP is much less common than PE and 
HELLP syndrome [3].

TTP confers an increased risk of PE and HELLP syndrome particularly among 
women who have recovered from an acute episode of acquired TTP and who are at 
risk of recurrent acute episodes [10]. Therefore, the diagnosis of TTP must be consid-
ered in women with severe preeclampsia who have severe MAHA and thrombocyto-
penia. Moreover, the presence of transient focal abnormalities, such as weakness, 
numbness, and aphasia, in women with PE and HELLP syndrome suggests the diag-
nosis of TTP [17]. Instantly, renal involvement may be seen with PE, whereas in HUS, 
it is so aggressive that two-thirds of cases eventually develop end- stage renal failure [6].

In PE and HELLP syndrome, delivery of the baby is the definitive treatment and 
the clinical course after delivery may alter the diagnosis. In women with PE and 
HELLP syndrome, the average time for platelet recovery above 100,000/μL is 
3  days postdelivery [18]. LDH recovery may be slower than thrombocytopenia. 
Increasing platelet counts, in addition to decreasing LDH and creatinine, can be 
considered hallmark to exclude TTP or HUS. Whereas in women with PE and 
HELLP syndrome who do not show clinical and laboratory improvement within 
48–72  hours postdelivery, TTP should be considered as an alternative diagnosis 
[12]. Likewise, if women develop severe and progressive renal insufficiency postde-
livery, it suggests the diagnosis of HUS [3].
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 2. Acute fatty liver of pregnancy

Acute fatty liver of pregnancy (AFLP) may result from mitochondrial dys-
function and typically presents in the third trimester, although it rarely presents 
in the first and second trimesters. Most women presentation is non-specific, it 
usually presents with nausea or vomiting and pain in right upper quadrant or 
epigastric or else presents with signs and symptoms consistent with PE. AFLP is 
characterized by impaired hepatic function reflected as encephalopathy, marked 
elevations in transaminases and bilirubin together with hypoglycemia. 
Hypoglycemia is a key diagnostic feature not seen in related conditions. 
Reduction in plasma antithrombin III may be an early marker of AFLP, and 
coagulopathy up to DIC picture can develop. Thrombocytopenia is not uncom-
mon, and usually mild to moderate. Renal impairment with elevated creatinine 
associated with blood pressures in the normal range can help the diagnosis of 
AFLP [13].

Diagnosis is made by combination of clinical and biochemical features and can 
be supported by using Swansea criteria [19] which require 6 or more of 14 features 
in the absence of another explanation. The 14 features include vomiting, abdominal 
pain, polydipsia/ polyuria, encephalopathy, hyperbilirubinemia, elevated transami-
nases, hypoglycemia, coagulopathy, hyperuricemia, hyperammonemia, renal 
impairment, leukocytosis, ascites or bright liver on ultrasound scan, micro vesicular 
steatosis on liver biopsy. However, it is usually impossible to undertake liver biopsy 
because of the coagulopathy [6].

 Pregnancy Non-specific TMA

TMA can develop in patients with APS, SLE, and DIC in addition to other forms of 
vasculitis or scleroderma, allogeneic bone marrow transplantation, allograft rejec-
tion, and graft-versus-host disease. They present as MAHA in association with 
thrombocytopenia. There is insufficient information to determine whether preg-
nancy poses an increased risk of TMA in these settings or not [12]. The clinical 
picture of TMA, SLE, and APS may overlap and, if any of them coexist in the same 
patient, the diagnosis may be difficult at the time of initial presentation.

 1. Systemic lupus erythematosus

SLE can mimic all clinical features of TTP. SLE may present with hemolytic 
anemia, thrombocytopenia, neurologic deficits, fever, renal insufficiency and even 
can present with low levels of ADAMTS-13. TTP can present in approximately 2% 
of the patients with SLE, commonly in patients with active SLE disease. Patients 
present with antiphospholipid and ⁄ or lupus anticoagulant have an increased risk of 
thromboembolism compared with those who lack these antibodies. TTP occurring 
in pregnant patients with SLE has potentially higher mortality than either disease 
alone [20].
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 2. Antiphospholipid syndromes

APL may be associated with PE in addition to thrombosis and recurrent fetal 
loss, and have been described in patients with HELLP, HUS, or TTP [20].

 3. Disseminated intravascular coagulation

DIC is characterized by the activation of the coagulation system, microvascular 
thrombus formation in different organs, and multiple organ failure. In pregnancy, 
DIC is caused by several causes, the most important being placental abruption, 
amniotic embolus, and uterine rupture. It is defined by an increase in the prothrom-
bin time (PT), aPTT, thrombocytopenia, decreased fibrinogen, fibrin degradation 
product accumulation, and the presence of D-dimers. Notably, the degree of hemo-
lysis and thrombocytopenia is less profound [12].

It can be very difficult to differentiate DIC from HUS and TTP. The very low 
platelet count with normal international normalized ratio (INR), partial thrombo-
plastin time (PTT), and D-dimer in a patient with marked thrombocytopenia makes 
DIC less likely. Notably, some patients initially diagnosed with TTP were later con-
firmed to have DIC [2].

Sepsis, disseminated malignancy, and systemic vasculitis may all be associated 
with microangiopathy, primarily due to associated DIC. Sepsis with DIC must be 
excluded in acutely ill patients with fever, thrombocytopenia, and multiorgan dys-
function. High spiking fevers and rigors are not characteristic of TTP and suggest 
sepsis [2].

 Pregnancy-Related Thrombocytopenia

Thrombocytopenia develops in 5–10% of women during pregnancy or in the imme-
diate postpartum period. A low platelet count is often an incidental feature of preg-
nancy, but it might also provide a biomarker of a coexisting systemic or gestational 
disorder.

 1. Pseudo thrombocytopenia

They induce platelet aggregation, resulting in false low platelet count. Pseudo 
thrombocytopenia is often seen when anticoagulants such as EDTA are used when 
collecting blood. A peripheral blood smear is important for establishing the diagno-
sis; the platelets are seen arranged in stacks [2].

 2. Immune thrombocytopenia (ITP)

ITP is the most common cause of a decrease in platelet count below 50,000/μL 
in the first and second trimesters [12]. There is no laboratory test to distinguish ITP 
from other causes of maternal thrombocytopenia. Patients could be completely 
asymptomatic or present ecchymosis, petechiae, purpura, gum bleeding, or menor-
rhagia. The diagnosis is clinical and based on a personal history of bleeding, a low 
platelet count prior to pregnancy or may present with other immune mediated dis-
eases. The therapeutic response to steroids or intravenous immunoglobulins can 
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contribute to the diagnosis of ITP. A peripheral blood smear reflects only thrombo-
cytopenia without unusually small or giant platelets [2].

 3. Von Willebrand disease type IIb

It is a rare cause of thrombocytopenia in pregnancy. Thrombocytopenia is justi-
fied by increased platelet aggregation as a result to von Willebrand factor elevated 
affinity to the platelet receptor of glycoprotein 1b. Women with this condition may 
present with thrombocytopenia for the first time in pregnancy and platelets can drop 
to values below 20-30 000/μL [2].

 4. Drug-induced thrombocytopenia

Thrombocytopenia is a frequent adverse effect of commonly used drugs. 
Heparin-induced thrombocytopenia (HIT) can rarely occur with the administration 
of unfractionated heparin but not with the use of low-molecular-weight heparin in 
pregnancy [7]. In HIT, thrombosis is the cause of thrombocytopenia and ischemic 
manifestations. HIT can be distinguished from TTP and HUS by the absence of 
hemolysis and red blood cell fragmentation.

 5. Viral infection

Almost any virus, particularly HIV and cytomegalovirus infections, can cause a 
reduction in platelet count. This is usually transient but may extend for several 
weeks [7].

 Laboratory Parameters

Laboratory investigations are useful in establishing the diagnosis of TTP and HUS.

 Laboratory Investigations to Identify TMA

Thrombotic microangiopathy should be suspected in any patient presenting with 
unexplained MAHA and thrombocytopenia. Corresponding blood film changes 
include anemia, polychromasia (abnormally large number of immature red blood 
cells in the bloodstream), reticulocytosis, thrombocytopenia, and fragmented red 
blood cells. Schistocytes usually form more than 1% of red cells in the blood 
smear [1]. However, in the appropriate clinical context, the mere presence of schis-
tocytes is adequate. TMA may present without schistocytosis, just at initial presen-
tation and in the setting of early relapse. The coagulation screen, prothrombin 
time, activated partial thromboplastin time, fibrinogen, and D-dimers are often 
normal [21].

Thrombocytopenia is defined as a platelet count of less than 150,000/μL and 
only a platelet count less than 100,000/μL is clinically significant [22]. The sever-
ity of thrombocytopenia is an important biomarker of a coexisting systemic or 
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gestational disorder. Although thrombocytopenia always occurs in PE and 
HELLP syndrome, it is typically not severe. In contrast, thrombocytopenia among 
TTP patients is always severe. The platelet count typically ranges from 10,000/
μL to 30,000/μL [23], while in HUS, the platelet count is usually above 50,000/
μL [24].

Classic biochemical evidence of nonimmune hemolysis includes high lactate 
dehydrogenase (LDH) and indirect bilirubin and low haptoglobin levels in addition 
to a negative direct antiglobulin test [21]. Serum lactate dehydrogenase (LDH) lev-
els may be very high in TTP and HUS, as well as PE and HELLP syndrome. LDH 
is often increased out of proportion to the degree of hemolysis due to associated 
tissue ischemia. Nevertheless, it has a diagnostic and prognostic value. Notably, the 
LDH reference range changes with pregnancy and is more than twice the non- 
pregnant level in the third trimester [3].

 Laboratory Investigations to Determine the Cause of TMA

The cause of TMA may not be obvious initially, but the differential diagnosis can be 
narrowed down quickly by performing multiple laboratory investigations.

TTP is characterized by a severe ADAMTS13 deficiency of less than 5–10%, and 
its activity should be measured in all patients in whom the diagnosis of TTP is sus-
pected. However, because the results of ADAMTS13 activity measurements may 
not be available for several days and because it is not always available, the initial 
diagnosis of TTP and the decision to begin plasma exchange treatment are based on 
clinical judgment [25].

The diagnosis of atypical HUS is suspected when a woman presents with TMA 
and progressive renal impairment. Shiga-toxin-induced HUS is excluded by per-
forming a stool culture and a molecular detection of Shiga toxin using polymerase 
chain reaction assay [1]. Renal impairment can be identified by raised serum creati-
nine levels above 2.2 mg/dl. Urinalysis may reveal only mild proteinuria, micro-
scopic hematuria, and few casts. A progressive rise in serum creatinine or the need 
for dialysis on initial presentation of women with PE and HELLP syndrome sug-
gests the diagnosis of HUS regardless of the fact that the criteria for acute kidney 
injury at diagnosis can be part of PE and HELLP syndrome [24].

The role of genetic testing during the initial evaluation of atypical HUS remains 
limited as patients with a confident clinical diagnosis of HUS do not have an identi-
fied complement mutation. The greatest value of genetic testing is to provide infor-
mation about the risk of recurrence and for planning long-term management. 
Consumption of plasma C3 and C4 and generation of soluble C5b-9 complexes are 
seen in some forms of HUS but are not diagnostic [26].

A marked increase in liver function tests suggests PE and HELLP syndrome or 
AFL. Antiphospholipid antibodies and lupus anticoagulant, and serologies for sys-
temic lupus erythematosus are done if laboratory data, history, and physical exami-
nation suspect the diagnosis. Viral screening for HIV, hepatitis C virus, and hepatitis 
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B virus, and Helicobacter pylori testing are also recommended [1]. Plasma anti-
thrombin III level is helpful in differentiating among the various causes of TMA, 
being reduced in PE and normal in TTP [12].

 Management of TTP and HUS

The cause of TMA is usually established after a complete evaluation. However, the 
results of the investigations are not available immediately, while immediate man-
agement decisions are required. Acute decision-making is time-critical. The priority 
should be the consideration of TTP, because maternal mortality can be reduced by 
80–90% in women who are promptly treated [12]. Therefore, plasma exchange 
should be instituted, after obtaining a sample for ADAMTS13 activity testing if 
available, on the presumption that it is TTP until proved otherwise. If the ADAMTS13 
result excludes TTP, then complement-mediated atypical HUS is assumed and treat-
ment with eculizumab is recommended if it is yet again available [16].

The goal of treatment in TTP or HUS is to continue the pregnancy until an appro-
priate time for delivery. There is no evidence to suggest that either anticomplement 
treatment or plasma exchange is harmful for the fetus. There is no evidence to sug-
gest that delivery is beneficial for either TTP or HUS. The postpartum period appears 
to have as much risk as during gestation for TTP and particularly for HUS [3].

Although the clinical features of both TTP and HUS appear to be alike, they get 
different treatment modalities.

 Plasma Therapy

 TTP

The efficacy of plasma therapy depends on the supplement of large amounts of 
ADAMTS13 in addition to removal of the inhibitory antibodies such as in case of 
plasma exchange. In the hereditary cases, infusion of fresh frozen plasma is enough 
since they do not have antibodies [7].

Plasma infusion of 10–15  mL/kg IV is recommended with attention to avoid 
volume overload. If the volume of plasma to be infused cannot be tolerated, then 
plasma exchange is recommended [1]. The half‐life of ADAMTS13 is 2–3 days, 
nevertheless the optimal frequency of plasma replacement during pregnancy is vari-
able. Every 1–2 week initially may be enough while maintenance infusions is indi-
vidually guided by the platelet counts and serum LDH concentrations [5].

The plasma exchange treatment course consists of daily 1–1.5 plasma volume 
exchanges using plasma as the replacement fluid. Various types of plasma are 
treated to reduce the viral transmission or manipulated to reduce the level of vWF 
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multimers like the cryosupernatant plasma, which is plasma that remains after the 
cryoprecipitate is prepared. Nevertheless, none of these products has shown superi-
ority over regular plasma as plasma exchange replacement fluid [27].

Similarly, the frequency of exchange is based on platelet count and LDH con-
centrations, and is repeated until the normal levels are reached [5]. Noting that 
absence of schistocytes is not necessary before discontinuation of plasma exchange. 
Once platelet counts have normalized, plasma exchange can either be stopped 
abruptly or weaned, with increasing time between procedures. It is important to 
note that there is no evidence demonstrating the superiority of weaning compared 
with abruptly stopping therapy [1]. 

Afterward and up until the postpartum period, platelet count and LDH concen-
trations are monitored and subsequently plasma infusion can be administered. 
However, if there is poor response plasma exchange can be restarted according to 
the platelet count [6].

 HUS

Plasma exchange should be started in the acute setting with identification of the 
dyad of thrombocytopenia and MAHA. However, once endorsement of ADAMTS13 
levels, if available, complement inhibition with eculizumab is the therapy of 
choice [16].

In atypical HUS, the mainstay of plasma exchange is replacing the mutant dys-
functional forms of proteins with normal regular proteins. Although plasma therapy 
may improve the hematologic parameters, especially if associated with acquired 
anti-complement factor H antibodies, but unfortunately with lesser renal improve-
ment [28]. It is recommended to start plasma exchange before hemodialysis if the 
latter is also necessary [1].

Eculizumab is not always available. In many parts of the world, the cost of ecu-
lizumab precludes its use, and plasma exchange remains the only treatment for 
atypical HUS [29]. The installation of both plasma therapy and eculizumab concur-
rently requires the need for additional eculizumab doses and therefore increases the 
cost of treatment significantly [3].

 PE and HELLP Syndrome

Plasma exchange is applicable for severe preeclampsia and HELLP syndrome when 
spontaneous recovery following delivery is doubtful and clinical worsening or mor-
tality is expected [14].
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 Anticomplement Eculizumab

Eculizumab is a monoclonal anti-C5 inhibitor and has been used in pregnancy in 
women with paroxysmal nocturnal hematuria. Eculizumab is safe in pregnancy and 
in lactating mothers. The main concerns are the high costs and the risk of Neisseria 
infection, thus vaccination prior to treatment is required and long-term antibiotic 
prophylaxis is recommended for up to three months after withdrawal [6, 12].

Eculizumab increases platelet counts, improves renal function, reduces the need 
for renal replacement therapy, and improves the overall quality of life for patients 
with HUS [2]. Pregnancy may require an increase in the dosage and/or frequency of 
eculizumab infusions due to the increase in the distribution volume or C5 synthesis. 
Thus, a careful monitoring of complement blockade is mandatory [30].

It is worth mentioning that there is subjective experience with the use of eculi-
zumab in some patients with HELLP as some abnormalities in complement regula-
tory pathways have been described in HELLP [16]. However, preeclampsia has 
occurred in women taking eculizumab for paroxysmal nocturnal hemoglobinuria 
[31] and aHUS [30].

 Platelet Transfusions

TMA is a disorder of microcirculatory thrombosis and severe hemorrhage is rare. In 
HELLP syndrome and AFL, platelet transfusions may be useful in severely affected 
mothers. Conversely, administration of platelets to a patient with TTP or HUS may 
deteriorate the clinical picture by increasing thrombosis. Therefore, platelet transfu-
sion should be avoided and reserved to cases with life-threatening bleeding or when 
an invasive procedure is required. Nevertheless, platelets should not be withheld in 
a bleeding patient due to this concern [32].

 Glucocorticoids

In the era of plasma therapy, assessing the additional benefit of secondary therapies 
is difficult. Steroids can reduce the production of the ADAMTS13 inhibitor in 
patients with hereditary TTP [33]. Although evidence from randomized clinical trial 
is lacking, either prednisone 1 mg per kg daily orally or methylprednisolone 125 mg 
IV 2–4 times daily has been recommended at the same time as plasma exchange, 
then gradually tapered off once remission is achieved [1].
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 Others

Rituximab, anti-CD20 therapy, is reserved for the refractory situations. Rituximab 
has been used in pregnancy for a variety of other autoimmune conditions [34]. The 
evidence on the use of azathioprine, or other modalities in women with TTP who do 
not respond to plasmapheresis, is limited. Factor VIII preparation containing 
ADAMTS13 has been used; data on the use of recombinant ADAMTS13 are 
needed [12].

 Antiplatelet and Anti-coagulant Agents

Low-dose aspirin and low-molecular-weight heparin augment the potential for 
hemorrhagic complications without proven benefit. They can only be advocated 
once the platelet count is greater than 500,000/μL during pregnancy to avoid the 
effect of microthrombi formation on placenta [5]. Women with a previous preg-
nancy loss due to TTP or with low ADAMTS13 activity at the onset of pregnancy 
can be assumed to be at increased risk of further placental disorder in subsequent 
pregnancies. However, recommendations for the use of anticoagulants in these 
patients have low evidence [6].

 Supportive Care

These often critically ill patients require appropriately intensive supportive care. 
Red blood cell transfusions are usually indicated based on the initial hemoglobin 
level and degree of hemolysis. Hypertension may necessitate medical intervention. 
Hemodialysis may be indicated for severe renal insufficiency. Seizures may develop 
during illness, and anti-convulsant therapy is indicated in such patients.

 Mode of Delivery

If delivery is required urgently, for instance, because of progressive clinical symp-
toms or fetal distress, cesarean section is usually performed. Intensive plasma 
exchange pre-cesarean should be considered if time permits. Pulsed methylpred-
nisolone 500–1000 mg IV daily for 2–4 consecutive days in those with acquired 
TTP could be given post-plasma exchange [6].

It is advisable to consider delivery at a maximum of 37-week gestation [6]. 
Induction of labor and vaginal delivery is encouraged. Vaginal delivery is safe when 
the platelet count is higher than 30,000/μL.  For operative vaginal or cesarean 
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deliveries, the safe platelet count should be at least 50,000/μL. The exact platelet 
number needed to achieve a safe epidural anesthesia is not established but 
75,000–85,000/μL is considered appropriate as there is a theoretical concern over 
the risk of epidural hematoma with lower platelet counts. Spontaneous bleeding 
may occur with less than 20,000/μL and the risk of internal bleeding is increased if 
the platelet count falls below 10,000/μL [2].

 Fetal Outcomes

When TTP occurs in the first and second trimesters, the stillbirth rate in TTP is 
frequent, mainly due to intrauterine fetal death, spontaneous abortions, and prema-
turity caused by widespread placental ischemia. Conversely, when TTP develops 
closer to term and when maternal treatment has been effective, the incidence of 
healthy live births approaches 75–90% [10]. It is worth noting that no cases of fetal 
thrombocytopenia or hemolytic anemia have been described, although the anti- 
ADAMTS13 antibodies cross the placental barrier [12]. On the other hand, in 
women with atypical HUS, the risk of fetal loss is lower, ranging from 10% to 20%, 
which may reflect the capture of microthrombi by the maternal renal microvascula-
ture [9].

 Long-Term Outcomes

Women who have recovered from TTP or HUS have significant long-term morbidi-
ties. Concerning TTP, they have increased frequency of abnormal kidney function 
[35], minor cognitive impairment, severe depression, and systemic lupus erythema-
tosus [36]. Then again, regarding atypical HUS greater than 75% of cases develop 
ESRD despite plasma exchange [24] whereas in the era of eculizumab, this high
prevalence of ESRD is diminishing [3].

 Considerations for Subsequent Pregnancies

TTP and HUS are not contraindications to pregnancy in women who have had a 
history of either acute TTP or HUS unrelated to pregnancy. Accordingly, there 
should be a multidisciplinary supervision with hematologists and obstetricians, 
and patients should have regular fetal growth scans and uterine artery Doppler 
studies during pregnancy [6]. Women who have recovered from TTP or atypical 
HUS may also have an increased risk of PE during subsequent pregnancies 
[6, 12].
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 TTP

In TTP, close monitoring of ADAMTS13 activity and antibody is an absolute 
requirement prior to or early in the first trimester of pregnancy to identify women at 
highest risk who require close surveillance.

In women with a history of acquired TTP who subsequently become pregnant, it 
is not as easy to predict who may relapse. The risk of recurrence and the negative 
impact on the pregnancy itself are not clear as supporting data are limited. 
ADAMTS13 activity at the onset of pregnancy is a useful prognostic marker. Platelet 
counts should be followed monthly in case of normal levels of ADAMTS13 at the 
onset of pregnancy. If ADAMTS13 activity is lower than 10% at the onset of preg-
nancy, regular plasma exchange throughout pregnancy is recommended [6].

In women with a history of hereditary ADAMTS13 deficiency, the risk of relapse 
in the subsequent pregnancies is absolute. Prophylaxis with serial plasma infusions 
should be strongly considered throughout subsequent gestations. Plasma exchange 
may be required, particularly later in pregnancy [37].

 Atypical HUS

In patients with a known history of atypical HUS, there is 10–30% risk of recur-
rence in subsequent pregnancies [24]. As soon as pregnancy is confirmed in women 
on anti‐hypertensive therapy, antihypertensive drugs should be revised to ensure 
that they are appropriate during pregnancy particularly if the patient is on angioten-
sin‐converting‐enzyme inhibitors. Whereas in women not on anti‐hypertensive ther-
apy, strict monitoring of the blood pressure is mandatory. It is common for renal 
protein leak to increase during pregnancy associated HUS. Hence, monitoring of 
protein‐creatinine ratios in conjunction with creatinine levels is vital in such cases 
of pregnancy associated HUS [6].

In women on anticomplement therapy prior to pregnancy, eculizumab should 
continue to the postpartum period, which is the greatest period of relapse. Conversely, 
in women who are not already on eculizumab, it is difficult to predict a relapse using 
routine laboratory parameters. Like in hereditary TTP, starting eculizumab at least 
by the second trimester and until the end of the postpartum period is appropriate [6].
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Chapter 9
Hyperemesis Gravidarum

V. Ariatna Aguilera

 Introduction

Antoine Dubois, a consultant surgeon and a head obstetrician to Napoleon Bonaparte 
and his second wife Empress Marie Louise, as a physician who first identified the 
condition in 1852. Dubois is thought to have first described the syndrome during his 
address before the French Academy of Medicine when he spoke about the finding 
of “pernicious vomiting of pregnancy” [1].

The prevalence of hyperemesis gravidarum is approximately 0.3–3% of pregnan-
cies and varies on account of different diagnostic criteria and ethnic variation in 
study populations. Notwithstanding, most studies agree that hyperemesis gravi-
darum is more common among young, primiparous mothers who are non- Caucasian 
and nonsmokers [2].

The etiology of hyperemesis gravidarum is likely multifactorial. With typical 
onset at 4–8  weeks of pregnancy and continuing through weeks 14–16 of preg-
nancy [3].

 Clinical Diagnosis

According to the latest American College of Obstetricians and Gynecologists 
(ACOG) guidelines on Nausea and Vomiting during pregnancy (2015), there still is 
no single accepted definition of hyperemesis gravidarum (HG).
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The most commonly cited criteria for diagnosis of hyperemesis gravidarum 
include the following:

• Persistent vomiting not related to other causes
• An objective measure of acute starvation (usually large ketonuria on urine 

analysis)
• Electrolyte abnormalities and acid-base disturbances, as well as weight loss

Weight loss is often cited as at least 5% loss of pre-pregnancy weight [3].

Recently, a classification system was created to categorize hyperemesis gravi-
darum called the pregnancy-unique quantification of emesis and nausea (PUQE) 
scoring index. This index accounts for the daily number of vomiting episodes, the 
length of nausea per day in hours, and the number of retching episodes per day [4].

Of note, the ACOG 2015 guidelines recommend that serum thyroid function 
studies should be obtained only in the presence of other signs of hyperthyroidism 
such as a palpable goiter. Several studies also recommend testing for Helicobacter 
pylori infection, as gastric ulcers can be a contributing factor to persistent, refrac-
tory hyperemesis gravidarum [3].

 Etiology

No discrete mechanism of pathogenesis has yet been established, but the number of 
proposed associations continues to suggest that the etiology of hyperemesis gravi-
darum (HG) is likely multifactorial [5]. Mechanism such as:

• Psychiatric Background: Current studies regarding this topic are targeted at eval-
uating the development of depression, anxiety, posttraumatic stress disorder, and 
other psychiatric disorders as an effect of hyperemesis gravidarum, rather than 
a cause.

• There exists a number of hypotheses regarding hormonal causes of hyperemesis 
gravidarum like levels of serum human chorionic gonadotropin (hCG), estrogen, 
and progesterone.

• Genetics: One of the more prevailing theories on the etiology of hyperemesis 
gravidarum is the importance of genetic factors in its pathogenesis [5].

• Thyroid hormone: In early pregnancy, physiological stimulation of the thyroid 
gland occasionally leads to gestational transient thyrotoxicosis (GTT). GTT has 
been observed in up to two-thirds of women suffering from hyperemesis [5].

 Therapeutic Options

A wide range of interventions have been studied in randomized control trials (RCTs) 
for management of hyperemesis gravidarum, starting from supportive measures, 
such as hydration, to preconception supplementation with prenatal vitamins for 
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3  months prior to conception. Various outpatient and inpatient pharmacological 
methods and alternative medicine methods such as acupuncture [3] have also been 
described [5].

Some drugs described in the management of hyperemesis are [5] as follows:

• Diclegis is an antihistamine (H1 blocker) with vitamin B6 (cofactor in enzymatic 
reactions), with a clinical benefit mainly in nausea/vomiting of pregnancy. May 
aid in pretreatment of HG. Pregnancy category A.

• Ondansetron is a selective 5-HT3 receptor antagonist. It is consider first-line 
treatment in HG. Pregnancy category B.

• Metoclopramide is an anti-HT3 with antidopaminergic properties. Prokinetic 
agent first-line treatment in HG. Pregnancy category B.

• Clonidine is a centrally acting alpha-agonist. Pilot studies show benefit in refrac-
tory HG. Pregnancy category C.

• Promethazine is a weak antidopaminergic and antiserotonin receptor activity in 
CNS, antimuscarinic, long-lasting antihistamine action. Small-scale studies for 
refractory HG show benefit of addition of promethazine to first-line treatment. 
Pregnancy category C.

• Prednisone with multifactorial mechanism of action. Small-scale studies show 
addition of prednisone decreases daily episodes of emesis. Pregnancy category C.

• Mirtazapine with multifactorial mechanism of action: adrenergic alpha2 antago-
nist, serotonin 5-HT2, and 5-HT3 antagonism with histaminergic and muscarinic 
effects. It shows benefit in symptomatic relief in small-scale studies of refractory 
HG. Pregnancy category C; Strong association of prednisone exposure and fetal 
oral cleft defects [5].

 Maternal Complications

 A. Wernicke’s Encephalopathy

 Introduction

Wernicke’s encephalopathy (WE) is an acute neurological condition caused by vita-
min B1 or thiamine deficiency, which is potentially fatal that can lead to Korsakoff 
syndrome, coma, and death [6]. It was first described in 1881, by the polish neurolo-
gist Carl Wernicke, as a clinical triad characterized by ophthalmoplegia, ataxia, and 
mental confusion [7].

In the United States, the majority of cases appear in alcoholics, patients with 
malnutrition secondary to hyperemesis gravidarum (HG), starvation, diabetic keto-
sis, cancer, acquired immunodeficiency syndrome (AIDS), or administration of par-
enteral glucose in a state of low thiamine reserve [8].

Wernicke’s encephalopathy complicates 0.1–0.5% of pregnancies and has a 
10–20% of mortality [10].
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Thiamine deficiency causes significant decrease on utilization of cerebral glu-
cose utilization and causes mitochondrial damage [11].

The diagnosis should be suspected in patients with a history of neurological 
symptoms (apathy and mental confusion). Magnetic resonance imaging (MRI) is 
the gold standard method, and it demarcates hyperdense, bilateral, and symmetric 
lesions around the fourth ventricle. However, the best diagnostic method is measur-
ing the level of neurological response to the administration of thiamine [12–15].

Symptoms usually reverse in the first hours or days after the administration of 
thiamine. In 53% of cases, symptoms reverse during the first three months [16]. In 
an English literature review of Di Gangi and his group [15] that included 62 publi-
cations of Wernicke’s encephalopathy (WE), it was observed that the average gesta-
tional age at which the disease was presented was 14.6 ± 3.9 weeks. The vomiting 
clinic was 7.3 ± 3.2 weeks prior to encephalopathy. Of these patients, 26% required 
parenteral treatment.

It can be developed in patients with hyperemesis gravidarum (HG), since thia-
mine deposits are altered by the needs of the growing fetus, and the presence of 
incoercible vomiting leads to a decrease in food intake, malnutrition, and malab-
sorption [18].

It has been suggested that almost 70% of WE cases are not diagnosed before 
severe complications occur [17]. As of June 2008, only 45 cases of pregnant patients 
had been reported in the world literature [19].

Risk Factors

Main causes of thiamine deficiency [20, 21]

Chronic alcoholism
Hyperemesis gravidarum (HG)
Malnutrition
Fast
Vomiting
Anorexia nervosa
Dialysis and kidney diseases
Infections
Intoxications
Thyroid diseases
Cancer
Acquired immunodeficiency syndrome
Gastrointestinal surgery/digestive tract pathology

The most common cause of thiamine deficiency is malnutrition secondary to 
alcoholism. Other causes may be due to dietary deficiency (beriberi, anorexia ner-
vosa), systemic diseases (disseminated tuberculosis), treatment with diuretics, 
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iatrogenic (chronic hemodialysis), and hyperemesis gravidarum, although this 
remains a diagnosis little recognized by its low frequency [22].

For its part, hyperemesis gravidarum is a syndrome that occurs in the first half of 
pregnancy, affecting pregnant women in 0.3–2%, is characterized by incoercible 
nausea and vomiting causing weight loss, dehydration, ketoneuria, and hydroelec-
trolytic disorders attributed to the hormonal peak of hCG and estradiol [23, 24].

Some predisposing risk factors for HG are the history of multiple gestation, pre-
vious caesarean section, previous HG, conception by assisted reproduction tech-
niques, molar pregnancy, gestational diabetes, depressive disorders, hyperthyroid 
disorders, peptic ulcer, and asthma [25, 26].

HG occurs in young, primiparous, low social strata women, and with female 
products 55.6% compared to male products 44.4%.

Pathogenesis

Thiamine was the first vitamin B identified, so it was called B12. It is a water- 
soluble vitamin, which is actively reabsorbed in the duodenum [28, 29] and is 
deposited in the muscle, heart, liver, kidneys and brain, although its most important 
place of storage is muscle [29, 30]. Thiamine pyrophosphate is the biological active 
form, an essential coenzyme in many brain biochemical processes [31]. Thiamine is 
a cofactor of several enzymes such as transketolase, pyruvate dehydrogenase, and 
alpha-ketoglutarate dehydrogenase.

The Sources of Thiamine

The primary sources of this vitamin are yeasts, pork, legumes, beef, whole grains 
and nuts, and the average intake from food is 2 mg/day. Tea, coffee, raw fish, and 
shellfish contain thiamines that destroy vitamins, so that the consumption of these 
foods decreases the reserve of this vitamin [27].

Body reserves are 25–30 mg (approximately 18 days of storage), so they can be 
depleted in 2 weeks if not replenished [31].

Thiamine Deficiency

There is a decrease in the activity of transketolase, which involves focal lactic aci-
dosis, cerebral energetic alteration, and depolarization of neurons by n-methyl-d- 
aspartate. This causes alterations of the blood-brain barrier, generation of free 
radicals, and cell death due to apoptosis and necrosis [19].

Nearly 46.9% of patients have the classic triad of ophthalmoplegia, ataxia, and 
mental confusion. It is possible that at first, only one or two nonspecific symptoms 
appear such as apathy, decreased attention, disorientation, tachycardia, hypoten-
sion, hypothermia, and seizures [6].
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It is important to take into account that in these pregnant patients the picture may 
be precipitated if glucose serums are administered repeatedly or in situations of 
hyperthyroidism or thyrotoxicosis.

Di Gangi and his collaborators [15] observed that ocular alterations appear in 
95.2% of patients and of them horizontal nystagmus is the most frequent.

Brain alterations appear in 82.5%, ataxia in 74.6% and confusion and hypotonia 
in 60.3% of cases. Mild memory impairments arise in 52.3% of cases and severe 
disorders of consciousness in 30.1%.

Chiosii and his group2 carried out a review in 49 patients with hyperemesis grav-
idarum, in which only 47% had the classic triad.

The ocular symptoms appeared in 96% of the cases, and manifested as: nystag-
mus, weakness, or paralysis of the straight muscles producing diplopia, ptosis, arre-
active myotic pupils, small retinal hemorrhages, and papillae edema. The ataxia 
appeared in 96%, and manifested itself as alterations of gait and posture, with slow 
and staggered gait.

Among the cognitive alterations, amnestic syndrome-confabulation, restlessness, 
stupor and, in severe cases, coma stand out. It has been reported that 80% of patients 
who survive have Korsakoff syndrome, characterized by behavioral abnormalities, con-
fabulations, and memory impairment (anterograde and retrograde amnesia) [20, 31].

Diagnosis

Suspicion before any pregnant patient with hyperemesis gravidarum and neurologi-
cal alteration. The diagnosis can be made by ataxia, mental confusion, and visual 
disturbances that are present in almost all cases. Horizontal nystagmus is the most 
frequent. 10% of patients with WE do not have alterations in mental status, but 
alterations in memory and cognitive deficits are detected [33].

Magnetic resonance imaging (MRI) is the gold standard for diagnosis. This has 
a sensitivity of 53% and specificity of 93%. It is important for the initial diagnosis 
and the exclusion of other causes. The characteristic lesions are hyperintense, bilat-
eral, and symmetrical and involve the mammillary bodies, hypothalamic nuclei, 
periaqueductal gray matter, superior cerebellar vermis, midline, third, and fourth 
ventricles [21, 32]. There is often endothelial proliferation, demyelination, and 
some neuronal loss. The amnestic defect is related to the presence of lesions in the 
internal dorsal nuclei of the thalamus [11].

Serum determinations of thiamine and transketolase activity in erythrocytes are 
difficult to interpret and are not performed routinely.

The best diagnostic test is the response to the administration of thiamine.

Treatment and Prognosis

Wernicke’s encephalopathy is a medical emergency and requires the immediate 
administration of thiamine [9].
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At present there is no consensus about the optimal daily dose. The half-life of 
thiamine is 96 minutes, so administration in several doses can achieve better brain 
penetration than with only one dose [34].

When a pregnant woman presents with characteristic symptoms, a dose of 0.5–2 
grams of intravenous thiamine should be received prior to providing oral or paren-
teral carbohydrates, since in a state of poor vitamin B1 reserve the administration of 
dextrose exacerbates the process of cerebral apoptosis by providing more substrate 
for biochemical pathways without the necessary coenzymes.

Guidelines of the European Federation of Neurological Societies (EFNS) recom-
mend a dose of 200 mg three times a day, intravenously, before any carbohydrate, 
until symptoms and signs diminish [21].

The Royal College of Physicians of London developed a protocol through a 
high-potency complex of vitamin B, with a minimum of 500 mg of thiamine intra-
venously, three times a day for 3 days, in case of good response should continue 
with 500 mg daily for 5 days or until clinical improvement occurs [30]. In patients 
with risk factors for WE, prophylactic thiamine treatment should be initiated at a 
dose of 250 mg daily for 3 or 5 days, and in case of requiring glucose serums, they 
should always be supplemented with thiamine. They recommend continuing a dose 
of 30 mg of thiamine twice daily for a minimum of 3 months [21].

Symptoms may reverse within the first hours or days after the administration of 
thiamine. In 53.9% of the cases, the symptoms revert during the first 3 months [15], 
leaving the nystagmus, ataxia, memory disorders, difficulty in coordination, vertigo, 
and paresthesia as a residual clinic.

Magnesium sulfate should be administered concomitantly, as it is known that 
these patients are involved with hypomagnesemia and, as this functions as a cofac-
tor in neuronal transmission; therefore, it must be corrected so that the treatment 
with parenteral thiamine is effective [33–37].

A joint treatment with intensive physical, occupational, and swallowing rehabili-
tation should be performed.

Di Gangi and his group observed that 34.5% of the patients had spontaneous 
abortions, 9% legal interruptions of pregnancy, and 3.6% fetal deaths.

 B. Mallory–Weiss Syndrome

Esophageal laceration associated with hematemesis, known as Mallory–Weiss syn-
drome (WMS), may result from the repetitive wrenching associated with hypereme-
sis. The American scientists Mallory and Weiss, in 1929 and 1932, respectively, 
revealed the cause of upper gastrointestinal bleedings: mucosal tears at the junction 
of the stomach and esophagus. This syndrome was associated with recurrent vomit-
ing after drinking and a heavy meal [38]. It is estimated that WMS is the cause of 
8–15% of nonvariceal upper gastrointestinal bleeding [38].

When this barotrauma causes rupture of the esophagus (Boerhaave syndrome), 
pneumomediastinum may result (Hamman’s syndrome). While some patients with 
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this complication may tolerate conservative management, others may require surgi-
cal intervention. This complication may be suspected in patients presenting with 
subcutaneous emphysema on physical exam or imaging [39].

 Pathogenesis

The pathogenesis of Mallory–Weiss syndrome has not been fully studied by now. 
The authors have presented its mechanism as follows: in retching, the pylorus is 
closed, and the cardiac part of the stomach and the esophagus are dilated. The 
gastric contents, due to antiperistalsis and a sudden increase in intra-abdominal 
pressure, impetuously move forward to the gastroesophageal hole. The result is 
that intra-gastric pressure is rapidly increased, the cardiac part of the stomach is 
hyperextended, and its mucosa is lacerated [38]. The presence of a hiatal hernia 
has been documented as a predisposing factor because it is present in 40–80% of 
these patients. During vomiting, the transmural pressure gradient is thought to be 
greater in the hiatal hernia than that in rest of the stomach, causing the lacera-
tions [39].

 Symptoms and Diagnosis

An acute onset of hematemesis, that is, either frank red blood or coffee ground in 
appearance, is present in the majority of patients. This upper gastrointestinal bleed-
ing is often preceded by an episode of vomiting, retching, straining, or coughing. 
Additional symptoms include back or epigastric pain, melena, or hematochezia. 
Signs of shock such as hypotension and tachycardia may be present depending on 
the blood loss volume [40, 41].

Obtaining a medical history to identify the presence of risk factors, medication 
use, and comorbid conditions assists in differentiating potential bleeding causes. 
Baseline laboratory tests include a complete blood count, serum electrolytes, blood 
urea nitrogen, creatinine liver function, and coagulation tests to assess the patient’s 
current status [41]. Use of a risk stratification scale such as the Rockall scoring 
system aids the physician in identifying those patients at risk for adverse outcomes 
of rebleeding or death [42].

 Treatment

The initial management of any patient with upper gastrointestinal bleeding includes 
assessing for hemodynamic instability, subsequent patient stabilization with intra-
venous (IV) fluid resuscitation, and, if indicated, blood product transfusions. The 
patient is kept nothing by mouth (NPO) until bleeding is controlled, and the endo-
scopic evaluation is done [41].
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Therapeutic endoscopy may appear as the only reasonable method of treatment 
for patients with Mallory–Weiss syndrome. All known methods of endoscopic 
hemostasis can be divided into thermal, injection, and application techniques.

• Thermal methods include monopolar and bipolar electrocoagulation, laser pho-
tocoagulation, cryocautery of the source of bleeding, and others.

• Injection methods to stop gastroduodenal bleedings are widely used because of 
their availability and implementation simplicity: ε-aminocaproic acid, epineph-
rine, and ethanol injections. The initial hemostatic effect of injection methods is 
high and reaches 80.5–90% [43].

• The method of endoscopic treatment of gastroduodenal ulcers by insufflation of 
dry powdered gel sorbent into a defect region has become widespread in recent 
years. Hydrophilic granular sorbents are polymeric agents capable to expand in 
aqueous solutions and form soft gels [44].

• Another method to stop bleeding includes endoscopic adhesive applications with 
syringe barrels or cartridges: Lifusolum, Statisolum, Gastrosolum, biological 
adhesives MK-6, MK-8, and others. Parkhisenko injected a biological adhesive 
under pressure using a needleless injector, which provides reliable hemostasis by 
forming hemostatic infiltration in tissues and specific adhesive seals [45].

The basis of this disease is not just a tear in the layers of the gastroesophageal 
junction but also a syndrome that should be correctly called discontinuous- 
hemorrhagic. It is known that today, there are no specific methods of prediction, 
prevention, and treatment of discontinuous-hemorrhagic (Mallory–Weiss) syn-
drome, and they are therefore still to be developed.

 Summary

Hyperemesis gravidarum remains a disease of diagnosis based on clinical judgment 
and not upon strict, well-defined diagnostic criteria. Variability in the clinical defini-
tion contributes to the difficulty in performing meta-analyses of available research 
and currently hyperemesis gravidarum does not have a clearly established etiology.

Recent literature points to a genetic predisposition in addition to previously stud-
ied factors such as infectious, psychiatric, and hormonal contributions. Maternal 
morbidity is commonly described on Wernicke encephalopathy and Mallory Weiss 
Syndrome a seriously complications of hyperemesis gravidarum, those entities have 
variety of therapeutic options.

References

 1. Bacon CS. The vomiting of pregnancy. Am J Med Sci. 1898;115:680–3.
 2. Boelig RC, Barton SJ, Saccone G, Kelly AJ, Edwards SJ, Berghella V. Interventions for treat-

ing hyperemesis gravidarum. Cochrane Database Syst Rev. 2016;5:1–147.

9 Hyperemesis Gravidarum



118

 3. American College of Obstetricians and Gynecologists. Practice bulletin no. 153: nausea and 
vomiting of pregnancy. Obstet Gynecol. 2015;126:e12–24.

 4. Ebrahimi N, Maltepe C, Bournissen FG, Koren G. Nausea and vomiting of pregnancy: using 
the 24-hour pregnancy-unique quantification of emesis (PUQE-24) scale. J Obstet Gynaecol 
Can. 2009;31:803–7.

 5. Viktoriya L, et  al. Hyperemesis gravidarum: a review of recent literature. Pharmacology. 
2017;100:161–71.

 6. Chiossi G, Neri I, Cavazzuti M, Basso G, Facchinetti F. Hyperemesis gravidarum complicated 
by Wernicke encephalopathy: background, case report, and review of the literature. Obstet 
Gynecol Surv. 2006;61(4):255–68.

 7. Eboué C, Carlier-Guérin C, De La Sayette V, Grall JY, Herlicoviez M. A rare complication 
of vomiting in pregnancy: Wernicke’s encephalopathy. J Gynecol Obstet Biol Reprod (Paris). 
2006;35(8 Pt 1):822–5.

 8. Thomson AD, Guerrini A, Marshall EJ. The evolution and treatment of Korsakoff’s syndrome. 
Out of sight, out of mind? Neuropsychol Rev. 2012;22(2):81–92. https://doi.org/10.1007/
s11065- 012- 9196- z.

 9. Kaineg B, Hudgins PA.  Images in clinical medicine. Wernicke’s encephalopathy. N Engl J 
Med. 2005;352(19):e18.

 10. Azim W, Walker R.  Wernicke’s encephalopathy: a frequently missed problem. Hosp Med. 
2003;64(6):326–7.

 11. Fell DB, Dodds L, Joseph KS, et al. Risk factors for hyperemesis gravidarum requiring hospi-
tal admission during pregnancy. Obstet Gynecol. 2006;107(2 Pt 1):277–84.

 12. Pearce JM. Wernicke-Korsakoff encephalopathy. Eur Neurol. 2008;59:101–4.
 13. Kasper B, Fauci H, Longo J. Harrison’s principles of internal medicine. 16th ed: Mc Graw 

Hill; 2005. Wernicke’s disease. Chapter 258. p. 1806–7.
 14. Niebyl R. Nausea and Vomiting in 8. Pregnancy. N Engl J Med. 2010:15441550. S. Fejzo, 

Borzouyeh poursharif, et al.
 15. Symptoms and pregnancy Outcomes Asociated with Extreme Weight Loss among women with 

Hyperemesis Gravidarum. J Women Heath. 2009;18:1981–7.
 16. Ase V, et al. Maternal body 11. In:  Composition, soking and hyperemesis gravidarum, vol. 20: 

Elsevier Inc; 2010. p. 592–8.
 17. Chin W-C, et al. Total Parenteral Nutrition Treatment in Diabetic pregnant woman complicated 

with Hyperemesis Gravidarum, Taiwanese. J Obstet Gynecol. 2004;43:42–5.
 18. Wilson RK, Kuncl RW, Corse AM. Wernicke's encephalopathy: beyond alcoholism. Nat Clin 

Pract Neurol. 2006;2:54–8.
 19. Koguchi K, Nakatsuji Y, Abe K, Sakoda S. Wernickes’s encephalopahy after glucosa infusion. 

Neurology. 2004;62:512.
 20. Desjardins P, Butterworth RF. Role of mitocondrial dysfunction and oxidative stress in the 

pathogenesis of selective neuronal loss in Wernickes’s encephalopathy. Mol Neurobiol. 
2015;31:285–9.

 21. Zuccoli G, Santa Cruz D, Bertolini M, Rovira A, Gallucci M, Carollo C, et al. MR imaging 
findings in 56 patients with Wernicke encephalopathy: nonalcoholics may differ from alcohol-
ics. AJNR Am J Neuroradiol. 2009;30(1):171–6. https://doi.org/10.3174/ajnr.A1280. [Epub 
2008 Oct 22].

 22. Galvin R, Brathen G, Ivashynka A, Hillbom M, Tanasescu R, Leone MA.  EFNS guide-
lines for diagnosis, therapy and prevention of Wernicke encephalopathy. Eur J Neurol. 
2010;17(12):1.408–18. https://doi.org/10.1111/j.1468- 1331.2010.03153.x.

 23. Kumar D, Geller F, Wang L, Wagner B, FitzGerald MJ, Schwendimann R. Wernicke's enceph-
alopathy in a patient with hyperemesis gravidarum. Psychosomatics. 2012;53:172–4.

 24. Roseboom Tessa J, et al. Maternal 2. Characteristics largely explain poor pregnancy outcome 
after hyperemesis gravidarum. Eur J Obstet Gynecol Biol. 2011;156:56–9.

 25. Anais L, Amandine L, et al. Metoclopramide and diphenhydramine in the treatment of hyper-
emesis gravidarum: effectiveness and predictors of rehospitalisation. Eur J Obstet Biol. 
2009;143:43–9.

V. A. Aguilera

https://doi.org/10.1007/s11065-012-9196-z.
https://doi.org/10.1007/s11065-012-9196-z.
https://doi.org/10.3174/ajnr.A1280
https://doi.org/10.1111/j.1468-1331.2010.03153.x


119

 26. Petek KB, et al. Maternal 3. serum cytokine levels in women with Hyperemesis Gravidarum in 
the first trimester of pregnancy. Fertil Steril. 2003;79:3.

 27. Ismail K, et  al. Review on 4. Hyperemesis gravidarum, best practice and research clinical 
gastro enterology. 2007;21:755–69.

 28. Kasper B, Fauci H, Longo J. Harrison’s principles of internal medicine. 16th ed: Mc Graw 
Hill; 2005. Thiamine. Chapter 61. p. 452.

 29. Thomson AD, Cook CC, Touquet R, Henry JA. The Royal College of Physicians report on 
alcohol: guidelines for managing Wernicke's encephalopathy in the accident and Emergency 
Department. Alcohol. 2002;37:513–21.

 30. Onieva-Gonzalez, y col. Encefalopatía de Wernicke tras duodenopancreatectomia cefálica. 
Rev Esp Enferm Dig. 2011;103(11):594–6.

 31. Reuker JB, Girard DE, Cooney TG.  Wernicke’s encephalophaty. N Engl J Med. 
1985;312(16):1035–9.

 32. Secci G, Serra A. Wernickes’s encephalopathy: new clinical setting and recent advances in 
diagnosis and mangement. Lancet Neurol. 2007;6:422–55.

 33. Anaforoglu I, Yildiz B, Incecayir O, Algún E. A woman with thyrotoxicosis-and hyperemesis 
gravidum-associated Wernicke’s encephalopathty. Neuro Endocrinol Lett. 2012;33:285–9.

 34. Lehmann HC, Lindenberg R, Arendt G, Ploner M. Acute axonal neuropathy and Wernicke’s 
encephalopathy. J Neurol. 2016;253(11):1516–7.

 35. Bailit JL. Hyperemesis gravidarium: epidemiologic findings from a large cohort. Am J Obstet 
Gynecol. 2005;193(3 Pt 1):811–4.

 36. Lacroix R, Eason E, Melzack R. Nausea and vomiting during pregnancy: a prospective study 
of its frequency, intensity, and patterns of change. Am J Obstet Gynecol. 2000;182(4):931–7.

 37. Whiteman VE, Homko CJ, Reece EA. Management of hypoglycemia and diabetic ketoacido-
sis in pregnancy. Obstet Gynecol Clin N Am. 1996;23(1):87–107.

 38. Mallory K, Weiss S.  Lesions of the cardiac orifice of the stomach produced by vomiting. 
JAMA. 1932;98:1353–5.

 39. Buchanan GM, Franklin V. Hamman and Boerhaave syndromes – diagnostic dilemmas in a 
patient presenting with hyperemesis gravidarum: a case report. Scott Med J. 2014;59:e12–6.

 40. Rich H. Mallory-weiss tear, vol. 795: Ferri’s Clinical Advisor; 2018.
 41. Ljubicic N, Budimir I, Pavic T, et al. Mortality in high-risk patients with bleeding Mallory- 

Weiss Syndrome is similar to that of peptic ulcer bleeding. Results of a prospective database 
study. Scand J Gastroenterol. 2014;49:458–64.

 42. Wang C, Qin J, Zhu D. Rockall score in predicting outcomes of elderly patients with acute 
upper gastrointestinal bleeding. World J Gastroenterol. 2013;19(22):3466–72.

 43. Sordia DG. [Endoscopic infiltration of adrenaline in treatment of gastroduodenal bleedings]. 
New technologies in surgery: papers of the International Surgical Congress: Rostov-on-Don; 
2005. p. 243.

 44. Cherednikov EF. [On the mechanism of action of gel sorbents for gastroduodenal bleedings]. 
Current issues of emergency medical care—reality and perspectives: abstracts of the paper. 
Pract Conf (Voronezh). 1996;(1):72–3.

 45. Parkhisenko YA. [Treatment of ulcerous gastroduodenal bleedings with regard to the posthem-
orrhagic condition]: abstracts of the doctoral thesis: Voronezh; 1997. p. 43.

9 Hyperemesis Gravidarum



Part III
Endocrine



123© Springer Nature Switzerland AG 2021
C. Montufar et al. (eds.), Obstetric Catastrophes, 
https://doi.org/10.1007/978-3-030-70034-8_10

Chapter 10
Diabetic Ketoacidosis and Pregnancy
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Box 10.1 Definitions

Diabetic ketoacidosis 
(DKA)

Biochemical triad; hyperglycemia, ketonemia, and metabolic 
acidosis with high anionic gap

Hyperglycemic 
hyperosmolar state 
(HHS)

Consists of moderate or variable degrees of clinical ketosis and 
alterations in consciousness can often be present without coma
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Both DKA and HHS are characterized by hyperglycemia and absolute or relative 
insulinopenia. Clinically it can be differentiated by the severity of dehydration, 
ketosis, and metabolic acidosis (see Box 10.2).
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The triad of DKA (hyperglycemia, acidemia, and ketonemia) and other condi-
tions with the individual components are associated. From Kitabchi and Wall [1].

Hyperglycemia

Metabolic 
AcidosisKetosis

Other Ketonic States
-        Starvation Ketosis
-        Alcoholic Ketosis

Other Metabolic Acidosis States: 
-         Normal Anion GAP Hyperechloremic Acidosis   
 •        Diarrhea

•        Renal Tubular Acidosis
•        Rapid Large Volumen Saline Infusion

-         High Anion GAP metabolic acidosis
•        Latic Acidosis (L-and-D lactate) 
•        Salicylate 
•        Ethylene Glycol, Methanol, Propylene 
•        Renal Failure (Uremia) 
•        Drug-induce Acidosis  

 Diabetic Ketoacidosis and Pregnancy

It is a medical emergency that could present maternal and fetal morbidity and mor-
tality. The worldwide prevalence of diabetes and pregnancy has even increased in 
recent years, due to the tendency of diets in high calories, decreased physical 

Box 10.2 Criteria for diabetic ketoacidosis (DKA) and hyperosmolar 
hyperglycemic state (HHS)

Diabetic ketoacidosis (DKA)
Hyperosmolar 
hyperglycemic state (HHS)

Mild Moderate Severe HSS
Glycemia >250 mg/

dL
>250 mg/
dL

>250 mg/
dL

>600 mg/dL

pH 7.25–7.30 7.00–7.24 <7.0 >7.30
Bicarbonate mEq/L 15–18 10–15 <15 >18
Seric/urinary ketone + + + Low
Effective osmolarity Variable Variable Variable >320 mOm
GAP anion >10 >12 >12 Variable
Mental state Alert Obtunded Stupor Stupor/coma
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activity, and increased obesity. Factors like pregnancy in women with obesity and 
the genetic burden of women with a history of diabetes mellitus make women more 
prone to gestational diabetes in pregnancy [2].

The incidence of diabetic ketoacidosis and pregnancy is difficult to establish 
since there are only cases report, retrospective studies in small numbers, and review 
articles. The incidence of diabetes in pregnancy is between 6% and 7%. The popula-
tions with greater risk are African-Americans, Hispanic or latino descents with obe-
sity, there is an even higher prevalence as high as 30% [3].

It is more frequent to occur in the last trimester of pregnancy and in patients with 
type 1 diabetes, although it can also occur in patients with type 2 diabetes, gesta-
tional diabetes, and in women who use steroids.

Lack of glucose supply at the intracellular level, lack of adequate availability of 
insulin, as well as elevation of hormones against regulators such as glucagon and 
epinephrine can produce this alteration. Glycogen stores are rapidly depleted, and 
gluconeogenesis becomes the main metabolic pathway. There is a greater source of 
glucose precursors resulting from lipolysis in excessive amounts of glycerol released 
into the circulation and muscle, the storage of free fatty acidosis by adipocytes 
decreases. During ketoacidosis high levels of glucose are present in the intravascu-
lar space, creating an osmotic gradient which results in marked diuresis, which in 
turn produces dehydration and hypovolemia, hydroelectrolytic alterations. By 
favoring acidosis, electrolytes such as sodium, potassium, and phosphorus bind to 
the anions of the acetoacids in the bloodstream and are excreted in the urine.

The increased oxidation of fatty acidosis resulting from insulin deficiency, as 
well as elevation of counterregulatory hormones, increases the production of acetyl 
CoA which in turn is converted by the liver into ketone bodies (beta hydroxybutyr-
ate, acetoacetate, acetone).

 Physiopathology

Ketoacidosis occurs due to a lack of insulin production, resulting from a perception of 
hypoglycemia, which targets cells in the liver, adipose tissue, and muscle tissue release 
large amounts of glucagon, worsening hyperglycemia and causing osmotic, hypovo-
lemic, hydroelectrolyte alterations. At the level of adipose tissue, free fatty acids are 
released into the circulation. After their oxidation, ketonic bodies are formed, giving 
rise to a metabolic acidosis with a high anionic gap. Ketoacidosis binds to sodium and 
potassium that are excreted in the urine, resulting in alterations of K and Na+.

During pregnancy, there is an increase in the resistance of insulin by placental 
lactogen. Between the physiological changes in pregnancy increases the respira-
tory rate producing a respiratory alkalosis, so at the metabolic level to compensate 
there is a decrease in serum bicarbonate which decreases the body’s normal damp-
ing capacity, thus predisposing the pregnant woman to diabetic ketoacidosis [4].

Diabetic ketoacidosis occurs due to insulin deficiency, generally in patients with 
type 1 diabetes, but it has also occurred in patients with the use of sodium glucose 
2 inhibitors (SGLT-2).

10 Diabetic Ketoacidosis and Pregnancy
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 Factors That Increase the Risk of Diabetic Ketoacidosis

 – Pregnancy, which predisposes ketoacidosis; insulin resistance decreases insulin 
sensitivity by up to 56%.

 – The production of antagonists of insulin in the human placental lactogen, prolac-
tin, and cortisol, so that women in pregnancy and diabetes require higher doses 
as pregnancy increases.

 – Progesterone levels decrease gastric emptying that produces increased absorp-
tion of carbohydrates, promoting hyperglycemia.

 – Due to starvation in pregnancy, in the 2–3 trimester of pregnancy, the fetus and 
placenta use large amounts of maternal glucose as a source of energy, and this 
leads to the decrease of maternal fasting, which is associated with insulin deficiency.

 – The increase in free degree acidosis that subsequently becomes ketones at the 
liver level (see Box 10.3) [5].

The symptoms nausea and vomiting due to increased hCG contribute to the pres-
ence of dehydration, as well as the presence of respiratory alkalosis with metabolic 
acidosis mechanism as compensatory metabolism decreased buffer capacity. There 
are also other symptoms and signs (see Box 10.4).

Box 10.3 Factors that precipitate diabetic ketoacidosis in pregnancy

Vomiting
Infection
Inadequate follow-up of treatment with insulin
Beta-sympathomimetic drugs
Use of corticosteroids
Insufficient insulin dose in pregnancy

Box 10.4 Diabetic ketoacidosis symptoms and signs

Symptoms
  Polyuria
  Polydipsia
  Nausea
  Vomiting
  Abdominal pain
  Weakness
  Weight loss
Signs
  Tachycardia
  Hypotension
  Dehydration
  Hyperventilation
  Kussmaul breathing
  Ketone breath
  Neurologic alterations

N.-T. M. Angel et al.
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The patients present the following: abdominal pain, malaise, nausea, persistent 
vomiting, thirst, hyperventilation, tachycardia, dehydration, and polyuria. If meta-
bolic acidosis is important, it may present alterations in the state of alertness. The 
diagnosis is corroborated with the following:

 – Hyperglycemia>250 mg/dL
 – Metabolic acidosis pH: <7.3
 – Serum bicarbonate <15 mmol/L
 – Ketonuria and/or ketonemia

It is important to calculate of the anion gap, which is high, patients can present 
acute kidney injury, hydroelectrolytic alterations mainly in potassium and 
serum sodium.

Metabolic acidosis with a high anion gap due ketone excess ketone (acetone, 
beta- hydroxybutyric acid, and acetoacetate), increased lipolysis, increased glucose 
levels 500 mg/dL, with osmotic diuresis, with significant decrease in intravascular 
volume [6].

The degree of complication of diabetic ketoacidosis is classified according to the 
following variables based on the degree of abnormality, which varies according to 
the base acid state:

• Mild acidosis: pH 7.25–7.30
• Moderate acidosis pH: 7.24–7.00
• Severe acidosis pH <7.0

Diabetic ketoacidosis in pregnant women can present even with serum glucose 
levels <200 mg/dL, with factors that can precipitate their presentation emesis, infec-
tion, use of sympathomimetics, tocolytic agents, and steroids [7]. At the fetal level, 
the presence of maternal acidemia results in alterations in the fetal heart rate, 
decreased variability, and/or the presence of delayed decelerations; it is important to 
correct maternal underlying before intervention for the fetus [8].

Hyperosmolar state generally has only mild acidosis (lactic or ketosis due to 
mild starvation), but with a glucose level higher than 600 mg/dL, significant dehy-
dration and serum hyperosmolarity >320 mOsm, presented neurological alterations 
stupor and coma compared to the diabetic ketoacidosis [9].

The treatment of both syndromes has been quite standard; it requires the restora-
tion of intravascular volume, correction of electrolyte deficiency, and insulin 
replacement. A systematic and protocolized approach to treatment has been associ-
ated with a more efficient resolution of these syndromes [10].

 Laboratory and Image Studies

During pregnancy with history that during pregnancy, with a history of type 1 dia-
betes, predisposing factors, infection is more frequent than this complication, com-
plementary studies are required: arterial blood gases, glycemia, ketonemia and/or 
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ketonuria, renal function tests creatinine, urea, complete blood count, urinalysis, 
culture taking of possible infectious focus, chest X-ray, and electrocardiogram.

Its important to calculate the gap anion, serum osmolarity, as well as the calcula-
tion of serum Na, since upon admission the patient is found to have decreased 
sodium concentrations due to acute osmotic flow from the intracellular space to the 
extracellular space produced by the hyperglycemia, so assess the severity of sodium 
deficit and acute should calculate the correction of sodium. Serum potassium levels 
are usually elevated due to movement of intracellular potassium to the extracellular 
space caused by acidemia, hypertonicity, and insulin deficiency.

 Euglycemic Diabetic Ketoacidosis

Diabetic ketoacidosis is defined by the presence of blood glucose of >250 mg/dL, 
metabolic acidosis with pH <7.3, and serum bicarbonate <15  mEq/dL, with an 
increase in GAP anion and the presence of ketone bodies in the blood and/or 
urine [11].

There are different forms of presentation that differs from the usual way for the 
first time described by Munro in 1973, we may have patients with glucose levels 
<250 mg/dL wich can presented up to 6% and patients with glucose levels <180  
mg/dL in 1%. The most common causes are insulin administration and fasting [12].

The diagnosis of euglycemic diabetic ketoacidosis is a challenge since there is no 
significant hyperglycemia, and on the other hand there are several causes of meta-
bolic acidosis, although we could be guided by the presence of a high anion gap. 
There may be different causes such as decrease in the action of insulin and increase 
in the production of counterregulatory hormones [13] (see Box 10.5).

The incidence of diabetic ketoacidosis in pregnant women varies between 0.5% 
and 3%, being more frequent in women with type 1 diabetes mellitus.

Box 10.5 Causes of euglycemic diabetic ketoacidosis

Pregnancy
Hepatic cirrhosis
Acute pancreatitis
Septicemia
Use of SGLT-2
Use of insulin pump
Drug abuse: cocaine
Use of insulin after hospital admission

SGLT-2 sodium-glucose cotransporter type2

N.-T. M. Angel et al.
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 Fetal Complications

Maternal morbidity includes acute kidney injury, acute respiratory failure, myocar-
dial ischemia, cerebral edema, and even death. The frequency of these complica-
tions depends on the severity of the maternal condition; there is a report of cases of 
diabetic ketoacidosis in pregnancy with a mortality of less than 1%, with a reported 
fetal mortality rate of 9–36% [14, 15].

The harmful effects of diabetic ketoacidosis to the fetus are caused by the pres-
ence of ketone bodies and glucose that crosses the placental barrier. Fetal acidosis 
is caused by hyperglycemia, which leads to osmotic diuresis and decreased fetal 
intravascular volume. Fetal hyperinsulinemia increases oxygen uptake. A decrease 
of 2,3-DPG oxygen affinity for hemoglobin decreasing fetal oxygen availability and 
general hypoxemia [16].

The hydroelectrolytic alterations, mainly in potassium K, can generate maternal 
and fetal arrhythmias, as well as decrease in placental perfusion. Among the com-
plications have been death and preterm delivery in women with diabetic ketoacido-
sis. Fetal mortality can occur between 9% and 35%. In Morrison 2017 study, factors 
associated with increased risk in pregnant women with diabetic ketoacidosis include 
premature birth, admission to NICU, and prematurity. Diabetes Ketoacidosis during 
pregnancy represents a risk to the fetus both at the time of the episode and follow-
ing. A table identify fetal complications in women with complications with diabetic 
ketoacidosis pregnancies with live DKA vs. pregnancies with DKA fetal death [17].

 Treatment of Diabetic Ketoacidosis

The objectives of treatment in patients with hyperglycemic crisis include the 
following:

 1. Improvement of the circulatory volume and tissue perfusion
 2. Gradual reduction of glucose and serum osmolarity
 3. Correction of the electrolyte imbalance
 4. Identification and rapid treatment of the cause that precipitated the crisis
 5. Successful treatment of these patients requires admission to the ICU, and fre-

quent monitoring with laboratory and clinical objectives

Patients with DKA who are alert and able to tolerate oral fluids may receive treat-
ment fluid resuscitation and subcutaneous insulin.

The management of patients with diabetic ketoacidosis must be in the intensive 
care unit, administration of intravenous (IV) fluids, potassium, and insulin (See 
Box 10.6).

10 Diabetic Ketoacidosis and Pregnancy
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Box. 10.6 Treatment
Treatment Plan

Maternal stabilization
A. Secure airway
B. Improve breathing
C.  Improve circulation (left lateral 

decubitus for maternal and fetal 
circulation)

Consider ICU admission; place Foley catheter, 
serial vital signs, I/0’s
Consult critical care, endocrinology, maternal 
fetal medicine

Fluid replacement (estimated  
~ 100 mL/kg)
Insulin administration Goal FSBG 
150–200 in DKA

Correct 75% total deficit in first 24 h
Begin with 0.9% normal saline
Convert to D5–0.45% normal saline when 
FSBG < 250
Regular insulin via IV bolus 0.1 U/kg 
followed by 0.1 U/kg/h continuous
Infusion goal reduction 20–25% over 2 h  
(if not increase IV infusion 1.5–2×)
Continue IV insulin until acidosis and ketosis 
resolves
Start SQ insulin therapy 1–2 h before stopping 
IV insulin

Laboratory evaluation CMP/Mg and Phos, pH, serum ketones every 
2–4 h initially
Replete K+ once <5 mmol/L (goal 4–5)
Replete HCO3 if pH <6.9 with NaHCO3 until 
pH >7.0

Identify cause Rule out infection and other causes

CMP, comprehensive metabolic panel; DKA, diabetic ketoacidosis; FSBG, fingerstick 
blood glucose; ICU, intensive care unit; IV, intravenous; Phos, phosphorous; SQ, subcuta-
neous [22]

 1. Resuscitation with IV fluids

Fluid administration is the first line in the treatment. Part of the fluid resuscita-
tion is not only to improve the intravascular volume, but also the serum glucose 
level, and the increase in blood pressure, improve cardiac output, ensure perfusion 
of peripheral tissues, and facilitate the resolution of metabolic acidosis. The 
American Diabetes Association (ADA) guidelines and the UK, a solution of choice 
for the solution of sodium chloride 0.9% for immediate replacement of liquid is 
provided.

 – 0.9% Saline solution 1000–1500 ml during the first hour.
 – After the first hour, the IV fluid rate will adjust to the hemodynamic function of 

the patient, and the electrolyte status will be maintained between 250 and 
500 ml/h in patients with heart or kidney failure and liver disease.

N.-T. M. Angel et al.
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 – After initial resuscitation, the patient may present hyperchloremic acidosis, due 
to the high dose of 0.9% sodium chloride solutions.

 – In patients with glucose level of 200 mg/d, you should start a 5% glucose solu-
tion to continue with the infusion of insulin to resolve ketonemia, in this patients 
you have to avoid the hypoglycemia.

 2. Potassium replacement therapy

Initially, patients may have elevated serum K levels. The ADA recommends add-
ing 20–30 mEq potassium in each liter of infusion fluid when the serum potassium 
is below 5.2 mEq/L. The optimal rate of potassium replacement in patients with 
ketoacidosis diabetes should be considered important, since patients with insulin 
therapy promote an intracellular change of potassium. It is recommended that insu-
lin should not be started if the serum potassium is below 3 mmol/L to avoid worsen-
ing of hypokalemia [18].

 3. Insulin IV

The main objective of insulin in diabetic ketoacidosis is to stop lipolysis and 
ketogenesis. Even patients with euglycemic diabetic ketoacidosis need adequate 
insulin therapy to resolve ketonemia, although with the early addition of dextrose- 
containing fluids to avoid hypoglycemia.

Insulin should not be started until after water resuscitation and correction of 
hypokalemia to avoid intravascular worsening of volume or decrease in serum 
potassium due to changes in potassium, glucose, and extracellular water to the intra-
cellular fluid compartment. The ADA recommends starting IV insulin at a dose of 
0.14 units/kg/h or a dose based on weight of 0.1 U/kg/h after a bolus of 0.1 U/kg 
bolus IV.  The ADA guidelines suggests reducing insulin infusion at doses of 
0.02–0.05 U/kg/h at the same time as adding 5% dextrose solution IV when the 
central glycemia drops to less than 200 mg/dL. After administration of insulin, the 
ADA recommends increasing the rate of insulin infusion every hour to reduce blood 
at a rate of 3–4 mmol/L/h (50–75 mg/dL/h), up to concentrations of 8–11 mmol/L 
(150–200 mg/dL) [18–20].

 4. Use of bicarbonate

The use of bicarbonate is controversial. Systematic review founds available evi-
dence including 3 randomized control trials, that bicarbonate substitution is not 
recommended in adult patients with diabetic ketoacidosis with pH > 6.9 finding 
transient paradoxical worsening of ketosis and a greater need for potassium replace-
ment in patients receiving bicarbonate. The United Kingdom does not recommend 
the use of bicarbonate in any patient with diabetic ketoacidosis. In patients with pH 
lower than 6.9, the ADA recommends the slow administration of 100 mmol (100 
mEq) NaHCO3 for 2 hours [21] (see Box 10.7).
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Box 10.7 Management of diabetic ketoacidosis DKA in the ADA 
and the UK

ADA UK

Fluids 1 hr 0.9% sodium chloride solution for 
initial replacement 1000–1500 ml 
during the first hour

0.9% sodium chloride solution 
1000 ml during the first hour

Adjust the IV fluid rate to the 
patient’s hemodynamic and 
electrolyte status. 250–500 ml/h
Patient with high levels Na 
considers using solutions at 0.45% 
NaCl
5% glucose solution when serum 
glucose falls below 11 mmol/L 
(200 mg/dL)

Continue with infusion of solution 
0.9% output throughout the DKA
Consider the risk of hyperchloremic 
acidosis due to the use of large 
amounts of solutions with 0.9% NaCl
Add 10% dextrose solution when the 
blood falls below 14 mmol/L 
(250 mg/dL)

Electrolytes
Potassium

Replacement of 20–30 mmol 
(20–30 mEq) of potassium for each 
liter of infusion when serum 
potassium <5.2 mmol/L 
(<5.2 mEq/L). Recommendations: 
Insulin initiation is not 
recommended if the serum 
potassium is <3 mmol/L 
(<3 mEq/L) to avoid worsening of 
hypokalemia

Replacement of 40 mmol (40 mEq) 
in each liter of saline when the serum 
potassium is <5.5 mmol/L 
(<5.5 mEq/L)
Recommendations: Insulin initiation 
is not recommended if the serum 
potassium is <3 mmol/L (<3 mEq/L) 
to avoid worsening of hypokalemia

Phosphate 
electrolytes

Routine form is not recommended It is not recommended routinely

Insulin IV Intravenous insulin should not be 
started until after the start of fluid 
resuscitation, correction of 
potassium
Bolus dose of 0.14 U/kg/h or a dose 
of 0.1 U/kg/h and continue with 
0.1 U/kg/h
If there is no reduction in time of 
3–4 mmol/L (50–75 mg/dL, you 
should increase the insulin infusion 
until you achieve a steady decrease 
in glucose

The adjustment of the intravenous 
insulin rate is necessary to guarantee 
the resolution of the DKA
Administer rapid-acting insulin at a 
fixed dose based on weight of 0.1 U/
kg/h
Increase the rate of intravenous 
insulin every hour using direct 
measurement of β-hydroxybutyrate 
and increased insulin speed of 1 U/h 
to increase to achieve the goal of 
reducing ketones at least 
0.5 mmol/L/h (5.2 mg/dL/h) if blood 
β-hydroxybutyrate cannot be 
measured, increase insulin, the 
infusion rate of 1 U/h spends achieve. 
Bicarbonate increases of >3.0 mmol. 
Decreased glucose>3 mmol/L/h 
(>50 mg/dL)

Sodium 
bicarbonate

It is recommended only in cases 
with pH <6.9.

It is not recommended routinely

ADA = recommendations in the American Diabetes Association guideline [23]; UK = rec-
ommendation in the Joint British Diabetes Societies for Inpatient Care guideline [11]
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 Prevention

Women with diabetes mellitus, who wish to become pregnant, should measure the 
risk with a preconceptional risk table, and those cases that do not have adequate 
metabolic control should offer a method of family planning. Women should be edu-
cated about the risks of complications during pregnancy, such as diabetic ketoacido-
sis. All non-diabetic pregnant women should be screened for gestational diabetes 
between week 24 and 28 SDG, and in women at risk (obesity, direct family history 
of diabetes mellitus, Hispanic race, impaired glucose metabolism), it should be 
done at the first consultation or before 14 weeks of gestation to identify pregesta-
tional diabetes. Diet, exercise, and strict prenatal control with determination of glu-
cose levels, detection of urinary tract infection, vaccination in the winter season 
against influenza are actions that have to be carried out in patients with diabetes 
such as prevention of decompensation or complications. In women with preterm 
delivery avoid the use of tocolytic agents such as subcutaneous or oral terbutaline. 
Consider adjusting insulin in case of steroid use for fetal lung maturity [24].

 Conclusion

Diabetic ketoacidosis is a rare but serious complication. It requires early recognition 
and diagnosis and adequate management to reduce the risk of maternal and fetal 
complications. You must enter the intensive care unit with a multidisciplinary 
approach and management with maternal and fetal monitoring after the viability is 
indicated.
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Chapter 11
Hypoglycemia and Pregnancy

Nares-Torices Miguel Angel, Flores-Cortés Mildred Ibeth, 
and Hernández-Pacheco José Antonio

Gestational diabetes mellitus (GDM) is defined as “any degree of glucose intoler-
ance with its onset or first recognition during pregnancy” [1]

In pregnancy, maternal serum glucose levels have a direct relationship with 
adverse outcomes [2, 3].

Uncontrolled hyperglycemia in women with DMG is associated with maternal 
adverse effects and perinatal outcomes [2–4]. Optimal glycemic control in women 
with DMG is essential to prevent these complications, but hypoglycemia is an 
important complication, particularly in those patients in treatment with insulin [5–7].

The tendency to use fasting glucose target levels of 60–90 mg/dL may increase 
the risk of hypoglycemia [8, 9]. However, the effect of maternal hypoglycemia in 
pregnancy is not very clear [10, 11].

It has been found that hypoglycemia is more frequent during pregnancy com-
pared to non-pregnant women and occurs in approximately 36–71% of pregnant 
women who require insulin [12, 13].

In addition, plasma glucose levels during pregnancy are almost 20% lower in 
normal pregnant women, in pregnant women with gestational diabetes, and in preg-
nant women with pre-existing diabetes compared to non-pregnant women [13, 14].

Traditionally, hypoglycemia in pregnancy has been defined as a plasma glucose 
level <60  mg/dL or <63  mg/dL with typical symptoms of hypoglycemia. More 
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recently, with the increased availability of continuous glucose monitoring (MCG), 
the term “masked hypoglycemia” has been introduced.

Masked hypoglycemia is defined as interstitial glucose levels 50  mg/dL for 
≥30 min, without symptoms, detected by MCG [14].

Hypoglycemia during pregnancy can compromise both fetal and maternal 
well-being.

It has been hypothesized that hypoglycemia during pregnancy can potentially 
induce adverse effects that lead to fetal malformations, small fetuses for gestational 
age, and poor neuropsychiatric development.

The association between the level of hypoglycemia and diabetic embryopathy 
remains uncertain.

However, historical studies on DMG and studies of hyperglycemia and preg-
nancy (HAPO, ACHOIS) have not addressed the risk of hypoglycemia and its effect 
on pregnancy outcomes.

The reported incidence of hypoglycemia varies in different studies and this is 
because hypoglycemia can be asymptomatic, poorly recognized, or poorly 
informed [5–8].

An MCG profile shows the magnitude, duration and frequency of glucose fluc-
tuations, thus providing a greater understanding of dynamic glucose than intermit-
tent blood glucose measurements.

Masked hypoglycemia has been observed in women with DMG also treated with 
insulin as pregnant women without DMG. The majority (>90%) of hypoglycemia 
events were nocturnal (23.00–06.00 hours).

Nighttime hypoglycemia could be explained, in part, by the persistence of nor-
mal circadian rhythms for glucose [15–17].

Asymptomatic hypoglycemia with longer episodes occurred in women with 
DMG treated with insulin. Masked hypoglycemia was diagnosed as serum glucose 
less than 50 mg/dL in at least 30 min (6 consecutive values); episodes of hypogly-
cemia were occasionally observed mid-morning and before dinner. None of those 
episodes of hypoglycemia was captured capillary blood glucose test. This could be 
attributable to the time of the test: most episodes of hypoglycemia occurred while 
the subjects were asleep.

In addition, in women with DMG on insulin therapy, 40% had masked hypogly-
cemia and 10% of these women had glucose levels ≤40 mg/dL, suggesting a lower 
threshold for developing hypoglycemia.

In view of nocturnal hypoglycemia, we suggest that pregnant women take ade-
quate time to sleep snacks to prevent hypoglycemia. The implications of low fasting 
glucose levels in pregnant women without DMG it may need more research in a 
larger population [17].
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Chapter 12
Thyroid Emergency and Pregnancy

Aura Meliza Mejia Monroy

 Introduction

The thyroid is located below the larynx and on both sides and in front of the trachea. 
It is one of the largest endocrine glands, weighing 15–20 grams in healthy adults. 
The thyroid secretes two important hormones, thyroxine (T4) and triiodothyronine 
(T3) [1, 2]. The complete absence of thyroid secretion frequently causes metabolic 
decreases between 40% and 50% lower than the normal value, while excessive 
secretion increases the basal metabolism between 60% and 100% above its normal 
value [1]. Thyroid storm and myxedema coma are the severe decompensated patho-
logical conditions of hyperthyroidism and hypothyroidism that are associated with 
increased morbidity and mortality. Early and accurate recognition of both condi-
tions is necessary to initiate treatment and support measures.

This chapter focuses on the overhaul of the essential principles of clinical pre-
sentation, diagnosis, and management of both decompensated pathological condi-
tions of hyperthyroidism and hypothyroidism, thyroid storm, and myxedema coma, 
respectively.

 Thyroid Disease

Thyroid disease affects approximately 6% of the population, being present 4–5 
times more frequently in women than in men, it is common in women of childbear-
ing age, ranking second in women of reproductive age and is one of the most com-
mon pre-pregnancy diseases in pregnant women [3–6].
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The most common thyroid diseases during pregnancy are hyperthyroidism and 
hypothyroidism. In a large percentage of patients, these diseases are recognized for 
the first time during pregnancy or in the postpartum period, since the signs and sec-
ondary symptoms are often confused with the physiological changes of preg-
nancy [3, 7].

The function of the thyroid gland suffers profound and complex effects due to 
hormonal changes and alterations in the metabolic demands of pregnancy.

Hyperthyroidism in pregnancy is rare, its prevalence ranges from 0.1% to 1%, 
and in the United States, it is 1.2%. However, with about 1 in every 500 pregnancies, 
pregnant women with hyperthyroidism require rigorous treatment in order to pre-
vent maternal and neonatal complications. The thyroid storm is common in women 
who receive limited or no prenatal care and have medical or obstetric complications 
[3, 4, 8–11].

 Physiology

Thyroid cells synthesize and secrete thyroglobulin to the follicles, which contains 
the amino acid tyrosine (the main substrate that combines with iodine to produce 
thyroid hormones), forming thyroid hormones within the thyroglobulin molecule. 
Thus, thyroxine and triiodothyronine form a part of the thyroglobulin molecule dur-
ing and after the synthesis of thyroid hormones [1].

Thyroglobulin is not released into circulating blood in large quantities, but it is 
necessary, first, that thyroxine and triiodothyronine are excised from the thyroglob-
ulin molecule; and subsequently, both are secreted in free form.

Under normal conditions, the hormones with metabolic activity secreted daily by 
the thyroid gland are in 93% thyroxine and with 7% triiodothyronine; however, over 
time, almost all thyroxine is converted into triiodothyronine in the tissues (biologi-
cally active form of the hormone). Both hormones have qualitatively similar func-
tions, although they differ in the speed and intensity of the action. Triiodothyronine 
is four times more potent than thyroxine, although a much smaller amount is 
detected in the blood and its duration is shorter [1].

The regulation of thyroid hormone secretion is under the direct control of the 
pituitary thyroid stimulating hormone (TSH). In order to maintain a normal meta-
bolic activity in the body, the TSH pituitary hormone stimulates all known secretory 
activities of the glandular thyroid cells [1].

In more than 99%, thyroxine and triiodothyronine are immediately combined 
with various plasma proteins synthesized by the liver, to be transported in the 
peripheral circulation, mainly linked to thyroxine-binding globulin and, to a lesser 
extent, transthyretin (formerly called prealbumin) and thyroxine-binding albumin. 
Under normal conditions, the linked hormone fraction is in balance with an unlinked 
free fraction, which represents a small amount of total circulating thyroid hormone: 
0.04% for T4 and 0.5% for T3 [1, 3, 4, 6].

During pregnancy, there is an increase in thyroxine-binding globulin (TBG), 
beginning to increase after a few weeks of pregnancy and reaching a plateau in the 

A. M. M. Monroy



141

middle of pregnancy 2.5 times higher than the initial value, secondary to the decrease 
of hepatic clearance and the estrogen-induced change in the structure of the TBG 
that prolongs the serum half-life [4, 6, 8].

Alterations in the total levels of thyroid hormones in pregnancy are a direct conse-
quence of the marked increase in serum TBG levels. The levels of T4 and T3 increase 
during the first 20 weeks of pregnancy, reaching its plateau at 20 weeks without being 
modified until the end of pregnancy. Due to the 20-fold greater affinity of TBG for T4 
compared to T3, changes in T4 levels are more pronounced [4, 6, 8, 12].

In normal pregnant women without thyroid disease and residing in areas with 
sufficient iodine supply, serum TSH levels remain stable, after the transient drop in 
serum TSH near the end of the first trimester in pregnancy, caused by partial sup-
pression of TSH associated with the elevation of circulating human chorionic 
Gonadotropin (hCG) [ 4, 6, 8].

The feedback mechanism through the hypothalamic-pituitary-thyroid axis works 
normally in pregnant women because serum TSH levels in pregnancy remain simi-
lar to those of non-pregnant women when the iodine supply is adequate [4, 6].

 Thyroid Storm

 Definition

Thyroid storm is an endocrinological emergency and rare but potentially fatal 
hypermetabolic complication of hyperthyroidism. It is the clinical manifestation of 
elevated serum thyroid hormone concentrations, resulting in the extreme alteration 
of the usual symptoms of hyperthyroidism. In most cases, it occurs after a triggering 
event and is associated with high morbidity and mortality [2–4, 9, 13, 14].

The incidence of thyroid storm is estimated to occur in 1–2% of pregnancies 
complicated with hyperthyroidism; however, it is difficult to determine the incidence 
due to its rarity and the variability in the criteria for diagnosis [4, 8, 9]. The maternal 
mortality rate of the thyroid storm varies from 8% to 30%, so it is extremely essential 
to recognize and initiate timely and aggressively its management [2, 9, 13–16].

 Etiology

It is unlikely that the thyroid storm is the initial manifestation of hyperthyroidism, 
occurring in the highest percentage of cases in women with severe untreated or 
undiagnosed hyperthyroidism and concurrent precipitating factors, among the fac-
tors are the following:

• Labor
• Surgical delivery
• Infections
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• Thromboembolism
• Diabetic ketoacidosis
• Ischemic heart disease
• Pre-eclampsia
• Traumas
• Irregular use or cessation of antithyroid drugs

It is still not being clear yet why certain factors result in the development of thy-
roid storm [2, 4, 8, 9, 12–15, 17].

 Clinical Presentation

The clinical manifestations of the thyroid storm can be very varied; patients can 
have a wide range of signs and symptoms, characterized by an altered mental state, 
hyperthermia, increased pulse pressure, tachycardia, and left ventricular dysfunc-
tion. Tachycardia is often out of proportion with hyperthermia; blood pressure is 
usually normal, although with an increased pulse pressure. There is a cardiovascular 
compromise (tachycardia out of proportion with fever, arrhythmia, congestive heart 
failure), hyperpyrexia, and changes in the central nervous system (restlessness, ner-
vousness, change in mental status, confusion and convulsions) [ 2, 4, 9, 11, 14, 
15, 17].

Taking into consideration that it is not evident to differentiate between severe 
thyrotoxicosis and thyroid storm, scales of signs and symptoms have been defined 
that allow us to differentiate between these two pathologies. For example, on the 
Burch and Wartofsky scale, the following parameters are taken:

• Thermoregulatory dysfunction
• Compromising of the central nervous system
• Gastrointestinal compromise
• Cardiovascular dysfunction
• Congestive heart failure
• Atrial fibrillation
• Precipitating event

To obtain a score higher than 45 is interpreted as highly suggestive of thyroid 
storm, with a score between 25 and 44 is suggestive of thyroid storm and a score of 
less than 25 is unlikely of thyroid storm [11, 16–18].

 Diagnosis

The diagnosis of thyroid storm is essentially clinical and is based on the presence of 
hyperthyroidism in a patient with severe and potentially fatal manifestations; labo-
ratory tests of thyroid function are only confirmatory [2, 8, 11, 15, 16].

A. M. M. Monroy



143

The diagnosis of thyroid storm is made by a combination of laboratory biochem-
ical tests that confirm thyrotoxicosis in a patient with the severe and life-threatening 
symptoms of hyperthyroidism.

Among the biochemical tests that can be found altered are suppressed TSH and 
elevated free T4 or in cases of thyrotoxicosis due to T3; free T4 will be low and free 
and total T3 will be elevated with TSH suppressed as well. In addition, there are 
other biochemical tests that can be altered, increasing their values   over established 
normal levels of glycemia, calcium, alkaline phosphatase, white blood cells, and 
hepatic transaminases [4, 8, 15].

There are several diagnostic scoring systems that can be used to assess the likeli-
hood of thyroid storm in patients and facilitate diagnosis. The Burch-Wartofsky 
scoring system is based on factors related to temperature, central nervous system 
effects, gastrointestinal/hepatic dysfunction, cardiovascular dysfunction, heart fail-
ure, and any precipitating history. The Akamizu criteria are similar and have also 
been proposed as another diagnostic scoring system in the evaluation of thyroid 
storm [2, 11, 16, 18].

Some other criteria for the diagnosis of thyroid storm are as follows:

 1. Presence of thyrotoxicosis (elevated levels of free T3 and / or thyroxine T4) and 
at least one manifestation of the central nervous system (CNS) plus one of the 
following: fever (38 ° C or higher), tachycardia (130 beats / min or faster), con-
gestive heart failure, or gastrointestinal / hepatic manifestations.

 2. Presence of thyrotoxicosis and three or more of the manifestations previously 
listed that are not CNS manifestations [17].

Early recognition of the thyroid storm is essential to initiate treatment, which 
must be performed in an intensive care unit setting and with a multidisciplinary 
treatment approach.

The underlying cause of the thyroid storm should always be treated and identi-
fied and never forget that when a thyroid storm is suspected, the treatment should 
not be delayed regardless of whether the laboratory results have not yet been 
confirmed.

 Management

The gold standard for the treatment of thyroid storm is primary prevention. The 
prevention of thyroid storm requires careful control and management of hyperthy-
roidism [3].

Thyroid storm treatment usually consists of multiple measures and medications 
directed at the various causes and effects of thyrotoxicosis, and treatment should 
never be delayed at the time of suspicion.

In the treatment of this endocrinological emergency, the basic aspects for the 
good outcome of the patient must be treated, carrying out the stabilization of the 
patient’s clinical condition, treating the triggering cause of the process, and treating 
the underlying hyperthyroidism.
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Patients who present thyroid storm will require intensive control, antithyroid 
drugs, a supplement for the systemic decompensation of a hyper metabolic state, the 
elimination of precipitating events and support measures.

The objectives of treatment in the thyroid storm are as follows:

 1. Decrease the synthesis and secretion of thyroid hormone
 2. Reduce circulating thyroid hormones and increase the concentration of TBG
 3. Control the peripheral effects of thyroid hormone
 4. Block the peripheral conversion from free T4 to free T3
 5. Resolve the systemic manifestation and give support
 6. Treat precipitating conditions [4, 16]

The basic principles in the treatment of this endocrinological emergency revolve 
around providing the following:

 1. Supportive therapy and symptomatic treatment in critical care unit:

• Cardiac monitoring
• Respiratory and hemodynamic assistance
• Measures to control hyperthermia
• Oxygen therapy
• Management of hypertension
• Replacement of liquids and electrolytes
• Antipyretics
• Environmental cooling
• Management of cardiac arrhythmias and heart failure

 2. Management of hyperthyroidism:
In the management of hyperthyroidism, there are several ways to approach 
treatment:

Block thyroid hormone synthesis: This point is achieved through the use of thio-
amides and the use of iodine solutions. It should be taken into consideration that 
the use of iodine solutions should be after the beginning of thioamide therapy, 
because if used before, there is a possibility that a load of iodine to the organism, 
without having blocked the synthesis first, can complicate hyperthyroidism 
further.

• Propylthiouracil (PTU) enteral (or through nasogastric tube if necessary), 
with an initial loading dose of 300 milligrams to 600 milligrams and then 150 
milligrams to 300 milligrams every 6 hours.

• Iodide is started 1 to 2 hours after administering PTU:

 – Intravenous sodium iodide 500 to 1000 milligrams every 8 hours.
 – Lugol oral iodine solution, 8 drops every 6 hours.

Block the release of thyroid hormone already synthesized: The drug of choice is 
the saturated solution of iodine or lugol, which can be useful during the first 
72 hours.
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Block the conversion of T4 to T3 in peripheral tissues: Three medications can be 
used types of medications that can be used, propylthiouracil, corticosteroids such 
as dexamethasone, which has shown the blockade of deiodinase activity.

• Dexamethasone 2 milligrams intravenously or intramuscularly every 6 hours 
for four doses.

• Hydrocortisone 300 milligrams per day intravenously.
• Prednisone 60 milligrams orally.

Control adrenergic symptoms: Using beta-blockers such as propranolol is also 
useful for the effect of controlling the adrenergic symptoms of these patients, as 
could metoprolol, whose cardioselectivity could be of clinical importance in 
some patients.

• Propranolol can be administered (30 to 80 milligrams orally or by nasogastric 
tube every 4 to 6 hours or 1 to 2 milligrams / minute intravenously for 5 min-
utes to a total dose of 6 milligrams, followed by 1 to 10 milligrams every 
4 hours intravenously). If the patient has a history of severe bronchospasm, 
reserpine or guanethidine may be used:

 – Reserpine: 1 to 5 milligrams intramuscular every 4 to 6 hours.
 – Guanetidin: 1 milligram / kilo orally every 12 hours.

 3. The treatment of the precipitating / underlying disease is essential. Common 
causes, such as fever, infection, stress, pain, and others, should be treated in the 
fastest way [2, 4, 8, 11, 15].

There are other therapies that could be coadjutants in the medical management 
of the thyroid storm, such as use lithium, which inhibits the release of thyroid hor-
mones or, in extreme cases and in refractory cases, plasmapheresis, plasma 
exchange, and peritoneal hemodialysis can be used to eliminate circulating thyroid 
hormone in patients who do not respond to conventional therapy, achieving rapid 
control of its levels [4, 15].

 Myxedema Coma

 Definition

Myxedema coma is the severe form of decompensated hypothyroidism that is 
potentially fatal. It is a rare disease and difficult to recognize clinically. It usually 
develops in a patient with previous hypothyroidism that develops a serious intercur-
rent disease or in a case of hypothyroidism not treated and not properly diagnosed. 
It is very rare to occur in pregnancy, and usually affects older patients [2, 4, 15, 19].

There is a shortage of epidemiological data in the world, with mortality rates 
reported from 25% to 60%, even with the adequate treatment provided [4, 14, 18].
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 Etiology

The most common precipitating factors of myxedema coma may include burns, 
trauma, surgery, severe infection, hypothermia, cardiovascular event, sepsis medi-
cations, among others. Diuretics may mask some of the myxedema features and 
may also aggravate the hyponatremia associated with the myxedema crisis [2, 
15, 19].

The most common precipitating factors of myxedema coma may include burns, 
trauma, fractures, surgery, severe infection, hypothermia, cardiovascular event, 
medications (anesthetics, sedatives, tranquilizers, amiodarone, and lithium), sepsis, 
gastrointestinal bleeding, among others. Diuretics may mask some of the myx-
edema features and may also aggravate the hyponatremia associated with the myx-
edema crisis [2, 15, 19].

A precipitating factor that is frequent and not taken into consideration in myx-
edema coma is the suspension of thyroid medications in critically ill patients. This 
is possibly due to the fact that attention may focus on presenting features and pre-
cipitating factors, and associated hypothyroidism is generally ignored [2, 19].

 Clinical Presentation

Most cases occur in winter, and hypothermia is a common manifestation. The clini-
cal manifestations are similar to hypothyroidism, but of greater magnitude. Critically 
ill patients may develop hypothermia and altered mental status, which can lead to 
stupor or a frank coma. Hypothermia is the hallmark, with a body temperature as 
low as 21 degrees Celsius [2, 4, 15, 19].

Myxedema coma may present the following manifestations:

• Hemodynamic and driving disorders:

 – Sinus bradycardia.
 – Extended QT interval (marker of electrical instability).
 – Cardiac branch locks.
 – Decreased cardiac output.
 – Pericardial effusion, which can ultimately cause a cardiovascular collapse.

• The central nervous system can present altered responses to hypercarbia and 
hypoxia, and the associated respiratory muscle weakness can lead to hypoventi-
lation and respiratory failure.

• Adrenal insufficiency can coexist and contribute cardiac abnormalities and in 
electrolytes.

• Other manifestations are generalized swelling of the skin and soft tissues, peri-
orbital edema, ptosis, macroglossia, and the presence of cold and dry skin.

• The metabolism of drugs is significantly depressed. The usual doses of sedatives 
can lead to hypoventilation [15, 19].
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The study of heart rate variability parameters also indicates that hypothyroidism 
leads to a state of sympathovagal imbalance, characterized by a decrease in cardio-
vascular and vagal sympathetic modulation [19].

 Diagnosis

For the diagnosis of myxedema coma, the following should be taken into 
consideration:

• Clinical manifestations (previously described), among which is alteration of con-
sciousness, hypothermia, among others

• Biochemical alterations of hypothyroidism
• Patient’s history regarding hypothyroidism (not in treatment)
• Presence of precipitating factors

If the patient complies with some of the aforementioned manifestations or crite-
ria, it indicates a high index of suspicion, and it is mandatory for the treating physi-
cian to initiate replacement therapy while confirming the results of serum TSH and 
T4 [2, 4, 15, 19].

In addition, you should start the active search for the presence of precipitating 
causes, through diagnostic tests that include the following:

• White blood cell counts
• Urine tests
• Blood cultures
• Serum electrolytes
• Serum creatinine
• Chest X-ray
• Electrocardiogram and other studies that may be necessary [4, 19]

Although the clinical picture of myxedema coma is quite atypical in critically ill 
patients, the diagnosis can be confirmed by thyroid function tests. TSH is typically 
elevated with low levels of T3 and T4; laboratory results may reveal hyponatremia, 
hypoglycemia, hypercapnia, and respiratory acidosis [15].

 Management

The treatment of myxedema coma must be fast and multidimensional, fulfilling the 
following basic principles of therapy in this endocrine emergency:

 1. Rapid replacement of thyroid hormones:

• Sodium levothyroxine, loading dose of 300–500 micrograms, followed by 
50–100 micrograms per day, according to age, weight, and risk of patient 
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complications. Oral doses of 50–200 micrograms are initiated when the 
patient wanders.

• Intravenous triiodothyronine can be administered as an initial bolus dose of 
10–20 micrograms, followed by 10 micrograms every 4–24 hours, with grad-
ual decrease to 10 micrograms every 6 hours.

 2. Supportive therapy includes the following:

• Management in intensive care unit
• Cardiac monitoring

 – Electrocardiogram
 – Levels of troponin and creatine-phosphokinase (CPK) to rule out myocar-

dial infarction
 – Monitoring of blood pressure

• Control of central venous pressure and pulmonary capillary wedge pressure 
in patients with heart disease

• Oxygen therapy
• Non-invasive or invasive ventilation if required
• Proper handling of liquids
• Management of hypoglycemia and hyponatremia
• Use of vasopressors to control hypotension
• Empirical antibiotic therapy until the results of the cultures are known
• Passive heating

 3. Aggressive management of precipitating causes.
 4. Corticosteroids:

• Hydrocortisone 100 mg every 8 hours until the basal cortisol level is known 
and then titrated according to the results [2, 4, 15, 19].

It cannot be overemphasized that the precipitating factors require urgent atten-
tion with antibiotics in case of infection, hemodialysis due to associated renal insuf-
ficiency, and integral attention to multi-organ dysfunction.

In conclusion, the prognosis of a patient with thyroid storm or myxedema coma 
may be somber, but timely management of the symptoms of decompensated patho-
logical conditions of hyperthyroidism and hypothyroidism, therapeutically address-
ing the pathophysiological, may allow the evolution to be satisfactory.
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Chapter 13
Ovarian Hyperstimulation: 
Pathophysiology, Risk Factors, Prevention, 
and Management

Konstantinos Tserotas and José Luis Neyro

 Introduction

The ovarian hyperstimulation syndrome (OHSS) is a syndrome comprising marked 
ovarian enlargement, high concentration of sex steroids, and extravascular exudate 
accumulation. This exudate is generated by an increased vascular permeability and 
massive shift of fluid and protein from the intravascular fluid and protein from the 
intravascular compartment to the peritoneal cavity and other compartments. The 
resulting depletion in intravascular volume may lead to hemoconcentration, 
decreased perfusion of many vital organs, and propensity for thromboembolic phe-
nomena [1, 2].

OHSS is a potentially life-threatening iatrogenic complication of the early luteal 
phase and/or early pregnancy after ovulation induction (OI) or ovarian stimulation 
(OS) [3–6].

The worldwide popularity of assisted reproductive technology (ART) and ovula-
tion induction/controlled ovarian hyperstimulation (COH) employed in ART for 
either in vivo fertilization or in vitro fertilization (IVF), in the last two decades, has 
been accompanied by an increase in the cases of OHSS. The incidence of severe 
OHSS ranges between 0.1% and 2%, and that of moderate OHSS has been reported 
to range between 3% and 7% of the women undergoing ovulation induction and 
COH by human menopausal gonadotropins (hMGs) and human chorionic gonado-
tropin (hCG) [2].
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Although OHSS may occasionally occur spontaneously, the great majority of 
cases are due to COS in women undergoing ART [4]. Ovary enlargement is com-
mon in controlled ovarian stimulation, which could continue several months during 
a successful pregnancy [8].

In 1966, Drs. Melvin Taymor and Somers Sturgis described ovarian hyperstimu-
lation. They tried to delineate the underlying etiology of this mysterious phenome-
non and noted that hyperstimulation was more common in patients with polycystic 
ovaries. Also that hyperstimulation was dose-dependently linked with increasing 
doses of gonadotropins over a prolonged period of time [9]. Today we know that 
hCG administered for oocyte maturation is the paramount stimulus for 
hyperstimulation.

In the last two decades, the substitution of hCG by gonadotropin-releasing hor-
mone agonists (GnRHas), as triggering of final follicular maturation, before ovula-
tion and follicular aspiration, has significantly decreased the incidence and severity 
of OHSS in clinical practice. According to the latest European Society of Human 
Reproduction and Embryology report, the incidence of OHSS ranges from 0.18% to 
1.40% in European countries [2]. However, OHSS is still subject to substantial 
underreporting.

Finally, OHSS is a diagnosis that may be unfamiliar to many emergency physi-
cians. With the increasing frequency of in vitro fertilization procedures, this disease 
process is becoming more common, and patients come to the emergency room with 
abdominal bloating and nausea (common presenting complaints in pregnant women) 
and free fluid on abdominal sonogram. These findings should lead to appropriate 
intervention and consultation [10, 11].

The purpose of this review is to bring a complete overview of OHSS to the vari-
ous professionals that deal with patients undergoing this potentially life-threatening 
iatrogenic complication.

 Pathophysiology

Understanding the pathophysiology of this condition may aid in identifying mea-
sures to prevent its development and treat associated symptoms [3].

The hallmark of OHSS is an increase in the permeability of the capillaries with 
arteriolar vasodilation, resulting in a fluid shift form the intravascular space to the 
extravascular compartments and enlargement of ovaries [2, 7]. This fluid shift 
results in a state of hypovolemic hyponatremia.

Vascular endothelial growth factor (VEGF) is involved in follicular growth, cor-
pus luteum function, angiogenesis, and vascular endothelial stimulation [3].

VEGF plays a critical role in the pathogenesis of OHSS by increasing vascular 
permeability [12–14]. VEGF is secreted by the granulosa cells, and human chori-
onic gonadotropin (hCG) stimulates its secretion. Severe OHSS is associated with 
higher levels of VEGF. The other suggested factors that may act directly or indi-
rectly on the development or severity of OHSS are angiotensin II, insulin-like 
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growth factor, epidermal growth factor, transforming growth factor alpha and beta, 
basic fibroblast growth factor, platelet-derived growth factor, interleukin-1B, and 
interleukin-6 [7]. High levels of IL-6  in the follicular fluid are predictive of 
OHSS [2].

The intraovarian renin-angiotensin system (RAS) is another pathophysiological 
mechanism implicated in OHSS. Prorenin is also generated by the ovary, placenta, 
and other tissues. Renin is cleaved twice to angiotensin II (AII). In parallel to the 
midcycle LH surge, there is a significant increase in prorenin and a second increase 
parallel to the midluteal progesterone (P4) [15], the latter accompanied also by a 
rise in active renin. Plasma prorenin also increases after hCG administration in 
hMG/hCG ovulation induction and COH, and follicular fluid (FF) prorenin levels in 
such patients are about tenfold higher than plasma prorenin concentrations after 
hMG/hCG stimulation [2]. Although AII is primarily a pressor agent, its ability to 
increase the vascular permeability and to induce angiogenesis suggests an important 
pathophysiological role in the accumulation of postovulatory peritoneal fluid in 
spontaneous cycles and in OHSS. AII also increases the capillary filtration pressure 
by constricting the postcapillary venules, leading to a further increase in vascular 
permeability. High levels of the VEGF and the RAS seem to play a role in the devel-
opment of OHSS.

Early ovarian hyperstimulation syndrome occurs during luteal phase of con-
trolled ovarian stimulation within 9 days after human chorionic gonadotropin trig-
ger and reflects an acute consequence of this hormone on the ovaries [16].

Late ovarian hyperstimulation syndrome occurs 10 or more days after human 
chorionic gonadotropin trigger and reflects increased endogenous human chorionic 
gonadotropin levels following pregnancy [6]. Human chorionic gonadotropin stim-
ulates granulosa-lutein cells to produce vascular endothelial growth factor which 
increases vascular permeability. The most severe cases are usually the late OHSS 
cases that occur when a pregnancy is established [6]; several predictive markers 
have been introduced to identify the high-risk patient profile and consequently 
develop preventive strategies.

 Risk Factors

The prevention of OHSS is based on its prediction [6]. There is no method that can 
completely abolish OHSS. However, its prevention can be lifesaving and is princi-
pally preferred over its treatment. The primary risk factors for moderate to severe 
OHSS are young age (less than 35 years old), low body mass index, ovulation dis-
orders or polycystic ovarian syndrome (PCOS), and history of previous OHSS 
(Table 13.1). Serum anti-Müllerian hormone (AMH) is a biomarker that may pre-
dict the risk of OHSS [17]. An AMH level >3.36 ng/mL was able to predict the 
development of OHSS (sensitivity = 90.5% and specificity = 81.3%). The antral 
follicle count (AFC) is also predictive of OHSS [17]. Risk increases from 2.2% in 
women with an AFC <24 to 8.6% with an AFC ≥24 [3].
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The secondary risk factors depend on ovarian response to COS. Ultrasound mon-
itoring and serum E2 are the vital components of surveillance for OHSS. A large 
number of growing follicles on the day of triggering (>14 follicles with a diameter 
of 11  mm) and a large number of oocytes retrieved are the risk factors for 
OHSS. During COS, serum estradiol monitoring is a significant predictor to control 
the risk of OHSS. A rapid rise in estradiol levels and serum estradiol concentrations 
>2500 pg/mL are important predictive factors. However, none is capable of inde-
pendently forecasting OHSS [18].

 Classification

The main event in the pathogenesis of OHSS is ovarian enlargement, secretion of 
vasoactive substances, ascites, and hypovolemia resulting from an acute extravasa-
tion of fluid into the interstitial space [18, 19]. OHSS is classified into four catego-
ries based on the severity of symptoms, signs, and laboratory findings.

 1. Mild ovarian hyperstimulation syndrome: It is defined by the enlargement of 
bilateral ovaries with multiple follicular and corpus luteal cysts, measuring up to 
8 cm and accompanied by abdominal bloating and mild abdominal pain.

 2. Moderate ovarian hyperstimulation syndrome: It is characterized by the enlarge-
ment of the ovaries up to 12 cm, accompanied by abdominal bloating due to an 
increase in ovarian size and gastrointestinal symptoms (e.g., nausea, vomiting, 
and diarrhea) as well as ultrasound evidence of ascites. A rapid weight gain of 
over 3 kg might be the initial sign of moderate hyperstimulation.

 3. Severe ovarian hyperstimulation syndrome: About 2% of OHSS cases are classi-
fied as severe. The severe form is described by the presence of large ovarian cysts 
(>12 × 12 cm), clinical ascites with or without hydrothorax, hyperkalemia, hypo-
natremia, hypo-osmolarity (osmolarity <282  mOsm/kg), hypoproteinemia 
(serum albumin <35 g/L), oliguria (<300 mL/d or <30 mL/h), creatinine, and 
hypovolemic shock. Hemoconcentration, high white cell count, liver dysfunc-
tion, increased blood viscosity, and thromboembolic events occur in the most 
severe cases [2, 18–21].

 4. Critical ovarian hyperstimulation syndrome: It is diagnosed when there is adult 
respiratory distress syndrome, severe ascites or hydrothorax, hematocrit >55%, 
white cell count >25,000/mL, oliguria or anuria, creatinine ≥1.6  mg/dL, 
 creatinine clearance <50 mL/min, thromboembolism, or acute respiratory dis-
tress syndrome [2, 18–21] (Table 13.2).

Table 13.1 Risk factors for 
ovarian hyperstimulation 
syndrome

1. Age less than 35 years old
2. Low body mass index
3. Ovulation disorders/polycystic ovary syndrome
4. History of previous OHSS
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 Preventive Strategies

 Parameters Assessed Before COS (Ovarian Reserve Markers)

Basal serum follicle-stimulating hormone Follicle-stimulating hormone (FSH) 
regulates the cyclic recruitment of follicles, forming the basis of the menstrual cycle 
as it promotes the secretion of estradiol from the dominant follicle. Basal FSH level 
may be considered an indirect marker of the functional ovarian reserve, i.e., the 
number of ovarian follicles that might grow if stimulated by FSH. Ovarian reserve 
measures may be useful for planning ovarian stimulation protocols and counseling 
patients regarding risk [3].

Table 13.2 Classification of OHSS symptoms

OHSS stage Clinical feature Laboratory feature

Mild Abdominal distension/discomfort No important alterations
Mild nausea/vomiting
Mild dyspnea
Diarrhea
Enlarged ovaries

Moderate Mild features Hemoconcentration (Hct >41%)
Ultrasonographic evidence of ascites Elevated WBC (>15,000 mL)

Severe Mild and moderate features Severe hemoconcentration (Hct >55%)
Clinical evidence of ascites WBC >25,000 mL
Hydrothorax CrCl <50 mL/min
Severe dyspnea Cr >1.6 mg/dL
Oliguria/anuria Na+ <135 mEq/L
Intractable nausea/vomiting K+ >5 mEq/L

Elevated liver enzymes
Low blood/central venous pressure
Pleural effusion
Rapid weight gain (>1 kg in 24 h)
Syncope
Severe abdominal pain
Venous thrombosis

Critical Anuria/acute renal failure Worsening of findings
Arrhythmia
Thromboembolism
Pericardial effusion
Massive hydrothorax
Arterial thrombosis
Adult respiratory distress syndrome
Sepsis

Practice Committee of the American Society for Reproductive Medicine. Prevention and treatment 
of moderate and severe OHSS. Fertil Steril 2016 [3]
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Antral follicle count Follicles are oocytes surrounded by granulosa cells, and it is 
recommended that antral follicle count (AFC) be assessed between days 2 and 4 of 
a spontaneous menstrual cycle, in the absence of a follicle>10 mm.

Anti-Müllerian hormone Anti-Müllerian hormone (AMH) is detectable in female 
blood from birth and reaches its highest levels during puberty; its serum concentra-
tion declines with age, becoming undetectable after menopause. AMH is produced 
by the granulosa cells of pre-antral and small antral follicles, until they have reached 
about 6 mm in size. With continuous follicle growth, AMH expression decreases 
and becomes undetectable once FSH-dependent follicular growth has been initi-
ated. AMH plays an important role in regulating the number of follicles that grow 
from the primordial pool. Higher values of AMH may indicate a larger cohort of 
smaller antral follicles, which may translate into more follicles responding to COS 
and a higher risk of OHSS [3, 22, 23].

 Parameters Assessed During COS (Ovarian 
Stimulation Parameters)

Estradiol Hormone dosage, particularly serum estradiol concentration, is fre-
quently used for monitoring COS, one reason for which is to assess the risk of 
OHSS as a marker of increased granulosa cell activity. Absolute high or rapidly 
rising values may potentially predict OHSS.

Number of larger follicles The number of follicles being stimulated during COS 
reflects the degree of ovarian stimulation. The greater the stimulation at the time of 
hCG triggering the greater the risk of OHSS. This parameter might be used to assess 
OHSS risk and help in deciding on the adoption of a preventive strategy.

 Prediction of Moderate/Severe OHSS

During COS, OHSS may be predicted successfully by three markers of high ovarian 
response: estradiol levels, medium/large follicle count on the day of hCG adminis-
tration, and the number of oocytes retrieved subsequent to follicle aspiration [7].

 Prediction of High Ovarian Response

High ovarian response was defined as more than 15–20 oocytes retrieved. Both 
AMH and AFC are useful tests for predicting high response [24].
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 Interventions to Reduce the Occurrence of OHSS

 Volume Expanders

The administration of intravenous fluid expanders immediately after oocyte 
retrieval improves renal function and might help in the excretion of hCG during the 
hours of peak concentration. It may reduce rates of modest and severe OHSS in 
women at high risk. There is also evidence that albumin reduces pregnancy rates 
[3, 5, 25].

 Antagonist Protocols

Stimulation protocols utilizing gonadotropin-releasing hormone (GnRH) antago-
nists for ovulation suppression are associated with a lower incidence of OHSS com-
pared with protocols that use a GnRH agonist (5.1% vs 8.9%) and constitute an 
alternative for the prevention of premature luteinizing hormone (LH) surges during 
COS. The mechanism is thought to be related to a reduction in circulating estradiol 
levels seen with GnRH antagonist suppression. The introduction of a GnRH antago-
nist in COS enables the use of shorter protocols with reduced amounts of gonado-
tropin. Live-birth rates were no different between groups, 22.8% vs 23.8%, 
respectively. Looking specifically at IVF in women with PCOS, suppression with 
antagonist as opposed to agonist also appears to be beneficial in this high-risk subset 
of patients [3, 17, 24, 26–30].

 Dopamine Agonists (Several)

Cabergoline is a dopamine agonist that is suggested to successfully reduce the inci-
dence of moderate OHSS (OR = 0.38, 95% CI = 0.19–0.78), with no significant 
effect on clinical pregnancy rates (RR 1.02, 95% CI 0.78–1.34) and miscarriage 
rates, starting on the day of hCG triggering at a dose of 0.5 mg/d for 8 days [12, 25, 
31, 32].

 Freeze All

The risk of OHSS among women undergoing COS is greater among those who 
achieve conception and is limited to cases in which exposure to hCG has occurred. 
One strategy to decrease hCG exposure would be to limit the use of hCG to the trig-
ger dose only, avoiding extended exposure to the natural hCG from pregnancy, 
which could prolong and worsen an otherwise brief OHSS. In “freeze all” following 
oocyte retrieval, all oocytes/embryos are cryopreserved and, afterward, transferred 
in a non-stimulated cycle [14, 25, 33, 34].

13 Ovarian Hyperstimulation: Pathophysiology, Risk Factors, Prevention…



158

Late-onset OHSS after 10  days of hCG administration is probably due to the 
pregnancy and not the exogenous hCG from the oocyte maturation triggering. 
Moreover, late-onset OHSS is probably a more severe condition responsible for lon-
ger stays in hospital. There is an increased proportion of severe cases among women 
with late-onset OHSS (61.2% (95% CI, 47.2–74.3%)). OHSS in women who became 
pregnant tended to be more severe than OHSS in the absence of pregnancy. The 
proportion of severe OHSS cases among those with early OHSS who did not become 
pregnant was 26% and hospitalized for an average of 7 days. Among those with 
early-onset OHSS who became pregnant, the proportion of severe cases was 46%, 
and they were hospitalized for 20 days, while among cases of late-onset OHSS, the 
proportion that were severe was 32%, and the women were hospitalized for 12 days.

 Metformin for Women with Polycystic Ovary Syndrome (PCOS)

“Androgen priming” is the concept that androgens increase the ovarian response to 
gonadotropin stimulation by enhancing early follicular growth. By improving intra-
ovarian hyperandrogenism, it is theorized that metformin can affect the ovarian 
response by reducing the number of non-periovulatory follicles and thereby reduce 
estradiol secretion. Metformin use decreases the incidence of OHSS in PCOS 
patients (OR 0.27, 95% CI 0.16–0.46) [35], with no difference in pregnancy rates, 
live-birth rates, and spontaneous abortion rates. Metformin administration was 
started within 4 months before the commencement of COS, and daily doses are 
maintained until maturation triggering with hCG, oocyte retrieval, a pregnancy test, 
or until 12 weeks’ gestation [29].

 Mild Stimulation

Lowering the dose of hCG is a strategy with conflicting results and may or may not 
consistently reduce OHSS in high-risk patients. Given that lowering the hCG dose 
is not a perfect solution, alternate strategies should be considered. But this strategy 
does not produce a clinically relevant difference in clinical pregnancy rate [18, 24].

 Secondary Preventive Measures (Patients 
with an Exaggerated Response)

 Interventions to Reduce the Occurrence of OHSS

Coasting or delaying human chorionic gonadotropin administration In patients 
in whom a dangerously high serum E2 concentration is reached or a large number 
of follicles are developed, hCG triggering might be delayed for several days until E2 
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levels decrease or plateau. After the administration of gonadotropins is stopped, 
mature follicles continue to grow in size for 4 days, and serum estradiol concentra-
tions continue to increase for about 1 or 2 days. Withholding should not last more 
than 4 days to avoid decreasing the pregnancy rates, which would happen following 
longer periods of coasting [3, 25].

Cancellation of the cycle Withholding the final HCG triggering is the only definite 
method for prevention of OHSS. However during GnRH antagonist protocols, high 
estradiol levels are well tolerated [18].

 Freeze All

Calcium Calcium IV infusion (10 mL of 10% calcium gluconate in 200 mL normal 
saline) on the day of oocyte retrieval and days 1, 2, and 3 after oocyte retrieval can 
decrease OHSS risk. Increased calcium is postulated to inhibit cAMP-stimulated 
renin secretion, which decreases angiotensin II synthesis and its subsequent effect 
on VEGF production with no difference in clinical pregnancies. The observed effect 
was not greater than that of cabergoline [3, 5].

Low-dose aspirin Increased platelet activation due to VEGF levels may lead to 
release of substances, such as histamine, serotonin, platelet-derived growth factor, 
or lysophosphatidic acid, that can further potentiate the physiologic cascade of 
OHSS. 100 mg aspirin from the first day of stimulation until the day of the preg-
nancy test may reduce the risk of severe OHSS. Some studies add prednisolone in 
varying doses (10 mg to 30 mg) for the same time frame with similar results [3] 
(Table 13.3).

 Management/Treatment

Women with severe ovarian hyperstimulation syndrome require hospitalization for 
more careful monitoring and treatment [14]. Once OHSS is present, the treatment 
of OHSS is mainly supportive [36].

The clinical treatment of OHSS depends on its severity, complications, and 
absence or presence of pregnancy. The treatment involves dealing with electrolytic 
imbalance, hemodynamic changes, liver dysfunction, pulmonary manifestations, 
hypoglobulinemia, febrile morbidity, thromboembolic events, adnexal torsion, and 
neurological manifestations [18].

Spontaneous regression occurs over 10–14 days in mild to moderate cases, but 
it may take longer if implantation occurs. Mild degrees of OHSS do not need any 
special treatment [18]. Moderate OHSS may be followed up by daily telephone 
calls as a minimum in addition to office visits twice weekly. The evaluation con-
sists of liver function tests, pelvic ultrasound, complete blood count, and 
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coagulation profile. The patients should be directed to report to the hospital in 
case of development of dyspnea, decrease in urine volume, or upon starting any 
unusual symptoms such as leg swelling, numbness, dizziness, and neurological 
problems.

 1. Indications for admission: Patients with severe OHSS should be admitted to the 
hospital for treatment if they suffer from severe abdominal pain, nausea and 
vomiting, hemoconcentration, severe ascites, profound oliguria or anuria, 
decrease in blood pressure, tachypnea or dyspnea, light-headedness or syncope, 
electrolyte disturbances (hyponatremia and hyperkalemia), or abnormal liver 
function test. Careful observation of an OHSS patient is highly recommended 
because a mild disease may suddenly progress to the advanced stages [21].

 2. Biochemical monitoring in the hospital: The laboratory results of severely 
affected OHSS patients are comprised of hemoconcentration (hematocrit >45%), 
decreased creatinine clearance (serum creatinine >1.2 and creatinine clearance 

Table 13.3 Strategies to 
reduce the occurrence of 
ovarian hyperstimulation 
syndrome (OHSS) [7]

Before starting controlled ovarian stimulation:

Low risk of high response (e.g., AMH ≤ 1 ng/mL and/or 
AFC ≤ 6)
  No strategy needed
High risk of high response (e.g., AMH ≥ 3 ng/mL and/or 
AFC ≥ 16)
  Antagonist protocol recommended
Intermediate risk or not assessed
  Consider using antagonist protocol
Day of triggering final follicular maturation:

Low risk of OHSS (e.g., ≤10 follicles ≥10 mm in size and/or 
estradiol <1500 pg/mL)
  No strategy needed
High risk of OHSS (e.g., ≥18 follicles ≥10 mm and/or 
estradiol >3000 pg/mL)
  When using antagonist protocol
    Replace hCG (triggering with GnRH agonist) and freeze 

all
   Freeze all is not an option
    Cabergoline administration
     Replace hCG (triggering with GnRH agonist) and fresh 

embryo transfer
  When using an agonist protocol
   Cabergoline administration and/or freeze all
Intermediate risk of OHSS
  Same interventions suggested for women at high risk might 

be employed
Day of oocyte retrieval:

High risk of OHSS (e.g., ≥15 oocytes retrieved)
  Consider cabergoline and/or freeze all
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<50 mL/min), electrolyte imbalances (hyponatremia [sodium <135 mEq/L] and 
hyperkalemia [potassium >5.0  mEq/L]), leukocytosis (white blood cell count 
>15,000), and elevated liver enzymes [21, 37–39].

 3. Suggestions for the assessment and monitoring of hospitalized patients with 
ovarian hyperstimulation syndrome:

• Vital signs (every 2–8 hours, according to clinical status)
• Complete physical examination (daily, avoiding bimanual pelvic examination)
• Weight (recorded daily)
• Abdominal circumference (at the navel, recorded daily)
• Ultrasound evaluation of ascites and ovarian size (repeated as necessary to 

guide management or paracentesis)
• Daily monitoring of fluid intake and output
• Pulse oximetry (for patients with symptoms of pulmonary compromise)
• Chest X-ray and echocardiogram when pleural or pericardial effusion is sus-

pected (repeated as necessary)
• Pregnancy test
• Electrolytes (daily)
• Complete blood count (daily or more often as needed to guide fluid 

management)
• Liver enzymes (repeated as necessary)
• Serum creatinine or creatinine clearance and urine specific gravity (repeated 

as necessary)

 A. Medical Treatment (Table 13.4)

 1. Circulatory volume correction: The key line of treatment is to correct the 
circulatory volume and electrolyte imbalance. Every effort should be made 

Table 13.4 Management of 
hospitalized OHSS patient

A. Medical Management
  (a) Circulatory volume correction
  (b) Electrolyte replacement
  (c) Anticoagulant therapy
  (d) Antibiotic treatment
  (e) Diuretics
  (f) Dopamine
  (g) Aspiration of the ascitic fluid
   (i) Abdominal paracentesis
   (ii) Transvaginal aspiration
   (iii)  Treatment of pulmonary complications and 

pleurocentesis
B. Surgical Management
  (a) Surgery for ruptured cysts
  (b) Surgery for ovarian torsion (untwist the pedicle)
  (c) Surgery for ectopic or heterotopic pregnancy
  (d) Pregnancy termination
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to maintain a normal intravascular volume and to conserve adequate renal 
function [3]. Fluids should be administered thoughtfully, in the volumes 
required, to retain an adequate urine output (>20–30 mL/h) and to reverse 
hemoconcentration. Dextrose 5% in normal saline is preferable to lactated 
Ringer’s solution. Plasma colloid expanders may be used if necessary. The 
use of albumin, mannitol, dextran, HES, or fresh frozen plasma with the aim 
of increasing the intravascular oncotic pressure in order to maintain the intra-
vascular volume is recommended. The advantages of HES solutions over 
albumin are their high molecular weight (200–1000 kDa vs 69 kDa) and a 
non-biological origin, lower possibility of anaphylactic reactions, and viral 
contaminations. A clinical trial demonstrated fewer necessary paracentesis, 
higher urine output, and shorter hospital stays after HES utilization for 
patients with severe OHSS compared to albumin [3, 40].

 2. Electrolyte replacement: Salt and water restriction is not broadly advo-
cated since sodium and water restriction does not affect the patient’s 
weight, peripheral edema, or abdominal circumference. Hyperkalemia 
may lead to cardiac dysrhythmia, and acute management includes treat-
ments that shift potassium into the intracellular space (sodium bicarbonate, 
insulin and glucose, and albuterol). Calcium gluconate may be used to pro-
tect the cardiac tissue against hyperkalemia. ECG signs of hyperkalemia 
show the need for urgent treatment with calcium gluconate. Kayexalate 
also may be used to remove potassium from the body slowly with the onset 
of action in 1–2 hours and can be administered orally or rectally as a reten-
tion enema [37–39].

 3. Anticoagulant therapy: Venous thrombosis is the most significant life- 
threatening complication of OHSS [3, 41]. When there is a risk of thrombo-
sis, preventive measures are indicated. The risk factors for thromboembolism 
in moderate to severe OHSS are as follows [42, 43]: immobilization, pres-
sure induced by large ovaries or ascites on pelvic vessels, and hypercoagu-
lable states due to pregnancy or high estrogen levels. The incidence of deep 
vein thrombosis is obviously increased in patients with Leiden factor V 
mutation, antithrombin III deficiency, protein C and S deficiency, and per-
sonal or familial history of thrombosis. The utilization of low-molecular 
weight heparin improves the risk of thrombotic complications. Enoxaparin 
(40 mg/d) or dalteparin (5000  IU/d) is recommended for thromboprophy-
laxis with easy administration and no need for monitoring. Anticoagulation 
is recommended for pregnant women and should be continued at least to the 
end of the first trimester. There are reports on late thrombosis even up to 
20 weeks post embryo transfer.

 4. Antibiotic treatment: The administration of antibiotics is not unusual in the 
treatment of OHSS because of repeated catheterizations, venipuncture, pleu-
ral drainage, and transvaginal aspiration of the ascitic fluid. Preoperative 
antibiotic prophylaxis is highly recommended [44].

 5. Diuretics: Diuretic therapy without previous volume expansion might be 
harmful in as much as it may further constrict the intravascular volume and 
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worsen hypotension and its squeals. Diuretics may raise blood viscosity and 
increase the risk of venous thrombosis. The administration of diuretics is 
usually limited to the management of pulmonary edema [44].

 6. Dopamine: Dopamine is used in oliguric patients with severe OHSS and con-
fers a notable improvement in renal function, acting through an increased 
renal blood flow and the glomerular filtration rate [45].

 7. Aspiration of the ascitic fluid and pleural effusion in severe ovarian hyper-
stimulation syndrome: The development of ascites is the hallmark of 
OHSS.  The most common reason for hospitalization is symptoms due to 
ascites. Aspiration is not suggested for all patients. Paracentesis is applied 
via the transabdominal or transvaginal method for severe abdominal pain, 
respiratory compromise as shown by tachypnea and pulse oximetry, and 
renal compromise as demonstrated by oliguria and increased creatinine con-
centrations. It eliminates the vasoactive factors, such as VEGF, in the ascitic 
fluid, diminishes the mechanical pressure on the diaphragm, and significantly 
increases diuresis.

 (a) Abdominal paracentesis: Soon after the paracentesis procedure, urinary 
output increases together with a decrease in the patient’s weight, lower 
extremity edema, and abdominal circumference. In addition, the creati-
nine clearance rate is raised following the procedure. Paracentesis 
decreases respiratory and abdominal distress, but since the fluid tends to 
return, some patients need frequent paracenteses and drainage of effu-
sions. Ultrasonographic guidance minimizes the risk of damage to the 
ovaries. The percutaneous placement of a pigtail catheter may be a safe 
and effective alternative to multiple vaginal or abdominal paracenteses in 
severe OHSS patients. The monitoring of plasma proteins is necessary, 
and HES or human albumin should be infused whenever needed.

 (b) Transvaginal aspiration under ultrasound guidance: Transvaginal aspira-
tion under ultrasound guidance is an effective and safe procedure. Injury 
to the ovaries is avoided when the puncture is performed under ultra-
sonic visualization. Since the pouch of Douglas is the best site for the 
drainage of ascites, no anesthesia is required and minimizes hospitaliza-
tions [46].

 (c) Treatment of pulmonary complications and pleurocentesis: The assess-
ment and treatment of patients with dyspnea in severe OHSS starts with 
a complete physical examination, chest X-ray and ultrasound, and arte-
rial blood gas test. It is necessary to assess any pulmonary condition that 
may lead to hypoxia. Severe ascites may be accompanied by hydrotho-
rax, particularly on the right side, due to the transfer of the abdominal 
fluid to the chest through the thoracic duct. Paracentesis will usually be 
effective in the resolution of hydrothorax, and thoracentesis may be 
reserved for those with bilateral or severe persistent pleural effusions. 
Pericardial effusion rarely occurs, but if it does, drainage may be neces-
sary by an expert physician [47, 48].
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 B. Surgical Treatment

 1. Surgery for ruptured cysts: Laparotomy should usually be avoided in 
OHSS. When proven necessary in cases with hemorrhagic ovarian cysts, it 
should be done to perform hemostasis and to save the ovaries.

 2. Surgery for ovarian torsion: Ovarian torsion is a rare complication of ovula-
tion induction and leads to the loss of one or both ovaries if not diagnosed 
and treated surgically on time. The symptoms of ovarian torsion include 
severe unilateral colicky adnexal pain. Ultrasonography with Doppler flow 
study can be diagnostic; nevertheless, a result of a normal blood flow does 
not rule out ovarian torsion. The purpose of surgery is to untwist the ovarian 
pedicle and try to save it.

 3. Surgery for ectopic or heterotopic pregnancy associated with ovarian hyper-
stimulation syndrome: The association between OHSS and ectopic or het-
erotopic pregnancy is not common, and the diagnosis needs a high index of 
suspicion. However, in ART cycles, due to the presence of multiple oocytes 
or multiple embryos and special manipulations, ectopic or heterotopic preg-
nancies may occur more than usual. The diagnosis of tubal pregnancy is not 
always possible via vaginal ultrasound examination at early stages. The 
presence of enlarged OHSS ovaries also obscures the vision during ultra-
sound scanning. Also, the presence of fluid in the pouch of Douglas is of 
limited diagnostic importance in the presence of ascites. All the aforemen-
tioned issues make the diagnosis difficult. However, when ectopic or hetero-
topic pregnancies are diagnosed, surgery is indicated in the majority of 
the cases.

 4. Pregnancy termination: Pregnancy termination is done in extreme cases to 
save the mother’s life. The termination of pregnancy in critical and prolonged 
cases is performed in order to stop hormone production and to terminate the 
cascade of events leading to OHSS. The termination of pregnancy has been 
stated to improve the clinical respiratory, cardiological, nephrological, hema-
tological, and vascular complications.

 Final Recommendations [3]

• Women with PCOS, elevated AMH values, and elevated AFC may benefit from 
ovarian stimulation protocols that reduce the risk of OHSS (Grade B).

• Ovarian stimulation protocols using GnRH antagonists are preferable in women 
at high risk of OHSS (Grade A).

• The use of a GnRH agonist to trigger oocyte maturation prior to oocyte retrieval 
is recommended to reduce the risk of OHSS if peak estradiol levels are high or 
multifollicular development occurs during stimulation (Grade A).

• Low-dose hCG co-trigger, luteal hormonal support, and cryopreservation of 
embryos are strategies that may improve pregnancy rates in this setting (Grade B).
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• Dopamine agonist administration starting at the time of hCG trigger for several 
days also may be used to reduce the incidence of OHSS (Grade A).

• Additional strategies to prevent OHSS which may be helpful include the use of 
metformin in PCOS patients (Grade A), aspirin administration (Grade A), and 
cryopreservation of embryos (Grade B).

• The mainstay of OHSS treatment includes fluid resuscitation and prophylactic 
anticoagulation. Paracentesis or culdocentesis may be recommended for man-
agement of OHSS when a large amount of ascites is present (Grade B).

 Conclusions

OHSS is a known complication of controlled ovarian stimulation. Adequate experi-
ence with ovulation induction therapy and identifying patients with known risk fac-
tors are essential in preventing OHSS [13].

Stimulation protocols should be selected that minimize the risk of OHSS. The 
use of GnRH antagonist protocols with a GnRH agonist (with or without low-dose 
hCG) to trigger final oocyte maturation of oocytes is a particularly effective strat-
egy. Other strategies that show some benefit include the use of cabergoline and 
cryopreservation of all embryos rather than transfer.

If OHSS prevention strategies are not effective and a patient experiences severe 
OHSS, fluid resuscitation, supportive care, paracentesis, and prophylactic antico-
agulation are recommended.

Nowadays, the establishment of OHSS-free clinics is feasible through careful 
primary evaluation of infertile couples; severe OHSS, which was deemed an iatro-
genic life-threatening condition two decades ago, can now be effectively prevented 
and managed during the early stages [18].
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Chapter 14
Iatrogenic Multiple Pregnancy

Saul Barrera and Mayka Morgan

 Introduction

Multiple pregnancy is defined as the simultaneous development in the uterus of 
more than one fetus. The multiple pregnancy rate has increased around the world in 
the last three decades as a result of an increase in assisted reproduction treatment 
(ART) [1]. The increase in the number of in vitro fertilizations performed and the 
use of medications for ovarian stimulation, which may add to the gestations in late 
maternal ages, all together lead to an increase in these rates. More than 200,000 
babies are born worldwide each year by ART, and currently, approximately 5 mil-
lion babies are born as a result of all forms of conception [2].

Multiple pregnancies as a result of ART have increased worldwide in the last 
decade, due to increases in the treatments performed and the transfer of more than 
two embryos in order to improve the results and the pregnancy rate [3]. Despite the 
effort to limit the number of embryos to change with SET (selective embryo trans-
fer), it has not been possible to reduce the multiple pregnancy rate, if there is a very 
high pressure to have the best pregnancy rates that makes this increase unacceptable 
for its maternal outcome and adverse perinatal [4]. The final effect is reflected in the 
data showing that 21.8% of all participants after TRA culminate in pregnancies with 
more than one fetus [5].

Consider that the most serious complication that can be generated as a result of 
the assisted reproduction treatments performed is the high incidence of multiple 
pregnancy after infertility treatments. It is well documented that multiple pregnan-
cies have adverse obstetric outcomes and higher rates of perinatal morbidity and 
mortality when compared to single pregnancies [6].
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 Placentation

Although the vast majority of assisted reproduction twins are dizygotic (DZ) after 
the transfer of two embryos, monozygotic twin pregnancies (MZ) have a direct 
impact on prenatal care and obstetric management of twin pregnancies after assisted 
reproduction treatment [7].

Monochorionic twin pregnancies are associated with a threefold increase in peri-
natal mortality and a tenfold increase in the occurrence of prenatally acquired neu-
rological lesions [8]. In general, perinatal mortality is around 11% in MZ pregnancies 
compared with 5.0% in DC twin pregnancies [9].

In monochorionic twins we find vascular anastomoses that are the pathophysio-
logical basis of fetal transfusional syndrome; its diagnosis and late treatment lead to 
90% of fetal mortality [9].

There is a higher incidence of fetal loss before 24 weeks in the monozygotics. 
After 32 weeks, the risk of intrauterine fetal death is significantly higher in mono-
zygotic than dizygotic [10].

The three configurations of monozygotic placentation (bicorionic-biamniotic, 
mono-ionic-biamniotic, and mono-ammonic-monoamionic) have been found after 
the reproduction treatments were performed. This indicates that variations in pla-
centation occur at different times of embryonic development and by means of dif-
ferent mechanisms. Derom et al. (1987) were one of the first to report a twofold 
increase in the rate of MC after ovarian stimulation for IVF compared to 0.4% 
found in spontaneous twin pregnancies [11]. Subsequent studies have documented 
even higher rates that go between 1% and 5% of MZ twin pregnancies after IVF.

Studies published in the last decade have also confirmed that women who use 
mediation for ovarian stimulation have twice as many risks for developing multiple 
pregnancies [12]. A greater relationship has been established in the appearance of 
twin pregnancy in patients who are users of medication for ovarian stimulation such 
as clomiphene citrate when compared with patients who underwent IVF by control-
ling the number of embryos to be transferred [13].

The membranous diagnosis of a multiple pregnancy is very important to deter-
mine the obstetric prognosis. It has been reported that several factors, such as patient 
history, maternal age, ovarian stimulation, and in vitro culture condition, influence 
the incidence of multiple pregnancy in advanced assisted reproduction techniques. 
In addition, numerous reports have implicit procedures, such as micromanipulation 
of the pellucid zone, embryo assisted hatching, and ICSI, as factors related to mul-
tiple pregnancy.

However, other studies suggest that these factors may not be independent causes 
of multiple pregnancy. Although extending the culture from the cleavage stage to 
the blastocyst stage may increase the incidence of multiple pregnancy, a recent 
study suggested that blastocyst transfers are not associated with a higher rate of 
monozygotic twin pregnancy when controlling the quality of the embryonic cohort. 
Given the complexity of an multiple pregnancy event, several factors may be associ-
ated with the underlying mechanisms.
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An increase in twin MZ pregnancies has been reported in patients undergoing 
ICSI (intracytoplasmic sperm injection). Manipulation of the zona pellucida, 
assisted hatching, and extended embryo culture during ICSI/preimplantation 
genetic diagnosis can contribute to changes in fertilized oocyte division, and these 
factors could explain the relatively high rates of twin and triple assisted pregnan-
cies [14].

The higher rate of multiple pregnancy in IVF treatments is mainly due to the 
increase in the number of pregnancies after the transfer of multiple embryos.

In general, a recent review of the literature identified maternal age and the per-
formance of assisted reproduction treatments as the main risk factors to enhance the 
appearance of monozygotic twins [15].

 Maternal Complications

Medical complications are more common in women with multifetal gestations than 
with singleton gestations. These include hyperemesis, gestational diabetes mellitus, 
hypertension, anemia, hemorrhage, cesarean delivery, and postpartum depres-
sion [16].

Women with multifetal gestations have an increased incidence of hypertensive 
conditions associated with pregnancy. The occurrence of hypertensive complica-
tions is proportional to the total fetal number, with singletons at 6.5%, twins at 
12.7%, and triplets at 20.0% [17].

One study found that ART pregnancies were at increased risk (relative risk 
[RR], 2.1) of developing mild or severe preeclampsia, even after controlling for 
maternal age and parity [18]. Hypertensive disorders of pregnancy (HDP) in cases 
of Multiple gestation is usually more severe, with a higher risk of HELLP syn-
drome, eclampsia, and disseminated intravascular coagulation, resulting in a sig-
nificant increase in maternal morbidity and mortality.

The likelihood of a multifetal gestation increases with maternal age, even outside 
of ART use. The multiple birth ratio increases from 16.3 per 1000 live births for 
women younger than 20 years to 71.1 per 1000 live births for women 40 years and 
older [19]. Older women also are more likely to have obstetric complications irre-
spective of fetal number, including gestational hypertension, gestational diabetes 
mellitus, and abruptio placentae.

In the case of triple pregnancy, there is a 20% risk of developing preeclampsia, 
30% anemia, and 35% postpartum hemorrhage. Within the latter is uterine atony, 
most often in twin pregnancies due to uterine distention. As a preventive measure, 
uterotonics are used after the first twin has exited and intravenous oxytocic infusion 
after vaginal and cesarean delivery.

The dilutional anemia associated with pregnancy is often aggravated by the iron 
deficiency generally accentuated in twins. The incidence of anemia is doubled in 
twin pregnancies increasing the risk of premature labor and the severity of a post-
partum hemorrhage.
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Mothers carrying twins are also more likely to present with pregnancy- associated 
nausea and vomiting and higher body mass index leading to glucose intolerance and 
gestational diabetes than those carrying singletons [20].

Depression is more common in mothers of multiple births than with singletons, 
and having more than one child per birth, whether resulting from the use of assisted 
reproduction treatment or not, increases psychosocial risks for the parents during 
pregnancy and after delivery. In IVF pregnancies, anxiety scores, but not depression 
scores, are higher in women with twin gestations. In particular, primiparous moth-
ers of IVF twins are vulnerable to stress in early stages of adaptation to the maternal 
role and may require professional interventions [21, 22].

Intrahepatic cholestasis of pregnancy (ICP) is the most common pregnancy- 
specific liver disease that typically presents in the third trimester. ICP is associated 
with an increased risk of adverse perinatal outcomes, including spontaneous pre-
term delivery, meconium staining of the amniotic fluid, and stillbirth. The etiology 
of ICP is yet to be resolved, but genetic, environmental, and hormonal factors, 
including estrogen and progesterone, probably have a roll. ICP in twin pregnancies 
presents earlier and is characterized by higher serum levels and elevated levels of 
bile acids which suggest that the disease is more severe in twins and consequently 
the risk of fetal death may be increased compared to singletons [23].

 Neonatal Outcome of Multiple Pregnancies

Multiple pregnancy is associated with increased perinatal morbidity/mortality and 
elevated costs to health service [24]. This is largely attributable to complications of 
prematurity. It is estimated that 1% of singletons, 19% of twins, and 25% of triplet 
and higher-order multiples are due to IVF [24].

The average gestational ages at delivery for twins, triplets, and quadruplets are 
35.3, 31.9, and 29.5 weeks, respectively [25].

Women with multifetal gestations are 6 times more likely to give birth preterm 
and 13 times more likely to give birth before 32 weeks of gestation than women 
with singleton gestations. This increases a fivefold risk of stillbirth and a sevenfold 
increased risk of neonatal death, which primarily is due to complications of prema-
turity [26].

Preterm delivery results in conditions associated with prematurity like intraven-
tricular hemorrhage, periventricular leukomalacia (PVL), necrotizing enterocolitis, 
retinopathy, and respiratory distress syndrome, all of them leading to long-term 
morbidity, like cerebral palsy and mortality [27]. Perinatal mortality risk is 4/1000 
for single, 26/1000 for twins, and 63/1000 for triplets. In cerebral palsy the inci-
dence is 2% for single, 10% for twins, and 30% for triplets [28].

Different studies evaluated if ART procedures influenced neonatal outcomes in 
singletons with early preterm delivery. Evidence evaluates the relationship between 
in vitro fertilization (IVF) and neonatal outcomes in very low birth weight preterm 
infants (less than 32 weeks), with no detectable difference with neonatal outcomes 
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[29]. Other studies with similar conclusions that fetal outcomes seem to be equal 
between ART and SC in early preterm neonates only see an increase in risk of 
C-section rate and pregnancy complications such as placenta previa which seem to 
be higher in the ART group [30].

Although most of the current research states that obstetric outcomes of ART 
twins are similar to naturally conceived twins, twin pregnancy per se significantly 
increases the risk of obstetric complications and perinatal mortality and morbidity 
[31]. Most reports suggest that the maternal and neonatal outcomes of ART twins 
are comparable to that of naturally conceived twins. In a systematic review of 25 
studies (3437 assisted and 3429 naturally conceived twins), ART twins had similar 
outcomes to those naturally conceived [32]. There does not seem to be an increase 
in perinatal mortality between naturally conceived twins and those conceived after 
ART, but there appears to be a modest increase in the caesarean section rate and low 
birth weight in ART twins [33].

Few data exist concerning obstetric and perinatal outcome in ART triplets versus 
naturally conceived triplets. A small study suggested an increased rate of neonatal 
malformations in the ART triplets; however the study is too small for definitive 
conclusions.

 Congenital Abnormality

Congenital abnormality (CA) is a common and complex adverse pregnancy out-
come associated with perinatal or infant mortality and morbidity worldwide. Initial 
studies comparing babies born following IVF or ICSI with spontaneously conceived 
controls suggested no increase in incidence of congenital abnormalities. However, 
systemic reviews found an increased risk of congenital abnormalities and some 
birth complications in ART in comparison with normal conception [34].

Single fetuses conceived with IVF/ICSI methods are at an increased risk of 
developing congenital heart disease compared with those conceived spontaneously. 
Due to heterogeneity of ART procedures and cardiac defects, there is not conclusive 
evidences and required further investigation [35].

Data confirmed that multiple pregnancies of IVF/ICSI were significantly associ-
ated with the risk of developing congenital in their offspring [36]. A recent meta- 
analysis aimed to evaluate congenital malformations in infants conceived by assisted 
reproductive techniques compared with infants conceived spontaneously involving 
61,815 IVF/ICSI multiple births and 204,471 spontaneous conception multiple 
births indicated that the multiple pregnancies generated by IVF/ICSI, when com-
pared with those conceived naturally, were at a significantly higher risk of 18% for 
urogenital system malformations, 36% for chromosomal defects, and 22% for cir-
culatory system malformations, but the remaining specific congenital abnormali-
ties, such as cleft lip and/or palate, eye, ear, face and neck, respiratory, 
musculoskeletal, nervous and digestive system malformations, were similar in the 
two groups [37].
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 Decreasing the Risks of Multiples

Due to the increased perinatal and maternal risks of multiple pregnancy, it is very 
important to look for strategies to preventing iatrogenic multiple pregnancies. 
Multiple pregnancy remains the single biggest risk to the health of children born 
after IVF [38].

Primary forms of preventing multiple pregnancy include canceling ovulation 
induction cycles in which multifollicular development has increased risk. In IVF 
cycles limiting the number of embryos transferred is the first step in reducing mul-
tiple pregnancy rates; the complications and risks of multiple pregnancies can be 
reduced by implementing a strategy using elective single embryo transfer.

 Single Embryo Transfer

Despite the substantial risks associated with multiple pregnancy, double embryo 
transfer (DET) during IVF treatment continues to be widely practiced [39]. 
Variation in IVF regulation worldwide has resulted in significant differences in 
embryo transfer practices between countries. To encourage the use of SET, the 
American Society for Reproductive Medicine (ASRM) [40], the British Fertility 
Society (BFS), and the Association of Clinical Embryologists (ACE) have all pro-
duced guidelines to assist centers to select patients eligible for eSET. These guide-
lines identify patients who are at the greatest risk of multiple pregnancy by using 
factors such as patient age and embryo quality and made specific recommendations 
in this groups.

Data from SART National of 2013 demonstrate that elective single-embryo 
transfer (eSET) in women aged <38 years have decreased rates of multiple gesta-
tion, with no significant impact on cumulative live-birth rates [41].

In women 42 years or younger, transferring a single euploid blastocyst resulted 
in pregnancy rates similar to transferring two untested blastocysts while dramati-
cally reducing the risk of twins [42].

The widespread application of single embryo transfer has significantly reduced 
the twin pregnancy rate without any decrease in cumulative pregnancy rates. A 
meta-analysis of eight randomized controlled trials researching the clinical effec-
tiveness of single embryo transfer found that the odds of a term singleton birth after 
elective single embryo transfer was almost five times higher than the odds after 
double embryo transfer (OR: 4.93; 95% CI: 2.98e8.18) [43].

Each country and clinic must establish, according to their results, the policies to 
implement the (eSET). Two requirements are essential for this: Optimizing selec-
tion methods of good-quality embryo is crucial and effective cryopreservation pro-
grams to ensure that the cumulative pregnancy from elective single fresh and frozen 
cycles is equivalent to those achieved with DETs.

S. Barrera and M. Morgan



175

 Multifetal Pregnancy Reduction

Multifetal pregnancy fetal reduction is a first-trimester or early second-trimester 
procedure for reducing by one or more the total number of fetuses in a multifetal 
pregnancy [44]. It is an effort to reduce the risk associated with multiple gestation 
and high-order multiple gestation. Selective reduction to a twin pregnancy has been 
shown to reduce the risk of preterm delivery, low birth weight delivery, cesarean 
delivery, neonatal death, and prenatal complications comparable with that of a spon-
taneously conceived twin pregnancy [45].

The risk associated with reduction itself is not insignificant and correlates with 
the initial number of fetuses in the pregnancy, ranging from 11.1% risk of unin-
tended loss of a healthy fetus when reducing from three or more fetuses to a 2.4% 
unintended loss rate when reducing from twins to a singleton [44].

In high-order multifetal pregnancy, reduction of triplets to twins is associated 
with a better pregnancy outcome compared with that of nonreduced triplets. 
Multifetal pregnancy reduction may be the appropriate alternative to reduce perina-
tal morbidity and mortality in trichorionic triplet pregnancies [46, 47].
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Chapter 15
Procedures in Pregnant Women  
in Critical Condition

Bayardo J. Robelo-Pentzke

 Radial Catheter

The complications related with any catheter placement into a blood vessel are rare, 
but they may be less common if the catheter is inserted in the wrist.

The small size and the closer location to the skin surface make the radial artery 
an ideal vascular site to prevent complications as external bleeding during arterial 
catheterization.

Before using the radial artery, it is advisable to test the blood supply to the hand 
and be sure that both ulnar and radial arteries are working; performing a modified 
Allen’s test is the best way to proceed in this case.

A potential risk after the catheterization of the radial artery is the occlusion of the 
vessel as a result of a blood clot formation; if there are redundant blood supplies to 
the hand, there will be no issues for this hand.

Invasive blood pressure is considered the “gold standard” for arterial pressure 
monitoring in patients admitted to critical care units.

Arterial pressure measurement represents a mandatory step in the evaluation of 
patient hemodynamics because it gives primary information about the performance 
of the cardiovascular system and tissue perfusion [3].

Invasive arterial pressure allows a continuous monitoring and provides vascular 
access for obtaining blood samples (arterial blood gases and other laboratory 
studies). It is also indicated in patients receiving vasoactive infusions or those with 
fluctuating, unstable blood pressures.

An arterial catheter may be inserted into the radial, brachial, femoral, or dorsal 
pedis artery. The radial artery is the preferred site because of easier accessibility. 
The catheter is attached to a fluid-filled pressure transducer system incorporating a 
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flush system to maintain patency. An attached transducer senses arterial pressure 
and converts the pressure signal to a waveform on the bedside monitor.

The waveform reflects pressure generated by the left ventricle during systole and 
diastole, and the monitor displays the corresponding numerical values.

The technique is performed usually in the radial artery of the non-dominant arm 
after determining the permeability of the radial and ulnar arteries in such arm using 
Allen’s test; in case the patient is unconscious or is not cooperating, the verification 
of patency is recommended with Doppler sonography or pulse oximetry.

In case that any of these arteries are not patent, it is not recommended to make a 
puncture of these vessels in this hand; proceed with the evaluation of the arterial 
circulation at the contralateral hand.

 Indications

 – Administration of drugs
 – Catheter insertion for coronography
 – Continuous and invasive monitorization of the arterial pressure
 – To get serial blood arterial samples for gasometry

 Contraindications

 – Raynaud syndrome
 – Thromboangiitis obliterans
 – Arterial insufficiency
 – Infection at the puncture site
 – Arterial lesions next to the puncture site
 – Severe alterations in coagulation

 Technique Description

With the patient’s hand in a supine position and dorsiflexion, proceed to clean the 
area and make antisepsis of the skin; drape the zone, and palpate the pulse in the 
radial artery one or two centimeters above the wrist between the styloid apophysis 
of the radius and the flexor radial muscle tendon. Apply local anesthesia to the skin, 
insert the arterial cannula distal to the palpated radial artery with an angle between 
30° and 45°, slowly advance the cannula through the artery until blood is drawn in 
a pulsatile way, introduce the rest of the cannula with an angle between 10° and 15°, 
remove the guide from the cannula pressing the artery, and close the cannula. Make 
the fixation of the cannula with skin stiches and adapt the system for pressure moni-
toring [2].
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 Removal of the Arterial Line

 Rationale

The arterial line should be removed if:

 – The arterial line is no longer required for close blood pressure monitoring and/or 
blood samples.

 – If there are any sign of infection and phlebitis or if the line is no longer function-
ing well.

 – When the patient has signs of sepsis and the intensive care unit team has decided 
to replace all lines [4].

Proceed to cut the stiches and gently remove the cannula from the radial artery 
keeping pressure to permit cloth formation at the site of puncture; once there is no 
risk of bleeding, use a compressive bandage, and verify the correct circulation to 
the hand.

 Central Venous Catheters

A central venous catheter is a catheter with a tip that lies within the proximal third 
of the superior vena cava, the right atrium, or the inferior vena cava. Catheter can be 
inserted through a peripheral vein or a proximal central vein, most commonly the 
internal jugular, subclavian, or femoral vein.

Central venous cannulation is considered the procedure, which facilitates resus-
citation, nutritional support, and long-term vascular access between other uses like 
access for giving drugs, access for extracorporeal blood circuits, and hemodynamic 
monitoring and interventions. As all invasive procedures, it is not free of complica-
tions; knowledge of surface and deep anatomy minimizes complications.

Between these complications are infection, thrombosis, bleeding, vascular occlu-
sion, and other mechanical complications that usually occur during insertion and 
are intimately related to the anatomic relationships of the central veins. Overall 
complications may rate 15% [1]. That is why anatomic surface landmarks are useful 
to orient the deep course of cannulating needle tracts.

Nowadays, the real-time ultrasound visualization enhances the safety of internal 
jugular and femoral venous cannulation and also offers the axillary vein as a visible 
alternative of blind subclavian approaches.

To prevent infections is mandatory always considering strict attention to antisep-
sis and sterile technique.

The most frequent procedure used to establish central venous cannulation is the 
called Seldinger technique, it was introduced in the early 1950s as an innovation, 
and Trendelenburg position for internal jugular and subclavian cannulation allows 
gravity to enhance central venous filling, making the venous puncture more 
successful and minimizing the air embolus risk. The collapse of the vein increases 
the risk of back wall puncture and potential intra-arterial placement of the devices.
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Incorrect placement of the catheter tip increases mechanical and thrombotic 
complications, but the ideal location of the catheter tip depends on the indications 
for catheterization and the site of insertion. No single catheter tip position is ideal 
for all patients.

Once the catheter is introduced, in general, the correct place to ubicate its tip is 
at the junction of the superior vena cava with the right atrium, at this place, there is 
a high blood flow that prevents thrombosis and arrhythmias from catheter irritation 
of the atrial wall. The surface landmark corresponding to this position is the angle 
of Louis of the sternum. On the control chest X-ray, this point corresponds to the 
right tracheobronchial angle; high placement of the catheter tip in the superior vena 
cava increases the risk of thrombosis; and it is recommended that long-term catheters 
should be placed precisely under fluoroscopy and the position of short-term central 
lines should be confirmed with a chest X-ray.

The understanding of the correct underlying vein trajectory is critical to prevent 
potential injuries to the venous sidewalls to be punctured by a wide-bore and stiff 
dilator. Vascular injury may lead to life-threatening hemorrhage or cardiac 
tamponade.

With the right internal jugular and left subclavian approaches, the veins respec-
tively take straight and gently curving trajectories to the superior vena cava. The 
right subclavian vein takes a near right angle turn into the superior vena cava, and 
the left internal jugular vein has two turns, one into the brachiocephalic vein and a 
second into the superior vena cava. All these are points for potential injury when 
passing the catheter or the dilator [1].

That is why dilators are used only to develop a subcutaneous tract, they should 
be advanced to the level of the adventitial vein surface but never in to the vein, and 
the depth at which the vein was accessed with the venipuncture should be kept in 
mind as the maximal distance the dilator could be inserted.

 Ultrasound Visualization

Given the superficial location of the central veins at the sites of venipuncture, a 
high-frequency probe of 7.5  MHz creates optimal images. Ultrasound-directed 
techniques for insertion are now the standard of care. Ultrasound-guided placement 
results in lower failure rates, reduced complications, and faster access compared 
with landmark technique. Subclavian cannulation remains a blind technique; the 
use of ultrasound has improved outcomes for internal jugular vein cannulation and 
is considered a current standard of care for cannulation at this site.

The site of insertion depends on several factors: indication for insertion, pre-
dicted duration of use, previous line insertion sites (where veins may be thrombosed 
or stenosed), and presence of relative contraindications. Potential contraindications 
to central venous catheterization are coagulopathy, thrombocytopenia, ipsilateral 
hemothorax or pneumothorax, vessel thrombosis, stenosis or disruption, infection 
overlying the insertion site, and ipsilateral indwelling central vascular devices.
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 Internal Jugular Vein Approach

The internal jugular vein is often the access of choice for central venous cannula-
tion, because of its superficial location, easy ultrasonic visualization, and straight 
course to the superior vena cava on the right side [1].

There are three percutaneous approaches to the internal jugular vein: anterior, 
central, and posterior. The essential surface anatomy is comprised between the 
borders of Sedillot’s triangle, which limits are:

 – The sternal head of the sternocleidomastoid muscle medially
 – The clavicular head of the sternocleidomastoid laterally
 – The superior border of the medial third of the clavicle inferiorly

 Central Approach

For the central approach, cannulation begins with cutaneous puncture at the supe-
rior apex of Sedillot’s triangle. The internal jugular vein lies immediately posterior 
to the apex of this anatomic triangle with a frequency of 97% on the right and 79% 
on the left and is thus relatively superficial in  location, 1.0–1.5 cms beneath the 
cutaneous surface; be careful, at this point there is the risk of puncture of the 
pulmonary apex and the carotid artery.

 Posterior Approach

For the posterior approach, the needle is placed at the posterior border of the sterno-
cleidomastoid muscle at a point one-third of the way from the sternoclavicular joint 
to the mastoid process; the sternal jugular vein crosses the sternocleidomastoid 
muscle at this point and is a useful landmark. The needle is advanced toward the 
ipsilateral sternoclavicular joint at an angle of 30°–40° off the skin.

 Anterior Approach

In the anterior approach, the cutaneous puncture site is at the medial border of the 
sternocleidomastoid at the level of the cricoid cartilage; the needle tip should pass 
medial to the sternocleidomastoid directed 30°–45° posteriorly from a coronal plane 
and 15°–45° laterally from a sagittal plane.

The internal jugular vein generally lays anterolateral to the carotid artery; the 
vein may also lay directly anterior to the artery predisposing to arterial puncture. 
Rarely, the internal jugular vein lays medial to the carotid artery. The palpation of 
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carotid artery diminishes internal jugular vein diameter. Trendelenburg position 
should be employed whenever feasible; the head should be rotated to the contralateral 
side only so far as to provide access to the neck.

Anatomic complications during the central venous cannulation are puncture or 
cannulation of the internal carotid artery and pneumothorax.

Carotid puncture is avoided by preventing medial angulation of the needle as it 
passes bellow the cutaneous surface and also by staying high in Sedillot’s triangle.

Ultrasonography images visually differentiate the internal jugular vein and com-
mon carotid artery, facilitate venipuncture rather than arterial puncture, guard 
against through-and-through puncture of the internal jugular vein, and prevent deep 
passage of a needle into deep cervical and thoracic structures.

Ultrasound images through Sedillot’s triangle will demonstrate the carotid artery 
and internal jugular vein as two sonolucent circles. The artery is recognized as the 
smaller in diameter, noncompressible vessel with a visible pulsation. Real-time 
ultrasound guidance has been shown to improve the technical efficiency and efficacy 
of internal jugular venous cannulation and to decrease the frequency of arterial 
punctures; sonographic guidance has also decreased the frequency of hematomas, 
hemothorax, and pneumothorax [5].

 Subclavian Cannulation

The subclavian cannulation is long favored by surgeons, may be associated with 
fewer infectious complications, and remains accessible after localized thrombosis 
of the internal jugular vein. The incidences of pneumothorax, hemothorax, and 
thrombosis are equivalent to the jugular approach. The enhanced safety of ultrasound 
in the internal jugular position increases interest in sonographically assisted 
cannulation of the axillary vein as an alternative. Any advantage of this technique 
over landmark-guided subclavian cannulation remains unproven.

There are two approaches for subclavian venipuncture technique: infraclavicular 
and supraclavicular.

 Infraclavicular Subclavian Approach

The operator stands on the side to be cannulated, and the patient should be placed in 
the Trendelenburg position to maximize venous filling of the vein and minimize risk 
of air embolus.

The goal of subclavian venipuncture is to pass a needle inferior to the clavicle 
and superior to the first rib to access the subclavian vein as it courses over the first 
rib. The appropriate course of the needle passes immediately beneath the junction of 
the medial one-third and lateral two-thirds of the clavicle. The appropriate point for 
cutaneous puncture lays 1–2 cms inferior and lateral to the clavicular transition point.
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A cutaneous puncture site closer to the clavicle creates difficulty maneuvering 
the needle beneath the clavicle. More medial cannulation may be impeded by 
calcification of the costoclavicular ligament. As the needle is advanced, it must 
remain absolutely parallel to the floor; if the needle is directed posteriorly, the risk 
of pneumothorax is greatly increased.

Alternative landmark is the deltoid tuberosity of the clavicle, which is palpable 
as an anterior projection laying roughly at the junction of the lateral one-third and 
medial two-thirds of the clavicle. The cutaneous puncture site in this case is placed 
1.5 cm inferior to the medial border of this landmark, and the needle is advanced 
toward the sternoclavicular joint and sternal notch.

 Supraclavicular Subclavian Approach

The essential landmark for this approach is the junction of the lateral border of the 
clavicular head of the sternocleidomastoid with the clavicle. The point for cutaneous 
puncture lays 1 cm superior and 1 cm lateral to this junction. Between the junctions 
of the sternocleidomastoid with the clavicle is the clavicle sternocleidomastoid 
angle. The cannulation needle tip is angled posteriorly 5°–15° off a coronal plane 
and advanced along a line that bisects the clavicular sternocleidomastoid angle. This 
will lead to subclavian venipuncture between the clavicle and the anterior 
scalene muscle.

An aspect to take in mind is that the more medially the catheter enters the vein, 
the more anteriorly it will lie within the acute angle formed between the clavicle 
and first rib. The more anteriorly the catheter lies, the more likely it will be com-
pressed as the costoclavicular angle closes with upright position. With a relatively 
lateral venipuncture, the catheter will pass through the wider, posterior point of this 
triangular space, rendering compression with arm abduction less likely than if the 
catheter lies in a more anterior position. As a consequence of this compression of 
the catheter, at this point it may be transected, creating a catheter embolus that may 
be asymptomatic in 24% of cases. Most commonly, in 56% of cases without tran-
section, it may present as catheter malfunction; less frequent symptoms include 
arrhythmias, pulmonary complaints, and sepsis; this is called pinch-off syn-
drome [1].

 Complications

 – Subclavian arterial lesion.
 – Direct brachial plexus injury or compression neuropathy caused by hematoma
 – Lesion of structures in posterior relationship with the subclavian vein as the 

phrenic nerve (located medially of the anterior scalene muscle) and the internal 
mammary artery and the apical pleura
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Pneumothorax is avoided by keeping the needle and syringe absolutely parallel 
to the floor at the moment of the puncture.

 Axillary Vein Cannulation

The axillary vein and artery can be easily visualized with ultrasound more laterally 
on the chest wall, anterior to the lateral clavicle. The axillary vein can be recognized 
as a compressible structure lying anterior to the noncompressible, pulsating 
axillary artery.

Ultrasound-guided cannulation of the axillary vein may prove to be a safer tech-
nique than blind subclavian cannulation, especially for those operators without 
extensive experience with other approaches.

 Femoral Cannulation

This technique was first described for Moncrief in 1958 [8].
It is a procedure that may be favored during emergent resuscitation when proce-

dures such as endotracheal intubation and cardiac compressions limit concurrent 
access to the internal jugular vein and subclavian vein.

The venipuncture is performed below the inguinal ligament; this runs from the 
pubic tubercle medially to the anterosuperior iliac spine laterally. The femoral artery 
bisects this ligament, and the femoral vein is immediately medial to it.

Cutaneous puncture is performed approximately 1  cm medial to the point of 
maximal pulsation of the femoral artery; it can be facilitated by real-time ultra-
sound localization. Make sure that the puncture is below the level of the inguinal 
ligament; above this ligament is the external iliac vein, which becomes a deep ret-
roperitoneal structure making it difficult to place pressure on the insertion site if 
bleeding occurs.

The femoral vein catheters are associated with higher rates of infection and 
thrombosis than subclavian or internal jugular vein catheters [1].

The compression for the inferior vena cava when the gravid uterus is in advanced 
stage, difficult a rapid and high flow infusion during an emergency, nevertheless the 
femoral vein access even may be useful.

Therefore, the femoral vein is considered the third choice for central catheteriza-
tion and is used only when other approaches are not feasible, for example, during 
cardiopulmonary resuscitation; nevertheless, the femoral vein may be collapsed in 
such a patient, making cannulation quite challenging. Ultrasound may be a useful 
adjunct in the placement of femoral catheters. The femoral vein is a typically larger 
caliber, compressible structure anteromedial to the femoral artery, which should be 
noncompressible and pulsatile.
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 Pericardiocentesis

The most frequent etiology of pericardial effusion is neoplastic; generally lung or 
breast tumors are involved. Its diagnosis is simple, there are minimum complications 
in evacuation, and the means and actual monitorization allow to make 
pericardiocentesis in optimum conditions.

Pericardial effusions result as incremental in the quantity of liquid inside the 
pericardial cavity that exceeds its capacity of reabsorption, increasing the 
intrapericardial pressure; it may cause tachycardia, hypotension, paradoxical pulse, 
and an increase on central venous pressure; this is called cardiac tamponade. When 
instauration is slow, it can be tolerated by the patient; if the instauration is rapid, 
even small quantities of liquid can cause hemodynamic collapse.

The diagnosis is clinical and is reinforced by echocardiography, showing dia-
stolic collapse of the right cavities of the heart, occasionally collapsing also the left 
cavities.

To drain this liquid with pericardiocentesis is the gold standard, it must be per-
formed urgently or in a programed way, and it depends on the hemodynamic situa-
tion of the patient. The increase in invasive diagnostic and therapeutic techniques 
has favored iatrogenic pericardial effusion, which is secondary in etiology.

Pericardiocentesis is not a technique free of risk, its mortality can reach even 4%, 
and this risk improves where the procedure is performed under echocardiography 
control, besides adequate monitorization of the arterial pressure and the cardiac 
rhythm [6].

The pericardiocentesis procedure consists of the puncture of the pericardial cav-
ity through the chest wall to proceed with the extraction of the pericardial fluid for 
diagnosis and/or therapeutic option when this liquid is under tension.

The normal pericardium is a fibroelastic membrane composed of connective tis-
sue surrounding the external surface of the heart, the roots of the greatest arteries, 
and the union of the cavas and pulmonary veins with the respective atrium. It is 
formed by two layers, the visceral pericardium that covers the surface of the heart 
and the parietal serosa layer, less than two millimeters thick. Between these two 
layers, there is a virtual space with approximately 30 ml of liquid, which under 
normal conditions is clear; its function is to lubricate, contributing to the normal 
sliding between both layers of pericardium during cardiac movements.

Pericardium has mechanical functions: these are to limit the ventricular filling to 
prevent excessively acute dilatation of the cardiac chambers, to distribute the 
pressure between both ventricles and atrium, and to facilitate the cardiac movements 
during systole and diastole. It also makes the function of a ligament because it is 
anchored to other thoracic structures.

The first pericardiocentesis with echocardiographic control was made in 1978, at 
Mayo Clinic; this procedure may cause complications like myocardial injury, lesion 
to coronary arteries, gas embolism, pneumothorax, arrhythmias, lesions to intra- 
peritoneal organs, and lesions to esophagus with mediastinitis and pericarditis [7].
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The classical presentation of cardiac tamponade is called Beck’s triad and con-
sists of:

 – Jugular distention
 – Decrease in cardiac sounds
 – Absence of peripheral pulse

This triad is present in less than 30% of cases. Other signs of cardiac tamponade 
may be paradoxical pulse, that is, a decrease in systolic pressure more than 10 mmHg 
during normal inspiration, decrease in size of electrocardiographic complexes, and 
Kussmaul sign, which consist of increase in jugular venous distention during 
inspiration.

Between the indications of pericardiocentesis are:

 – To confirm a pericardial effusion
 – To infuse therapeutic agents like antibiotics, cytostatic, and sclerosing materials
 – To insufflate air for image diagnosis
 – To drain cardiac tamponade

Between the contraindications we may say:

 – Avoid puncture when skin lesions are present.
 – When the cause of cardiac tamponade is traumatic and pericardial effusion is 

present with hemodynamic instability.
 – Myocardial rupture.
 – Aortic dissection.
 – Severe hemostatic disorder.

 Pericardiocentesis Technique

There are two frequent approaches, the subxiphoid, also called Marfan technique 
and the parasternal technique.

The puncture must be made easily, keeping continuous suction through the 
syringe and trying to feel the sensation when the pericardial membrane is overcome.

 Subxiphoid Technique

This approach is not recommended in case of patients in advanced stage of preg-
nancy because of the obstacle gravid uterus, which may be compromised during the 
subxiphoid approach making it difficult.

Place the patient in supine decubitus, with his head 30° over the horizontal plane; 
the electrocardiographic monitoring is important to detect arrhythmias. The target 
point is located between the angle formed by the xiphoid process and the seventh 
left rib; it is mandatory to clean and make antisepsis of the skin and drape the zone, 
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apply local anesthesia, and make the puncture with a needle in a 30° angle with 
direction to the right shoulder keeping constant suction until you get pericardial 
effusion. One way to confirm you are in the pericardial space is infusing air and the 
contrast on the echocardiographic screen is observed. Insert a wire guide through 
the needle, remove the needle and then introduce the draining catheter over the wire 
guide, confirm the presence of liquid sucking once again, and keep the catheter with 
a firm stitch to the skin.

 Parasternal Technique

This approach is recommended in case of advanced pregnancy. Observe the same 
recommendations regarding the preparation of the patient; the target point in this 
case is located in the fifth left intercostal space, 2 cm outside the sternal border, to 
avoid damage to the internal thoracic artery and veins. Make the puncture with the 
needle directed in anteroposterior and caudal direction, from right to left through 
the cardiac apex, keeping constant suction until get the pericardial fluid. Insert a 
wire guide trough the needle and then remove the needle introducing later a 
pericardial catheter over the wire guide and proceed to suture the catheter with a 
firm stitch to the skin.

The extracted liquid must be analyzed with cytology, cell count, hematocrit, 
Gram stain, Ziehl-Neelsen stain, bacteriological cultures, mycotic cultures and 
Koch bacillus culture, PCR (polymeric chain reaction), and ELISA.

The appropriate moment to remove the pericardial catheter will be determined 
for the characteristics of the liquid and the amount of pericardial effusion drained in 
a period of 24 hours. If the quantity of liquid drained is less than 100 milliliters, it 
will be safe to remove the catheter.

Removing the catheter is made simply by cutting the stitch that was fixed to the 
skin and applying a compressive apposite.

 Thoracentesis

This procedure, also known as pleural puncture, the same as pericardiocentesis is 
useful for diagnosis and in many cases it can be therapeutic. The objective is to 
drain air or liquid from the pleural cavity.

Clinical exam and analysis of the pleural effusion could determine the etiology, 
depending on its nature: exudate or transudate.

As in any other invasive procedures, it is necessary to evaluate risk vs. benefit of 
the procedure. The experience of the operator and the correct evaluation of the pres-
ence of air or liquid by physical exam, chest X-ray, and ultrasonography are very 
important; discard blood anomalies with coagulation and thrombosis prior to the 
procedure.
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 Indications

 – Pneumothorax evacuation.
 – Pleural effusion analysis to determine if it is an exudate or a transudate, blood, 

pus, lymph, etc.
 – Evacuate pleural effusion to improve the breathing condition.

 Contraindications

There are no absolute contraindications; precaution is advised in the following cases:

 – Critical respiratory dysfunction
 – Severe hemodynamic instability
 – Severe deficiency in coagulation
 – Concomitant use of mechanical ventilation

 Thoracentesis Technique

Patient position could be seated, in lateral decubitus (in case of advanced pregnancy, 
left lateral decubitus is advised), or supine decubitus with elevation of the head 30° 
over the horizontal plane if not contraindicated. Monitoring the patient physiological 
parameters is essential.

In case of pneumothorax, the target site recommended for puncture is on the 
second intercostal space at the middle-clavicle line over the rib to avoid damage to 
the subcostal vessels and nerves. Nevertheless, any of the target sites used for liquid 
evacuation may be appropriate.

In case of liquid evacuation, the target point must be located in the middle-axillar 
or anterior-axillar line, at the sixth or fifth intercostal space; this last is preferred in 
case of advanced gravid uterus present or when there is an abnormal elevation of the 
diaphragm with the increased risk of damage to other abdominal organs. The use of 
the anterior-axillar line is preferred to avoid muscles like pectoral major or latissimus 
dorsi; this approach is highly recommended.

The procedure must be made with previous cleaning of the skin with antiseptic 
solutions, drape of the site, and local anesthesia application to the chest wall. It is 
important to introduce the anesthetic agent suctioning to avoid any intravascular 
administration; once you get pleural liquid, apply more anesthesia in the parietal 
pleura as it will prevent unnecessary pain to the patient.

The introduction of the trocar needle must be made at the intercostal space over 
the rib to avoid the vascular-nervous intercostal structures located at the inferior 
border of the rib, keeping suction until liquid is obtained, introduce the catheter 
through the trocar, remove the trocar, and adapt the catheter to a three-way device 
for suction of the liquid, which must be collected to laboratory and bacterial tests. 
Try to do the evacuation slowly and no more than 1500 ml to prevent pulmonary 
edema post expansion. Fix the catheter to the chest wall with a secured stitch, and 
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finally, adapt the catheter to a collecting recipient with negative pressure or a water 
seal to a suction system.

The analysis of the liquid must include:

 – Cytology
 – Cell count and differential
 – Hematocrit
 – pH, proteins, LDH, amylase, glucose, and lipids
 – Gram stain
 – Ziehl-Neelsen stain
 – Bacterial cultures for Koch bacillus, viruses, and fungi
 – Determination of PCR

 Complications

 – Intense pain
 – Air embolus
 – Hemothorax
 – Lesion to other organs (lung, heart, liver, bowel, diaphragm, nerves, and vascu-

lar system)
 – Pneumothorax
 – Lung rapid expansion syndrome with pulmonary edema
 – Persistent cough

The appropriate moment to remove the pleural catheter will be determined also 
by the characteristics of the liquid drained and the amount produced in a period of 
24 hours. If less than 250 milliliters of a clear liquid were drained in that period, it 
will considered safe to remove the catheter.

To remove the catheter, cut the fixing stitch, and gently ask the patient to breathe 
deeply to fill the thoracic space with the lungs; keeping in such way the pleural 
space collapsed is necessary to hold this inspiratory maneuver to remove with a 
rapid movement the catheter from the pleural cavity; this will prevent a pneumothorax 
formation. Finally proceed to close the puncture site with a compressive apposite.

In case the patient is unconscious and in mechanical-assisted ventilation, make 
the procedure of removing the pleural catheter during the inspirational phase using 
the positive pressure of the ventilator to keep the pleural space collapsed and the 
lungs expanded.

 Appendix

We can’t leave without mention a relative recent and useful procedure utilized in the 
support of hemorrhage control while in an intensive care unit environment. 
Cardiovascular collapse during hemorrhage is the cause of death unless blood flow 
is maintained to the heart and brain.
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There is a minimal invasive technique using a balloon catheter to temporarily 
occlude large vessels giving time to an adequate and definitive surgical approach 
and control. This procedure is called resuscitative endovascular balloon occlusion 
of the aorta (REBOA). It consists of placing an endovascular balloon in the aorta to 
control hemorrhage and to augment afterload in traumatic arrest and hemorrhagic 
shock states such as aortic aneurysm surgery, gastrointestinal bleeding, trauma, and 
postpartum hemorrhage [9].

In the past, to get this same effect, the aortic cross-clamping was used through 
thoracotomy or laparotomy, causing more physiological disturbance and higher 
rates of complications with less rates of technical success than REBOA.

As all invasive procedures, REBOA has indications and contraindications and is 
performed through a peripheral access in the common femoral artery using 
Seldinger technique to introduce the balloon catheter using a 12 Fr sheath inserted 
into the abdominal or thoracic aorta to control noncompressible torso or pelvic 
hemorrhages.

Like all medical procedures, there are risks associated with the REBOA tech-
nique; however, in the setting of severe pelvic hemorrhage, the benefit of traditional 
control with pelvic packing and/or internal iliac ligation can be augmented by 
REBOA placing prior to these measurements as abridge to hemostasis. It is a less-
invasive procedure and permits earlier intervention prior to cardiovascular collapse, 
using less blood product transfusions with their inherent risks, and less stress on 
cardiac function, decreasing secondary brain injury giving more chance to survival.

For this kind of procedure to be used in widespread practice, a better understand-
ing of the potential complications that can arise in all stages must be well recog-
nized [9].

 Conclusion

This is a brief guide in the use of some procedures employed frequently in intensive 
care unit environment with critical patients.

The advent of new technologies like ultrasound and monitoring systems has 
made these kinds of procedures easier and safer, giving confidence to the operator 
and reducing the multiple complications expected in all invasive medical techniques.

Despite the benefits of central venous lines to patients and clinicians, more than 
15% of patients will have a catheter-related complication [10].

The knowledge of the surface anatomy and its relationship with the deep organs 
and structures involved in the process is very important to facilitate and keep this 
standard of safety for the patient.

New techniques and approaches in the management of critical patients are con-
stantly emerging, and we must be open-minded.
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Chapter 16
Extracorporeal Membrane Oxygenation 
in Pregnancy

Tal E. Sandler and Shaun L. Thompson

 Introduction

Since its inception in the 1950s by John Gibbon, extracorporeal membrane oxygen-
ation has improved our ability to facilitate and augment oxygenation, ventilation, 
and cardiac support in critically ill patients [1]. Technological advancements 
improved ECMO utilization and are now considered to play a major role in acute 
respiratory failure, cardiac arrest, and shock states. Additionally, pre-hospital appli-
cations have successfully been implemented, to include management of cardiovas-
cular collapse secondary to pulmonary embolism, airway obstruction leading to 
refractory hypoxemia, overdoses, and hypothermia, to name a few [3]. The combi-
nation of ECMO technology and advancements in critical care has allowed for 
favorable survivability with decrease in morbidity [4]. As access to ECMO services 
has increased worldwide and with improvements in cannulation methods and 
equipment, early use has been well defined in the literature. Specialty population 
whom may benefit from ECMO, such as obstetric patients, have little evidence in 
regard to overall utilization and favorability [2]. This chapter will focus on describ-
ing disease processes in pregnancy and peripartum period that may benefit from 
ECMO. In addition, considerations regarding pharmacology, physiology, and com-
plications that the pregnant patient may pose while utilizing ECMO will be 
discussed.
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 Basics of ECMO

Extracorporeal membrane oxygenation is defined as extravascular cardiopulmonary 
life support. Blood is drained from the venous system, circulated by a mechanical 
pump through an oxygenator (also known as membrane lung), and returned back 
into systemic circulation (venous versus arterial). Oxygenation and carbon dioxide 
elimination is accomplished through passive diffusion and determined by flow rate 
and rate of countercurrent flow (sweep), respectively [3]. Depending on the indica-
tion for ECMO, there are two types of ECMO that are utilized. First is veno-venous 
(VV) ECMO, and this is utilized in order to replace lung function in states of refrac-
tory respiratory failure. The other variant is veno-arterial (VA) ECMO and is imple-
mented in states of cardiogenic shock or combined cardiopulmonary failure. The 
nomenclature of VV or VA ECMO indicates which vessels are cannulated in order 
to drain blood from the patient to the membrane lung and then back into the patient 
into either the venous (VV) or arterial (VA) system. Indications for VV ECMO 
include refractory hypoxia and hypercarbia despite maximal medical and ventilator 
support, status asthmaticus, pneumonia, anterior mediastinal masses, and most 
commonly acute respiratory distress syndrome [5]. Indications for VA ECMO 
include cardiac failure following myocardial infarction, acute chronic heart failure, 
acute heart failure including postpartum cardiomyopathy, pulmonary embolism, 
amniotic fluid embolism, and refractory ventricular tachycardia [5].

 Circuit Design

The ECMO circuit is based on the cardiopulmonary bypass circuit utilized in the 
operating room for open heart surgical procedures. Large bore cannulas, typically 
19–25 French, are placed in either the femoral vein or artery via percutaneous 
approach. This site is typically chosen due to need for rapid placement and also due to 
favorable size of vessels to accommodate the large cannula. Other configurations that 
can be utilized are femoral/internal jugular access for both VV and VA ECMO and use 
of a dual lumen cannula for VV ECMO which is placed in the internal jugular vein.

Once cannulas are in place, they are attached to large bore polyvinylchloride 
(PVC) tubing that is typically 3/16 to ½ inch in diameter. Large bore cannulas and 
tubing are utilized in order to reduce resistance to flow based on the Law of Laplace 
[5]. This tubing will bring blood to the membrane oxygenator, or membrane lung, 
via a centrifugal pump. The first half of the membrane lung is utilized for tempera-
ture regulation in order to maintain the body temperature at 37° C. The second stage 
of the membrane lung allows for oxygenation and carbon dioxide removal via pas-
sive diffusion as stated above. Figure 16.1 is a cross section of a membrane lung and 
shows the separation of these two halves.
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Centers have the ability to customize the ECMO circuit according to the intended 
patient population. Additional components of modern ECMO circuits include pres-
sure monitors, hemoglobin and oxyhemoglobin saturation monitors, and pump 
speed monitoring. Circuit bridge/access connectors are available for the ability to 
conduct lab draws and give the ability to add inline renal replacement therapy [6, 7]. 
Figure 16.2 shows a photograph of an ECMO circuit in use.

 Type of Pumps

Newly designed ECMO circuits utilize centrifugal pumps to provide suction away 
from the patient and return blood following gas exchange in the membrane lung. 
Centrifugal pumps have largely replaced previous utilized roller pumps due to their 
smaller size, durability, and ability to be used for prolonged circulation while avoid-
ing complications such as mechanical hemolysis [6, 7]. The centrifugal pumps used 
in modern ECMO machines are magnetically levitated and driven which help to 
reduce mechanical shear forces on red blood cells to minimize damage and hemo-
lysis [8]. Use of magnetically driven pumps also decreases friction and reduces the 
production of heat [9]. Because of these technical improvements, these pumps have 
been shown to be safely used for long periods of time allowing extended runs on 
ECMO if necessary [8, 9].

Fig. 16.1 Cross section of 
the membrane lung. The 
first half of the membrane 
lung is utilized for 
temperature management 
to maintain normothermia. 
The second half is where 
diffusion of gases occurs 
across concentration 
gradients. Blood enters the 
left side of the membrane 
lung, denoted by the blue 
plug. Blood exits the 
membrane lung and back 
to the patient on the right 
side, denoted by the red 
plug. (Image courtesy of 
Shaun Thompson, MD)
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 Membrane Oxygenator (Membrane Lung)

As noted, the ECMO circuit provides gas exchange, independent of the patient’s 
lung, through an oxygenator membrane. Through the years, oxygenators were com-
posed of different types of biomaterials including silicone rubber and polypropyl-
ene hollow fibers. Newer membranes surfaces are often made from 
polymethylpentene, polyvinylchloride, or polyurethane which provide efficient gas 
exchange with low resistance to flow. Polymethylpentene (PMP) membranes are 
more commonly used currently because of their low resistance to flow, optimal gas 
exchange with a smaller needed surface area, and minimization of plasma leakage 
that decreases efficiency of the membrane lung [8]. The surface area of the oxygen-
ator membrane and the path of blood mixing determine the capacity for gas 
exchange. Ultimately, blood and gas flow occur in counter-current direction allow-
ing for the gas exchange to happen by passive diffusion through the membrane 
against concentration gradients [6, 7].

Fig. 16.2 ECMO circuit: components of the ECMO circuit are seen in this photo. The membrane 
lung is encased in plastic that is red in color in this picture. Drainage and return cannula are marked 
with blue and red tape, respectively, on the left side of the photo. (Photo courtesy of Dan Johnson, 
MD and used with permission)
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 Cannulas

Multiple cannulas are available that can be selectively chosen for the individual 
patient, based on body size, with sizes ranging from 6Fr to 51Fr. In order to avoid 
luminal occlusion, cannulas are manufactured with wire reinforcements. Fenestrations 
are added to the flexible tip of jugular and femoral venous drainage cannulas to maxi-
mize flow, while return cannulas have either a single port or a short fenestrated tip.

Many cannulas are coated with heparin in order to limit the potential development 
of thrombus in the cannula. Systemic heparin is also given during cannulation, and 
these steps are vital to perform as thrombosis of the cannula can be life- threatening 
and possibly fatal if the patient is completely reliant upon ECMO for survival [5].

It is imperative to properly choose the correct size and configuration to ensure 
efficient and optimal performance of the circuit [6].

 Veno-Venous ECMO

VV ECMO is utilized for respiratory support when cardiac function is preserved. 
Cannulation can be performed in a few ways and depends on the urgency of the situ-
ation at the time of implementation of ECMO. For rapid deployment, percutaneous 
insertion of cannulas into the femoral veins bilaterally can be performed [5]. Other 
orientations that can be utilized include a drainage cannula in the femoral vein with 
a return cannula in the internal jugular vein and dual lumen cannulas which are 
placed in the internal jugular vein. In all cannulation scenarios, blood is removed via 
the vena cava and returned to the right atrium [3]. Figure 16.3 shows schematic 
examples of ECMO cannulation positions for VV ECMO.

Fig. 16.3 Configurations of veno-venous extracorporeal membrane oxygenation. Drainage can-
nula is positioned in the distal portion of the IVC with the return cannula positioned in the proxi-
mal portion of the IVC close to the right atrium. Another configuration would be if the return 
cannula was introduced through the internal jugular vein with the cannula terminating in the right 
atrium (B). (Image courtesy of Walker Thomas, MHPTT, FASE, RDCS and used with permission)
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 Veno-Arterial ECMO

VA ECMO is utilized in situations of cardiac failure or combined cardiorespiratory 
failure. The circuit is configured parallel to the heart and lung. Similar to VV 
ECMO, cannula placement is performed with percutaneous access and advance-
ment of cannulas over guidewires into the respective vessels. Blood is drained from 
the venous system and returned to the arterial system bypassing the heart and lung. 
Cannulation strategy includes access of the femoral vein (most common) with 
return via the femoral, axillary, or carotid arteries [3]. The most common cannula-
tion scenario in adults requiring VA ECMO support is femoral vein/femoral artery 
access due to the emergent nature that is typically required if this form of support is 
necessary [5]. Figure 16.4 shows a schematic of cannulation strategy for VA ECMO 
if the femoral arteries were utilized for cannulation.

 Ultrasound Guidance for Cannulation

Echocardiography has been successfully utilized as a tool to aid in cannulation [10–
14]. Both transthoracic and transesophageal echocardiography allow for guidewire 
visualization within the inferior vena cava (IVC) and aorta [10, 11]. This ensures 
and reduces the chances of extravascular cannula placement [14]. Moreover, can-
nula position can be verified prior to initiating and also during ECMO support for 
optimal results [10–14]. Echocardiography of the heart should also occur prior to 
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Fig. 16.4 Configuration of 
veno-arterial extracorporeal 
membrane oxygenation. 
Drainage cannula is 
positioned in the proximal 
portion of the IVC close to 
the cavo-atrial junction with 
the return cannula positioned 
in the abdominal aorta. 
(Image courtesy of Walker 
Thomas, MHPTT, FASE, 
RDCS and used with 
permission)
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placement onto ECMO in order to verify or exclude cardiac dysfunction as failure 
to do so may result in improper implementation of VV ECMO if cardiac failure 
exists [10–14].

 Contraindications to Implementation of ECMO

Absolute contraindications include futility of care in cases where an exit strategy is 
unlikely such as patients not candidates for durable mechanical support or trans-
plantation. Other examples of contraindications include metastatic cancer, severe 
brain injury, unrepaired aortic dissection, chronic severe organ dysfunction, and 
unwitnessed cardiac arrest [5]. Relative contraindications include advance age, 
severe obesity, severe peripheral vascular disease, morbid obesity, and contraindica-
tion for anticoagulation [5]. Multidiscipline consultation with intensivist, cardiolo-
gist, cardiac surgeon, and pulmonologist is recommended prior to initiating 
support [5].

 Pregnancy and Peripartum Complications

 Acute Respiratory Failure

Pregnancy is associated with multiple physiological and anatomical changes that 
affect the respiratory system. The parturient experiences decrease in functional 
residual capacity and an increase in minute ventilation secondary to increase in 
respiratory rate, leading to overall increase in PaO2 (~105  mmHg) and a lower 
PaCO2 (~30 mmHg) compared to the nonpregnant state of health. Compensatory 
metabolic acidosis (HCO3 ~18) occurs in response to the respiratory alkalosis. The 
overall affect causes a right shift of the hemoglobin-dissociated curve reducing the 
affinity of maternal hemoglobin to oxygen and enabling transfer of oxygen to the 
fetus. While these changes are crucial to the survivability of the fetus, they can be 
deleterious to the parturient as they are predisposed to states of acidosis such as in 
respiratory failure [15].

Etiology of respiratory failure is similar to the non-obstetric patient; these include 
reactive airway disease, pulmonary infections, and ARDS secondary to sepsis, 
trauma, pancreatitis, and multiple blood transfusions [16]. The risk of pulmonary 
infection is increased in the parturient secondary to changes in immunity. 
Downregulation of cell-mediated immunity occurs in response to allow tolerance of 
the paternal-derived fetal antigens predisposing the pregnant woman to increased 
complications [17]. Viral infections such as the previously reported influenza out-
break in the late 2000s proved that pregnancy is an independent risk factor for respi-
ratory complications such as ARDS. Other pregnancy-related causes of ARDS are 
illustrated in Table 16.1 [17].
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While respiratory failure is uncommon, mortality associated with ARDS is 
increased compared to the non-obstetric patient (24–39%) [16]. Therefore it is cru-
cial that the clinician has an understanding of the physiological respiratory changes 
in order to manage these patients appropriately.

Initial management includes identification of cause, maternal supportive care, 
and fetal monitoring for signs of distress, although conservative management 
approaches, such as invasive mechanical ventilation, should be utilized promptly, if 
needed. The 2009 influenza pandemic paved the way for the application of ECMO 
in refractory hypoxemic states. Multiple case reports have been published in the 
successful use of ECMO in both pregnant and postpartum patients. Multicentered 
reports from France, Australia, and New Zealand have described the use of ECMO 
with favorable survival rate similar to general population [16].

 Massive Pulmonary Embolism

The hypercoagulable state of pregnancy increases the risk of thromboembolic compli-
cations. It is reported that pulmonary embolism has an incidence of 1 in 3000 and is 
considered to be the most common cause of maternal mortality in the developing 
world [18]. Treatment for hemodynamically stable pulmonary embolism has been 
well described, while that of massive and unstable pulmonary embolism is not well 
defined in pregnancy. Current guidelines indicate that thrombolytic therapy is a rela-
tive contraindication in the obstetric patient but has been described [19]. The use of 
ECMO is not fully supported given limited evidence. Review of the literature illus-
trates a limited number of utilizations of ECMO in hemodynamically unstable patients 
(pregnant and postpartum) with favorable maternal and fetal survivability [20].

 Cardiac Arrest

Cardiac arrest is a rare event in pregnancy. The reported incidence is 1 in 12,000 
admission for delivery in the United States. Outcomes are dependent on etiology, 

Table 16.1 Disease states in 
pregnancy that can cause 
ARDS [2, 16, 20]

Acute respiratory failure cause in the obstetric population
Preeclampsia-induced pulmonary edema
Chorioamnionitis
Acute fatty liver of pregnancy
Obstetric hemorrhage
Tocolytic-induced pulmonary edema
Amniotic fluid embolism
Septic abortion
Retained products of conception
Aspiration
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with a relatively good prognosis as survival rate has been reported up to 58% [21]. 
Pregnancy is associated with cardiovascular changes as early as 6 weeks, which 
needs to be well understood in order to manage cardiac arrest. Heart rate increases 
20–30% with an associated increase in cardiac output by 30–50%. Plasma volume 
expansion is noted up to 50% at term. These physiological changes are adaptive to 
supply oxygen and nutrition to the growing fetus. As the uterus enlarges, aorto-cava 
compression can occur, decreasing preload, leading to relative hypotension and bra-
dycardia [21].

Management of cardiac arrest differs in the obstetric population. While standard 
ACLS is implemented, the obstetric team should promote left uterine displacement, 
remove all fetal monitors, and prepare for emergency caesarean delivery within 
4 min of resuscitative efforts if return of spontaneous circulation (ROSC) is not suc-
cessful [21]. If ROSC is achieved, then the reported survivability is favorable. 
ECMO utilization as a bridge to recovery has been utilized post ROSC, but data is 
limited into overall benefit [20].

 Cardiomyopathy

Peripartum cardiomyopathy is described as the development of heart failure, of unde-
termined etiology, during the last month of pregnancy or within 5 months postpar-
tum. Incidence is very low, affecting less than 0.1% of the obstetric population. Risk 
factors include advanced age, preeclampsia, gestational hypertension, multiparity, 
substance abuse, and cardiovascular comorbidities [22]. As described in the cardiac 
arrest section, multiple physiological changes occur during pregnancy that affect the 
cardiovascular system. The overall increase in intravascular volume and cardiac out-
put causes a transient but reversible left ventricular hypertrophy (LVH) [21, 22]. 
Although not completely understood, this increase in LVH and inflammation, auto-
immune response, and/or genetic predisposition to peripartum cardiomyopathy are 
believed to be contributing factors. Outcomes can vary, with mortality rates varying 
from 4% to 80% [22]. While medical treatments include standard heart failure ther-
apy, ECMO has been described in case reports as bridge to recovery versus advance 
therapies such as assist devices/transplant [22].

 ECMO in the Obstetrical Patient

Initiating ECMO support for cardiopulmonary failure in the obstetric patient is rare 
and uncommon. To date, evidence in the overall benefit and utility of ECMO is 
based on individual case reports. Comprehensive literature review focusing on 
ECMO utilization and pregnancy, albeit limited, concludes that ECMO can be rela-
tively safe and effective as a bridge to recovery of the mother with limited adverse 
consequence to the fetus [23]. Survivability has been reported up to 77% for moth-
ers and 65% for fetuses [23]. Multiple centers are successfully implementing ECMO 
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in this special population with positive results, although research and analysis need 
to be completed in order to implement pregnancy-related guidelines for ECMO 
administration.

 Cannulation Strategy

Strategy for cannulation should be individualized for each patient. Currently, no 
defined protocol is described in the literature for the obstetric population. 
Cannulation in the femoral vessels may prove to be difficult secondary to the gravid 
uterus [24]. Additionally, flow limitation can occur secondary to aorto-caval com-
pression. The procedure list must take these factors into account when planning the 
ECMO configuration and cannulation sites. Placing the patient in a slight left lateral 
decubitus in order to displace the gravid uterus off the inferior vena cava may be of 
benefit as it will maintain venous return.

Ultrasound and echocardiography have important roles in the cannulation of any 
patient onto ECMO support. To evaluate the vessels to be cannulated, ultrasound 
can be performed to estimate size of the vessels in order to verify that the cannulas 
to be used will be accommodated and are the appropriate size for the vessels to be 
used for cannulation [10].

Echocardiography can then be employed to verify guidewire placement into the 
IVC and SVC for VV ECMO and into the IVC and aorta for VA ECMO [10, 11, 14]. 
Once guidewire placement is verified to be correct, the cannulas can be placed. 
Appropriate positioning of the cannulas is paramount in order to supply proper sup-
port to the patient. For VV and VA ECMO, the multistage drainage cannula should 
lie in the IVC below the level of the right atrium [10, 11, 25]. Figure 16.5 shows a 
transthoracic echocardiographic image of a drainage cannula in proper position 
below the level of the right atrium.

Fig. 16.5 Echocar-
diographic visualization of 
cannula/wire: the tip of the 
cannula shown 4.8 cm 
from the right atrium in 
proper position
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The return cannula for VV ECMO should terminate at the level of the right 
atrium with flow directed toward the tricuspid valve [10, 11, 25]. Color Doppler can 
be used to verify proper flow of both the drainage and return cannula [11, 25]. The 
return cannula can be difficult to visualize with ultrasound as the tip of the cannula 
terminates in the distal aorta or proximal iliac artery.

 Anticoagulation

Once ECMO has been initiated, anticoagulation needs to be started in order to 
avoid clot formation in the membrane, circuit, or patient. Given the artificial nature 
of the cannula, upregulation of the coagulation cascade and immune response 
occurs once blood contacts the non-endothelialized surface of the circuit [26]. The 
effect may be compounded secondary to the prothrombotic state of pregnancy. 
Approaching anticoagulation choice for the obstetric population requires balancing 
type of anticoagulant and benefit versus risk to the mother and fetus. In non-obstet-
ric patients, unfractionated heparin is the most commonly used anticoagulant given 
the rapid onset and reversal and ease of monitoring effect [26]. This can be trans-
lated to the obstetric population. Unfractionated heparin is noted to be a large mol-
ecule that does not cross the placenta [27]. Maternal adverse effects include 
osteoporosis, if used long term, and heparin-induced thrombocytopenia. Although 
uncommon, low- molecular- weight heparin, well tolerated in the pregnancy, has 
been described in case reports as an agent to prevent thrombosis while on ECMO 
[26, 27]. Both unfractionated heparin and low-molecular-weight heparin can be 
safely used while breastfeeding [28]. Novel agents, such as direct thrombin inhibi-
tors (argatroban and bivalirudin), have little data available into their safety profile 
during pregnancy. Case reports have been published with use, without adverse 
effects [29].

 Sedation

While sedation may be required to facilitate cannulation, once ECMO has been 
initiated, sedation is not essential to tolerate the circuit. If the use of sedation is 
necessary, choice of sedative requires a balance of benefit versus risk to the mother 
and fetus, as noted in the anticoagulation section. Recent studies suggest that the use 
of opioids, hypnotics, anxiolytic, and sedatives does not have deleterious effects on 
fetal development [22] with the exception of benzodiazepines [30]. Conversely, 
meta-analysis review shows conflicting results in overall teratogenicity of benzodi-
azepine; overall consensus suggest to avoid use in the first trimester secondary to 
the potential cause of cleft lip or palate [30, 31].
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 Complications

The most common complication related to ECMO utilization is hemorrhage, esti-
mated in 20–33% of patients [26]. One study of pregnant patient and ARDS, during 
the 2000s N1H1 pandemic, concluded that there is no significant difference in 
bleeding in pregnant or postpartum patients who require ECMO compared to 
women of similar age. Another potential concern is the development of thrombi and 
thromboembolic events given the hypercoagulable state of pregnancy, warranting 
the use of anticoagulation [32, 33]. Associated complications may occur during can-
nulation, as noted previously, secondary to the gravid uterus. Late pregnancy may 
cause aorto-cava compression, affect pre-load and limiting flow, and therefore 
require more aggressive fluid administration resulting in possible fluid overload [24].

Hypoxemia can still occur in patients requiring VV or VA ECMO and in a preg-
nant patient can cause serious issues not only for the mother but also for the fetus 
[20]. Recirculation is a phenomenon unique to VV ECMO and occurs when oxy-
genated blood returned to the patient is taken back immediately by the drainage 
cannula prior to entering the patient’s circulation [34–36]. This is typically reme-
died by repositioning the cannulas in order to allow adequate distance between the 
cannulas [36]. Other things that can increase recirculation include high intrathoracic 
pressures, intracardiac pressures, or intra-abdominal pressures [34, 36]. If pathol-
ogy exists that results in these situations, it should be addressed and treated imme-
diately. In the case of pregnancy, the gravid uterus may not allow adequate venous 
return, so left uterine displacement may be needed in order to allow adequate drain-
age to allow proper flow to support the patient [20].

Other causes of hypoxemia besides recirculation on VV ECMO include anemia, 
improper flow settings to meet patient demands, and increased oxygen consumption 
by the patient not only due to critical illness but also due to the extraction by the 
fetus [5, 20, 34, 35]. Treatment of this includes increasing flow on the ECMO cir-
cuit, blood transfusion to increase oxygen-carrying capacity, deepening of sedation, 
and possible paralysis. Worst case scenario would be a transition from VV to VA 
ECMO to provide systemic delivery of oxygenated blood to the patient [5, 
20, 34–36].

Hypoxia can occur on VA ECMO as well and is caused when oxygenated blood 
from the ECMO circuit mixes with deoxygenated coming from the patient’s lungs 
that may not be fully participating in gas exchange [35]. This is known as “North- 
South syndrome” or “Harlequin syndrome.” Treatment of this is typically accom-
plished by increasing flow on the ECMO circuit in order to move the “mixing zone” 
between oxygenated blood from the circuit and deoxygenated blood from the patient 
in the aorta closer to the innominate artery on the right side in order to assure that 
oxygenated blood is being distributed to all areas [5, 35].

Lastly, equipment failure should be ruled out if hypoxia persists despite optimi-
zation of the cannulas and patient parameters. The membrane lung performance can 
be measured by looking at pre- and post-membrane blood oxygenation [5]. If the 
pre- and post-membrane oxygenation values are similar, then the membrane lung 
may need to be replaced.
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Despite the aforementioned complications, ECMO can be considered as a safe 
treatment option for the obstetric population that suffer from respiratory and/or car-
diac failure [20].

 Conclusion

Rescue modality for pulmonary or cardiopulmonary failure in the obstetric popula-
tion is emerging in practice. Multiple case reports have been published in regard to 
the safe and successful use of ECMO in both pregnancy and the peripartum period. 
Despite no consensus on guidelines or treatment protocols, centers of excellence 
who are well versed in ECMO should continue to pave the way in research, thereby 
promoting ECMO as a practical option for the obstetric population.
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Chapter 17
Nutrition in the Critically Ill Obstetric 
Patient

Alfredo A. Matos and Kirenia Petterson

 Physiological Changes of the Pregnant Woman

Pregnancy generates important physiological and anatomical changes, which 
involve the cardiovascular, respiratory, hematological, renal, gastrointestinal, and 
endocrine systems, which are also related to the nutritional aspect (Table  17.1) 
[1–5]. All these changes are necessary to allow the adaptation and survival of the 
mother and the fetus until the moment of delivery, including the puerperium and 
lactation. In addition to these changes, there is an increase in physical (body com-
position) and metabolic demands (increase in caloric requirement), which warrants 
a rigorous follow-up during the different stages of pregnancy [6]; the follow-up and 
monitoring becomes a challenge, since the physical and biochemical variables 
change constantly. Therefore, knowledge of the variants occurring during preg-
nancy is essential to be able to interpret the clinical findings in an individualized 
manner and to define in a timely manner pathophysiological conditions that lead the 
patient to a critical condition that endangers the life of both the mother and the 
fetus [5, 6].
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 Body Composition

Physiological and metabolic changes lead to gestational weight gain, which involves 
an increase in maternal and fetal body mass, as well as placental tissue growth, and 
increased amniotic fluid and blood volume [7, 8].

Although there are many methods and tools to perform the evaluation of body 
composition, many of these are not applicable in pregnancy, and it is necessary to 
make adjustments in some cases to be able to use them. Regardless of the usefulness 
of the methods and tools, pre-pregnancy weight and control of weight gain are rec-
ognized as important factors in the prevention of risks during pregnancy and in 
adequate fetal development [4, 7, 9].

 Gestational Weight Gain (GWG)

GWG is a complex biological process and is influenced not only by the maternal 
metabolism and physiological changes of pregnancy but also by placental metabo-
lism. The placenta functions as an endocrine organ, also as a barrier and as a trans-
porter of substances between the mother and the fetus. Therefore, the placenta plays 

Table 17.1 Changes in pregnancy related to nutrition

Cardiovascular Hematological Renal Gastrointestinal
Body 
composition Metabolic

Increased 
cardiac output 
(50%)

Increase in 
coagulation 
factors

Increase in 
renal blood 
flow (50%)

Hypomotility Weight gain 
(fetus, 
placenta, 
uterus, 
breasts, and 
extracellular 
fluids)

Increase in 
oxygen 
consumption

Increase of 
heart rate 
(20%)

Increase on 
red blood cell

Increase of 
glomerular 
filtration 
(50%)

Decreased gastric 
emptying

Increase in 
fat reserves

Increase in 
metabolic rate/
increase in 
caloric 
requirements

Decrease in 
systemic 
vascular 
resistance 
(20%)

Dilution 
anemia

Increased 
clearance 
of 
creatinine, 
glucose, 
urea, and 
protein

Gastroesophageal 
reflux

Increase in 
total body 
water 
(6–9 L)

Alterations in 
insulin 
sensitivity

Constipation Increase in 
leptin 
concentrations
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a preponderant role, not only in the transport of nutrients to the fetus but also in the 
maintenance of homeostasis, through the secretion of hormones [4].

As pregnancy progresses, water, minerals, proteins, and fats are deposited in the 
fetus, placenta, and amniotic fluid, representing 35% of the GWG. The development 
of uterus and breast tissue, as well as extracellular fluid, blood, and adipose tissues, 
contributes to the maternal component and represents approximately 65%   of 
GWG [8].

Excessive weight gain during pregnancy has been associated with an increase in 
complications such as gestational diabetes, preeclampsia, and eclampsia among 
others, and, on the other hand, a below-expected increase has been linked to 
increased perinatal morbidity [10].

Due to the increasing population of women who become pregnant with over-
weight and obesity at conception, the Institute of Medicine (IM) published in 2009 
the reference guidelines for weight gain in pregnancy according to the body mass 
index (BMI) pregestational which was used to ensure adequate weight gain and 
prevent the mentioned complications [7] (Table 17.2).

The fat-free mass and the fat mass, considered important in the nutritional evalu-
ation, are measured by different techniques with a certain degree of difficulty in the 
pregnant woman, which will be detailed later.

The fat-free mass (proteins) accumulates mainly in the fetus (42%), uterus 
(17%), blood, placenta, and mammary glands, while the fat mass accumulates in 
greater quantity in the fetus.

 Evaluation of Body Composition

In the critically ill pregnant, it may be even more difficult to evaluate the body com-
position, so it is necessary to study the likely alternatives that bring us closer to a 
clearer diagnosis.

The measurement of skinfold thickness provides an estimate of subcutaneous fat 
deposits. The sum of the folds in different anatomical points serves to estimate total 

Table 17.2 Weight gain according to pregestational IMC

Category
IMC 
pregestational

Total weight gain 
range

Weekly weight gain 
in the second and 
third trimester per 
week

Total weight gain in 
twin pregnancy

Lbs Kg Lbs Kg Lbs Kg

Underweight <18.5 28–40 12.7–18.2 1 (1–1.3) 0.7 – –
Normal 
weight

18.5–24.9 25–35 11.2–15.9 1 (0.8–1) 0.5 37–54 16.8–24.4

Overweight 25–29.9 15–25 6.8–11.3 0.6 (0.5–0.7) 0.3 31–50 14.1–22.7
Obese <39 11–20 4.5–9.0 0.5 (0.4–0.6) 0.25 25–42 11.3–19.1
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subcutaneous fat. It is considered a safe, practical, and easy method; however, it 
requires training and experience from the evaluator to achieve precise measure-
ments. A stretch of the skin occurs in the pregnant woman, which can interfere with 
the proper measurement. According to the studies of Taggart et al., there are changes 
in the thickness of the skinfolds (suprailiac, scapular, costal, bicipital, knee, and 
thigh) between week 10 and 30 of gestation. They also found that the crease of the 
thigh presented minor changes, only until weeks 30–38, in relation to the other ana-
tomical sites. A greater amount of subcutaneous fat was also found in the uniparous 
mothers than in the multiparous [11]. Similar observations were reported by Pipe 
et  al.; they used the sum of four anatomical sites (triceps, biceps, subscapular, 
suprailiac); fold increases were observed until weeks 36–38 due to increased fat 
gains in the suprailiac fold area [12].

In general, the anthropometric measures in critically ill patients are not useful, 
due to the lack of precision generated by the presence of edema, bed rest, and dif-
ficulty in performing the measurement among other limiting factors [13].

Bioimpedance, which is also considered a safe method, is based on the conduc-
tivity of electric current that is determined by the amount of water contained in the 
biological tissue. Tissues with high water content (muscle) are more conductive 
than tissue with less water content (bone, fat). Therefore, the volume of conductive 
tissue can be calculated from the resistance of the electrical signal throughout the 
body. An estimate of total body water is also allowed [14, 15]. Taking into account 
that in pregnant women the volume of liquid increases, and that it depends largely 
on the hydration states, which is very variable, this method can be unreliable to 
estimate the content of fat-free mass and fat mass.

According to the most recent 2016 guidelines from the American Society for 
Parenteral and Enteral Nutrition (ASPEN) [13], more objective imaging methods 
should be used to evaluate the body composition and nutritional status of critical 
patients such as computed axial tomography (CAT), magnetic resonance, and ultra-
sound, among others, recognizing that some are not very available.

Some studies have been done using magnetic resonance imaging to assess body 
composition. These investigations consider that magnetic resonance is highly prom-
ising with respect to body composition analysis in pregnant women, and it will be 
essential to advance in the understanding of changes in fat distribution, especially 
the accumulation of abdominal fat [16, 17]. However, MRI also presents certain 
limitations, among them the cost and, on the other hand, the discomfort of the 
reduced physical space and the positions that must be adopted during the study.

Ultrasound can be used not only to assess fetal growth but also to evaluate sub-
cutaneous and visceral fat. It has been correlated with the measurements obtained 
from skinfolds, to evaluate subcutaneous fat with the advantage of eliminating the 
error generated by skin tightening [18]. In relation to visceral fat, it has been vali-
dated with CAT measurements and has been correlated with risk factors and meta-
bolic effects [19]. Ultrasound images of adipose tissue thickness are limited to a 
single body area and are not the reflection of total body fat; therefore, further studies 
will be necessary to make more accurate estimates. Other studies in critically ill 
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patients profile ultrasound as a useful tool for identifying the decrease in muscle 
thickness at different anatomical points, within which the most used is the rectum 
femoral muscle; however, at the moment there is no standardized technique, but it 
allows us to identify progressive changes in muscle wear and to follow up with 
periodic measurements in the same patient without generating higher costs and risks 
[20–22]. In the obstetric critical patient, it could also become an indicator of muscle 
catabolism and monitoring of nutritional therapy.

 Nutritional Requirements During Pregnancy

Calories
Given this new situation, women need a greater calorie intake in the different stages 
since there is an overload in the functioning of some organs and maternal systems 
throughout pregnancy. This increase in caloric requirements will change depending 
on the gestation trimester in which it is found and the previous nutritional status, 
avoiding both excessive and low weight gain, since both situations can alter the 
development of pregnancy. From the hormonal point of view, two well-defined 
phases are presented: the phase of anabolism during the first half of pregnancy 
where there is a greater influx of progesterone and aldosterone and the catabolism 
phase, during the second half of pregnancy, where the placental lactogen, cortisol, 
estrogen, and deoxycorticosterone have their effect on the pregnant woman. During 
the phase of anabolism, there will be an increase in maternal weight due to the for-
mation of greater deposits of fat, minerals, proteins, and fluids. In the catabolism 
phase there is a greater placental growth and an increase in the use of proteins and 
stored energy in the form of glycogen and fat that will be delivered to the growing 
embryo through the placenta, with different types of transport, in simpler ways (free 
fatty acids, glucose, and amino acids) [23]. Leptin also appears to be a determining 
factor in the metabolic adaptations of pregnancy. Maternal leptin concentrations 
increase in week 12 of pregnancy and have a significant positive correlation with 
maternal body fat (increased fat oxidation), changes in insulin sensitivity during 
pregnancy, and an increase in basal metabolic rate.

The energy recommendations for the pregnant woman are based on the resting 
metabolic rate (RMR), the thermal effect of the food, the physical activity, plus an 
additional caloric intake necessary for the formation of maternal tissues and fetal 
growth during pregnancy.

According to the recommended dietary intake (RDI), it is suggested that every 
pregnant woman consume the energy requirement at rest calculated by the Harris- 
Benedict formula, plus an extra intake of 340 calories during the second trimester 
and 452 calories during the third trimester [24]. The new European Guidelines for 
Nutritional Medical Therapy in Critical Patients recommend indirect calorimetry as 
the best method for calculating energy requirements [25]. It would also be the best 
method for the critical pregnant patient.
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According to the recommendations of the American Dietetic Association (ADA), 
during the first trimester of pregnancy, it is not recommended to increase the energy 
supply unless the woman is underweight prior to pregnancy [26].

For women who are overweight and obese prior to pregnancy, the caloric intake 
should not be increased during the first trimester. The current energy patterns of the 
Institute of Medicine suggest an increase of 450 kcal/day and an additional 350 kcal/
day during the second and third quarters, respectively [24]. There is considerable 
individual variability; therefore, the best assessment of adequate energy intake is the 
monitoring of gestational weight gain and fetal growth [4]

Proteins
Amino acids are necessary for tissue production (maternal and fetal), expansion of 
maternal blood volume, and fluid balance. They are fundamental for the develop-
ment of organs and synthesis of enzymes; its deficiency can affect fetal growth and 
cause damage to DNA and RNA, as well as affect enzymatic processes [4, 8, 9].

It is recommended that every pregnant woman increase her protein intake, since 
it has been estimated that in the second and third trimester about 21 g of proteins are 
deposited daily in maternal, fetal, and placental tissues. During pregnancy, the 
woman synthesizes from 925 to 950 g of proteins for the replacement and elimina-
tion of proteins in the fetus uterus, mammary glands, skeletal muscle, as well as for 
the growth of the fetus [9].

The current literature suggests a daily minimum of proteins during pregnancy of 
approximately 1  g/kg to meet maternal and fetal demands [4]. According to the 
RDI, the protein requirement for healthy pregnant women is 71 g per day, without 
making any differences in age and weight nor establish extra contributions during 
the different trimesters or weeks of pregnancy [24].

In the critically ill patient, an increase in protein catabolism has been identified, 
measured by negative nitrogen balances and by progressive decrease in muscle 
mass, depending on the degree of inflammation generated by the pathophysiologi-
cal condition [26].

As already mentioned, during the second half of pregnancy occurs a catabolic 
phase with a flow of nutrients to the placenta and the fetus. This condition, expected 
in pregnancy, which involves increasing protein calorie intake, suggests that in criti-
cal conditions the protein intake could be even higher than in a healthy preg-
nant woman.

The guidelines of the American Society for Parenteral and Enteral Nutrition 
(ASPEN) and the European Society of Parenteral and Enteral Nutrition (ESPEN) on 
critical patient nutrition do not define the contribution of proteins for the critical 
obstetric patient specifically [13, 25]. These guidelines, in general, suggest for the 
critical patient a protein contribution between 1.2 and 2.0 g/kg/day and, under more 
specific conditions such as kidney disease on dialysis or obesity (BMI >40), can 
increase up to 2.5 g/kg/day considering that the hypercatabolic state increases the 
protein demands; however, it is not well defined if this amount is adequate for a 
pregnant woman, since as we have mentioned there is a progressive weight gain and 
the calculation of proteins using these recommendations could be excessive if it was 
done according to the current weight at any stage of pregnancy.
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Carbohydrates
The intake of carbohydrates will depend, among other things, on serum glucose 
levels and therapeutic goals. The metabolism of carbohydrates should be monitored 
closely, since during pregnancy there is a significant risk of developing insulin resis-
tance due to hormonal factors; on the other hand, a low intake of carbohydrates 
could cause ketosis [26].

The RDI for carbohydrates is 175 g per day and 28 g of fiber per day [24]. It sug-
gests a carbohydrate intake between 55% and 65% of the estimated calories, and in 
case of gestational diabetes, a distribution between 40% and 45% is considered 
adequate [27].

Fat
The Institute of Medicine recommends 20–35% of calories from fat. For the type of 
fat, emphasis is placed on the sources of essential fatty acids linoleic and α-linolenic 
acid, as well as on choline [7]. The amounts of essential fatty acids available to the 
fetus depend on the maternal diet and must include 13 g/day of omega-6 fatty acids 
and 1.4 g/day of omega-3 fatty acids.

It has been theorized that optimum inflammatory and thrombotic homeostatic 
states result from a balance between omega-3 and omega-6, with ideal diets that 
have an omega-6/omega-3 ratio of 1–2:1. A deficiency in omega-3 results in a pro-
thrombotic and proinflammatory state that has been associated with an increased 
risk of cardiovascular and inflammatory diseases [28].

An in vitro test of single pregnancies and twins showed that the concentration of 
docosahexaenoic acid (DHA) in the membrane of fetal erythrocytes was directly 
related to maternal concentration and that a lower concentration of omega-3 was asso-
ciated with an increase in rigidity of the membrane and an increase in the resistance to 
flow. In this study, the average concentration of DHA in erythrocytes was significantly 
lower in twin pregnancies, which led the authors to conclude that the fetal demand of 
DHA in multiple pregnancies cannot be satisfied with the typical dietary intake [29].

The World Health Organization advises the administration of marine oil supple-
ments during pregnancy, which has been evaluated as a possible method to prevent 
prematurity and eclampsia and also to increase birth weight. And it currently recom-
mends 300–500 mg per day of omega-3 (such as DHA and eicosapentaenoic acid) 
in an effort to promote fetal mental development and early childhood.

Lipids are an important component of TPN in the pregnant patient for the follow-
ing reasons:

 1. They are an excellent energy source.
 2. Essential fatty acids are used for fetal fat deposition, brain development, myelin-

ation, and pulmonary surfactant synthesis.
 3. The metabolism of fatty acids requires less oxygen and produces less carbon 

dioxide than glucose metabolism.
 4. Most of the solutions available on the market are a suspension of chylomicrons 

of precursors of arachidonic acid and essential fatty acids in a base of safflower 
or soybean oil. Emulsions are available in concentrations of 10% and 20%. The 
infusion is usually limited to 12 h per day, because chylomicrons can remain in 
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maternal circulation up to 8–10  h. After  administration Critically ill patient 
nutritional requirements fat and due to concern about possible bacterial con-
tamination from emulsion to perfusion, the “waiting time” is prolonged. Since 
the placenta transport of fatty acids are mainly by passive diffusion, a high 
maternal fetal concentration gradient is necessary to ensure adequate lipid 
transfer. Deficiency of essential fatty acids usually requires 4 weeks or more of 
nutritional depletion to develop clinically. Hypertriglyceridemia and ketosis are 
important complications of lipid use that must be sought and corrected. Initial 
concerns about premature delivery and placental infraction of fat embolism 
have not materialized with concentrations commonly used for TPN (i.e., 
30–40% of total calorie requirements).

Micronutrients
Micronutrients, trace elements and vitamins, have numerous functions that they 
usually exert in combination: they are essential for the metabolism of carbohydrates, 
proteins, and lipids, for immunity and antioxidant defense, for endocrine function, 
and for DNA synthesis, gene repair, and signaling cells.

Oxidative stress, defined as an imbalance between the increase of reactive oxy-
gen and nitrogen species and endogenous antioxidant mechanisms, is observed in 
severe critical care conditions that require mechanical ventilation, such as septic 
shock, severe pancreatitis, ARDS, and traumas: this is associated with damage to 
proteins and cell membrane lipids. The levels of antioxidant micronutrients, such as 
vitamins C and E and minerals such as zinc, copper, and selenium, under conditions 
of metabolic stress decrease below the reference ranges [27].

The requirements of micronutrients in pregnant women are also increased, espe-
cially those that have a participation in the development of the neural tube of the 
fetus, the synthesis of new tissues, DNA, and RNA.

The ASPEN and ESPEN guidelines also do not mention the contribution of 
micronutrients in critically ill obstetric patient. They provide a micronutrient contri-
bution according to the daily intake recommendations. These recommendations for 
the pregnant woman can be found in Table 17.3.

 Malnutrition

The prevalence of malnutrition in critically ill patients ranges from 38% to 78%. 
Malnutrition worsens clinical outcomes and has a negative impact on the recovery 
of the disease, which is why the high prevalence of malnourished patients is so wor-
risome [30]. Figures range from 65% to 75% [31, 32] according to recent studies.

Malnutrition is an independent risk factor for nosocomial infections in hospital-
ized patients, so the management of malnutrition from admission can theoretically 
help to prevent infections associated with health care. Evidence also shows that 
pre-existing malnutrition influences post-discharge outcomes, including mortality 
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and re-entry rates. Early recognition of malnutrition, nutritional intervention, and 
monitoring of compliance with protein calorie targets can reduce complications, 
length of hospital stay, and re-entry rates, while reducing the overall cost of care [33].

The prevalence of malnutrition in the critical obstetric patient is still unknown, 
but we presume that the hypermetabolism and hypercatabolism characteristic of the 
critical illness added to the increase in the caloric and protein needs of pregnancy 
and to the barriers that limit the adequate contribution of the nutritional therapy in a 
critically ill patient, leading to an increased risk of malnutrition in the pregnant 
woman and therefore at increased risk of complications related to it, which will 
affect not only the mother but also the fetus.

 Hemodynamic Instability

Circulatory shock is defined as a lack of adequate tissue perfusion that would allow 
appropriate nutrient and oxygen supply to the tissue beds to maintain homeostatic 
cellular functional mechanisms. Several mechanisms lead to circulatory shock, and 
understanding the cause and subsequent consequences of circulatory shock is 
important to determine which treatment modalities are needed to counter the nega-
tive sequelae of circulatory shock. Some of these treatment modalities are specific 
to the cause of the shock state, whereas others, such as nutrition, are universal. 
Controversy surrounding the appropriate form and timing of nutrition support of the 
patient with circulatory shock continues. Clinical studies have demonstrated 
improvements in outcomes related to the administration of enteral nutrition to 

Table 17.3 Recommended daily ingestion of micronutrients in the pregnant

Micronutrients Requirements Functions

Folate 600 mcg por día Neural tube formation
Pyridoxine (B6) 1.9 mg por día Coenzyme for maternal energy 

metabolism
Cobalamine 
(B12)

2.6 mcg per day Metabolism of maternal folate, tissue 
synthesis, DNA, and RNA

Vitamin A 770 mcg per day Cell differentiation and tissue 
development of the fetus

Calcium 1000 mg (19–50 years)1300 mg 
(14–18 years)

Bone mineralization of the fetus

Iron 27 mg per day Synthesis of hemoglobin, expansion of 
maternal blood volume

Zinc 11 mg/day (19–50 years)12 mg/
day (14–18 years)

DNA synthesis and enzyme cofactor

Potassium 4.7 g/day Transmission of nerve impulses. Greater 
intracellular cation

Sodium 1.5 g/day Transmission of nerve impulses. Greater 
extracellular cation
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critically ill patients; however, in patients with ongoing circulatory shock, the tim-
ing of enteral nutrition is of concern based primarily on several anecdotal reports in 
the literature of complications stemming from feeding the gut.

The question is whether patients with low flow states have altered intestinal 
perfusion

That leads to limited nutrient absorption efficiency and whether this increases the 
risks related to enteral feeds.

One of the complications of pregnancy is the patient with obstetric hemorrhage 
of multiple causes that can carry out a hemodynamic instability or patients with 
septic shock. Any pathological alteration that carries out a hemodynamic instability 
is also considered [34, 35].

The intestinal mucosa has three pathophysiological mechanisms that make it 
highly susceptible to hypoperfusion during states of shock [36]. The first is the 
countercurrent mechanism, the mechanism that allows the absorption of nutrients, 
but a short circuit occurs between the arterial branch that carries oxygen to the villus 
and the venous branch that extracts carbon dioxide from the villus. A shunt occurs, 
and the oxygen progressively crosses from the arterial side to the venous side, 
reaching little oxygen to the tip of the villus, but it is sufficient for the epithelial cells 
of the tip of the villus to survive. However, in shock situations, the shunt is higher, 
and the amount of oxygen that reaches the tip of the villus is much lower and leads 
to cellular apoptosis of the tip of the villus. The second mechanism is that the arte-
rial vessels leave at 90° angle toward the villus; in states of shock the red blood 
cells, because of the hyperdynamic state, are few that they turn 90° to enter to the 
villus carrying oxygen. The third mechanism is that there is a contraction of the 
arterial precapillary sphincters during shock by the action of the sympathetic system 
and all this favors ischemia in the villi and intestinal mucosa during shock states, 
which would worsen if the patient received complete nutrition in shock leading to 
non-occlusive intestinal ischemia [37].

During circulatory shock, there is a redistribution of blood flow attributable to 
factors that cause vasoconstriction or vasodilation. In cases of hypovolemia, where 
the effective circulating blood volume is reduced, vasoconstriction causes a reduc-
tion of blood flow from the skin, skeletal muscles, and the gut. Severe hepato-
splanchnic vasoconstriction can occur, even before systemic abnormalities are 
noticed. There is intense vasoconstriction of the superior mesenteric artery in this 
case, which may represent disordered auto regulation because it occurs despite nor-
mal systemic blood pressures. GI ischemia usually only occurs when the flow is 
reduced to <50% from basal values. With hepatosplanchnic vasoconstriction, blood 
flow is unevenly distributed. The small intestine is at a higher risk than the colon 
because of a countercurrent exchange mechanism at the base of the villi.

Another aspect that should be considered is the effect and dose of vasopressor 
that the pregnant patient is receiving, regardless of the cause of the shock [38].

Table 17.4 shows the different effects on blood flow to the intestinal mucosa and 
Table 17.5 shows that dose of vasopressor contraindicates enteral and parenteral 

nutrition.
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 Preeclampsia – Eclampsia

Hypertensive disorders during pregnancy, according to the WHO [39], are an impor-
tant cause of severe morbidity, long-term disability, and increased mortality among 
mothers and their babies. The majority of deaths due to preeclampsia and eclampsia 
are preventable through the provision of timely information. Preeclampsia is defined 
as the onset of hypertension and proteinuria after the 20th week of pregnancy. It is 
usually accompanied by edema, but it is not necessary for them to be diagnosed. It 

Table 17.4 Vasopressor agents and splanchnic perfusion

Agent Effect

Norepinephrine In septic shock: increases gastric pHi, increases splanchnic perfusion
Hypovolemia: decreases mucosal blood flow

Epinephrine Decreases splanchnic blood flow
Vasopressin In sepsis: with severe hypotension, increases arterial pressure (causes intestinal 

vasoconstriction, may cause severe gastric mucosal acidosis)
Enhances pressor response to catecholamines

Dopamine In septic shock: decreases gastric pHi, increases oxygen delivery. Causes 
precapillary vasoconstriction with diversion of blood flow away from gut 
mucosa

Dobutamine Increases GI mucosal blood flow
Increases gastric pHi

pHi intramucosal pH, GI gastrointestinal

Table 17.5 Candidates for enteral nutrition

Yes
Enteral nutrition

Patients should be considered for EN with monitoring of GI
tolerance if hemodynamically stable on:
  Norepinephrine 5 mcg/min or less, and/or
  Epinephrine 5 mcg/min or less, and/or
  Vasopressin 0.04 units/min or less, and/or
  Dopamine 10 mcg/Kg/min or less, and/or
  Milrinone 0.375 mcg/Kg/min
Thorough assessment completed of premorbid medical conditions and 
nutritional history

No
Enteral nutrition

Any hemodynamically unstable patient
Those with active bleeding requiring ongoing transfusions
A mean arterial blood pressure consistently <60 mmHg
An increasing requirement for vasoactive agents
Those requiring massive fluid resuscitation
A low flow state as a result of cardiac pump failure
Known critical stenosis in the mesenteric vasculature
Patients on:
  Norepinephrine >5 mcg/min
  Epinephrine >5 mcg/min
  Vasopressin >0.04 Units/min
  Dopamine >10 mcg/kg/min
  Milrinone >0.375 mcg/kg/min

17 Nutrition in the Critically Ill Obstetric Patient



222

is a characteristic disease characteristic of pregnancy from which symptoms can be 
treated, but it is only cured with the completion of it and if not properly treated it can 
cause serious complications for both the pregnant woman and the fetus [40]. In the 
pregnant, it can be complicated evolving to an eclampsia, or it can manifest itself 
with the severe syndrome of HELLP syndrome, but also in the form of cerebral 
hemorrhages, acute pulmonary edema, renal failure, CID, etc. which explain that it 
is one of the four major causes of maternal mortality even in developed countries.

Current thinking about preeclampsia characterizes the reduction in perfusion as 
stage 1 of preeclampsia, which is proposed to be a two-stage disease. Stage 2 is the 
maternal syndrome. Although recognized by hypertension and proteinuria, pre-
eclampsia is much more than these two changes. A predominant pathophysiological 
feature is reduced perfusion of virtually all organs that is due to vasoconstriction, 
microthrombi formation, and reduced circulating plasma volume. The vasoconstric-
tion is secondary to an increased sensitivity of the vasculature to any pressor agent. 
Activation of the coagulation cascade produces microthrombi. The reduced plasma 
volume, reflecting an endothelial leak with fluid loss from the intravascular com-
partment, further compromises perfusion. These abnormalities precede clinically 
evident disease by weeks to months and have led to the suggestion that a primary 
target in preeclampsia is the vascular endothelium. This hypothesis has been exten-
sively supported by both old and new data [41–43].

Abundant data from the past 10 years not only indicate endothelial dysfunction 
in preeclampsia but also demonstrate that alterations in function antedate clinically 
evident preeclampsia. This supports the concept that endothelial dysfunction may 
be causally important in the disorder.

Nitric oxide is a potent endothelium-derived vasodilator [44], and defective syn-
thesis of nitric oxide has been documented in preeclampsia [45]. The main site of 
production of nitric oxide is nitric oxide synthase in endothelial cells, which uses 
circulating L-arginine as a substrate. Hence, the local availability of this amino acid 
may be critical to the endothelial adaptive regulatory mechanisms opposing the 
vasoconstrictors in preeclampsia. L-arginine is considered to be a semi essential 
amino acid because under increased demands endogenous synthesis is not sufficient 
to fulfill requirements. Moreover, pregnancy has been reported to be a state of rela-
tive arginine deficiency [46], imposed by the increased formation of nitric oxide, 
supporting the adaptive vasodilatation of pregnancy, and use of L-arginine by the 
fetus. Preeclampsia is also associated with increased concentrations of factors that 
inhibit nitric oxide production. Concentrations of asymmetric dimethyl arginine, a 
competitive inhibitor of nitric oxide synthase, are raised in women with 
preeclampsia.

Concentrations of soluble fms-like tyrosine kinase 1, which antagonizes vascular 
endothelial growth factor dependent activation of nitric oxide synthase, have also 
been shown to be increased in preeclampsia [47]. Endoglin, which impairs activa-
tion of nitric oxide synthase mediated by transforming growth factor-β, is also 
increased [48].

Vadillo-Ortega et  al. [49] conducted a prospective double-blind, placebo- 
controlled study. They included 228 women with 14–32 weeks of pregnancy with 
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preeclampsia who received arginine  +  antioxidant vitamins every day (Arg: 
6.6 g + Vit C 500 mg + Vit E 400 UI + Folate 400 μg). 222 pregnant patients to the 
placebo group. Finding that the study group had a lower incidence of preeclampsia. 
Other studies have found the same findings [50–52].

 Ways for Nutrition Therapy

The recommendation is that patients should be fed orally, and if this is not possible, 
the enteral route should be used through a tube to the stomach or intestine. If the 
intestine cannot be used, then resort to the parenteral route (TPN) [25].

The critical obstetric patient can rarely receive food orally. The majority of these 
patients require an enteral or parenteral route. The enteral route has sufficient advan-
tages over the parenteral route (Table 17.6) [53]); however, there are critical preg-
nant patients who cannot receive enteral nutrition and must receive parenteral 
nutrition (TPN). (Table 17.7). As an example; in case of being a patient weighting 
70 kg the calculation of the NPT that the patient requires is shown Table 17.8.

Table 17.6 Advantages of 
enteral nutrition on the 
parenteral

Always first choice
More physiological
Preservation of mucosal architecture
Preservation of gut-associated lymphoid tissue (GALT)
Preservation of hepatic immune function
Preservation of pulmonary immune function
Reduction of inflammation
Reduction of antigenic leak from gut
Interference with pathogenicity of gut organisms
Less hyperglycemia
Requires less trained personnel
Less infections
Less expensive

Table 17.7 Indications of 
parenteral nutrition critic 
pregnant patient

Non-functional gastrointestinal tract
Impossible to access the digestive tract
Inability to use the gastrointestinal tract
  Intestinal obstruction
  Peritonitis
  Intractable vomiting
  Severe diarrhea
  High-output enterocutaneous fistula
  Severe malabsorption
Maternal malnutrition
Weight loss >1 Kg/week for 4 weeks consecutively
Total weight loss of 6 Kg or failure to gain weight
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 Monitoring and Complications of Total Parenteral Nutrition

Compared to enteral or hypocaloric oral nutrition, the use of PN (parenteral nutri-
tion) is not associated with increased mortality, overall frequency of complications, 
or longer length of hospital stay (LOS) [54]. The risk of PN complications (e.g., 
refeeding syndrome, hyperglycemia, bone demineralization, catheter infections) 
can be minimized by carefully monitoring patients and the use of nutrition support 
teams particularly during long-term PN.  Occurring complications are, e.g., the 
refeeding syndrome in patients suffering from severe and malnutrition with the ini-
tiation of refeeding or metabolic, hypertriglyceridemia, hyperglycemia, osteomala-
cia and osteoporosis, and hepatic complications including fatty liver, non-alcoholic 
fatty liver disease, cholestasis, cholecystitis, and cholelithiasis [55]. Efficient moni-
toring in all types of PN can result in reduced PN-associated complications and 
reduced costs. Water and electrolyte balance, blood sugar, and cardiovascular func-
tion should regularly be monitored during PN. Regular checks of serum electrolytes 
and triglycerides as well as additional monitoring measures are necessary in patients 
with altered renal function, electrolyte-free substrate intake, lipid infusions, and in 
intensive care patients [56, 57]. The metabolic monitoring of patients under long- 
term PN should be carried out according to standardized procedures. Monitoring 
metabolic determinants of bone metabolism is particularly important in patients 
receiving long-term PN.  Markers of intermediary, electrolyte, and trace element 
metabolism require regular checks.

Once the NPT begins, it requires strict follow-up monitoring (Tables 17.9 
and 17.10).

Table 17.8 Calculation of 
NPT (volume and calories) 
for pregnant patient 
moderately critical 
catabolic – 70 Kg weight

1.  Protein: 1.5 g/Kg = 1.5 × 70 = 105 g/day Using 10% amino 
acids (10 g/100cc) = 1050cc

2.  Carbohydrates: 6.0 g/Kg = 6 × 70 = 420 g/day Using 
Dextrose 50%(50 g/100cc) = 840cc

3.  Lipids: 0.8 g/Kg = 0.8 × 70 = 56 g/day Using SMOF Lipid 
20% (20 g/100cc) = 280cc

4.  Additives (electrolytes, vitamins, trace elements) = 80cc 
(total between 50 and 80cc)

Now the 4 volumes are added and passed every hour by 
central vein
Total volume: 2250cc/24 h = 94cc/h
It starts at 100% ie 85cc/h
Corresponds to the following contribution of calories
  Protein: 4 Kcal × 105 g = 420 Kcal
  Dextrose: 3.4 Kcal × 420 g = 1428 Kcal (72% non-protein 

calorie)
  SMOF Lipid: 10.0 Kcal × 56 g = 560 Kcal (28% non-

protein calorie)
Total: 2408 Kcal/70 g = 34 Kcal/Kg/day
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Enteral nutrition is often insufficient, or occasionally contraindicated, in criti-
cally ill patients and results in growing energy and protein deficit. The cost benefit 
of using early parenteral nutrition in patients with short-term relative contraindica-
tions to enteral nutrition has been reported. In selected patients supplemental paren-
teral nutrition has been associated with a decreased risk of infection, a reduced 
duration of mechanical ventilation, and a shorter stay in the ICU [58].

Pregnant patients less catabolic, who do not tolerate enteral route, could benefit 
from peripheral parenteral nutrition as an excellent option.

Peripheral parenteral nutrition is an alternative to total parenteral nutrition and is 
a complement to enteral nutrition and the oral route. Progress in catheter design and 
materials, infusion techniques, and an improved knowledge of the optimal nutri-
ments has made peripheral parenteral nutrition a safe, efficient, and useful method 
to treat patients over certain periods of time [59, 60].

Table 17.9 Recommendations for monitoring TPN in hospitalized patients

Parameter Initial frequency Frequency when more stable

Body weight Daily Every other day
Inputs and outputs Daily Daily
Vital signs 3–4 times daily 1–2 times daily
Serum electrolytes Daily 2–3 times weekly
BUN, creatinine Daily 2–3 times weekly
Blood glucose 4–6 times day Daily
Triglycerides Daily Weekly
Liver function test Daily Weekly
Complete blood count Daily Weekly
Albumin, prealbumin Weekly Weekly
Nitrogen balance Weekly Weekly

Table 17.10 Complications of total parenteral nutrition

Mechanical problems
Insertion
  Air embolus
  Pneumothorax, hemothorax, chylothorax, hydrothorax
  Hemorrhage
Dislodgement
Thrombosis of vein
Phlebitis
Metabolic problems Infection
Hyperglycemia, hypoglycemia Fungus
Altered renal function Gram-positive bacteria
Essential fatty acid deficiency Gram-negative bacteria
Electrolytes and vitamin excesses and deficiencies
Trace mineral deficiencies
Hyperlipidemia
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Chapter 18
Blunt Trauma

Inês Mourato Nunes and António Gandra d’Almeida

 Introduction

Trauma is the most common cause of non-obstetric death among pregnant 
women [1].

Motor vehicle accidents, domestic or intimate partner violence, and falls account 
for most cases of blunt trauma during pregnancy [1, 2].

Trauma affects 6–8 percent of pregnancies [3]. A 2013 systematic review of 
studies on trauma in pregnancy reported the following prevalence of blunt trauma 
causes [4]:

 – Domestic violence – 8307/100,000 live births
 – Motor vehicle crash – 207/100,000 live births
 – Falls – 49/100,000 live births

Evaluation of the pregnant patient with major trauma presents unique challenges 
since the presence of a fetus means two patients are potentially at risk, both of 
which require evaluation and management.

The management of a pregnant trauma patient warrants consideration of several 
issues specific to pregnancy such as alterations in maternal physiology and anat-
omy, exposure to radiation and other possible teratogens, the need to access fetal 
well-being, and conditions that are unique to pregnancy and are related to trauma 
(Rh immunization, placental abruption, and preterm labor) [5].
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It requires a multidisciplinary team approach involving trauma surgeons, emer-
gency medicine physicians, obstetricians, neonatologists, nursing staff, and 
technicians.

Physiological changes related to pregnancy occur in virtually all systems and are 
caused by both hormonal and mechanical factors. These normal changes need to be 
considered when evaluating the status of pregnant trauma victims [6].

Pertinent changes in major organ systems are detailed in previous chapters.

 Initial Evaluation and Management of Major Trauma

As previously mentioned the assessment of a pregnant trauma patient in the ER may 
require the involvement of a multidisciplinary team that may include an emergency 
physician or trauma specialist, an obstetrician, a neonatologist, an anesthetist, and 
skilled nursing staff. The pregnant patient should be fully assessed, as is a nonpreg-
nant patient, with a thorough history, examination, laboratory tests, imaging studies, 
and invasive diagnostic procedures as indicated. In addition, special attention should 
be given to fetal evaluation when gestational age is ≥23 weeks and to trauma com-
plications that are unique to pregnancy such as placental abruption [5].

Seriously injured trauma victims are occasionally unable to communicate with 
the primary caregiver. And as some women may not be aware of their pregnancy 
status, every injured female of childbearing age should be considered pregnant until 
proven otherwise [5].

The initial assessment of an acutely injured pregnant woman should include 
securing airway, ensuring breathing, and maintaining adequate circulation. The 
most important lifesaving primary interventions might include intubation and con-
trolling severe external bleeding. So the assessment should start with the ABCDE 
approach.

 Airway

The pregnant patient has a greater risk for airway management problems and diffi-
cult intubation than the nonpregnant patient [7]. Weight gain, respiratory tract 
mucosal edema, decreased functional residual capacity, reduced respiratory system 
compliance, increased airway resistance, and increased oxygen requirements are 
pregnancy-induced changes that place the injured pregnant woman at risk for failure 
to maintain a patent airway and secured ventilation [6].

Injured pregnant women with an unsecured airway are at increased risk for aspi-
ration of gastric contents. Gastric emptying is delayed in pregnancy, and pregnant 
women should be considered to have a full stomach for up to 24 h after their last 
meal [8].
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 Breathing

Marked increases in basal oxygen consumption and extreme sensitivity of the fetus 
to maternal hypoxia mandate supplemental oxygen by a nasal cannula, mask, or 
endotracheal tube to all pregnant trauma patients to maintain oxygen saturation 
above 95% [6].

We must be aware that the displacement of the diaphragm during pregnancy the 
thoracostomy tube, when indicated, must be placed one to two intercostal spaces 
higher than usual [9].

 Circulation

The heart rate increases by 15% during pregnancy. Tachycardia and hypotension, 
typical of hypovolemic shock, may appear late in the pregnant trauma patient 
because of her increased blood volume [10]. During pregnancy, maternal vital signs 
and perfusion may be preserved at the expense of uteroplacental perfusion, delaying 
the occurrence of signs of hypovolemic shock. Not uncommonly, noticeable altera-
tions in vital signs occur only after significant blood loss that may have already 
diminished uteroplacental perfusion. In these instances, an atypical or abnormal 
fetal heart rate pattern, in addition to indicating impending fetal hypoxemic injury 
or even death, may be the first indicator of significant maternal hypovolemia due to 
hemorrhage [5].

Administration of fluids and blood products during resuscitation should proceed 
according to standard trauma protocols. Nevertheless, some modifications should 
be made in the pregnant trauma victim [5].

The uteroplacental vasculature is highly responsive to vasopressors, and their 
administration may decrease placental perfusion. In cases of maternal hypotension, 
vasopressors should be avoided unless the patient is unresponsive to replenishment 
of intravascular volume by fluid administration [11]. Bicarbonate should be used 
with caution, because rapid correction of maternal acidosis can reduce the compen-
satory hyperventilation.

Care must be taken to avoid supine hypotension in the pregnant trauma patient 
after mid-pregnancy. Compression of the vena cava by the uterus can cause up to 
30% reduction in cardiac output. The displacement of the uterus off of the inferior 
vena cava and abdominal aorta enhances maternal venous return and cardiac output 
and consequently improves uterine perfusion. This can be achieved either by plac-
ing the patient in the left lateral position or by manual displacement of the uterus 
while the injured patient is secured in the supine position. The latter may allow 
more effective chest compressions while cardio-pulmonary resuscitation is in prog-
ress. A third option is to use a backboard for lateral tilt with secured spine in sus-
pected spinal injuries. Fetal risks from maternal defibrillation are small, especially 
if all fetal monitors have been removed [5].
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In the setting of acute blood loss necessitating immediate administration of blood 
products in a pregnant trauma patient, 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 [5].

All body parts of the pregnant trauma patient should be exposed and thoroughly 
examined.

The abdomen should be carefully evaluated because serious injuries may involve 
the gravid uterus as well as other abdominal organs. An abnormal distension may be 
a sign of intra-abdominal hemorrhage or perforation of hollow viscus.

The uterus should be assessed for fundal height, shape, hypertonus, and tender-
ness. Tenderness over the uterus is an important sign suggestive of abruption of the 
placenta. Irregularities on the abdomen may represent fetal body parts in cases of 
traumatic uterine rupture. In these cases, rapid response of the medical team can 
significantly reduce maternal and fetal risks, and urgent obstetrical consultation is 
recommended [12].

Vaginal examination should be performed for cervical dilatation, effacement, 
fetal presentation, and station. However, in cases of vaginal bleeding after 23 weeks, 
speculum or digital vaginal examination should be deferred until placenta previa is 
excluded by an ultrasound scan. A speculum examination should be performed to 
assess for vaginal bleeding, pooling of amniotic fluid, cervical dilatation, vaginal or 
cervical lacerations, and expulsion of gestational tissue [3].

In a pregnant patient ≥23 weeks’ gestation, fetal heart rate monitoring should be 
initiated as soon as possible. This may require having staff from the maternity visit 
the unit where the pregnant woman is receiving care for her injuries. For those 
<23 weeks’ gestation, a brief assessment of fetal viability is adequate. Continuous 
monitoring of oxygen saturation is advised since maternal desaturation may com-
promise oxygenation of the fetus. Oxygen supplementation should be given to 
increase oxygen saturation [3].

Complementary diagnostic tests should be performed to complete maternal 
assessment.

 Radiographic Studies

Plain radiographs of the cervical spine, chest, and pelvis are first-line radiological 
studies [13]. Clinicians are often reluctant to order imaging studies for pregnant 
patients out of concern about fetal exposure to ionizing radiation. Ionizing radiation 
has the highest teratogenic potential during the period of organogenesis 
(5–10  weeks), with an increased risk of miscarriage before this period. After 
10 weeks, radiation is more likely to produce growth restriction or CNS effects than 
teratogenic changes [14]. Fetal exposure from the radiological examinations used in 
the evaluation of pregnant trauma patients presents a very low risk to the developing 
fetus [14]. Radiation exposure with a cumulative dose of >5–10 rads (50–100 mGy) 
is associated with an increased risk of fetal malformation or CNS effects, limited 
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usually to a gestational age <18 weeks [14]. Concerns about fetal exposure to radia-
tion should not preclude or delay any indicated radiological evaluation. CT studies 
are associated with increased fetal radiation exposure depending on the body part 
being scanned, the gestational age, the number and thickness of slices, and the 
equipment used. With abdominal CT during the third trimester, the fetal exposure is 
around 3.5  rads, which is still under the threshold for fetal damage [15]. Use of 
gadolinium-based contrast agents has shown fetal toxicity in animal studies, though 
no adverse effects have been reported in human fetuses [16]. Their use can be con-
sidered when the maternal benefit outweighs potential fetal risks.

 Laboratory Tests

In pregnant patients there are alterations in the normal range of laboratory values as 
previously described. Special attention is paid to fibrinogen values that are often 
more than 4 g/L during pregnancy; therefore the normal values of 2.5–3 g/L for a 
non-pregnant patient may actually signify mild hypofibrinogenemia, and levels 
below 2 g/L may indicate disseminated intravascular coagulation, a frequent comor-
bidity of significant placental abruption. D-dimer is often positive and therefore is 
of little value in the diagnosis or exclusion of venous thromboembolism. Normal 
range for the partial pressure of CO2 is decreased during pregnancy to 27–32 mmHg; 
thus normal non-pregnant values of 40 mmHg may result from mild hypoventila-
tion. Serum creatinine levels are decreased during pregnancy to 50–60 μmol/L, and 
even a value as low as 90 μmol/L may be abnormal.

 Abdominal Ultrasound

FAST is a useful aid for the detection of intraperitoneal fluid in pregnant trauma 
patients with suspected intra-abdominal injury. The sensitivity of FAST in detecting 
intraperitoneal fluid in pregnant blunt trauma patients was 83% in a study that 
reviewed 127 pregnant trauma patients [17]. FAST is an easy and rapid modality 
that has the added advantage of avoiding fetal exposure to ionizing radiation; it 
should therefore be part of the secondary survey in pregnant patients with major 
trauma [3].

 Diagnostic Peritoneal Lavage (DPL) and Laparotomy

DPL is a very rapid and sensitive test with sensitivity of 96–100% for detection of 
traumatic intra-abdominal injury. The main disadvantages are that it does not pro-
vide information about specific organ damage and abdominal injuries that can be 
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managed conservatively following CT would require operative intervention based 
upon DPL.

For these reasons, among patients with abdominal trauma, diagnostic peritoneal 
lavage has been almost entirely replaced by ultrasound and multidetector helical CT 
scanning. CT identifies specific organ injury, evaluates the retroperitoneum as well, 
and is less invasive than DPL.

The procedure may be necessary in some cases, such as in hypotensive patients 
with equivocal results on FAST examination and multiple potential sources of blood 
loss, and in resource-poor settings where advanced imaging is unavailable.

The open lavage technique is preferable over a blind needle insertion in the preg-
nant patient in order to minimize uterine injury. When significant abdominal blood 
is detected, an exploratory laparotomy with a midline incision superior to the uter-
ine fundus is recommended [18].

 Pregnancy Evaluation and Management After Initial 
Maternal Stabilization

 Fetal Assessment

Assessment of a viable fetus (≥23 weeks gestational age) should be initiated imme-
diately following or in parallel with the physical examination of the stabilized 
mother since it has been shown that most placental abruptions occur shortly after 
the insult [19]. It’s essential to know the estimated gestational age for appropriate 
interpretation of tests for fetal viability and well-being. Electronic monitoring of the 
fetal heart rate should be initiated on viable fetuses (≥23 weeks) as soon as possible. 
With a confirmed pre-viable fetus, it may be sufficient to demonstrate the presence 
of fetal cardiac activity.

The objectives of the fetal assessment are identification of impending hypoxemic 
fetal injury or death as a result of uteroplacental compromise or placental abruption; 
detection of trauma-related complications of pregnancy such as placental abruption, 
preterm delivery, and spontaneous rupture of the membranes; evaluation of the 
degree of maternal-fetal hemorrhage and resultant fetal anemia; delineation of fetal 
injuries; and identification of compensated maternal hypovolemia first manifested 
by decreased placental perfusion [5].

 Monitoring of Fetal Heart Rate and Uterine Activity

Electronic fetal monitoring (EFM) allows assessment of fetal well-being and uter-
ine activity, with abnormality of being predictive of potential obstetrical complica-
tions such as placental abruption, fetal hypoxic injury, or fetal death.
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Maternal hypovolemic shock can reduce uterine perfusion, and this can be fur-
ther compounded by visceral vasoconstriction [5]. Placental abruption can further 
reduce transplacental oxygenation. A combination of these factors can lead to fetal 
hypoxemic injury. Compromised fetal perfusion and oxygenation usually present 
with abnormalities in the fetal heart rate pattern and may also be the first sign of 
maternal hemodynamic compromise, before [20].

The duration of fetal monitoring following maternal trauma remains disputed. A 
prospective study of pregnant trauma patients that had EFM for a minimum of 4 h 
suggested that 4 h of monitoring was a sensitive method of predicting immediate 
posttraumatic adverse obstetrical outcomes, as placental abruption [21]. Another 
retrospective study of 271 pregnant patients suggested monitoring for at least 24 h 
only for a selected group of patients at high risk for fetal demise, preterm labor, and 
placental abruption [22]. This high-risk group consisted of patients involved in 
motorcycle, pedestrian, or high-velocity collisions, those ejected from motor vehi-
cles and patients demonstrating maternal tachycardia, abnormal fetal heart rate pat-
tern, and high injury severity scores.

This suggests hospitalization and intermittent fetal heart rate and uterine activity 
monitoring by EFM for 24 h for patients with uterine tenderness, significant abdom-
inal pain, vaginal bleeding, a contraction frequency of more than once per 10 min 
during a monitoring period of 4 h, rupture of the membranes, atypical or abnormal 
fetal heart rate pattern (fetal tachycardia, bradycardia, or decelerations), high-risk 
mechanism of injury (motorcycle, pedestrian, high-speed crash), or serum fibrino-
gen <200 mg/dL [5].

Monitoring for 4 h is sufficient to rule out major trauma-related complications in 
low-risk patients without the abovementioned risk factors [5].

 Prevention of Rh Alloimmunization and Evaluation 
of Maternal-Fetal Hemorrhage (MFH)

Traumatic placental injury can result in maternal-fetal hemorrhage that occurs in 
10–30% of pregnant trauma patients [23].

This rare complication of trauma is usually clinically evident, with fetal demise, 
abnormal fetal heart rate pattern (bradycardia or recurrent decelerations), or abrupt 
fetal anemia and cardiac failure. The quantification of the amount of fetal blood 
cells in the maternal circulation enables the obstetric care provider to roughly esti-
mate the degree of transplacental hemorrhage. This may be important in prevention 
of Rh alloimmunization in Rh-negative mothers [24].

The Rh antigen is well developed by 6 weeks’ gestation, and only a 0.001 mL of 
fetal blood can cause sensitization of the Rh-negative mother, leading to sensitizing 
MFH. Therefore, anti-D IgG should be given to all Rh-negative pregnant trauma 
patients. A single dose of 300 mg, administered within 72 h of injury, provides pro-
tection against sensitization for up to 30 mL of fetal blood in the maternal circula-
tion [25]. The feto-placental blood volume is estimated to be 120 mL/kg of fetal 
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weight. In most cases of traumatic maternal-fetal hemorrhage, the estimated volume 
of fetal blood in the maternal circulation is less than 15 mL, and in more than 90% 
of cases it is less than 30 mL [24].

A novel approach for detecting MFH, using flow cytometry as a simpler, more 
objective, and more precise alternative to the KB method, has been advocated, but 
as this test is not available in most medical facilities and its added value is still being 
investigated, we cannot recommend its routine use at this time [26].

The universal use of KB testing for all pregnant trauma patients, regardless of 
their Rh status, had been advocated by some, hypothesizing that the magnitude of 
MFH reflects severity of injury and therefore would be predictive of trauma-related 
obstetrical complication such as preterm labor [27].

 Ultrasound Evaluation

Ultrasonography is a rapid, noninvasive, valuable tool in the assessment of pregnant 
trauma patients. Performing an obstetrical ultrasound scan is essential and should 
be done urgently in cases where the gestational age cannot be determined with cer-
tainty and need for delivery is anticipated based on an atypical or abnormal fetal 
heart rate pattern or suspicion of placental abruption. However, it is not sensitive in 
diagnosing placental abruption, missing between 50% and 80% of them. In the set-
ting of trauma, EFM is a more sensitive tool not only to rule out a placental abrup-
tion but also for assessment of fetal well-being as compared to ultrasound [21].

Nevertheless, ultrasound is an important adjunctive to the physical examination 
and fetal assessment tests. Ultrasonography may assist in determination of gesta-
tional age; demonstration of fetal cardiac rate and rhythm; placental localization 
and exclusion of placenta previa; assessment of amniotic fluid volume; cervical 
length assessment; fetal well-being (biophysical profile); detection of fetal anemia 
by peak systolic flow velocity in the middle cerebral artery; delineation of possible 
fetal injury; and confirmation of fetal demise [5].

Therefore, an obstetrical ultrasound examination is recommended in all cases of 
significant maternal trauma that are admitted for monitoring for more than 4 h, as a 
complement of EFM.

 Obstetrical Complications of Trauma

 Placental Abruption

Placental abruption occurs in 5–50% of maternal trauma, being its major complica-
tion and the most common cause of fetal death in cases of blunt trauma [21]. It 
results from the difference in physical properties of the relatively inelastic placental 
tissue versus the elastic myometrium; significant abruption of the highly vascular 
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uteroplacental interface can mediate rapid maternal and in some cases fetal exsan-
guination. Most abruptions occur within 2–6 h after the injury and almost all of 
them with 24 h of injury [19].

Typical findings include abdominal pain, uterine tenderness, uterine contractions 
or hypertonicity, vaginal bleeding, preterm labor, or an atypical or abnormal EFM 
tracing. Specific sonographic findings are uncommon; retroplacental hematoma is 
seen in 2–25% of abruptions. Treatment should never be delayed for ultrasound 
confirmation because ultrasonography is not reliable in diagnosing placental abrup-
tion [5]. Abruption, occult or concealed, may lead to major maternal bleeding and 
consumption coagulopathy with thrombocytopenia, prolonged coagulation tests, 
and hypofibrinogenemia [28].

Although severe placental abruption can be lethal to the fetus, a timely and 
prompt caesarean section may result in considerable survival rates of up to 75% 
[29]. Delay in recognition of non-reassuring fetal status, in such cases, was account-
able for 60% of potentially preventable perinatal deaths. In cases of a nonviable 
fetus, vaginal birth is preferable [5].

 Uterine Rupture

Post-trauma uterine rupture is rare (0.6% of all maternal injuries), seen more fre-
quently with a scarred uterus or with direct abdominal impact during the latter half 
of pregnancy and 75% involve the fundal area. The degree of rupture may vary from 
complete avulsion of the uterus to serosal hemorrhage and abrasions. Symptoms 
and signs suggestive of uterine rupture include maternal shock, abdominal disten-
sion, irregular uterine contour, palpable fetal parts, sudden abnormal fetal heart rate 
pattern, ascent of fetal presenting part, and peritoneal irritation (abdominal rigidity, 
guarding and tenderness) [5]. Maternal mortality has been described with traumatic 
uterine rupture, and fetal mortality is almost universal. It is the cause of MVC- 
related perinatal death in 17.5% of the cases [30]. Suspected uterine rupture with 
maternal and/or fetal comprise should prompt urgent laparotomy to control bleed-
ing and facilitate resuscitation [5].

 Preterm Labor

Traumatic injury during pregnancy can result in preterm labor through several 
mechanisms, such as placental abruption, premature rupture of membranes, and 
prostaglandin production secondary to extravasation of blood at the placental mar-
gin [31].

Signs of preterm labor should be sought in every patient with a viable fetus, 
using EFM to assess regularity and frequency of contractions. If risk of preterm 
delivery is high because of preterm labor or preterm premature rupture of 
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membranes, steroids and neonatology consultation should be considered. In many 
cases, iatrogenic preterm delivery may be indicated to improve fetal or maternal 
outcome [5].

 Direct Fetal Injury

Direct fetal injury is seen in less than 1% of blunt maternal trauma, because mater-
nal soft tissues, uterus, and amniotic fluid serve to diminish the force delivered to 
the fetus. Most of the mechanisms involve the fetal skull and brain, as deceleration 
injury of an unengaged head or fetal skull fracture resulting from the fracture of the 
maternal pelvis in late gestation with an engaged fetal head [32–34].

 Perimortem Caesarean Section

A perimortem caesarean section is rare, and it is recommended for viable fetus 
(≥23 weeks, or fundal height 2 or more fingerbreadths above the umbilicus) and 
should be performed no latter than 4 min following maternal cardiac arrest. Delivery 
within 5 min carries the best chance of fetal and maternal survival [35].

Prolonged resuscitation is not recommended if no pulse can be obtained, and the 
uterus should be emptied to increase the likelihood of successful maternal resuscita-
tion and a healthy infant [5].
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Chapter 19
Adynamic Ileus: Intra-abdominal 
Hypertension Syndrome

Juan Carlos Barrientos Rojas

 Intra-abdominal Hypertension Syndrome

 Introduction

Actually, significant advances in the understanding of intra-abdominal hypertension 
syndrome (IAHS) have now been made, creating even the World Society of 
Abdominal Compartment Syndrome (WSACS), in 2013, and they update their con-
sensus definitions and clinical practice guidelines. However, their low recognition is 
observed in the obstetric patient and therefore as this phenomenon could influence 
pregnancy. From this, it is important to analyze the impact on the maternal and 
perinatal results of IAHS, as well as to question the application in pregnancy of the 
form of intra-abdominal pressure (IAP) measurement and its values, considering the 
physiological variants of the obstetric patient, also its possible relationship with the 
development of maternal complications such as preeclampsia, eclampsia, and fetal 
disorders [2] (Table 19.1).

There are conditions that predispose the development of intra-abdominal hyper-
tension: acidosis, hypothermia, polytransfusion, coagulopathy, sepsis, hepatic dys-
function, mechanic ventilation, pneumonia, pregnancy, obesity, etc. (Table 19.2).

Prolonged shock, ischemia/intestinal reperfusion, and excessive administration 
of crystalloids establish the genesis of the abdominal compartment syndrome.

Massive resuscitation with crystalloids increases intra-abdominal pressure, 
establishing a positive feedback with greater visceral edema and a negative feed-
back with a deterioration of cardiac preload that requires greater contribution of 
crystalloids. The volume loading increases the hydrostatic pressure of mesenteric 
capillaries and decreases the oncotic pressure of the plasma. This promotes a flow 
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Table 19.1 Causes of intra-abdominal hypertension

Spontaneous Postoperatory Posttraumatic Iatrogenic Chronic

Peritonitis
Intra-abdominal
Abscess
Broken aortic 
aneurysm
Pneumoperitoneum to 
tension
Pancreatitis
Mesenteric
venous
thrombosis
Intestinal
obstruction

Peritonitis
Intra-abdominal
abscess
Ileus
Gastric dilation
Intra-abdominal
hemorrhage
Damage control 
surgery

Hemoperitoneum
Visceral edema post 
resuscitation

Massive fluid 
resuscitation
Very high PEEP
Laparoscopic 
surgery
Anti-shock suit
Pelvic abdominal 
packing
Abdominal 
closure to tension

Ascites
Tumor
Dialysis
Pregnancy
Obesity

Table 19.2 Final 2013 Consensus Definitions of the WSACS  – The Abdominal 
Compartment Society

Adult consensus definitions (ACS, abdominal compartment syndrome; APP, abdominal 
perfusion pressure; IAH, intra-abdominal hypertension; IAP, intra-abdominal pressure; MAP, 
mean arterial pressure)
Definitions

1. IAP is the steady-state pressure concealed within the abdominal cavity
2.  The reference standard for intermittent IAP measurements is via the bladder with a maximal 

instillation volume of 25 ml of sterile saline
Diagnosis

3.  IAP should be expressed in mmHg and measured at end expiration in the supine position after 
ensuring that abdominal muscle contractions are absent and with the transducer zeroed at the 
level of the midaxillary line

4. IAP is approximately 5–7 mmHg in critically ill adults
5.  IAH is defined by a sustained or repeated pathological elevation in IAP greater than 

12 mmHg
6.  ACS is defined as a sustained IAP more than 20 mmHg (with or without an APP less than 

60 mmHg) that is associated with new organ dysfunction/failure
7. IAH is graded as follows:
  Grade I, IAP 12–15 mmHg
  Grade II, IAP 16–20 mmHg
  Grade III, IAP 21–25 mmHg
  Grade IV, IAP >25 mmHg
8.  Primary IAH or ACS is a condition associated with injury or disease in the abdominal pelvic 

region that frequently requires early surgical or interventional radiological intervention
9.  Secondary IAH or ACS refers to conditions that do not originate in the abdominopelvic 

region
10.  Recurrent IAH or ACS refers to the condition in which IAH or ACS redevelops following 

previous surgical or medical treatment of primary or secondary IAH or ACS
11. APP = MAP – IAP
12.  A polycompartment syndrome is a condition where two or more anatomical compartments 

have elevated compartmental pressures
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of fluids into the interstitium. The increase in interstitial pressure initially increases 
the lymphatic flow; however, the increase in intra-abdominal pressure produces a 
lymphatic compression that limits the discharge of the interstitial fluid. Additionally, 
it produces an obstruction to the venous flow, with the consequent increase in hydro-
static capillary pressure and fluid flow.

The best way to prevent this pathology is the early recognition of patients who 
are at risk and to establish interventions aimed at minimizing the development of 
intra-abdominal hypertension.

These decisions should be made during laparotomy and involve choices related 
to the decision to complete an operation due to major physiological alterations 
(hypothermia, acidosis, and coagulopathy) and method of closing the abdomi-
nal wall.

Obstetric hemorrhage, preeclampsia-eclampsia, and sepsis are the main causes 
of maternal mortality in the world, and 90% occur in developing countries, being 
considered those that survive as severe maternal morbidity, requiring critical care 
between 1% and 3%, which face health professionals who are not familiar with 
maternal and fetal physiology combined with a critical illness. Therefore, the impact 
of IAP is not recognized under these physiological conditions of the pregnant 
women [3].

From an intensive care unit (UCI), study that IAH is present in 38% of patients 
upon admission and is an independent predictor of mortality and the overall preva-
lence of IAH reached 59% and 8% for ACS. Therefore, monitoring IAP is becom-
ing a standard of care in ICU, especially for patients admitted with respiratory 
failure, increased abdominal contents, or massive fluid resuscitation [1].

An obstetrician, in 1913, Paramore, on IAHS, “there is almost no recognition 
or appreciation of their presence, influence and management in pregnancy and 
peripartum period” [4]. The recognition through monitoring of the IAP allows 
early detection and at the same time performs interventions to prevent the develop-
ment of IAHS, which can be presented prepartum, peripartum, or postpartum; 
therefore efforts should be directed to populations where there is little understand-
ing, as the obstetric patient, since pregnancy is a possible event in almost half of 
the world population at some point in life [5]. There is uncertainty regarding 

13.  Abdominal compliance is a measure of the ease of abdominal expansion, which is 
determined by the elasticity of the abdominal wall and diaphragm. It should be expressed as 
the change in intra-abdominal volume per change in IAP

14.  The open abdomen is one that requires a temporary abdominal closure due to the skin and 
fascia not being closed after laparotomy

15.  Lateralization of the abdominal wall is the phenomenon where the musculature and fascia 
of the abdominal wall, most exemplified by the rectus abdominus muscles and their 
enveloping fascia, move laterally away from the midline with time [1]

Reproduced from [1], which is an open access article that permits unrestricted use of the article 
contents in any medium provided the work is properly cited

Table 19.2 (continued)
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whether the standardized values on IAP are applicable in pregnancy, due to hor-
monal, cardiovascular, hemodynamic changes or the mechanical effect of com-
pression of the uterus in crescendo that exerts on the pelvic vasculature, and at the 
same time generates an increase on IAP, which is completely physiological in a 
healthy woman. However, in those who have comorbidities, genetic predisposi-
tion, or some factor triggering IAHS, these physiological variants can dramati-
cally impact negatively on fetal and maternal development, triggering catastrophic 
complications.

 Normal Physiology in Pregnancy

It is important to understand the normal physiological variants that occur in all 
organs and systems of the organism during pregnancy, as a principle of adaptability 
and support, allowing fetal intrauterine growth and development for a limited time.

The average weight gained during pregnancy is approximately 12.5 kg, of which 
the uterus contributes approximately 1 kg and the amniotic fluid, the placenta, and 
the fetus with approximately 5  kg. To accommodate this growth, the hormone 
relaxin allows greater laxity of the ligaments, allowing uterine growth. It increases 
the thoracic cage on its anteroposterior and transverse diameters; likewise it raises 
the diaphragm forward caudal, diminishing the functional residual capacity (CRF) 
in 20%. The tidal volume (Vt) increases generating a 45% increase in alveolar ven-
tilation per minute, resulting in general respiratory alkalosis, which is compensated 
by the reduction of serum bicarbonate to 20 mEq/L and a total basal buffer capacity 
of 5 mEq/L. Oxygen consumption (V02), gas exchange, and acid-base status are 
affected by factors including the growth of the placental fetus unit, progesterone 
levels, and carbon dioxide production (CO2). The VO2 increases 15–20%. These 
changes make the obstetric patient more vulnerable to hypoxemia and acidemia, 
who does not have enough reserve.

It also increases the plasma volume by 50%, generating dilutional anemia, 
and increases blood circulation by 40%. Cardiac output (CO) increases 30–50% 
and uterine flow increases ten  times. After 20  weeks of gestation, the uterus 
generates a mechanical effect of aorto-cava obstruction in the supine position 
and results in supine hypotension syndrome, explained by the limitation of 
venous return to compensate the cardiovascular circulatory system. Compensatory 
vertebral, paravertebral, epidural, and ovarian collateral circulation is generated. 
IAP could exacerbate aorto-cava compression and maintain a cause-effect rela-
tionship [6].

The growing uterus and fetus occupy most of the abdominal cavity as pregnancy 
progresses; this effect causes an increase in IAP, particularly in the third trimester; 
however this is gradual throughout gestation, allowing it to adapt; the organ dys-
function that is normally seen in non-obstetric critical patients is not frequently 
observed in the pregnant woman because the change in the IAP is not acute, but it 
is gradual; otherwise the placental uterine perfusion would be affected [7].
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 Pathogenesis

Theories suggest that IAH/ACS often develops as a result of two physiological 
phases, which together sequentially produce a self-perpetuating process called 
“acute intestinal distress syndrome” [8]. In the first phase, resuscitation of patients 
in shock induces bowel ischemia-reperfusion injury [9]. This “acute bowel injury” 
results in release of pro-inflammatory mediators into the peritoneum and systemic 
circulation, leading to neutrophil priming, increased intestinal wall permeability, 
extravasation of fluid into the bowel wall and mesentery, translocation of intestinal 
bacteria, and absorption of bacterial endotoxin [10].

In the second phase, the resultant abdominal visceral edema leads to IAH, which 
compresses intra-abdominal lymphatic and results in a progressive decrease in 
bowel wall perfusion, mucosa-to-serosa intestinal necrosis, a further increase in 
bowel wall permeability, and heightened bacterial translocation/endotoxin absorp-
tion and release of pro-inflammatory mediators and induces multiorgan dysfunction 
syndrome [11].

This highlights that alternate definitions and management strategies may be 
needed for other patient populations, including pregnant women [12]. Lozada et al. 
recently proposed management algorithm, definition, and classification of peripar-
tum intra-abdominal hypertension and abdominal compartment syndrome, defined 
an IAH in pregnancy as a sustained or repeated pathological elevation in IAP 
≥14 mm Hg, and defined ACS in pregnancy as a sustained IAP >25 mm Hg that is 
associated with new organ failure/dysfunction [13].

The grade I can be considered as normal, without negative repercussions. In grade 
II the need for surgical treatment is based on the clinical condition of each patient. In 
the absence of oliguria, hypoxemia, or severe elevations in airway pressure, no treat-
ment is warranted; however patients with this degree of IAP require close observa-
tion. The majority of patients with grade III IAP require abdominal decompression. 
All patients with a grade IV IAP require abdominal decompression.

The abdominal compartment syndrome (ACS) should be suspected in those 
patients with a tight abdomen, distended, with elevated IAP, those with signs of low 
cardiac output, increased pressure in the right atrium and pulmonary capillary pres-
sure, hepatic hypoperfusion, hyperbilirubinemia, metabolic acidosis and refractory 
lactic acidosis, oliguria refractory to volume administration, splanchnic hypoperfu-
sion (increase of intramucosal PCO2 by gastric tonometry), increase in respiratory 
work, increase in peak and plateau pressure in mechanically ventilated patients, 
progressive hypoxemia, hypercapnia, and elevated ICP. There may be edema in the 
lower limbs and tendency to deep vein thrombosis.

 Risk Factors

IAP should be measured whenever a patient has one or more risk factors for IAH; 
these included obesity (OR 5.1), sepsis (OR 2.38), abdominal infection (OR 2.49), 
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abdominal surgery (OR 1.93), post-laparotomy (OR 5.72), pancreatitis (OR 4.73), 
hepatic failure/cirrhosis (OR 2.07), gastrointestinal bleeding (OR 3.37), ileus (OR 
2.05), liver dysfunction (OR 2.25), APACHE score (OR 1.6 per point increase), 
base deficit (OR 1.15), acidosis (OR 1.93), vasopressor use (OR 2.33), shock (OR 
4.68), hypotension (OR 2.12), central venous pressure (OR 1.3 per mmHg), positive 
end-expiratory pressure >10 cmH2O (OR 2.41), respiratory failure (OR 1.87), acute 
respiratory distress syndrome (OR 3.61), mechanical ventilation (OR 6.78), fluid 
balance (OR 5.22), fluid collections (OR 2.01), and fluid resuscitation (OR 2.17 
crystalloid or colloid >3.5 l) [1, 14].

 Intra-abdominal Pressure in Pregnancy

Clinical examination is insufficient for detecting raised IAP. There is a little infor-
mation about intra-abdominal pressure in pregnancy; however it is summarized in 
Table 19.3 [18]:

There is no evidence to suggest that is necessary to measure IAP in uncompli-
cated pregnancies or in chronic conditions such as obesity, liver disease with ascites, 
tumors, or another condition that increases the risk of IAHS; the decision to mea-
sure IAP in pregnancy, is based on the clinical presentation, using the established 
standard measures [19].

The best evidence concerning IAP in pregnancy was obtained through rectal 
manometer on primarily primigravid inmates in 1913 [4]. However, Al-Khan and 
colleagues published more contemporary IAP intravesical measurements in 100 
healthy term parturient obtained under spinal anesthesia just prior to 

Table 19.3 Intra-abdominal pressure mean in pregnancy

Author Year n Gestation
Position during 
IAP measurement

IAP mean 
(mmHg) Comments

Paramore 
[4]

1913 24 6 months 
to term

Supine; left side; 
knee chest; 
standing

Range 
15–44

Rectal manometer; 
ambulatory subjects

Cupeert 
et al. [7]

2008 40 Term Supine; left 
lateral

Not 
reported

Elective CS under spinal 
anesthesia

Sugerman 
[29]

2011 5 39 weeks Supine; left 
lateral decubitus

25 ± 3; 
23 ± 3

Under methods; likely 
ambulatory patients

Al-Khan 
et al. [16, 
54]

2011 100 36–
41 weeks

Leftward tilt 22 ± 2.9 Elective CS; unspecific 
leftward tilt; 50 ml saline 
instilled in bladder; under 
reference point

Chun et al. 
[30]

2012 20 38–
40 weeks

Supine; leftward 
tilt

10 ± 4.7
8.9 ± 4.9

Elective Cs under spinal 
anesthesia, leftward tilt 
10°

IAP mean means intra-abdominal pressure, n number, CS cesarean section
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commencement of elective CS. They found the median IAP in leftward tilted posi-
tion to be 22 ± 2.9 mmHg (rage 15–29 mmHg), pressures actually in the threshold 
range for ACS if organ failure were also present. Postoperatively, after neonatal 
delivery, the IAP dropped significantly to a median IAP of 16  mmHg (range 
11–24 mmHg) [20].

What is really is that the value of IAP increases during pregnancy, and it has been 
suggested that pregnancy is associated with chronically elevated IAP (10–15 mmHg), 
like obesity [20]; therefore, the mother should adapt to this increase in pressure; 
otherwise it could have maternal and fetal involvement in the development of preg-
nancy. Patients with a significant increase in IAP and organ dysfunction should be 
managed medically and/or surgically.

The measurement of the IAP should be carried out according to the recommen-
dations of the WSACS, in totally supine position, through a catheter to the bladder, 
instilling 25 ml of saline solution and performing the measurement at the end of 
expiration, with a relaxed abdomen and measurement at the level of the midaxillary 
line along the iliac crest [21] (Fig. 19.1).

Current consensus guidelines on defining and measuring IAP are based on the 
non-pregnant population. Measurement every 4–6  h is probably adequate for 
patients at risk developing IAH or ACS. It is probable that the measurement through 
the standard method, through the bladder, is altered by the pressure exerted by the 
uterus on it and its relationship with the pelvis, and maybe a lateral inclination 
would help the measurement bias. Nevertheless, more specific research is needed 
for its evaluation in this population group [22, 23]. There is evidence using 10–15° 
left lateral tilt, for the measure of IAP [24]. The ignorance of the behavior of the 
IAHS in the pregnancy potentiates the risk of delay in the diagnosis and catastrophic 
scenarios, increasing maternal morbidity and mortality.

 Systemic Consequences of the Elevated IAP

The IAHS/ACS is not limited to the intra-abdominal organs. In normal conditions, 
the value of intra-abdominal pressure is similar to the atmospheric pressure; when 

SP

MAL

Fig. 19.1 Anatomic reference of the zero point for the measure of IAP. (Reproduced from [21], 
which is an open access article that permits unrestricted use of the article contents in any medium 
provided the work is properly cited)
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the volume of the abdominal contents increases, the pressure also increases propor-
tionally. The consequence of this elevation is a decrease in hepatic, splanchnic, and 
renal perfusion by compression of the vascular beds. Intra-abdominal hypertensions 
are transmitted to the pleural and pericardial space, increasing the juxta-cardiac 
pressure and thus preventing ventricular filling. It also elevates the left ventricular 
afterload and redistributes the blood flow away from the abdomen; consequently, 
cardiac output decreases, increasing the pressure in the right atrium and at the pul-
monary capillary level, that is, hemodynamically similar to cardiac tamponade.

The cephalic displacement of the diaphragm increases intrathoracic pressure; as 
a consequence there is a decrease in venous return (with IAP 10 mmHg), increase 
in peripheral vascular resistance, reduction in compliance and cardiac contractility 
due to the direct compressive effect of chest pressure on the heart, and decrease in 
cardiac output. The venous return of the lower extremities is also compromised as 
the flow of the inferior vena cava slows, and consequently there is predisposition to 
the formation of peripheral edema and deep vein thrombosis.

Compression to the pulmonary parenchyma results in an increase in the final 
pressure of inspiration (PIM) in mechanically ventilated alveolar atelectasis patients 
and alterations in the transport of oxygen through the alveolar capillary membrane 
increasing the intrapulmonary shunt; as a result progressive hypoxemia, hypercap-
nia, and respiratory acidosis ensue.

On the wall of the entire gastrointestinal tract, ischemia is produced by reduction 
of mesenteric blood flow, with intra-abdominal pressure of 10 mmHg, evidenced by 
gastric tonometry. Reduction in pancreatic and splenic blood flow has also been 
documented.

As a result bacterial translocation, release of free oxygen radicals, and vasoactive 
mediators potentially producing systemic inflammatory response syndrome (SRIS), 
sepsis, and multiple organ failure (FOM) ensue.

Abdominal hypertension significantly reduces renal blood flow, by direct com-
pression to the cortex, reversing the medullary cortical renal flow, in addition to 
the direct mechanical effect on the renal artery and veins. In general, oliguria 
occurs with intra-abdominal pressure between 15 and 20 mmHg, anuria when the 
IAP exceeds 20 mmHg, generating acute renal failure due to direct hypoperfu-
sion [25].

Acute abdominal compartment syndrome (ACS) also leads to neuronal isch-
emic damage due to decreased cerebral blood flow and intracranial hypertension by 
several mechanisms, among which is mentioned a reduction in cardiac output with 
reduction in cerebral perfusion pressure. In addition to this, increase in intrapleural 
pressure as a consequence of intra-abdominal hypertension, the pressure of the 
large intrathoracic venous vessels increases, which reduces the central venous 
return and, as a consequence, intracranial pressure rises. The harmful effects on 
perfusion and intracranial pressure are evident when the IAP exceeds 25 mmHg 
(Box 19.1).
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Box 19.1 Systemic Consequences of Increased Intra-abdomial Pressure

Cardiovascular system
Difficulty in evaluating the preload
Increase in pulmonary arterial occlusion 
pressure
Increase in central venous pressure
Decrease in transmural filling pressure
Increase in extravascular lung water
Increase in pulse pressure variations
Decrease in the volume of the end of the 
diastole VD
Decrease in cardiac minute volume
Decreased venous return
Increase in systemic vascular resistance
Increased risk of venous thrombosis and PTE
Variable heart rate
Variable effect on blood pressure
Increase in pulmonary arterial pressure
Decrease in compliance VI

Respiratory system
Increase in intrathoracic pressure
Increase in pleural pressure
Increase of the PEEP car
Decrease in functional residual capacity
Decrease in all lung volumes
Increase in peak pressure in the airway
Increased plateau pressure in the airway
Decrease in dynamic compliance
Decrease in static compliance
Increase in PaCO2
Decrease in PaO2 and PaO2/FiO2
Increased ventilation of the dead space
Increase in pulmonary shunt
Increase in lower inflection point
Difficulty in weaning the respirator
Increased alveolar inflammation

Liver system
Decreased hepatic arterial flow
Alveolar edema
Decreased blood portal flow
Increase collateral portal flow
Decreased glucose metabolism
Decreased mitochondrial function
Increase in renal vascular resistance

Renal system
Decrease in renal filtration pressure
Decrease in lactate clearance
Decrease in filtration gradient
Decreased renal blood flow
Decrease in diuresis
Compression of the renal vein
Ureter compression
Increase in antidiuretic hormone

Gastrointestinal system
Decrease in abdominal perfusion pressure
Decreased celiac blood flow
Decreased mucosal blood flow
Mesenteric venous compression
Decrease in intramucosal pH
Increase in intestinal permeability
Increase in bacterial translocation
Increase in pCO2 mucosa and CO2 gap
Increase in variceal and gastric bleeding
Increase in peritoneal adhesions
Failure of enteral nutrition

Abdominal wall
Decrease in compliance
Decreased blood flow of the rectus 
muscles
Decrease blood flow of the rectus
Complications of operative wounds
Incisional hernias

Endocrine system
Release of pro-inflammatory cytokines

Central nervous system
Increased intracranial pressure
Decrease in cerebral perfusion pressure

Multiorgan failure syndrome
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 IAHS and Preeclampsia

Preeclampsia, a heterogeneous condition, and hypoperfusion syndrome character-
ized by vasospasm and endothelial damage, which manifests with arterial hyperten-
sion and proteinuria after 20 weeks of gestational age, are one of the main causes of 
maternal and perinatal morbidity and mortality, with multisystemic involvement: 
hematologic alteration, HELLP syndrome (hemolysis, elevated hepatic enzymes, 
and thrombocytopenia) hepatic and renal dysfunction, neurological sequel, retinal 
detachment, headache, stroke and seizures, cardiovascular disease, growth restric-
tion (IUGR), and other abnormalities [26].

Its etiology is incomplete; however the hypothetical model consists of an abnor-
mal placentation during the trophoblastic invasion during the second trimester of 
pregnancy, generating placental ischemia and release of toxic angiogenic factors, 
leading to endothelial dysfunction and inflammation [26, 27]. The diagnosis of IAHS 
in the peripartum is a challenge, because the IAP is not routinely measured, except in 
very obvious conditions, which leads to poor recognition in the obstetric patient, in 
addition to some similarities with the multisystemic manifestations of preeclampsia.

Since the 1900s, researchers suggested that decompensated IAH could be a pos-
sible etiological factor in the development of preeclampsia, hypothesizing that the 
nulliparous and muscular women were prone to abdominal wall muscle tone result-
ing in elevated IAP, compromising the perfusion of the intra-abdominal viscera [28].

There is a relationship of IAP and preeclampsia, indicating that IAHS plays a 
central role in the initiation of the multisystemic cascade of limited perfusion and 
inflammation associated with the different manifestations of preeclampsia and in 
the progression of the severity of the disease, and also speculated that obstruction of 
venous return from IAHS, especially limiting abdominal perfusion pressure due to 
increased pressure, resulted in decreased perfusion to organs such as the kidneys 
and placenta, generating the activation of the renin-angiotensin-aldosterone system, 
raising the levels of the latter, generating arterial hypertension and placental isch-
emia-necrosis, and impacting fetal growth and development, since IAHS slows 
uterine flow which results in compensatory fetal hypertension [29]. Because of this, 
it is important to consider the measurement of IAP in critical maternal conditions 
such as preeclampsia-eclampsia.

This relationship suggests that the most frequent time of presentation of pre-
eclampsia is the third trimester, precisely when there are higher levels of IAP, and 
the established cure for preeclampsia is the interruption of pregnancy, which would 
lead to reduction of the IAP and improvement of the patient. However, these conclu-
sions must be verified with further investigations.

 Management of SHIA/SCA

There are not enough research and recommendations based on evidence for the 
management of intra-abdominal hypertension in pregnancy, for which the recom-
mendations raised by WSACS in 2013 should be considered (Table 19.4). The IAP 
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Table 19.4 Final 2013 WSACS – The Abdominal Compartment Society Consensus Management 
Statements

Recommendations

1.  We recommend measuring IAP when any known risk for IAH/ACS is present in a critically ill 
or injured patient [grade 1C]

2.  Studies should adopt the trans-bladder technique as the standard IAP measurement technique 
[not GRADED]

3.  We recommend use of protocolized monitoring and management of IAP versus not [grade 
1C]

4.  We recommend efforts and/or protocols to avoid sustained IAH as compared to inattention to 
IAP among critically ill or injured patients [grade 1C]

5.  We recommend decompressive laparotomy in cases of overt ACS compared to strategies that 
do not use decompressive laparotomy in critically ill adults with ACS [grade 1D]

6.  We recommend that among ICU patients with open abdominal wounds, conscious and/or 
protocolized efforts be made to obtain an early or at least same-hospital-stay abdominal 
fascial closure [grade 1D]

7.  We recommend that among critically ill/injured patients with open abdominal wounds, 
strategies utilizing negative pressure wound therapy be used versus not [grade 1C]

Suggestions

 1.  We suggest that clinicians ensure that critically ill or injured patients receive optimal pain 
and anxiety relief [grade 2D]

 2.  We suggest brief trials of neuromuscular blockade as a temporizing measure in the treatment 
of IAH/ACS [grade 2D]

 3.  We suggest that the potential contribution of body position to elevated IAP be considered 
among patients with, or at risk of, IAH or ACS [grade 2D]

 4.  We suggest liberal use of enteral decompression with nasogastric or rectal tubes when the 
stomach or colon are dilated in the presence of IAH/ACS [grade 1D]

 5.  We suggest that neostigmine be used for the treatment of established colonic ileus not 
responding to other simple measures and associated with IAH [grade 2D]

 6.  We suggest using a protocol to try and avoid a positive cumulative fluid balance in the 
critically ill or injured patient with, or at risk of, IAH/ACS after the acute resuscitation has 
been completed and the inciting issues have been addressed [grade 2C]

 7.  We suggest use of an enhanced ratio of plasma/packed red blood cells for resuscitation of 
massive hemorrhage versus low or no attention to plasma/packed red blood cell ratios 
[grade 2D]

 8.  We suggest use of PCD to remove fluid (in the setting of obvious intraperitoneal fluid) in 
those with IAH/ACS when this is technically possible compared to doing nothing [grade 
2C]. We also suggest using PCD to remove fluid (in the setting of obvious intraperitoneal 
fluid) in those with IAH/ACS when this is technically possible compared to immediate 
decompressive laparotomy as this may alleviate the need for decompressive laparotomy 
[grade 2D]

 9.  We suggest that patients undergoing laparotomy for trauma suffering from physiologic 
exhaustion be treated with the prophylactic use of the open abdomen versus intraoperative 
abdominal fascial closure and expectant IAP management [grade 2D]

10.  We suggest not to routinely utilize the open abdomen for patients with severe intraperitoneal 
contamination undergoing emergency laparotomy for intra-abdominal sepsis unless IAH is a 
specific concern [grade 2B]

11.  We suggest that bioprosthetic meshes should not be routinely used in the early closure of the 
open abdomen compared to alternative strategies [grade 2D]

(continued)
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is increased in pregnancy; however the pregnant woman develops mechanisms that 
allow her to adapt to the gradual increase of the IAP [30].

Targeting an abdominal perfusion pressure (APP)  – defined as the difference 
between mean arterial pressure (MAP) and IAP – of greater than 60 mmHg has 
been sometimes been proposed as a resuscitation endpoint more predictive of out-
come than IAP, but this is not universally accepted, and treatment strategies should 
probably focus on mitigating IAH rather than driving up MAP [31].

Medical management strategies included [32] sedation/analgesia and neuro-
muscular blocking agents that increase abdominal wall compliance, evacuation of 
intraluminal gastrointestinal contents with nasogastric/rectal tubes and prokinetic 
agents, and optimization of fluid administration decreasing fluid balance after the 
acute resuscitation phase, use of vasoactive medications may facilitate restoration 
of abdominal and systemic perfusion with lower resuscitation fluid volumes than 
have been traditionally required, thus reducing the risk of secondary or recurrent 
ACS. Removal of restrictive bandages or surgical release of restrictive burn scars 
or scar tissue may improve abdominal wall compliance. Evacuation of intra-
abdominal space-occupying lesions, paracentesis, and large-volume (>1  L) 
removal of ascites or hematoma have been documented to significantly decrease 
IAP in a variety of disease processes. Evacuation of other intra-abdominal con-
tents as with delivery of a gravid uterus is presumed (but not proven) to provide 
some benefit.

Since head-of-bed elevation and patient flexion significantly increase IAP, as 
documented above, temporary repositioning of a patient to a supine position may 

Table 19.4 (continued)

No recommendations

1.  We could make no recommendation regarding use of abdominal perfusion pressure in the 
resuscitation or management of the critically ill or injured

2.  We could make no recommendation regarding use of diuretics to mobilize fluids in 
hemodynamically stable patients with IAH after the acute resuscitation has been completed 
and the inciting issues have been addressed

3.  We could make no recommendation regarding the use of renal replacement therapies to 
mobilize fluid in hemodynamically stable patients with IAH after the acute resuscitation has 
been completed and the inciting issues have been addressed

4.  We could make no recommendation regarding the administration of albumin versus not, to 
mobilize fluid in hemodynamically stable patients with IAH after acute resuscitation has been 
completed and the inciting issues have been addressed

5.  We could make no recommendation regarding the prophylactic use of the open abdomen in 
nontrauma acute care surgery patients with physiologic exhaustion versus intraoperative 
abdominal fascial closure and expectant IAP management

6.  We could make no recommendation regarding use of an acute component separation 
technique versus not to facilitate abdominal fascial closure

ACS abdominal compartment syndrome, IAH intra-abdominal hypertension, IAP intra-abdominal 
pressure, ICU intensive care unit, PCD percutaneous catheter drainage
Reproduced from [3], which is an open access article that permits unrestricted use of the article 
contents in any medium provided the work is properly cited
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provide some transient benefit in decreasing IAH. Pharmacologic diuresis and/or 
removal of fluid with continuous renal replacement therapies (RRT) resulting in net 
ultrafiltration has been suggested to have a significant impact on IAP [33].

Damage control surgery has increased the survival of patients with severe insults; 
however, a group of these salvaged patients develop devastating complications as a 
result of an abdominal compartment syndrome. Several clinical studies have shown 
a clear association of ACS with multiorgan failure. It is admitted up to a third of 
patients who require damage control surgery and can develop an ACS; these patients 
present an elevated risk of IAH because they commonly require massive resuscita-
tion with crystalloids and transfusions due to sustained hemorrhagic shock and 
intra-abdominal tamponade, which are independent risk factors for the develop-
ment of ACS.

Damage control resuscitation should be adopted in managing of patients with 
significant hemorrhage, like in obstetric population, as it has been associated with a 
lower incidence of ACS and higher primary fascial closure, correcting coagulopa-
thy, acidosis, and hypothermia [33].

Percutaneous catheter drainage is a minimally invasive option suggested to 
decrease IAP in those with IAH/ACS among patients with burns or pancreatitis with 
intraperitoneal fluid collections [34].

If ACS cannot be prevented with medical or surgical management strategies or 
treated with percutaneous catheter drainage, guidelines recommend urgent decom-
pressive laparotomy and also recommended negative pressure wound therapy 
devices be used for temporary abdominal closure [1].

Some indications of open abdomen are respiratory deterioration at the time of 
closure, contamination or fecal peritonitis, hemodynamic instability at the time of 
closure, massive intestinal edema, hypothermia, tension closure, multiple intra- 
abdominal injuries, planned reoperation, and intra-abdominal tamponade.

After decompressive laparotomy, if the abdominal fascia is unable to be closed, 
some methods have been proposed to include Bogota bag, negative pressure perito-
neal therapy, the Wittmann patch (Starsurgical, Burlington, Wisconsin, USA), pro-
gressive closure of a synthetic patch sutured between the fascial edges, dynamic 
retention using sutures or the Abdominal Reapproximation Anchor device (Canica 
Design Inc., Almonte, Ontario, Canada), and vacuum-assisted wound closure (VAC) 
and mesh-mediated fascial traction [1].

The spectrum of surgical management of IAH/ACS includes surgical preven-
tion of IAH/ACS; abdominal decompression (via laparotomy or a minimally inva-
sive fasciotomy); temporary abdominal closure; management of the open 
abdominal wound in the ICU; avoidance of wound complications, including deep 
soft tissue infections, abdominal abscesses, enteroatmospheric fistulae, and com-
plex ventral hernia; staged abdominal reconstruction (reducing and closing the 
abdominal defect over time); or, as a last resort, use of a planned ventral hernia (an 
open abdominal wound that is allowed to granulate and covered with skin flaps or 
a split-thickness skin graft) with plans for delayed abdominal wall reconstruc-
tion [33].
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 Adynamic Ileus in Obstetrician

 Introduction

Ileus is a pathophysiologic state of inhibited motility in the gastrointestinal tract due 
to a physical/anatomic obstruction in the lumen (obstructive ileus) or due to cessa-
tion of smooth muscle motor activity in the small intestine and colon (adynamic/
paralytic/functional). Several myogenic, neurogenic, and humoral factors are sus-
pected to play independent or collective roles in the basic mechanism of the devel-
opment of paralytic ileus under these conditions. Paralytic ileus is more common, 
and its management is aimed at the causative or accompanying illness.

In obstetric patients is frequently, and the physiologic changes of pregnancy 
must be considered in the diagnosis and management. A team approach is necessary 
to optimize the care of the pregnant patient with gastrointestinal complications.

 Definition

Paralytic ileus is a clinical syndrome due to acute and transient disturbance of the 
transportation of the content of intestinal lumen due to cessation of smooth muscle 
motor activity in the small intestines and colon, with the potential to return to nor-
mal. Paralytic ileus usually does not have a clear mechanism, is complex, and is not 
clearly understood.

The definition and nosology of these entities is confusing because of an incom-
plete understanding of the pathophysiology and application of different meanings to 
the same term (Box 19.2).

Box 19.2 Definitions of Disorders with Impaired Transit of Intestinal 
Contents
• Mechanical obstruction: severely impaired transit of intestinal contents 

because of intrinsic luminal obstruction or extrinsic compression
• Ileus: severe functionally impaired transit of intestinal contents because of 

decreased peristaltic activity of the gastrointestinal tract in the absence of 
mechanical obstruction

• Colonic pseudo-obstruction: severe functionally impaired transit of colonic 
contents and massive dilatation of the colon, in the absence of mechanical 
obstruction, because of uncoordinated, nonperistaltic, or attenuated colonic 
muscle contractions
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 Pathogenesis/Pathophysiology

The main function of intestines is to supply water, electrolyte, and nutrients to the 
body. Approximately 85% of chyme, consisting of 8 L of fluid, nutrients, vitamins, 
and minerals, is absorbed in the small intestines, while the remaining chyme, mainly 
consisting of fluid and electrolyte, is absorbed in the colon.

As chyme enters the intestines from the gaster, the proximal portion of the walls 
of the small intestines is stretched, which causes local concentric contraction at 
specific intervals along the intestines.

This segmental contraction repeatedly divides chyme each minute, causing pro-
gressive mixing of solid food particles and the secretions of the small intestines. 
Simultaneously, there is also a peristaltic wave that pushes the chime toward the 
anus with a speed of 0.5–2 cm/s. This peristaltic movement could arise from any 
part of the small intestines, far more rapidly at the duodenum compared to at the 
terminal ileum. Thus, under normal conditions, 3–5 h is required for chyme to reach 
the ileocecal sphincter from the pylorus. Concentric contraction also takes place in 
the colon, while at the same time there is contraction of the three collections of 
longitudinal colon muscles on three longitudinal bands known as the teniae coli.

This collective contraction causes the stimulated portion of the colon to bulge 
like a sac, so-called haustration. This haustral contraction occurs every hour and 
lasts for 30 s, causing the content to blend. This slow yet persistent haustral contrac-
tion is the main force that pushes the chyme from the ileocecal sphincter to the 
transverse colon, in the cecum and ascending colon. From the transverse colon to 
the sigmoid, a peristaltic-like motion of the bowel, known as mass movement, 
replaces the haustral contraction as the thrust forces for bowel content. As it moves 
through the colon toward the anus, the fluid chyme gradually becomes more solid, 
until only approximately 80–200 cc of fluid remains in the feces [35].

Progesterone prepares the body for pregnancy by relaxing smooth muscles, 
which is particularly important in the expanding uterus but also affects the gastroin-
testinal tract. Progesterone relaxes the lower esophageal sphincter and decreases 
gastric motility, which increases the frequency of heartburn, gastroesophageal 
reflux, and nausea during pregnancy. The slowing of gastric motility also leads to 
constipation, with resultant abdominal pain [16]. The functional changes that occur 
with the enlarging uterus may mechanically limit colonic emptying which probably 
is the main reason for symptomatic constipation in late term. There is also a signifi-
cant increase in water and sodium absorption secondary to the increased aldoste-
rone levels during pregnancy, leading to reduced stool volume and prolonged 
colonic transit time [17].

The small intestine exhibits decreased motility during pregnancy. Lawson noted 
that the mean small bowel transit time significantly increased during each trimester 
(first trimester, 125  ±  48  min; second trimester, 137  ±  58  min; third trimester, 
75  ±  33  min) and decreased back to normal levels postpartum. This increased 
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transit time is related to elevations in progesterone levels during normal pregnancy 
and may contribute to the increased symptoms of constipation in late preg-
nancy [36].

The pathophysiology of postoperative ileus is multifactorial. An important factor 
is activation by surgical trauma of the macrophages residing in the tunica muscula-
ris external of the bowel wall. These cells release cytokines that induce the activa-
tion of further pro-inflammatory cells and their migration to the site of injury. Next, 
other antiperistalsis cytokines (including interleukin-6 and TNF-alpha) are released, 
along with neuropeptides and nitric oxide. The full clinical picture of postoperative 
ileus ensues, with inflammation of the tunica muscularis external of the entire gas-
trointestinal tract [37].

 Etiology

Ileus most commonly occurs in the postoperative period, where it is recognized as 
an obligatory physiologic response to abdominal surgery, with small intestine motil-
ity recovering after 0–24  h, gastric motility recovering at 24–48  h, and colonic 
motility recovering at 48–72 h [38].

Many conditions could cause cessation of smooth muscle motor activity in the 
small intestines and colon, such as sepsis and peritonitis, as a side effect of certain 
medications; hormonal imbalance because secretin, vasoactive intestinal polypep-
tide (VIP), and glucagon that inhibit the intestinal peristalsis; electrolyte imbalance; 
and bowel ischemia due to hypoperfusion, blood-borne toxins, as well as distur-
bances in oxygen supply and surgery related with increased plasma catecholamine 
due to postoperative stress [39].

Opiates administered for postoperative analgesia are common contributing fac-
tors. Opiates profoundly inhibit gastrointestinal motility and delay recovery from 
postoperative ileus. Other implicated medications include anticholinergic drugs, 
calcium-channel antagonists, antihistamines, and various psychotropic agents, such 
as phenothiazines and tricyclic antidepressants [40].

Pregnancy may complicate most gastrointestinal diseases, and gastrointestinal 
symptoms are extremely common in the pregnant patient. Most of these symptoms 
are a manifestation of normal altered physiology in which changes occur both func-
tionally and anatomically. These changes may cause new symptoms, worsen preex-
isting disease, or mask potentially deadly disease. A lack of experience in dealing 
with these symptoms can have devastating effects. The physician must be able to 
distinguish whether these symptoms are those of normal pregnancy or a potentially 
life-threatening complication such as preeclampsia.

Acute [41] colonic pseudo-obstruction (ACPO) or Ogilvie’s syndrome is ady-
namic ileus of the colon and may occur after delivery. It is a clinical and radiological 
picture of acute obstruction of the colon in the absence of mechanical obstruction, 
leading to massive colonic dilatation. ACPO can lead to significant maternal mor-
bidity (hypovolemia, electrolyte imbalance, cecal ischemia, cecal perforation) and 
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mortality. If the diameter of the cecum is ≥9 cms, then there is a significant risk of 
bowel perforation and urgent referral for decompression is necessary (the diameter 
is normally up to 7.5 cm). Endoscopic colonic decompression may be needed if the 
colon dilates to more than 12  cm. Intravenous infusion of 2  mg of neostigmine 
results in prompt decompression in patients not responding to conservative mea-
sures, but should be restricted to use in the postpartum period. Endoscopy is an 
important and safe tool in the evaluation of gastrointestinal symptoms during preg-
nancy [42]. The main manifestation of this syndrome is progressive abdominal dis-
tention. Most patients (80%) complain of abdominal pain and of nausea and 
vomiting (60%), while many also have fecal retention or diarrhea (45%). Physical 
examination typically reveals abdominal tympanums and, usually, audible bowel 
sounds on auscultation. If peritoneal signs or fever are present, bowel ischemia and 
perforation must be ruled out. Ogilvie’s syndrome is a diagnosis of exclusion, and 
the initial evaluation should include an abdominal CT scan to rule out other condi-
tions, particularly mechanical ileus or intestinal paralysis due to other intra- 
abdominal or retroperitoneal disease [43].

Intestinal obstruction is relatively rare in pregnancy but is the second most com-
mon non-obstetric abdominal emergency. The incidence is one in 3000 pregnancies. 
It is extremely rare in early pregnancy but begins to increase between the fourth and 
fifth month of gestation when the uterus changes from a pelvic organ to an abdomi-
nal organ. The peak incidence of bowel obstruction occurs in the eighth month 
when the fetal head descends into the pelvis, but it may also occur during delivery 
or the puerperium when a sudden change in uterine size may shift abdominal ana-
tomic relationships. There is no relation between maternal age or parity and the risk 
of intestinal obstruction. Treatment of intestinal obstruction frequently is surgical, 
and it is probably the delay in diagnosis and treatment that accounts for the overall 
maternal mortality rate of less than 6% and fetal loss of 20–30% noted in some stud-
ies [44].

 Clinical Presentation

Ileus presents with abdominal distention and with abdominal pain that is typically 
mild and poorly localized. Variable features include hypoactive or absent bowel 
sounds, lack of passage of flatus and stool, intolerance of oral intake, and nausea 
and emesis.

Physical examination reveals a distended, tympanic abdomen; hypoactive bowel 
sounds; and mild, diffuse abdominal tenderness. The patient may exhibit signs of 
dehydration, such as tachycardia, orthostatic hypotension, poor skin turgor, and dry 
mucous membranes [45].

Laboratory tests should include routine serum electrolytes, creatinine, blood urea 
nitrogen, complete blood count, liver function tests, and amylase, lipase, and mag-
nesium levels. Abdominal x-ray may be required to confirm colonic dilatation (large 
bowel >6 cm, cecum >9 cm).
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 Treatment and Management

There is no single effective means of preventing or treating postoperative ileus. 
General measures include intravenous fluid resuscitation and correction of electro-
lyte abnormalities. Underlying conditions should be identified and aggressively 
treated: antibiotics for sepsis and discontinuation of drugs that promote an ileus [46, 
47]. Supportive measures are given, including nil per os, a nasogastric tube, a 
decompressive rectal tube, correction of electrolyte disturbances, and discontinua-
tion of constipating drugs [48]. Patients traditionally received nothing by mouth 
until resolution of the ileus, recognized by passage of flatus or stool, but this treat-
ment harms the nutritional status, thereby potentially decreasing postoperative 
wound healing and immunologic function. Recent studies suggest that early enteral 
feeding is safe, decreases the duration of postoperative ileus, and decreases the hos-
pital stay (Box 19.3) [48]:

Gum chewing is an inexpensive and safe method to promote gut motility and 
resolve a postoperative ileus through vagal and enteric hormonal stimulation (sham 
feeding), but randomized studies have shown variable efficacy [49].

Gum chewing has been reported to enhance the intestinal function recovery after 
cesarean section.

Ten RCTs with a total of 1659 women were included in a meta-analysis. Gum 
chewing provided significant benefits in reducing the time to first passage of flatus, 
first defecation, first bowel sound, first bowel movement, and the length of hospital 
stay [50]. Other study included 372 women randomized; chewing gum significantly 
improved intestinal recovery with faster onset of bowel movements, first audible 
intestinal sounds, passage of flatus, and passage of stool (p = 0.0001). It was associ-
ated with significantly shorter duration of hospital stay and parenteral therapy dura-
tion (p = 0.0001). Abdominal distension, vomiting, and ileus postoperatively were 
significantly higher in non-chewing gum groups. Neither paralytic ileus nor side 
effects were recorded with gum use. They conclude that chewing gum, within 2 h 
postoperatively, is a simple, safe, and well-tolerated intervention that can boost 
rapid intestinal recovery and shorten hospital stay after planned cesarean deliveries.

Early ambulation does not reduce the duration of postoperative ileus but does 
decrease complications from prolonged immobility. Postoperative nasogastric 

Box 19.3 Initial Management Is Conservative and Should Focus On the 
Following
• Analgesia (avoid opiate analgesics)
• Antiemetics
• Nothing by mouth to rest bowel
• IV fluids and fluid balance monitoring
• As maintenance only need to consider losses/insensible losses, thus up to 

4 L per day
• Ensure adequate VTE prophylaxis
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decompression is no longer routinely recommended, because of numerous negative 
clinical trials and the increased risks of pulmonary atelectasis, pneumonia, or 
pyrexia with a nasogastric tube. A nasogastric tube is, however, selectively recom-
mended for severe gastric dilatation or protracted vomiting [15].

None of the routinely used prokinetic drugs (neostigmine, metoclopramide, 
erythromycin) or laxatives have been found in meta-analyses to shorten the duration 
of postoperative ileus (level Ia evidence) [43].

It may be necessary, particularly in cases of ileus or intractable constipation, to 
switch the opioid to a combined preparation (e.g., oxycodone + naloxone [level Ib 
evidence], naloxone being a peripheral opioid antagonist with a high first-pass 
effect) or to add on a peripheral opioid antagonist (subcutaneous methylnaltrexone 
or oral naloxegol [level Ib evidence]).

A meta-analysis confirmed the efficacy of neostigmine 2 mg i.v. in the treatment 
of Ogilvie’s syndrome: successful treatment (flatus, defecation, reduction of abdom-
inal circumference) was documented 30 min after the injection in 90% of patients 
(p < 0.001, number needed to treat [NNT] = 1) (level Ia evidence) [51]. On the other 
hand, there is no evidence for the efficacy of other drugs, such as methylnaltrexone 
or erythromycin [52].

If pharmacotherapy brings no improvement in 2–3 days, endoscopic deflation 
and insertion of a decompressive tube in the right hemicolon are recommended 
(level IIa evidence) [53].
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Chapter 20
Burn Management in Pregnancy

Sofia Santareno and António Gandra d’Almeida

 Introduction

The estimated incidence of burns is 2.6/100,000 person-years in the non-obstetric 
patient, compared to 0.17/100,000 person-years in the general population [1, 2]. 
Burns may occur from motor vehicle collisions, fires within a closed space, electri-
cal accidents, or chemicals [3]. Most pregnancy-associated burns in the USA occur 
accidentally at home (hot water, open flames); electrical and chemical burns are rare 
[4]. This number is low in the developed countries, so there is lack of information in 
order to standardize the clinical decision making for practice guidance. Most of the 
case reports come from undeveloped countries, where the access to the best health-
care is even harder [5–8].

 Maternal-Fetal Considerations

Pregnancy itself leads to neurological and endocrine changes (activated renin- 
angiotensin- aldosterone system [9], increased level of cortisol and adrenaline) [10, 
11]. Pregnancy-induced hypertension [12, 13] and gestational diabetes [14] are not 
uncommon; it is reasonable to presume that severe burns might worse these patholo-
gies [15]. The hemodynamic changes in the pregnant burn patient also have specific 
characteristics – the cardiac output and volume of circulating blood starts to increase 
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from 6 to 8 weeks and gradually reaches a peak at 32–34 weeks of gestation, with 
an increase of 30–45% in total volume (average 1.5 L) [15]. Maternal blood pres-
sure and respiratory rate return to baseline as pregnancy approaches the term [16]. 
Two to three weeks after delivery, the cardiac output and circulating blood volume 
are gradually restored [17].

Burns in pregnant patients pose a high challenge to emergency management. 
First, the mechanism of injury in burns differs significantly from other forms of 
trauma – direct thermal injury; inhalation injury to the airway; accumulation in 
the maternal bloodstream of toxic substances released by combustion, such as 
carbon monoxide or cyanide; or dissipation of electrical current [3]. Second, the 
anatomic and physiologic changes related to the pregnancy make the treatment 
of these patients more complex: not only the calculation of the TBSAB should 
take in consideration the extent of the expanded abdominal skin but also the 
increased edema of the oropharynx and larynx which lowers the threshold for 
intubation when an inhalation injury is suspected [3]. In pregnant patient, the 
supine position may cause inferior vena cava compression and significant hypo-
tension [16].

Lastly, the fetus is the challenge, because, in pregnancy, trauma has little effect 
on maternal morbidity and mortality. [16]. Fetal injuries are not typically direct 
injuries, but rather secondary to maternal adaptive changes (loss of airway, changes 
to uterine blood flow, loss of oxygen dissociation, or toxicity from cyanide). There 
are some rare cases of direct injury to the fetus through severe thermal or electrical 
injury. Fetal survival is dependent on maternal survival [18].

It is widely recognized that the effect of burns on fetal and maternal survival is 
detrimental, and there is a relationship between the percentage of maternal 
TBSAB and maternal and fetal mortality, as well as premature delivery [19]. 
Maternal odds of death increase by 8% for every 1% in TBSAB (P < 0.001; 95% 
confidence interval, 5.5–12.7%), after adjustment for the trimester of pregnancy 
[20]. Furthermore, for an additional increase in mother’s TBSAB, the odds of 
fetal death are increased by 1.9% (0.99–1.04%) adjusted for maternal death. It has 
been reported that maternal and fetal mortality rates approach 50% when 40–60% 
of a mother’s TBSAB [21, 22]. For the pregnant burned patient with TBSAB of 
60% or greater, maternal and therefore fetal survival become progressively less 
likely and rare when higher than 90% [20]. Fortunately, burns greater than 40% 
TBSAB are infrequent. There is no statistical association between maternal 
(P  =  0.650) and fetal mortality (P  =  0.707) and the surgical treatment of 
wounds [20].

In the last 20 years, there have been some cases of maternal survival with burns 
exceeding 60% of TBSAB [20]; this may be explained by the improvement of 
health assistance and the sensibility for this special condition. Most of the recent 
publications listed sepsis as the main cause of maternal death [5, 6, 23–26], due to 
hypovolemic shock with respiratory failure [27]. Other reports stated the inhalation 
injury as the second most important factor after TBSAB in determining fetal and 
maternal mortality [2, 7]. In case of fetal death, it is more frequent within a week of 
the initial injury [16].
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 Guidelines

 Acute Management Guidelines

A pre-hospital communication before the transference of such patients is advis-
able, so that a multidisciplinary, collaborative team (general surgeon, plastic sur-
geon, emergency/intensive care doctor, obstetrician, pneumologist, and/or 
ophthalmologist) is available at the emergency room and an operating room is 
ready in case of need.

At the emergency room, we recommend the Advanced Trauma Life Support prin-
ciples of ABCDE for an efficient and standardized approach of these patients [28]. 
Basic information regarding the accident context is collected – burn etiology, burn 
context, open or closed environment, time, previous measures and medications, past 
medical history including pregnancy health status (gestational hypertension, gesta-
tional diabetes, or other combined diseases [19]), usual medication, allergies, past 
immunization, and estimated body weight. Rarely, some patients attempt suicide 
through self-immolation; the clinician should also be concerned about the possibil-
ity of maltreatment. The burn history should be matched with the burn pattern. 
Lifesaving measures for the burn patient include establishing airway control, stop-
ping the burning process, and gaining intravenous access with fluid resuscitation 
[28]. Evaluation of the mother and fetus is recommended to occur simultaneously, 
not sequentially [3].

A – The priority is the establishment of a patent and trustable airway [29]. If an 
inhalation injury is suspected (observe if face or neck burns, singeing of the 
eyebrows and nasal vibrissae, carbon deposits in the mouth or nose, erythema in the 
oropharynx, hoarseness, explosion context), the airway patency is mandatory, either 
by close monitoring or elective intubation with lower threshold (if needed prior to 
transport) [28, 30, 31]. Stridor is an indication for immediate endotracheal intuba-
tion [28]. Evidence also suggests less time available for intubation after the admin-
istration of the paralytic for general anesthesia, because oxygen saturation decreases 
more quickly [20]. In some cases, a surgical airway may be required [28]. The 
ventilator settings must consider the 30–50% tidal volume increase and the mild 
respiratory alkalosis of the pregnant state [32]. Also, an evaluation of the carboxy-
hemoglobin (CO) levels is undertaken. On the other hand, the diagnosis of cyanite 
(CN) poisoning is difficult and should be based on a high suspicion level regarding 
the accident set, the altered mental status, signs of inhalation injury, severe lactic 
acidosis, and venous blood with high oxygenation content [20].

B – Secondary, the breathing quality must be assessed. Breathing concerns arise 
from hypoxia (inadequate ventilation due to circumferential chest burns or thoracic 
trauma), carbon monoxide poisoning, and smoke inhalation injury (inhalation of 
carbon particles and toxic products of combustion, such as CN). The respiratory rate 
and peripheral oxygen saturation must be evaluated. An initial chest X-ray and arte-
rial blood gas should be attained in case inhalation injury is suspected [28]. The 
maternal acidosis may predict the fetal outcome [16].
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Supplemental 100% oxygen with or without intubation is advisable. If the 
patient’s hemodynamic condition allows and spinal injury has been excluded, 
elevation of the head and chest by 30 degrees helps to reduce neck and chest edema. 
In case of a full-thickness burn of the anterolateral chest wall that leads to severe 
restriction of the chest wall motion, even in the absence of a circumferential burn, 
chest wall escharotomy may be required [28].

C – Thirdly, the circulation status should be addressed. Blood pressure, heart 
rate, and auricular body temperature measurements are mandatory. The peripheral 
pulses should be evaluated and the temperature of the limbs as well, especially in 
case of suspicion of a circumferential burn. Blood pressure assessment may be 
difficult or unreliable in severe burned patients, but monitoring of hourly urinary 
output can reliably assess circulating blood volume (in the absence of osmotic 
diuresis like in glycosuria). An indwelling urinary catheter and two peripheral 
venous accesses of at least 16 gauge, preferably in the upper limbs, should be 
inserted [28]. The initiation of invasive monitoring is performed only if absolutely 
required [33]. Positioning of the patient in a 15-degree left lateral tilt helps to pre-
vent vena cava compression and may be better with a mechanical wedge [34, 35].

Blood tests and serologies should be collected (burn unit protocol) as well as a 
urinary sample. Kleihauer-Betke is not necessary [16].

D – The next step is the evaluation of disabilities through a quick neurologic 
evaluation of the mother – Glasgow Coma Scale, pupillary light response, and focal 
neurologic exam – and the evaluation of the fetus well-being through cardiotoco-
graphic monitoring (CTM) as soon as possible [16, 20, 28]. If the fetus is viable, 
CTM monitoring should be at least for 4 hours, even after a minor trauma [16].

If pregnancy history is unavailable, the correct evaluation of the gestational age 
by the obstetric team is mandatory (measurement of the physical indexes of the 
fetus  – biparietal diameter, head circumference, and height of the femur using 
B-mode ultrasound – or fundal height measurement) [15, 20]. An early ultrasono-
graphic evaluation may also diagnose free intraperitoneal fluid [16].

The obstetric team should also evaluate the presence of vaginal bleeding or dis-
charge, rule out broken fetal membranes, if cervix is closed/opened, and the pres-
ence of uterine contractions and/or fetal movements [15]. The best indicator of 
maternal health can be the initial fetal health. If premature labor is present, tocolytic 
therapy should be undertaken in consultation with the obstetrician, because tocolyt-
ics can cause delirious effects upon the fluid distribution [16, 36].

E – Exposure of all the body surface should be performed. Any indirect signs for 
major bleeding. Necessary radiographs should not be withheld at any period of 
gestation; radiation after the 20th week of gestational age is safe [16].

The initial evaluation of the TBSAB is usually completed by the emergency 
department physician, using the rule of nines  – the anterior compartment chest, 
abdomen, and each leg account for 9% of the total body surface area, the genitalia 
is 1%, and the face and each arm are 4.5%. These numbers are the same on the 
posterior aspect of the body, without an equivalent for the genitalia. The palmar 
surface (including the fingers) of the patient’s hand represents approximately 1% of 
the patient’s body surface [28]. This traditional rule underestimates the 
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protuberance of the gravid abdomen. Only second (partial-thickness) or third (full-
thickness) degree burns are considered in the calculation of TBSAB.

Extra care is provided with priority of stopping the burn process: nonadherent 
clothes and jewelry are carefully removed, dry chemical powders are brushed off, 
and the involved surface areas are rinsed with copious amount of warm tap water 
[28]. Burns are covered with Vaseline gauze, compresses, and light ligatures [15]. 
The patient is covered with warm, clean, dry linen to prevent hypothermia [28].

Aggressive resuscitation of the mother is the best management for the fetus, since 
fetal outcome is directly related to maternal outcome. Early and aggressive intrave-
nous fluid administration is the most important measure, because fluid loss and utero-
placental hypoperfusion are most likely in the first 12 hours after a major burn [36].

Generally, patients with greater than 20% TBSAB must undergo formal fluid 
resuscitation, calculated with the Parkland formula (4 mL/kg of lactated Ringer’s 
solution for each percentage of estimated TBSAB over the first 24 hours, the first 
half over the first 8 hours, followed by the second half over the next 16 hours) [37]. 
There is no evidence basis to guide the fluid resuscitation for a pregnant burn patient, 
though it appears reasonable to increase resuscitation volumes by 30%, given the 
same volume increase in total body water for pregnancy and a concurrent increase 
in maternal cardiac output of 43% (to the uterus, placenta, and breasts) [21, 38]. 
Furthermore, if by any chance, a delivery is undertaken within the first 24 h, the 
fluid management should be recalculated after it [15]. There are special situations 
such as inhalation injuries where patients may benefit from an extra 30% increase in 
fluid resuscitation [33]. The least amount of fluid required should be used to main-
tain adequate urine output (a urinary catheter should be placed to ensure urine out-
put of at least 0.5 ml/kg/hour early in the course of therapy) [39]. Achieving balance 
in the fluid management is an art. On the one hand, overhydration must be avoided, 
since it may result in pulmonary edema and acute respiratory distress syndrome 
[40]. On the other, even mild dehydration can often trigger preterm contractions via 
release of vasopressin from the posterior pituitary and concurrent release of small 
amounts of oxytocin [41]. Also, the release of cytokines and inflammatory media-
tors such as prostaglandins from damage to the epidermis can interact with the 
uterus and also cause contractions to ensue [42].

 Fetal Considerations and Outcome

Fetal outcome is inextricably linked to maternal outcome, and as such, appropriate 
maternal therapy should minimize or prevent fetal demise and limit injury. However, 
this correlation is not 100%. Continuous fetal monitoring should be commenced as 
soon as possible when the pregnancy is estimated to be 24 or more weeks in 
gestational age. Waiting for the clear indication for delivery provided by a category 
3 tracing may be waiting too long to undertake expedient delivery. The cumulative 
data available demonstrate a maternal mortality of 35% or greater at a TBSAB of 
55% with an associated fetal mortality risk of 30% or greater [20].

20 Burn Management in Pregnancy



270

Within the context of ensuring the survival of the neonate, if the mother has sus-
tained a burn greater than 50% TBSA and gestational age is over 24 weeks, urgent 
(as early as possible) delivery should be performed. This will improve maternal 
pulmonary mechanics, prevent fetal distress, and increase the fetus survival chances. 
If the fetus is still immature, data is lacking to support a deferred delivery in order 
to administer fetal lung maturation corticosteroids [15, 20, 22]. However, in cases 
with burns of less than 55%, continuing with resuscitative measures along with 
continuous fetal monitoring and administration of steroids is a reasonable approach; 
however until then, the fetus is under the risk of drug toxicity due to the treatment 
strategies [15, 20]. In this second case, continuous fetal monitoring should be con-
tinued for the first 48 hours following the burn during fluid resuscitation and the 
most likely time for the fetoplacental unit to fail.

Fetal implications for loss may be worse when the mother suffers inhalation 
injury at the time of burn because fetal deaths were reported in association with 
TBSAB as little as 13% during the second trimester.

In cases of maternal burn patients with inhalation injury, due to the risk of fetal 
asphyxia as described earlier, the authors recommend expedient delivery of a viable 
infant and early maternal intubation. We are unable to provide a specific TBSAB at 
which this should take place as our data lack the power needed to make such a con-
clusion [20].

Figure 20.1 is a proposed algorithm that may be used for the triage and manage-
ment of pregnant burn patients.

 Subacute Management

We recommend that after the initial maternal fetal-perinatal evaluation and manage-
ment have been assured, these patients should be transferred to a burn center. After 
the acute phase of resuscitation, early skin grafting is undertaken within the first 

Pre-Hospitalar Comunication
•  Call the multidisciplinary team

•  Colect data

Hospital - Emergency Room
•  ATLS Principles of ABCDE

    •  set the ventilator for a 30-50% increase in volume 

         tidal; evaluate the CO levels

    •  Supplement 100% oxygen; elevate 30 degrees the 

         head and chest; consider eschaotomy in case of 

         circunferencial burn

    •  Lateral tilt of the patient; two 16-gauge peripheral 

        venous accesses in the upper limbs and an urinary 

        catheter;

    •  CTM fetal monitoring as soon as possible; 

        determination of GESTATIONAL AGE* by Obstetric 

        team 

    •  Determine TBSAB by the rule of nines

A.VIABLE FETUS - CTM monitoring
• <55% TBSAB -> Conservative management

• >55% TBSAB or <55% but instable -> Urgent Cesarian

Fig. 20.1 Algorithm for the triage and management of pregnant burn patients
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48 hours of burn injury or as early as possible. This approach, also advisable in the 
general population, has shown to be safe for both mother and fetus and to decrease 
the mortality [25]. Two studies provided evidence that conservatively treated 
patients had a 25% mortality rate versus only 3% in the aggressively treated surgical 
group (early eschar excision and skin grafting), with the rates of abortion, stillbirth, 
preterm delivery, and term delivery not statistically different [24, 43]. This interven-
tion should be done in collaboration and consultation with an obstetrician because 
the need for emergent delivery could arise during surgery.

In case autologous skin graft is unavailable, there are no data on the safety of 
synthetic grafts. We highlight the idea of the utilization of the autologous amnion as 
a temporary skin substitute if delivery is undertaken.

 General Support

These patients may be admitted for prolonged time. All patients with a major burn 
(greater than 20% TBSA) should be managed at a burn center, in concert with burn 
and obstetric consultants [16]. The obstetrician gynecologist is usually a consultant 
and not the primary care provider. Above 23 weeks of gestational age, frequent fetal 
surveillance is advisable  – daily NST testing (24–26  weeks) and either frequent 
NST or biophysical profile testing (after 26 weeks) [20].

During prolonged hospitalization, chemical and mechanical deep venous throm-
bosis prophylaxis is recommended (as the hypercoagulable state of pregnancy 
coincides with immobilization in these victims) [44]. Gastric ulcer prophylaxis 
using an H2 blocker or proton pump inhibitor is also safe and recommended. 
Although controversial, systemic antibiotic prophylaxis is advisable by some 
authors to prevent sepsis, in opposition to the general burn population [45]. The US 
Food and Drug Administration (FDA) has classified the antibiotics into five grades 
(A, B, C, D, X) according to the possible side effects for the fetus. Penicillins, 
macrolides, cephalosporins, lincomycin, and clindamycin belong to grade B drugs, 
which are safe for pregnant women and could be used during pregnancy. Quinolones, 
itraconazole, and fluconazole belong to grade C drugs, and animal experiments 
have revealed negative influences on the fetus; therefore, they are selected only 
when potential benefits exceed potential risks [15]. Additionally, tetanus toxoid 
and immunoglobulin can be administered safely in pregnancy when indicated [16].

The dressings should be changed every 2 days [15]; the burns should be cleaned 
with chlorohexidine soap and physiologic water and then a Vaseline gauze and a topi-
cal antibiotic agent; amikacin is not advisable since it has reported teratogenic effects 
[20]. Care must be taken with silver sulfadiazine, since it can be absorbed from the 
wounds: the average Ag + concentration in the blood reaches 190 ng/mL at 10 days 
after application for patients with <35% TBSA and deposits into the liver and kid-
neys [46]; on the other hand, absorption of sulfonamides is related to kernicterus [15].

Oral feeding is preferred with dietitian adjustments for the increased metabolic 
demands of pregnancy. The second option is enteral feeding with promotility agents 
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such as erythromycin which may be used to counteract the depressive effects of 
progesterone and/or some analgesic medications on gastric motility.

We emphasize the importance of stabilizing the burned patient’s airway and 
delaying extubation if there is evidence or risk of laryngeal edema from an inhalation 
injury. Specific medications to be used for induction, paralysis, and anesthesia can 
be in accord with institutional practices for obstetric patients undergoing sur-
gery [20].

The mother may suffer from some complications that may impact fetal outcome. 
In the case of severe sepsis, delivery of the fetus is recommended because it will 
allow the use of aggressive antibiotics and improve the immunocompromised state 
of pregnancy. On the other hand, the stress of hypovolemia from the burn, increased 
metabolic demand during healing and vasodilation secondary to severe sepsis, and 
increased metabolic activity pose risks to the fetus, which likely outweigh any ben-
efits from pregnancy continuation [20].

Fetal intervention must be weighed against the risk to maternal health, although 
performing a perimortem cesarean within 4 minutes of cardiac arrest may improve 
maternal and possibly fetal outcomes [3].

 Special Considerations

 Inhalation Injury

In pregnant patients, survival is correlated with carboxyhemoglobin (COHb) levels 
and not with the PaO2/FIO2 ratio as in non-pregnant [47]. Carbon monoxide crosses 
the placental barrier and affects the fetus [48, 49]. Furthermore, fetal levels of CO 
can reach levels up to 15% higher than those of the mother, causing several adverse 
effects, most importantly on the oxygen dissociation curve  – it increases the 
hemoglobin’s affinity for oxygen which results in fetal hypoxemia that may be 
reflected in fetal hear rate tracings [20]. The highest levels of CO are detectable on 
the fetal side 4 hours after the exposure [50]. Current recommendations define CO 
poisoning as COHb greater than 10% and define severe poisoning as levels greater 
than 20–25% [51]. Adverse fetal outcomes are usually seen when COHb levels 
exceed greater than 48%; there is increased fetal sensitivity to CO poisoning as 
gestation progresses [52]. It is also important to consider CN poisoning (closed- 
space fires, nylon and polyurethane combustion) because it can lower the threshold 
for lethal CO poisoning [52, 53]. CN causes dysfunction at the mitochondrial level 
with inhibition of the cytochrome oxidase chain, which leads to lactic acidosis.

An inhalation injury (suspected when there is soot in airway) worsens the out-
comes even at low TBSAB, so early intubation is mandatory [20].

The treatment for inhaled CO poisoning (level over 10%) is 100% oxygen non- 
rebreather mask for at least 6 hours (reduces the half-life of CO more effectively in 
the mother than in the fetus) [54]. Hyperbaric oxygen can also be considered if 
available in the same hospital and only if the patient is stable.
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Suspicion of CN poisoning (closed-space fires) should be managed with hydroxo-
cobalamin Cyanokit® (pregnancy category C, approved by the FDA in October 
2010), which is superior to the traditional CN antidote, since it does not produce 
methemoglobin [52, 55]. Hydroxocobalamin is the only antidote safe enough to use 
in a pregnant patient, and its ability to cross the placental barrier is well documented.

 Electrical Burns

There are few reports on this kind of injury during pregnancy. Most home-based 
electrical burns are low voltage (110 or 220 V), so the injury remains superficial. 
However, with higher-voltage currents (lightning strikes, transmission cables), there 
can be serious burn, secondary traumatic injuries, and pregnancy loss [22, 56].

The physical properties of electrical lead to unique trauma, since the energy is 
conducted through the least-resistant tissues (mainly the bone, nerves, and vessels) 
and exits most often through a ground limb. Within its path, the energy may alter the 
electrical conduction of the heart and/or damage the bones, muscles, and blood ves-
sels with thrombosis and/or produce nerve damage. The skin itself may not reflect 
the real extent of the internal injury. Patients frequently need fasciotomies [28].

A study reported a 94% live birth rate in electrical burns, concluding that neona-
tal outcome is usually unaffected [57]. The internal pathway of the electrical current 
is important, since if it goes from an upper to a lower limb and includes the uterus, 
it may be more harmful.

Rhabdomyolysis and cardiac dysrhythmias are possible complications. 
Rhabdomyolysis results in myoglobin release which can cause acute renal failure; 
if the patient’s urine is dark, sign of myoglobinuria, fluid administration should be 
increased to ensure a urinary output of 100 ml/hour. Metabolic acidosis should be 
corrected by maintaining adequate perfusion [28].

In case of this type of injury, we advise an electrocardiogram and a Holter moni-
tor to detect any maternal arrhythmias, which may require chest compression; a 
cardiology consultation should be scheduled as soon as possible in case of any 
arrhythmic episode. If there are no arrythmias within the first few hours of injury, 
monitoring is not necessary [28].

Immediately after the event, a nonstress test (NST) or Doppler ultrasonography 
should be undertaken to evaluate fetal status; these should be repeated 2 weeks later. 
It is also recommended a full neurological examination 2 weeks after [57, 58].

 Chemical Burns

Chemical burns are influenced by duration of contact, concentration of the chemi-
cal, and amount of the agent. Alkali burns are generally more serious than acid 
burns, since the first penetrate more deeply.
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There is no data regarding chemical burns in pregnant patients. We recommend 
the general approach of this pathology in the non-pregnant population.

In every case, the National Center for Poisoning should be immediately con-
tacted by telephone. Rapid removal of the chemical and immediate attention to 
wound care are essential. If some dry powder is still present on the skin, clean it 
away before irrigating with water. Otherwise, immediately flush away the chemical 
with large amounts of water, for at least 20–30 minutes. Alkali burns require longer 
irrigation. Neutralizing agents should not be used, since they can cause an exother-
mic reaction with further damage. Alkali burns to the eye require continuous irriga-
tion during the first 8 hours. A small catheter may be fixed in the palpebral sulcus 
for irrigation. Some specific chemical burns (hydrofluoric acid) require special care.

 Conclusion

TBSAB independently predicts maternal and fetal mortality. However, further anal-
ysis demonstrates that maternal death is linked to fetal death and that TBSAB medi-
ates this relationship via its effect on the mother. Evidence of fetal compromise 
suggests that maternal compensatory mechanisms are failing and that the mother is 
in significant danger as well. The most common causes for maternal death listed 
within these studies in descending order of frequency were sepsis/sepsis-related 
complications, respiratory failure, and shock.

Successful maternal and perinatal outcomes depend greatly on the quality and 
timeliness of aggressive emergent care. The critical points for emergent management 
of a burned pregnant patient include the following: (1) assure the airway patency 
and consider early intubation if inhalation injury is present; (2) rapid assessment of 
burn severity and TBSAB calculation; (3) determine gestational age; (4) if TBSAB 
is 20% or greater, aggressive fluid resuscitation; (5) continuous fetal heart rate 
monitoring if at equal to or greater than 24 weeks’ gestational age; (6) if TBSAB is 
55% or greater and fetus over 24 weeks’ gestation, consider urgent cesarean; (7) 
early excision and skin grafting; (8) delivery if sepsis develops; (9) deep venous 
thrombosis, gastric ulcer, and antibiotic prophylaxis; and (10) continuous pregnancy 
or postpartum/postoperative care.
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Chapter 21
Drowning and Near-Drowning 
Management During Pregnancy

Judy Enamorado, Felix Parra, and Ezio Villegas

 Introduction

Every year, drowning accounts for at least 500,000 deaths worldwide, including 
4000 fatalities in the United States [1, 2]. In highly developed countries, the highest 
incidence of drowning is seen in children younger than 5 years of age and in persons 
15 to 24 years of age. Reports from many parts of the world have emphasized that 
drowning is a leading cause of cardiac arrest in children and adolescents. Nonfatal 
drowning events may occur several hundred times as frequently as reported drown-
ing deaths [3, 4].

 Terminology

At the 2002 World Congress on Drowning held in Amsterdam, a group of experts 
suggested a new consensus definition for drowning in order to decrease the confu-
sion over the number of terms and definitions that have appeared in the literature. 
This was named the “Utstein style” [5].
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 Drowning

Drowning is a process resulting in primary respiratory impairment from submer-
sion/immersion in a liquid medium. Implicit in this definition is that a liquid/air 
interface is present at the entrance of the victim’s airway, preventing the victim from 
breathing air. The victim may live or die after this process, but whatever the out-
come, the patient has been involved in a drowning incident [5].

 Near Drowning

Near drowning has been defined as a “survival, at least temporarily, after suffoca-
tion by submersion in water” [6]. It usually refers to a critical aquatically predica-
ment resolved by successful water rescue, definition implying certain recovery once 
the victim is removed from the water. However, this was not always the case; 
patients regaining consciousness after near drowning had subsequently died due to 
aspiration pneumonia, even though no apparent clinical signs could be found on the 
initial physical examination [1].

Nevertheless, it has also been used to describe patients who subsequently died 
from drowning. This usage has led to uncertainty about the meaning of the term. 
Therefore, an international group with scientific expertise in the field of drowning 
research that was supported by the European Resuscitation Council and the 
American Heart Association encouraged the abandonment of the “near-drowning” 
term that was considered to generate confusion [5].

 Epidemiology

Drowning remains a significant worldwide public health concern, ranking as the 
third leading cause of unintentional injury death and accounting for 7% of all injury- 
related deaths [7, 8].

In the United States, from 2009 to 2019, 1539 deaths occurred in the female 
population (15–49 years), due to accidental drowning and submersion. No reports 
have been established in terms of pregnancy deaths due to drowning events [9].

 Conditions Predisposing to Drowning

There are numerous clinical conditions that can lead to a drowning incident: sei-
zures; arrhythmias, especially ventricular, torsades de pointes with long QT inter-
val; coronary artery disease; depression; cardiomyopathy, dilated or hypertrophic 
obstructive; hypoglycemia; hypothermia; intoxication; alcohol and illicit drugs 
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abuse; hyperventilation prior to a shallow dive; or trauma [8]. The most frequent 
cause of drowning in women is trauma.

 Pathophysiology

The drowning sequence (fatal and nonfatal) typically begins with a period of panic, 
loss of the normal breathing pattern, breath-holding, air hunger, and struggle by the 
victim to stay above the water [2, 3]. In some cases, there is a primary loss of con-
sciousness, and the victim stops after swimming underwater, floats on the surface, 
then becomes motionless, and quietly disappears [10]. Reflex inspiratory efforts 
eventually occur, leading to hypoxemia by either aspiration or reflex laryngospasm 
that occurs when water contacts the lower respiratory tract. Subsequently, hypox-
emia affects every organ system, especially the brain, with deleterious effects and 
outcomes.

Aspiration of water results in decreased lung compliance, ventilation perfusion 
mismatching, and intrapulmonary shunting, leading to hypoxemia that causes dif-
fuse organ disfunction due to tissue hypoxia [11].

The effects of tissue hypoxia in every organ go as follows.
Pulmonary: the aspiration of fluid results in different levels of hypoxemia, lead-

ing to noncardiogenic pulmonary edema, immediate drop in arterial pO2, respiratory 
acidosis, and acute respiratory distress syndrome (ARDS) [3, 12] due to an effect of 
the water washing out surfactant and increase in plasma catecholamines. After inha-
lation of water, movement of fluid should occur along any osmotic gradient between 
alveolar spaces and plasma, depending on the osmolarity concentration in the water 
(freshwater or saltwater inhalation) [10].

Pulmonary edema in freshwater drowning has been attributed to various factors, 
including altered surfactant properties, altered pulmonary capillary permeability, 
neurogenic pulmonary edema, and forceful inspiration against a closed glottis. There 
are some reports in which 10–15% of drowning victims not aspirate water [ 10].

Respiratory insufficiency can develop rapidly o progressively; chest radiography 
can show localized or diffuse infiltrates. If the hypoxemia is severe, it can precipi-
tate unconsciousness and immediate death due to cardiac arrest [10].

Neurologic: During the first minutes of submersion, the brain is deprived of oxy-
gen. With cardiovascular compromise, cerebral blood flow falls, resulting in isch-
emic injury. The degree of hypoxic-ischemic damage varies in different regions of 
the brain; vascular end zones, the hippocampus, insular cortex, and basal ganglia are 
particularly susceptible [13]. The primary hypoxic-ischemic injury is irreversible, 
and the main aim of cerebral resuscitation is prevention of secondary neuronal dam-
age [2]. Hypoxemia can develop neuronal damage, cerebral edema, and cranial 
hypertension. Approximately 20% of nonfatal drowning victims suffer from irre-
versible neurologic damage [14].

Cardiovascular: there are numerous of different arrhythmias seen in nonfatal 
drowning victims. These include from sinus tachycardia, sinus bradycardia, and 
atrial fibrillation to ventricular and fatal arrhythmias, especially in patients with 
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congenital long QT syndrome in which swimming or diving can precipitate these 
events [15]. The cardiovascular effects seen with drowning and aspiration of water 
are not dependent on the tonicity of the aspirated fluid, but are the direct result 
of anoxia.

Acid-base and electrolytes: significant electrolyte imbalances usually are not 
seen, except in cases where drowning occur in highly sea saltwater. Hypermagnesemia 
has been described after seawater aspiration, possibly due to both ingestion and 
aspiration [16]. Metabolic and respiratory acidosis is often observed.

Renal: acute renal failure can develop due to acute tubular necrosis secondary to 
hypoxemia, shock, hemoglobinuria, or myoglobinuria [17, 18].

Coagulation: coagulopathy and hemolysis can occur, but is very rare [19].
Hypothermia: development of hypothermia is very common in immersion vic-

tims and can facilitate aspiration. When body temperature drops below 35 °C, mus-
cular incoordination and weakness occur, which can interfere with swimming [20]. 
At temperatures below 30  °C, unconsciousness can occur, and the myocardium 
becomes irritable. Atrial fibrillation can be present, and in core temperatures below 
28 °C, ventricular fibrillation is likely [10].

 Management

Prompt removal for the water and effective initial resuscitation are of the utmost 
importance [10].

Assessment of the drowning victim should proceed using the “DRABC” algo-
rithm: danger (to rescuer, bystanders, and casualty), response (of the casualty), air-
way, breathing, and circulation [10].

The initial management for pregnant women who suffered a drowning event is 
the same that corresponds to an adult patient, and the only change in treatment con-
sists in the way of CPR is performed if necessary or evaluate the need for urgent 
delivery of the product through emergency cesarean procedure.

The management can be divided into three phases: prehospital care, emergency 
department care, and inpatient care.

 – Prehospital care: the initial approach in victims who suffered drowning is rescue 
and immediate resuscitation to achieve restoration of spontaneous circulation. 
The patient should be removed onto a dry platform as quickly as possible. If it is 
feasible, extraction from the water should be in the horizontal position. 
Gravitational drainage of water and secretions from the upper airway by placing 
the patient in a head-down position (if possible) may be beneficial, but should 
not delay the institution of CPR [10]. Cardiopulmonary resuscitation should be 
determined as soon as possible. The best outcomes for both mother and fetus are 
likely to be achieved by successful maternal resuscitation. The best care of the 
unborn fetus is optimal care for the mother [21].

Patient position has emerged as an important strategy to improve quality of 
CPR and resultant compression force and cardiac output. The gravid uterus can 
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compress the inferior vena cava, impending venous return, thereby reducing 
stroke volume and cardiac output. Aortocaval compression can occur for sin-
gleton pregnancies at approximately 20 weeks of gestational age, at about the 
time the fundus is at or above the umbilicus. Manual lateral uterine displace-
ment (LUD) effectively relieves aortocaval pressure in patients with hypoten-
sion [22]. It is very important to not delay the removal of the victim from the 
water. Ventilation is the first priority in CPR rather than chest compressions in 
drowning victims, and rescue breathing should begin as soon as the rescuer 
reaches shallow water or a stable surface. If the patient does not respond to the 
delivery of two rescue breaths that make the chest rise, the rescuer should 
immediately begin performing high-quality chest compressions according to 
standard BLS guidelines.

Cervical spinal cord injury is uncommon in nonfatal drowning victims, unless 
there are clinical evidence of injury or a concerning mechanism. According to 
the AHA Guidelines for Advanced Cardiac Life Support (ACLS), routine cervi-
cal spine immobilization can interfere with essential airway management and is 
not recommended [22, 23].

Life-threatening arrhythmias can be present in drowning victims; these are 
treated according ACLS protocols. Pulses may be very weak and difficult to 
palpate in the hypothermic patient with sinus bradycardia or atrial fibrillation; a 
careful search for pulses should be performed for at least 1 minute before initiat-
ing chest compressions in the hypothermic patient because these arrhythmias 
require no immediate treatment.

The Heimlich maneuver or other postural drainage techniques to remove 
water from the lungs are of no proven value, and rescue breathing should not be 
delayed in order to perform these maneuvers. If it is necessary in pregnant 
women, this maneuver has to be performed different than the classic; the rescuer 
places their hand in the center of the chest to compress, rather than in the abdo-
men [22, 24, 25].

High-flow supplemental oxygen should be administered to spontaneously 
breathing patients by face mask; apneic patients should be intubated.

Attempts at rewarming hypothermic patients with a core temperature < 33 °C 
should be initiated, either by passive or active means available.

 – Emergency department management: the patient should be transferred as soon as 
possible to a hospital; prehospital resuscitative efforts should be continued and 
the airway secured.

Once the patient is admitted to the emergency room, continuous measurement of 
vital signs including oxygen saturation, end-tidal CO2 cardiac telemetry via moni-
tor, and clinical reassessment has to be performed. The obstetrics team also should 
be notified to attend immediately to evaluate the patient and the fetus status.

A trauma evaluation should be performed and appropriate imaging studies 
obtained as indicated.

Wet clothing should be removed and rewarming initiated in hypothermic patients. 
Methods include passive and active external rewarming and active internal core 
rewarming.
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In symptomatic patients who do not require immediate intubation, supplemental 
oxygen should be provided to maintain the SpO2 above 94 percent. Respiratory support 
provided by noninvasive ventilation via CPAP (continuous positive airway pressure) or 
BiPAP (bi-level positive airway pressure) could be useful to improve oxygenation [ 19].

Indications for intubation include the following: cardiorespiratory arrest, 
Glasgow Coma Scale (GCS) below 8 points, or evidence of neurological deteriora-
tion or inability to protect the airway, paO2 below 60 mm Hg or oxygen saturation 
(SpO2) below 90 percent despite high-flow supplemental oxygen [19].

Initial resuscitation efforts of the pregnant patient should focus on a secure pro-
tected airway and removal of blood flow obstruction caused by the gravid uterus 
[21]. Bag valve mask ventilation with supplemental oxygen is recommended before 
intubation attempts due to faster desaturation in pregnant patients. Endotracheal 
intubation should occur as soon as possible while maintaining cricoid pressure. 
Verification of endotracheal placement should be performed by colorimetric carbon 
dioxide detection of waveform capnometry. An orogastric tube must be placed right 
after endotracheal intubation to relieve gastric distension, which occurs from pas-
sive passage of fluid and is common in nonfatal drowning patients [21].

Smaller ventilatory volumes should be used given the diaphragm elevation and 
increased potential for gastric insufflation due to decreased lower esophageal 
sphincter tone. Aspiration of large volumes of fluids with submersion is rare, but 
increased inspiratory and positive end-expiratory pressure (PEEP) may be required 
to achieve adequate ventilation and oxygenation due to pulmonary edema or acute 
lung injury. The beneficial use of pulmonary surfactant has been documented in 
case reports of freshwater drowning and may be considered.

Displacement of the gravid uterus away from the inferior vena cava and aorta 
likely improves hemodynamics beyond 20 weeks of gestation using a one- or two- 
handed technique. This allows the patient to remain supine for other procedures 
including chest compressions and intubation. If manual displacement is not suc-
cessful, tilting the patient 30° to the left from supine using blanket rolls or a com-
mercially available wedge should be attempted [21].

Preparation for emergent cesarean delivery should be made as soon as cardiac 
arrest is identified in pregnant patient. Deliveries performed within 5 minutes of arrest 
of the mother result in the highest survival rates for infants above 24 to 25 weeks of 
gestational age. Early delivery may also benefit the successful resuscitation of the 
mother. Removing the fetus allows for decompression of the inferior vena cava and 
abdominal aorta, allowing for improved venous return and cardiac output in the 
mother. Obstetric or surgical consultants should be contacted for definite management 
after resuscitation if not already present for the perimortem cesarean section [21].

 – Patient disposition: most nonfatal drowning victims are hospitalized because of 
the severity of illness or concern for clinical deterioration.

Symptomatic patients should be admitted to a monitored setting until symp-
toms and physiologic disturbances resolve. Routine laboratory tests such as 
blood counts, renal and liver function, electrolytes, coagulation studies, and arte-
rial blood gases if respiratory or circulatory failure develops are reasonable to 
carry out in the symptomatic pregnant women, and a complete study of the fetus 
itself including fetal Doppler and ultrasound is mandatory in this cases.
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Asymptomatic patients should be closely observed for approximately 8 hours 
and admitted if any deterioration occurs [26, 27].

 – Inpatient management: symptomatic patients require hospitalization for support-
ive care and treatment of organ-specific complications.

Neurologic injuries: the two major determinants of neurologic outcomes are the 
neurologic state of the patient at the time of evaluation and the duration of loss of 
consciousness. Therefore, therapeutic measures should be headed to prevent sec-
ondary neurologic injuries due to ongoing ischemia, cerebral edema hypoxemia, 
acidosis, fluid and electrolyte imbalances, and seizure activity.

Different actions can be performed in order to achieve an adequate neurocritical 
care including the following: the head of the bed should be elevated to 30 degrees if 
potential cervical spine injuries have been excluded [28], and for patients in immi-
nent danger of cerebral herniation, hyperventilation may be used acutely as a tem-
porizing measure to reduce intracranial pressure blood volume. Prolonged 
hyperventilation should be avoided because it can cause vasoconstriction, decreas-
ing cerebral blood flow and worsening cerebral ischemia. Seizure activity, which 
increases cerebral oxygen consumption and blood flow, should be aggressively con-
trolled. Neuromuscular blocking agents should be avoided because it can mask neu-
rological examination. Euglycemia should be targeted avoiding hypo- or 
hyperglycemia due to their harmful effects on the brain. Normothermia is preferable 
than hyperthermia as it increases cerebral metabolic demands and lowers the seizure 
threshold. Indication for therapeutic hypothermia in nonfatal drowning patients 
remains unclear due to insufficient data to support its use [ 29].

Respiratory failure or infection: chest radiograph in nonfatal drowning patients 
should be only indicated if respiratory failure is detected or there is clinical worsen-
ing of oxygenation, hypercarbia, or increased respiratory distress. The chest radio-
graph is almost invariably abnormal and typically shows bilateral infiltrates, which 
cannot a priori be differentiated from any other cause of pulmonary edema. Chest 
CT reveals patchy or diffuse airspace consolidation. Pneumomediastinum and inter-
stitial emphysema have been observed after near drowning on CT scan [10]. Special 
caution in pregnant women with less than 20 weeks of gestation due to effects of 
radiation; however if it is necessary, a protective leaded vest is mandatory. 
Bronchospasm is frequent and is treated similarly to acute asthma using inhaled 
beta-adrenergic agonists [ 29]. The routine use of systemic glucocorticoids or pro-
phylactic antibiotics is not recommended due to lack of evidence. Antibiotics should 
be used only in cases of clinical pulmonary infection or if the victim was submerged 
in grossly contaminated water. If pneumonia follows nonfatal drowning, a high sus-
picion for waterborne pathogens, such as Aeromonas, Pseudomonas, and Proteus, 
must be maintained. There is no evidence that the use of diuretics can improve 
outcome, and fluid management should be designed to maintain hemodynamic sta-
bility and an adequate urine output [29].

More severely affected patients may require general supportive care to maintain 
oxygenation or an adequate cerebral perfusion pressure.

Mechanical ventilatory strategies are similar to those employed in other types of 
acute lung injury, including protective ventilation, using tidal volumes between 6 
and 8  ml/Kg, plateau pressures below 30  cm of water, and inspiratory oxygen 

21 Drowning and Near-Drowning Management During Pregnancy



284

fraction to target an oxygen saturation between 88 and 92 percent, and in cases of 
respiratory distress syndrome, the use of high PEEP is mandatory to keep alveolar 
units open. For refractory hypoxemia, a simple intervention is prone positioning.

Patients requiring respiratory support have a high risk (around 50%) of bacterial 
or fungal pneumonia.

Hypotension: patients with hypothermia can have significant hypovolemia and 
hypotension due to a decreased antidiuretic hormone production [29].

Encephalopathy: general supportive measures should be directed toward mainte-
nance of cerebral oxygenation. Increased intracranial pressure (ICP), due to cere-
bral vasodilatation, may be a concern if permissive hypercapnia is used to treat 
ARDS. Provided pulmonary gas exchange is adequate to allow it, maintenance of 
normocapnia is recommended. Seizures should be appropriately treated. Neither 
corticosteroids nor barbiturates coma have been shown to be efficacious [ 10].

Metabolic control: it is recommended that in the near-drowned patient, blood 
glucose should be frequently monitored and normoglycemia maintained.

 Outcome

Depends on duration of submersion and the duration and severity hypoxia. In one 
study correlating the severity of respiratory involvement with mortality, citing 93% 
mortality for those presenting in arrest (emerg med clin).

Factors associated with poor outcome are duration of submersion >5 minutes 
(most important), time to effective life support >10 minutes, resuscitation duration 
>25 minutes, age > 14 years, Glasgow Coma Scale <5, ventricular tachycardia or 
fibrillation on initial electrocardiogram (ECG), fixed and dilated pupils on initial 
evaluation, persistent apnea and requirement of cardiopulmonary resuscitation in 
the emergency department, and arterial blood pH < 7.1 upon presentation [29].

Predictors of poor outcome in clinical imaging like magnetic resonance were 
brain edema, basal ganglia T2 hypersensitivity, elevated brain lactate, or depressed 
N-acetylaspartate or creatine levels [10].

Suspected drug or alcohol abuse preceding the drowning was associated with a 
bad outcome (defined as death or survival with severe neurologic sequelae).
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Chapter 22
Acute Spinal Cord Compression 
in Pregnant Woman

Sabrina Da Re Gutiérrez, Jorge Sinclair Ávila, Jorge E. Sinclair De Frías, 
and Maily Velasco Miranda

 Introduction

Epidural spinal hematoma (ESH) is a consequence of spinal neurosurgical proce-
dures, but its appearance during pregnancy, postpartum, or in the general population 
is rare [4] and can cause permanent damage to pregnant women [15].

Bidzinski described the first case of spontaneous ESH in a 26-year-old woman 
with a 6-month pregnancy that suddenly presented severe interscapular pain and 
weakness in the lower limbs that evolved to paraplegia within the hour after the 
onset of symptoms [3].

On the other hand, acute subdural spinal hematoma (SDSH) was described by 
Shiller et al. In 1948 as a complication of hemophilia [12], it is a rare pathology, 
associated with high morbidity and mortality [9, 11], and it is less frequent than 
ESH and that cerebral subdural hematoma [2]. Mortality ranges from 1.3%; how-
ever, morbidity can reach 28% [9].

In both pathologies (ESH and SDSH), it is important to make an accurate diag-
nosis and timely treatment, to avoid irreversible neurological damage that may 
occur [11], maximizing the probability of treatment success [1]. According to Popov 
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et al., approximately 15% of acute spinal cord injuries occur in women of childbear-
ing age [8].

In the United States, more or less 1000 new spinal cord injuries are reported per 
year in women between 16 and 30 years, deserving that pregnancies in this group 
have a multidisciplinary management [7]. However, the incidence of traumatic spi-
nal cord injuries at the gestation stage is low [6].

 Definition

The SDSH is defined as the presence of bleeding in the subdural spinal space, while 
the ESH is the presence of bleeding in the epidural or epidural space.

 Etiology

According to Beer et al., the causes of spinal hematomas can be classified in [2]:

 1. Traumatic:

• Typical vertebral hemangioma: secondary to blunt trauma that produced epi-
dural hematoma [1]

• Atypical vertebral hemangioma: minimal trauma fracture that produced ante-
rior epidural hematomas [1]

 2. Iatrogenic: After epidural anesthesia, lumbar puncture or spinal surgery (the fre-
quency of epidural hematoma after spinal surgery is low compared to that inher-
ent in epidural anesthesia where 1: 220,000 cases are described) [1].

 3. Spontaneous: By anticoagulant therapy, vascular malformation, spinal artery 
aneurysm, neoplasia [5, 11], eclampsia, hemorrhagic diathesis, leukemia, throm-
bocytopenia, hemophilia, cryoglobulinemia, polycythemia, and systemic lupus 
erythematous. Rare causes of SDSH include chronic renal failure, fibromuscular 
dysplasia, cystic fibrosis, and rhabdomyolysis [9, 11].

Another cause of ESH mentioned in the literature is extramedullary hemato-
poiesis that occurs in patients with myelosclerosis and thalassemia, although its 
occurrence is rare [9].

Pereira, in his description of 151 patients with acute nontraumatic spontane-
ous SDSH, determined that 46% received anticoagulant therapy or had some 
coagulopathy secondary to a hematological disorder [9]. In another review by 
Domenicucci et al., regarding 106 patients with acute spontaneous SDSH, 54% 
of the cases were associated with hemorrhagic disorder and 14% with iatrogenic 
causes [9].
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 Pathogenesis

 Anatomical Memory

The spinal cord runs through the medullary canal and extends from the great occipi-
tal hole to the thoracic 12 or lumbar 1 vertebrae where it ends as a horsetail (cauda 
equina) and from there continues the filum terminale to the coccyx.

The epidural space is between the dura and the periosteum of the spinal canal. 
The subarachnoid space is between the pia mater and arachnoid, is a real space, and 
contains cerebrospinal fluid, while the subdural space is virtual in physiological 
conditions and becomes a true space in pathological conditions [1].

According to Lazorthes, cited by Alvarez et al., “Arterial irrigation of the medulla 
is provided by 31 root arteries that can be divided into the root arteries in the strict 
sense (ending in the spinal roots or the dura, without reaching the medulla), the 
radiculopial arteries (which reach the arachnoid) and the radiculomedular arteries 
(which are solely responsible for the supply of arterial blood to the marrow and of 
which there are only seven or eight in the human body)” [1]. The most transcenden-
tal artery at the cervical thoracic level C1-T2 is the cervical enlargement artery, 
while at the thoracic level T2-T8 there is little blood supply (demonstrated by arte-
riography) being this, an area susceptible to ischemia. At the thoracolumbar level 
T9-S5 “is the great root artery that in 75% of people runs along one of the anterior 
spinal roots from T9 to T12; in 10% of one of the spinal roots of L1 or L2, and in 
15% of one of the spinal roots of T5-T8” [1].

 Pathogenesis of Spontaneous ESH

The evidence shows that this type of hematoma is of rare presentation [4].
The epidural space is a compartment with negative pressure composed of the 

vertebral venous system and with a blood flow dependent on both thoracoabdominal 
pressure changes and hydrostatic factors [4].

It is inferred that the susceptibility of epidural spinal veins to “congestion during 
pregnancy” [4] and the “sharp increase in epidural spinal vein pressure” contribute 
to the formation of SEH.

Also, the aorto-cava compression suffered by pregnant women, especially after 
the second trimester, would prevent adequate venous return causing greater conges-
tion of the spinal veins of the epidural space.

Another theory for the existence of spontaneous SEH proposes that “... the 
abnormal development of veins, [in] areas of small local resistance (locus minoris 
resistentiae)…” [4], more structural changes of the vessels secondary to the increase 
in progesterone and estrogen during the third trimester of pregnancy can contribute 
to the formation of spontaneous SEH.
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 Pathogenesis of Spontaneous ESH

It is postulated that bleeding at this level is secondary “…to the rupture of the ves-
sels within the spinal subarachnoid space after a rapid increase in intrathoracic or 
intra- abdominal pressure” [9], profuse “...bleeding within the subarachnoid space” 
[9] that breaks into the subdural space, causing SDSH.

Another possibility is also the rupture of small extra arachnoid vessels found 
along the dural surface [9].

 Pathogenesis of Subarachnoid Spinal Hematoma (SASH)

The presence of hematoma in the subarachnoid space is secondary to the rupture of 
the root vessels parallel to each nerve root, knowing that there is no irrigation in this 
space [1].

 Pathogenesis of Intramedullary Hematoma

This type of bleeding may be secondary to tumors or vascular malformations [13].

 Pathogenesis of Traumatic Cause Spinal Edema

Spinal cord edema may be related to motor deficit and trauma severity. Rowland 
et al., cited by Saadoun and Papadopoulos state that cell edema that occurs between 
2 and 48 hours after acute spinal cord injury coincides with secondary ischemia [10].

Spinal cord injury can be accompanied by both cytotoxic spinal edema second-
ary to the increase of water in the intracellular space through an intact spinal cord 
barrier and vasogenic edema due to the accumulation of water in the interstitial 
space that occurs in the site of spinal barrier injury [10].

The spinal subarachnoid space is larger than the cerebral. There are no hard 
edges around the spinal cord and the ability to “(…) expand the spinal cord in its 
circumference only at the site of the lesión” would be the conditions that would 
allow for the existence of more space to accommodate the edema of the spinal 
cord [10].

In this regard, the formation of spinal edema involves water channel proteins 
“expressed in plasma cell membranes that typically increase the osmotic permeabil-
ity of the plasma cell membrane between 5 and 20 times” [10] called aquaporins. 
The first aquaporin was described in 1988 by Peter Agre. There are currently 13 
types of aquaporins; of all of them, aquaporin 4 (AQP4) and 9 (AQP9), are found at 
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the level of the spinal cord. On the point, in a medullary compression model per-
formed in mice, Saadoun and Papadopoulos showed that the deletion of aquaporin 
4 decreases the formation of edema in the spinal cord [10]. Once the spinal edema 
was formed, the water would be removed through the white matter tracts by an 
independent route of AQP4.

Therefore, the removal of AQP4 after a spinal cord injury would decrease the 
formation of cytotoxic edema without interfering with the elimination of edema.

 Signs and Symptoms

Acute spinal cord injury may be due to ischemic damage or primary mechanical 
injury [7].

Acute spinal cord injury causes loss of sympathetic innervation with a prepon-
derance of parasympathetic effects such as bradycardia, hypotension, decreased 
cardiac output, and dry and warm skin that contributes to heat loss with the conse-
quent hypothermia. All this can generate fetal suffering [8]. In addition, peripheral 
vasodilation due to parasympathetic effect causes neurogenic shock that may persist 
for 1–3 weeks [7].

Signs and symptoms will also vary depending on the level of the injury. Thus, 
spinal cord lesions above T1 are accompanied by tetraplegia, bradycardia (which 
can be manifested with the Valsalva maneuver, position changes, aspiration of tra-
cheal secretions, or increased intrathoracic pressures as an effect of the vagal stimu-
lus, causing bradycardia secondary to activation of the vagus nerve), 
and – infrequent – autonomic dysreflexia [7]. Hypothermia occurs due to inappro-
priate loss of heat through the skin due to peripheral vasodilation.

In contrast, lesions below T1 but above T6 cause paraplegia and symptoms/signs 
of hyperreflexia or autonomic dysreflexia characterized by limb spasticity, respira-
tory distress, nasal congestion, symmetrical or asymmetric pupillary dilation, 
blurred vision, body redness above the level of the lesion [7], systemic arterial 
hypertension, tachycardia and/or tachyarrhythmia, sweating, headache, piloerec-
tion, profuse sweating chest pain, tremor, anxiety, nausea, seizures, intracerebral 
hemorrhage, and neurological deficit including death [8]. Systemic arterial hyper-
tension may also be a response to angiotensin [7].

Dysreflexia can cause “uteroplacental vasoconstriction, fetal hypoxemia and 
fetal bradycardia” [7].

Verduyn performed a review of “33 women with spinal cord injuries, who had a 
total of 50 deliveries” [14], of the 33 cases, 15 cases (45%) suffered a car accident. 
The 33 women were divided into 2 groups, those with lesions above T6 and another 
group with lesions below T6, determining that lesions above T6 presented hyper-
reflexia or autonomic dysreflexia in 22 of the 27 women [14].

Cases of spontaneous SDSH are accompanied by severe pain in the posterior 
thorax with radicular signs, motor, sensory, and autonomic dysfunction, as well as 
urinary retention [9].

22 Acute Spinal Cord Compression in Pregnant Woman



292

Domenicucci et  al., cited by Rettenmaier et  al., determined the presence of 
“motor deficits in 57% of patients, spinal pain in 45% of patients, root pain in 22% 
of patients and paraesthesia” [9], in addition to sphincter dysfunction and head-
ache (2017).

Less frequently, central cord syndrome, hemiparesis, and initially only headache 
with stiff neck [9]) may occur.

Another review by Henry et  al. determined the presence of acute pain in the 
interscapular region, followed by paresthesia and neurological motor and/or sen-
sory deficits, complete or incomplete paraplegia or tetraplegia, and Brown-Sequard 
syndrome. He described that the time between the presence of pain and the onset of 
neurological deficit was 60.3 hours (range: 1–336 hours) [4].

Cervical or cervicothoracic ESH cause cervical or interscapular pain. If the spi-
nal hematoma is in the middle thoracic level, there is chest pain, and those located 
in the thoracic-lumbar region have pain in the posterior thorax that can radiate to the 
buttocks and lower extremities.

Numbness and weakness are indicators of progressive loss of motor and sensory 
function below the spinal hematoma site [4].

It should not be forgotten that pregnant women can present – normally – low 
back pain; however this is not accompanied by motor or sensory neurological deficit 
nor is it acute onset [4].

Pregnant women, due to spinal injury, can trigger labor with painless cervical 
contraction and dilation until they reach labor [8].

 Diagnosis

The diagnostic technique and the decision of the applied therapy of the pregnant 
woman implies intense debate for the safety of the fetus.

 Bone Scans

Although the risk of “exposure of the fetus to radiation in the third trimester” is low, 
it should be avoided if possible (2018).

 Myelography

Myelography was the study most used before 1991 for the diagnosis of spontaneous 
SDSH. Subsequently, he highlighted magnetic resonance as a gold standard [9].
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 CT Scans

Computed tomography (CT) can identify hyperacute epidural hematoma that is 
characterized as having a crescent, hyperdense shape. Over time the hematoma 
becomes isodense and its identification can be difficult [1].

 Magnetic Resonance

Magnetic resonance imaging is the study considered gold standard for the detection 
of spinal hematomas.

If there is a suspicion of ESH or SDSH, an MRI should be performed using ion-
izing radiation, as no effects have been reported on “fetal growth and development 
(…)” [4].

“… Spinal magnetic resonance angiography is 88% sensitive, 90% specific with 
a Positive predictive value of 88% and a negative predictive value of 90% for the 
detection of spinal dural arterial venous fistulas” [9] or venous malformations.

The characteristics of the spinal hematoma change over time [1]:

Hematoma hyperacute:

 – T1: iso-hypointense
 – T2: hyperintense (due to intracellular oxyhemoglobin)

Acute hematoma:

 – T1: slightly hypo/isointense (because of “deoxyhemoglobin in hypoxic eryth-
rocytes”; deoxyhemoglobin in hypoxic erythrocytes”)

 – T2: hypointense (secondary to “progressive concentration of erythrocytes, 
blood clot retraction and fibrin production”)

Early subacute hematoma:

 – T1: hyperintense (due to “oxidation of deoxyhemoglobin to 
methemoglobin”)

 – T2: hypointense due to “intracellular methemoglobin”

Late subacute hematoma:

 – T1: hyperintense.
 – T2: hyperintense. This is due to “extracellular methemoglobin after lysis of 

red blood cells.”

Chronic hematoma:

 – T1: hypointense
 – T2: hypointense. Secondary to “hemosiderin and ferritin in macrophages”
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The contrast medium used in magnetic resonance imaging can cause a peripheral 
enhancement that is attributed to the hyperemia of the dura mater; on the other hand, 
the central enhancement may be due to extravasation of the contrast due to vascular 
barrier injury [1].

 Angiography

Spinal angiography is a diagnostic technique that allows to locate the vascular mal-
formation, whose suspicion would have aroused the previous magnetic resonance 
study [1].

 Differential Diagnosis

Pereira [7] and Álvarez et  al. [1] state that the differential diagnosis is made in 
relation to:

• Preeclampsia/eclampsia
• Infectious diseases (e.g., spinal abscess)
• Vascular malformations
• Pathological fractures associated with tumor
• Intervertebral disc herniation
• Transverse myelopathy
• Cauda equina syndrome
• Anterior spinal artery syndrome

 Treatment

The proper diagnosis plus timely treatment are of the utmost importance to avoid 
irreversible and permanent neurological injury. It is necessary to evaluate each par-
ticular case, requiring multidisciplinary management.

Aorto-cava compression of the uterus can cause supine hypotension itself that 
can be avoided by placing the pregnant woman in the left lateral recumbency or 
using a wedge-shaped cushion [6] to displace the uterus to the left side.

For Alvarez et al., pregnant patients with small spinal hematomas without neuro-
logical deficit or with mild deficit benefit from conservative treatment. On the other 
hand, those pregnant women with installed neurological deficit should receive sur-
gical treatment for spinal hematoma drainage [1].

Regarding the type of anesthetics for spinal surgery, Pedabelle et al. report using 
propofol in induction and rocuronium bromide for intubation. The anesthesia was 
maintained with isoflurane and propofol mixed with ketamine (5:1), to avoid arterial 
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hypotension, in addition to oxygen and air. No nitrous oxide was used to avoid the 
increased risk of intracranial hemorrhage in the premature fetus [6].

The treatment and rehabilitation of traumatic cervical spine injury in the third 
trimester of pregnancy is a challenge because of the inherent risks to the mother and 
the fetus.

Pedaballe et al. reported three cases of spinal injury in pregnant women during 
the second trimester of pregnancy, obtaining good results through early surgery and 
allowing the pregnancy to continue, compared to three cases of women with 
advanced pregnancy who received counseling treatment and who had an unfavor-
able result for the mother and fetus [6].

Emergency non-obstetric surgery from the second trimester of pregnancy is safe 
due to better tolerance to procedures under general anesthesia, although if neces-
sary, non-obstetric surgery can be performed in any trimester of pregnancy. However, 
we must anticipate the evolution towards preterm birth [6].

The study by Groen et al., cited by Henry et al., conducted with 330 non- pregnant 
patients with SEH, demonstrated good results with SEH, drainage within 36 hours 
in patients with complete deficit, and within 48  hours in cases with incomplete 
deficit.

The surgery for the drainage of SEH should be performed early (without inter-
rupting the pregnancy), thus improving the functional state of the mother and allow-
ing the pregnancy to continue until it reaches its end. On the contrary, if there is a 
fetal risk, an emergency caesarean section should be performed [4].

Jea et al. recommend the prone position (...) in the form of L (...) in relation to 
the lateral or sitting position [4]. Options for the treatment of SDSH include surgical 
drainage and percutaneous or conservative drainage. In case of mild deficit, the 
pregnant woman can receive conservative treatment, but if the motor or sensory 
deficit is severe, the surgical drainage of the hematoma should be performed [9].

Compression of the spinal cord secondary to extramedullary hematopoiesis was 
described in 1954 for the first time by Gatto et al. It is more common in men between 
and 45 years. The existence of hematopoietic tissue in the spinal canal is preferably 
located in the middle of the lower region of the spine [9]. These patients may require 
surgical decompression, blood transfusion, and even radiotherapy. Rettenmaier 
et al. report that patients treated with radiotherapy with a moderate dose of 10 to 30 
Gray (Gy) had a remission of the complete neurological deficit by 75%, while 25% 
had a partial improvement. However, for pregnant women, radiotherapy is contrain-
dicated and can benefit from “blood transfusions that could decrease red blood cell 
production and suppress extramedullary hematopoietic mass (…) improving cord 
compression symptoms” [9], with recovery at approximately 2  weeks. Through 
transfusions, a hematocrit of 30% is sought [9].

 Neurogenic Shock

Neurogenic shock management is based on fluid administration: dobutamine to 
improve cardiac output and vasopressors [8].

22 Acute Spinal Cord Compression in Pregnant Woman



296

 Autonomic Dysreflexia

In the case of autonomic dysreflexia that causes an increase in blood pressure, the 
use of sodium nitroprusside, ganglionic blocking agents such as trimethaphan and 
mecamylamine, alpha-1 adrenergic blockers such as terazosin or guanethidine, and 
peripheral vasodilators such as hydralazine or nifedipine may be alternatives [7].

 Thromboprophylaxis

Pregnancy predisposes a hypercoagulable state with a 4 to 5 times greater risk of 
developing thromboembolism. In this regard, prophylaxis with low molecular 
weight heparin (i.e., Clexane 60 mg/day subcutaneously in the thigh) can be per-
formed, being careful not to administer it in the abdomen [6].

 Treatment of Traumatic Spinal Cord Edema

The patient with spinal cord edema of a traumatic cause does not benefit from the 
administration of corticosteroids. The corticosteroid can be used in edema of tumor 
origin and in case of fetal lung maturation due to prematurity.

Agents such as hypertonic saline and mannitol are not used in spinal edema [10].
Surgical treatment is based on the stabilization of the spine with bone reduction 

without opening the dura; therefore, it is possible that the elevated pressure of the 
inflamed intraparenchymal cord at the site of the injury against the surrounding dura 
will continue [10].

 Complications

• Urinary tract infection: Present in 35% during pregnancy due to urinary catheter, 
neurogenic bladder [7].

• Constipation: It is necessary to administer a diet rich in fiber and, if necessary, 
stool softener [7].

• Pressure sores: The factors that contribute to its appearance are immobilization 
and obesity [7].

• Impaired lung function: Especially in pregnant women with lesions above T5, 
which may require mechanical ventilatory support. Baseline vital capacity con-
trol and then serial controls are recommended [7].

• Anemia: Consequence of iron deficiency, folate deficiency, and/or renal failure.
• Thromboembolism: Pregnancy predisposes to a state of hypercoagulability with 

a 4 to 5 times greater risk of developing thromboembolism [6].
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• Autonomic dysreflexia: It was described by Head and Riddoch during World War 
I, in 1917, and affects up to 85% of patients with spinal cord injury above T6. It 
is more common after cervical lesions than thoracic lesions (60% vs. 20%, 
respectively) [7].

 Conclusion

 1. The medullary compression of a pregnant woman, whether spontaneous or trau-
matic, is an emergency and must be treated by a multidisciplinary team deter-
mining the best options for the mother and the fetus, according to each case.

 2. The evidence shows that spinal compression due to hematoma that causes severe 
motor or sensory deficit should receive surgical treatment.

 3. Medullary compression due to small hematoma that causes mild deficit can 
receive conservative treatment. On the point, we report our experience with the 
case of a 41-year-old pregnant woman with severe preeclampsia and HELLP 
syndrome, undergoing caesarean section, which after regional anesthesia evolved 
with headache 3/10, lower limb paraplegia, and hypoesthesia with level sensitive 
T4. Practiced as a new anamnesis in the intensive care unit (ICU), the patient 
said she had pain in the neck and central region of the posterior thorax, in the 
hours before the caesarean section. Simple brain CT showed HSA and simple 
lumbar spine discarded spinal cord compression and/or lumbar occupancy, so 
dorsal cervical magnetic resonance was requested evidencing blood in subarach-
noid space in addition to T4-T5 intramedullary bleeding. Upon admission to the 
ICU, the patient presented flaccid paraplegia with myotactic reflex of the lower 
extremities and hypoesthesia with a T4 sensory level, without bladder sphincter 
control (neurogenic bladder). After evaluation by neurosurgery, conservative 
behavior was decided without surgery. On day 20 of hospitalization, he pre-
sented paraparesis of the right lower limb 3/5 and the lower left limb 2/5. After 
28 days of hospitalization, the paraparesis of the right lower limb improved to 
4/5, and from the left to 3/5, and ½ hypoesthesia in T6. The new magnetic reso-
nance control at 29 days after hospitalization showed intramedullary hematoma 
resolution and subarachnoid hemorrhage. The patient was discharged from hos-
pital to follow physiotherapy sessions.
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Chapter 23
Envenomations: Snakes Bites and Scorpion 
Stings

Ariatna Arlennys Aguilera Valderrama

 Snakebites

 Epidemiology

Poisoning by snakebites is a problem of great importance in public health world-
wide especially in the regions of tropical forests in Africa, Asia, and Latin America. 
Reptile bites are rarely seen cases in emergency departments, but the prevalence is 
relatively higher in rural areas. In the past, it was estimated that mortality from ven-
omous snakebite was around 25%; due to the availability of antivenom and advances 
in emergency and critical care, in those days, mortality rates are less than 0.5% [1].

The incidence of snakebites, regardless of the species involved, varies from 
country to country and between regions in a country, depending on factors as diverse 
as climate, ecological parameters, biodiversity, distribution of venomous snakes, 
human population density, economic activities, and types of dwellings, among 
others [2].

Estimates of snakebites range from 1.2 million to 5.5 million annually with 
envenomation occurring in 420,000 to 1,841,000 resulting in 20,000 to 94,000 
deaths [3]. Other estimates suggest that more than 150,000 deaths may occur annu-
ally [4].

In Europe snakebites are relatively rare and the one involved belong to the family 
Viperidae represented in Europe by a few species that are not among the most poi-
sonous; however in Britain there are approximately 200 hospitalizations annually 
from bites of snakes, but no deaths have been reported since 1975. On the other 
hand, countries such as France, Switzerland, Spain, and Italy have a very low inci-
dence of snakebites [4].
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In Africa scorpion stings are the most frequent events, and the snakebites are 
underestimated by health authorities over all because the information system is 
inaccurate. The wrong organization of health services in many countries compli-
cates the management of patients and represents the great variation in the mortality 
rate [4]. In Asia there is a wide variation in the incidence of accidents according to 
human activities, and taking into consideration the snake species that participate in 
Japan, the general incidence of snakebites is about 1 case per 100,000 people so that 
the mortality rate of cases is less than 1% and the global mortality is approximately 
0.5 per 100,000 population [4].

In this order in Canada and the United States with a population of approximately 
270 million people, the annual incidence of snakebites on everything in the United 
States is like that observed in Europe. It has been estimated that 45 thousand of 
snakebites occur each year in North America, of these around 10,000 are caused by 
poisonous species, 6500 require medical intervention, and approximately 15 people 
bitten die every year [4].

In Latin America, the overall incidence of snakebite envenoming ranges from 5 
to 62 cases/100,000 population per year, depending on the country (roughly corre-
sponding from 130,000 to 150,000 cases in the whole region, with an estimated 
number of 2300 deaths) [5, 6]. A large number of cases, especially in Costa Rica, 
Nicaragua, Honduras, Panama, Colombia, Venezuela, and Ecuador, are inflicted by 
Bothrops asper, where it is responsible for 50–80% of the snakebites [7].

Panama presents the highest incidence of snakebites in the region (54–62 
cases/100,000 population; 2000 bites per year), mostly by Bothrops asper, that is a 
whereas the incidence and total number of cases per year in other countries vary. 
These species belong to the family of Viperidae; there is another type of snake fam-
ily Elapidae which are also called pit vipers; this snake venom is mainly neurotoxic, 
whereas Viperidae snake venom is mainly hematotoxic [7].

 Effects of the Snake Venom

Snake venoms are primarily composed of mixtures of proteins and polypeptides 
with various properties. Many proteins have enzymatic activities, whereas others 
produce toxic cellular effects. Actions of snake venoms can be broadly classified as 
inflammatory, cytotoxic, neurotoxic, and hemotoxic; it depends on the type of 
snake; in some species, specific venom fractions block neuromuscular transmission, 
leading to ptosis, respiratory failure, and other neurologic effects. It causes local 
tissue injury, systemic vascular damage, hemolysis, fibrinolysis, and neuromuscular 
dysfunction, terminating with a combination of local and systemic endpoints. It 
may quickly alter blood vessel permeability, leading to loss of plasma and blood 
into the surrounding tissue and causing hypovolemia. It may also consume fibrino-
gen and platelets, causing a coagulopathy. The severity of poisoning, following 
snakebite, therefore, varies [10].
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The cardinal signs of poisoning are the presence of one or more fang marks, 
localized pain, and progressive edema extending from the bite site. Other early 
symptoms and signs are nausea and vomiting, weakness, oral numbness or tingling 
of the tongue and mouth, tachycardia, dizziness, hematemesis, hematuria, throm-
bocytopenia, and fasciculations. In general, swelling becomes apparent within 
15–30 min, but in some cases, it may not start for several hours. In severe cases, 
edema may progress to involve an entire limb within an hour. In less severe cases, 
edema may progress over a 1- to 2-day period [10].

The severity of these poisonings is very variable, and their evaluation is a funda-
mental element in the design of an adequate treatment. This severity depends on 
several factors, among which are:

• The amount of poison inoculated Viperidae species generally inoculates larger 
volumes of venom than the other species, thus causing higher-risk accidents.

• The anatomical site of the bite; accidents in the head and trunk tend to be more 
severe than bites in the extremities.

• Weight and height, as well as general physiological state, of the person bitten; for 
example, bites in children tend to get complicated frequently, partly due to the 
small volume of distribution that allows the poison to act more quickly at the 
systemic level.

There is a clinical gradation of snakebites envenoming that summarize next [8].

Grade Envenomation Skin findings Symptoms
Laboratory 
abnormalities

I None Erythema or 
1 inch of edema, 
puncture wounds

None None

II Minimal Erythema within 
first 12 hr. or 
1–5inch of 
edema

None None

III Moderate Erythema within 
first 12 hr. or 
6–12 inch of 
edema

Nausea, vomiting,  
paresthesias metallic taste, 
and fasciculations 
fibrinogen<100 mg/dl

Platelets<90,000/uL
Protrombine 
time > 14 s
Creatinine 
kinase>500–1000 U/L

IV Severe Potential 
compartment 
syndrome

Shock, life-threatening 
bleeding
Renal failure, respiratory 
difficulty
Altered mental status
Abnormal coagulation 
parameter and massive 
bleeding
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 Effects on Obstetrics Patient

The obstetric patient, unlike another group of patients, represents an important chal-
lenge for physicians engaged in critical care for clear reasons; it is well-known that 
pregnant patients have their own physiological changes in different systems, and 
since it is unknown whether they suffer major or minor changes due to bite poison-
ing, which must be mentioned in the obligatory concern for fetal well-being, and the 
singular type of disorder, in this case be a victim of a snakebite.

At the hematological system, a pregnant woman is compensated by a state of 
hypercoagulability, increasing the risk of deep venous thrombosis in pregnant 
women. Factors VII, VIII, and X and especially plasma fibrinogen increase after the 
third month of gestation. A decrease in the platelet count that occurs at the end of 
pregnancy (20%) does not alter the bleeding time; however, platelet function is 
increased in response to epinephrine, arachidonic acid, collagen, and adenosine; so 
it is not unusual to see platelet levels around 150,000. Plasminogen is increased, but 
the plasminogen activator is decreased as a result of its sequestration at fibrin depo-
sition sites. The anticoagulant activity decreases due to a decrease in S protein con-
centrations and the resistance of activated protein C; and an alteration of fibrinolysis 
is seen. The increase in the D-dimer and the thrombin-antithrombin complex indi-
cate an increase in the pro-coagulant state; we do not know if this characteristic is a 
protective factor to counteract the effect of the poison once inoculated [11].

At the renal system, evident changes have shown its function, showing glomeru-
lar filtration which is increased by up to 50% during pregnancy and this may be due 
to multiple causes, including constriction of the efferent arterioles, as well as the 
oncotic plasma pressure drop or increase in the effective renal plasma flow; know-
ing these physiological factors, it is unknown why there are descriptions of specific 
acute renal lesions [11, 12]

It is not surprising then that the effect of a venomous snakebite on a pregnant 
would differ by species of snake.

 General Complications

The most frequent complications described in patients envenomed by Viperidae 
species like B. asper are:

 (a) Soft-tissue infection (11–30% of the cases), characterized by impetigo/celluli-
tis/abscesses/fasciitis, predominantly cellulitis and abscesses caused by gram- 
negative rods (Morganella morganii, Proteus rettgeri, Klebsiella spp., 
Enterobacter spp., Aeromonas hydrophila) or Staphylococcus aureus [7].

 (b) Acute renal failure (ARF), which develops in 11–17% of patients, sometimes 
without oliguric phase (<400 ml/ day/1.73 m2), hypertension, hyperkalemia, and 
metabolic acidosis. Clinically and pathophysiologically, ARF can be pre- renal or 
can be associated with acute glomerulonephritis, acute tubular necrosis, or acute 
cortical necrosis, the latter being unresponsive to dialysis during 3–4 weeks [7].

A. A. Aguilera Valderrama



303

 (c) Compartmental syndrome (CPS), occurring in 3% of patients. In severe local 
envenoming, extensive swelling can lead to CPS, mainly when the bite is on a 
finger, hand, and foot or in the anterior tibial compartment [7].

It is possible that some constituents of snake venom may cross the placenta, and 
there are case reports which suggest that venom may affect the fetus in the absence 
of, or before, manifestation of serious maternal envenoming [13].

Venomous snakebite in the pregnant female may lead to a poor outcome in both 
the mother and the fetus. Previous literature reviews found overall fetal deaths rang-
ing from 38% to 43% [8, 9], with maternal deaths of approximately 10% after a 
venomous snakebite.

There are several possible mechanisms for abortion following snakebite during 
pregnancy: they include direct effects of the venom on the fetus, fetal hypoxia due 
to maternal shock, placental bleeding due to coagulopathy leading to abruptio pla-
centae with evidence of fibrin deposition, and microthrombus formation in the 
spongy layer which led to placental cleavage and separation following a snakebite 
(Bothrops species); venom has been shown to cause uterine contractions in animals 
and, in isolated uterine tissue uterine contractions, may act directly on uterine mus-
cle or may act indirectly by causing the release of or potentiating the effect of bra-
dykinins on uterine muscle and pyrexia and cytokine release which occur following 
tissue damage. Maternal hemorrage with acute fetal anemia cause fetal death in 
utero, supine hypotension syndrome. And may also the antivenom cause potential 
maternal anaphylaxis [14, 15].

There were 213 cases of snakebite in pregnant females identified in the literature 
review, been the largest one. But with limited information on the type of envenomat-
ing snake, only was provided this information in 125 cases. Of the envenomation, 
there were 9 maternal deaths (9 of 213) reported. The maternal case fatality rate was 
aproximately 4.2%. There were 41 deaths of the fetus or neonate reported. The vast 
majority were in utero fetal deaths. The deaths in the neonates ocurred from 30 min-
utes to 8 days after birth. With neonatal case fatality rate aproximately 19.2% [16].

There were no maternal deaths reported from envenomation by US native spe-
cies; it may reflect more rapid access to health care and availability of antivenom in 
the United States or possibly less venomous species. However, how soon the patient 
is seen and treated after the snakebite may have a more significant impact on mater-
nal and/or fetal outcome than the species of snake involved in the envenom-
ation [16].

Though the cause-effect relationship between envenomation and malformations 
in cases is unknown, it is possible that snake venom can cause embryotoxic and 
teratogenic effects. The venom of Vipera aspis has been shown to cause congenital 
anomalies in the form of cleft palate and facial deformities in pregnant mice [17]. 
Naja nigricollis venom injected into pregnant mice caused hepatic and myocardial 
damage as well as pulmonary vascular congestion and extravasated blood in the 
intestinal lumen of the fetuses [18].

From the largest research study done by Langley et  al. (2020), of the taxa of 
snake involved in an envenomation during pregnancy; the number of reported cases, 
those who used antivenom, and findings of maternal and fetal outcomes were 
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described. The overall rate of fetal loss is now around 20%, especially when there is 
systemic envenoming in the first trimester; and maternal case fatality rate is about 
4% to 5% [16].

 Treatment and Surveillance

First aid measures must be limited to immobilization of the extremity and rapid 
transfer of patient to the hospital. Tourniquets, suction devices, multiple punctures 
around the wound, or incisions increase the risk of ischemia and necrosis, the for-
mer two, and of hemorrhage and infection. Therefore, these interventions are 
strongly contraindicated.

 Antivenom

The effect of antivenom on the fetus remains unclear. Seneviratne et al. reported 10 
abortions and 1 malformation in 11 of 17 (64.7%) patients treated with antivenom. 
However, they did not find the administration of antivenom to be an independent 
risk factor for adverse fetal outcome [19]. The use of antivenom in pregnancy should 
balance its risks and benefits; no other treatment can reverse the venom’s effect.

There are no reported epidemiological studies in toxicology or toxicological case 
series at the use of Crotalidae antivenom less of 24 hours during pregnancy for anti-
dotes for which the risk is unknown [12].

Three kinds of antivenoms, based on the type of active substance, are currently 
produced in the world: (a) equine-derived, whole IgG antivenoms obtained by ammo-
nium sulfate or caprylic acid fractionation of plasma, consisting of 2.1  g protein, 
120 mg albumin, and 18% total antibody IgG (Polyvalent Snakes Venom Antiserum 
Liquid-Lyophilized); (b) equine-derived F(ab0)2 fragments, obtained by pepsin 
digestion of IgG and ammonium sulfate precipitation; and (c) Fab fragments obtained 
by papain digestion of ovine-derived IgG, only produced in North America and Europe.

And it is administered to patients with moderate or severe envenomation and 
unstable patients (i.e., those with hypotension, severe coagulopathy, respiratory dis-
tress) and when there is a progression in the wound or hematological parameters 
during observation.

A specific treatment for B. Asper bites is described, according to the envenoming 
grade to reduce from 100 to 300 milligrams of venom [20].

 (a) Mild envenoming requires 2 or 4 vials of antivenom.
 (b) Moderate envenoming requires 4 to 8 vials of antivenom.
 (c) Severe envenoming requires 6 to 12 vials of antivenom.

Antivenom must be diluted in 0.9% NaCl solution (250 ml for adults), and the 
intravenous infusion should be completed within 30–60  min. Patients should be 
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carefully observed for 24 h for the development of early adverse reactions. These 
appear within the first 24 h of antivenom therapy, predominantly during the infusion 
and within the first 2 h of treatment. And it is recommended briefly the antivenom 
infusion has to be stopped and adrenaline (0.01 mg/kg in children and 0.3–0.5 mg 
in adults) should be administered subcutaneously for mild/moderate and intrave-
nously for severe early adverse reactions. Although some authors recommend intra-
muscular (i.m.) rather than subcutaneous (s.c.) adrenaline in terms of bioavailability, 
it must be kept in mind the risk of deep hematomas associated with i.m. injections 
in patients having coagulopathy [20]. Additionally, patients must receive hydrocor-
tisone i.v. 100–200 mg every 6 h during 24 h any equivalent corticosteroid and one 
i.v. dose of antihistamine [20].

Those with mild or moderate envenoming can be treated in the emergency room 
during the first 24 hours, the latter with monitoring of vital signs, repeating blood 
coagulation tests by the first 6 hours; if there are no changes by this time, then the 
treatment is followed and finished in a hospitalization ward.

In the United States, a new antivenin is reported to have reduced potential for 
adverse reactions [21], and further study on the delayed treatment of antivenin has 
also been performed [22]. However, diagnosis of unknown snakebites is still a chal-
lenge for clinical physicians.

 Ancillary Treatment

Patients with snakebite must be admitted and viewed as a true emergency, and the 
mainstay of hospital treatment for venomous snakebite is antivenom.

The emergency management of snakebites comprises cleaning of the wounds 
and administration of tetanus toxoid or tetanus immunoglobulin for under or nonim-
munized patients, marking the leading edge of the swelling and recording the time 
of observation and measuring the circumference of extremity every 30 min.

If there is no proximal progression of local injury on the extremity and no coagu-
lopathy after 12 hours of clinical observation and serial laboratory examination, the 
patient can be discharged with follow-up instructions.

The details of such ancillary treatment are the following:

 (a) For the adequate correction of hypovolemia, two peripheral venous lines should 
be canalized, one for antivenom administration and the other to infuse crystal-
loids (normal saline solution or Ringer lactate solution), as needed (15–30 ml/
kg or more in 30–60 min) to restore circulating volume.

The measurement of the arterial oxygen saturation is recommended, in order 
to assess the need to provide oxygen therapy.

In all cases, urinary output should be measured hourly, in severe cases, by 
means of a bladder catheter. Normally, adolescents and adults eliminate more 
than 0.5 ml/kg/h (30–40 ml/h). In severe envenoming, especially when there is 
anuria, the management of i.v. liquids are more difficult.
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 (b) The early use of antibiotics in moderate/severe bothropic envenoming (not prophy-
laxis, a term that implies the use of antibiotics before the trauma) is controversial for 
several reasons: (1) there have been few controlled clinical trials addressing this 
issue; (2) the venoms of different snake species differ in their proteolytic and nec-
rotizing effects and, consequently, in their potential to promote infection; (3) the 
snake responsible for the accident is often not identified; (4) the time interval to 
seek medical attention at the hospital is often prolonged (>6 to 12 h), thus being too 
late for beginning antibiotic administration, considering that bacteria of high patho-
genicity might have been injected with the venom in the affected tissues; (5) the 
groups of patients with mild, moderate, and severe envenoming described in several 
studies are not comparable; (6) antibiotics used were inadequate for the bacteria 
that cause infections in viperid bites; and (7) the indiscriminate use of broad-spec-
trum antibiotics promotes the development of bacterial resistance [20].

 (c) Intramuscular injections should be avoided during the first 24–48 h of treatment 
or while coagulopathy persists. For an analgesic effect, tramadol or meperidine 
(1–2 mg/kg i.v. every 6–12 h) or acetaminophen per oral route is recommended.

 (d) The affected extremity must rest at the level of bed, i.e., neither elevated nor 
pendant. Wound cleaning may be performed with saline solution and a soft 
antiseptic every day; then, it can be covered with sterile gauzes moistened with 
saline solution without bandage. Blister contents must be aspirated with sterile 
syringe at 12–24 h intervals because they contain high venom-antigen concen-
trations that can be reabsorbed. The search for infection is recommended, order-
ing cultures when necessary. Careful debridement of necrotic soft tissue, as 
well as amputations, must be performed under anesthesia and in a sequence 
indicated by clinical evolution, usually after the third day [7, 20].

Management decisions are difficult to make in these cases as care must be given 
to two “patients” with a complex interrelationship. The objective should be to ensure 
maternal survival and increase the chance of a successful pregnancy. The best chance 
for fetal survival is to guarantee maternal survival, although envenoming caused sig-
nificant maternal morbidity. In series, treatment with it resulted in a good maternal 
outcome. After discharge from the hospital, patients should be asked to return for 
re-evaluation within the next 4 weeks and need to be instructed about the possible 
development of serum sickness within 5–24 days after antivenom infusion [2, 7, 20].

 Scorpion Stings

The syndrome of scorpion envenoming is less heterogeneous than snake envenom-
ing with all the major manifestations being autonomic neuroexcitatory (stimulation 
of both sympathetic and parasympathetic systems). The main target of venom is 
voltage-gated sodium channels.

Once the scorpion venom peptides (scorpion α toxins) bind to these channels, 
their inactivation is inhibited leading to prolonged depolarization with neuroexcita-
tion. Envenoming is characterized by autonomic disturbances such as tachy-/
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bradycardia, hyper-/hypotension, excessive salivation and lacrimation, urinary and 
fecal incontinence, and pulmonary edema. Deaths from scorpion stings are usually 
due to cardiogenic shock and pulmonary edema. Biochemical changes in the 
blood – such as hyperglycemia and increase on the level of sodium and on the cre-
atinine concentration – are observed after scorpion sting in humans and experimen-
tal animals. Some studies in the literature demonstrate that the scorpion venom 
affects the maternal reproductive development in humans and in experimental ani-
mals, increasing the frequency and amplitude of uterine contraction and the number 
of resorptions.

 Epidemiology

Scorpion envenomation is a public health issue in many places around the world, 
especially in tropical and subtropical countries, not only due to the high incidence 
of accidents but also because the venom can induce morbidity in stung patients [23].

There are approximately 1500 species of scorpions described worldwide and 
only about 30 of them belong to the Buthidae family, which is considered dangerous 
for humans and responsible for serious cases of envenomation and even death [24]. 
Obstetric patients are often young and healthy compared with other groups. These 
patients experience physical, psychological, and physiological changes with the 
progression of pregnancy. There is very limited information regarding the effects of 
therapies delivered for scorpion stings in pregnant women or the fetus [25].

 Effects of Envenomation During Pregnancy on Prenatal Development

Scorpion envenomation is classified based on signs and symptoms shown by 
the victim:

• Mild – patients show local signs, such as edema, erythema, and sweating.
• Moderate – nausea, abdominal pain, tachypnea, tachycardia or bradycardia, mild 

hypertension, agitation, hypersalivation, fever, priapism, and hyperglycemia are 
present.

• Severe – characterized by cardiovascular complications (congestive heart failure, 
arrhythmia, or severe hypertension); pulmonary complications (edema and 
 respiratory distress syndrome); gastrointestinal complications (acute pancreati-
tis); metabolic complications (hyperglycemia, hypocalcemia, hyperkalemia, or 
acid- base imbalance); and neurological symptoms (hypertensive encephalopa-
thy, coma, or convulsion) [26].

However, scorpions do not release all of their venom in one bite. Scorpion stings 
therefore produce a mild clinical reaction.

This body system response, biochemical and hematological changes, as previ-
ously stated, such as hyperglycemia, hyperamylasemia, increase in serum activities 
of creatine kinase and aspartate aminotransferase, and increase in hematocrits, red 
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blood cells count, and hemoglobin concentration, have been observed after the scor-
pion stings in humans and experimental animals [27, 28].

The experimental injection of Buthus occitanus tunetanus venom in pregnant 
rats caused similar effects on maternal blood parameters, including increase in 
sodium level and reduction in glucose level, increase in the concentration of creati-
nine, urea, and white blood cells. These observations suggest that the envenomation 
may cause disturbances in the gestational process and in the development and well- 
being of the fetus [29].

 Alterations in the Maternal Reproductive System During Pregnancy

It was shown that the Leiurus quinquestriatus venom, from the Buthidae family, 
increases the frequency and amplitude of uterine contractions mediated by the 
release of kinins. Cytokines are important mediators in the gestational process, 
which lead to a successful pregnancy since they are involved in the implantation of 
the blastocyst, embryo formation and development, and especially development of 
the central nervous system [30].

Some studies demonstrated that scorpion venoms affect cytokines, which may be 
involved in the observed pregnancy losses [31, 32].

Those complications described in the literature like abortions, defects in ossifica-
tion, skeletal malformations are based on animal models both goats and rats and 
extrapolations to humans are limited due to differences in the study designs, inter-
species differences and responses to the envenomation; because few reports are 
documented in details regarding the effects of the scorpion venom in the perinatal 
phase, the available data are somewhat controversial.

Some authors state that a scorpion sting during pregnancy does not affect the 
mother or the fetus. In this sense Langley [9], in an extensive review of studies 
published between 1966 and 2002, showed that no adverse consequence was found 
in human mothers or their fetuses when they were stung by a scorpion during the 
pregnancy. Similarly, Kaplanoglu and Helvaci [33] described the clinical findings 
of scorpion stings in 11 pregnant women; all patients developed mild envenom-
ation, and pregnancy complications were not observed. Although a retrospective 
study carried out in Tunisia from 1990 to 2004 with 20 pregnant women demon-
strated neither maternal or fetal death nor preterm fetal delivery, it reported two 
patients who manifested intense pelvic pain, and one of them had vaginal bleed-
ing [34].

 Management

It is essential to be clear about the usefulness of current treatment strategies for 
scorpion envenoming. The main modes of therapy for scorpion stings historically 
were supportive treatment and immunotherapy in form of antivenom. However, 
whether antivenom added any advantage to standard supportive therapy has been 
debated.
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The trials have been carried out in only a few countries, and recommendations 
are hence valid within the context of these locations, scorpion species, and age 
group of participants. Therefore, there are some parameters in addition to the level 
of evidence [35] within brackets of each recommendation [36].

For old world scorpions,

• Steroids have no benefit in management of scorpion stings (level of evidence, 2b; 
location, Tunisia; common species, A. australis, B. occitanus; applicable age 
group, children and adults over 10  years). The futility of steroids in scorpion 
envenoming is probably explained from the fact that toxins do not induce an exten-
sive immune reaction in the immediate aftermath 4 hours when a majority mani-
fest systemic envenoming). The envenoming is a result of functional disturbance 
of voltage-gated sodium ion channels that lead to autonomic hyperexcitability.

• Pain Relief. The pain perception and hence response to analgesia in severe enven-
oming can vary significantly from mild envenoming.

*Local anesthesia by topical lidocaine patches may be superior to intravenous 
paracetamol or local ice application for pain relief in mild envenoming (level of 
evidence, 1b; location, Turkey; common species, Androctonus crassicauda, 
Leiurus quinquestriatus, Mesobuthus gibbosus, and Mesobuthus eupeus; appli-
cable age group, adults over 18 years).

• Prazosin may be better than supportive therapy alone for stings by M. tamulus 
(level of evidence, 3b; location, India; applicable age group, in children).

• Polyvalent antivenom against A. australis and B. occitanus was ineffective when 
compared to placebo (level of evidence, 2a; location, Tunisia; applicable age 
group, children and adults over 10 years).

• Antivenom against M. tamulus may be better than prazosin alone (level of evi-
dence, 2b; location, India; applicable age group, over 12 years of age).

• Antivenom (against M. tumulus) and prazosin combination is better than prazo-
sin alone (level of evidence, 1b; location, India; applicable age group, both adults 
and children over 6 months of age).

For new world scorpions,

• Antivenom against Centruroides sp. are effective in reversing the clinical syn-
drome faster than no antivenom (level of evidence, 2a; location, Mexico and 
United States; applicable age group, children and young adults aged less than 
18 years) [36].

Before the use of anti-venom therapy, the risks and benefits must be examined, 
considering the potential for Type 1 and Type 3 allergic reactions and complement 
activation [37]. The administration of anti-venom therapy is often recommended in 
the presence of systemic findings such as neurotoxicity, coagulopathy, kidney insuf-
ficiency, and hypotension.

Pregnancy is an exclusive period of life, during which physical, psychological, 
and physiological changes occur. Toxicity related to scorpion stings and anti-venom 
therapy during pregnancy have unknown effects both on the mother and the fetus. 
Prospective and multicenter studies are required to achieve generalizable results, 
along with monitoring of fetal outcomes during pregnancy.
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Chapter 24
Pregnant Patient with Acute Respiratory 
Failure Due to Thromboembolic Disease

Graciela Raquel Zakalik and Angela María Magali Sanchez

 Introduction

In presence of patients with respiratory failure, it is necessary to consider the nor-
mal physiological alterations of pregnancy in order to quickly detect the evidence of 
pathology and to carry out an early and effective treatment.

Respiratory failure affects up to 0.2% of pregnancies, most commonly in the 
postpartum period [1]. It may be due to specific conditions of pregnancy (such as 
preeclampsia, embolism of amniotic fluid, or peripartum cardiomyopathy) as well 
as other diseases that may be exacerbated because of pregnancy such as pneumonia, 
pulmonary thromboembolic disease, asthma, etc. [2].

Dyspnea, cough, and edema of lower limbs are common clinical manifestations 
during pregnancy and puerperium and are attributed to physiological changes inher-
ent to pregnancy. They can also be associated with potentially fatal disorders. Early 
recognition and the beginning of adequate therapy affect the prognosis, both mater-
nal and fetal.

The incidence of venous thromboembolism (VTE) associated with pregnancy 
has been reported as 0.5–2.0 per 1000 pregnancies [3]. VTE is one of the leading 
causes of maternal mortality in the United States and accounts for 9.3% of all mater-
nal deaths [1–4].

Deep vein thrombosis (DVT) and pulmonary embolism (PE) are collectively 
referred to as VTE. 75% to 80% of cases of VTE associated with pregnancy are 
caused by DVT, and 20–25% are caused by PE [4].
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 Risk Factors

Pregnancy is associated with anatomical and physiological changes, which increas 
the risk of VTE. During gestation hypercoagulable state, increase in venous stasis, 
decreased venous return, compression of the inferior vena cava and pelvic veins for 
uterine enlargement, and decreased mobility can be observed. This thrombophilic 
state is transitory and disappears 6–8 weeks after birth, triggered by an imbalance 
between procoagulant and anticoagulant factors. The VTE risk in pregnant woman 
is higher in the third trimester, but is present from the first, even before anatomical 
changes of pregnancy occurs. It increases much more in the puerperium, especially 
during the first week of postpartum [5, 6].

The most important individual risk factor for VTE during pregnancy is the previ-
ous history of thrombosis, followed by the presence of hereditary or acquired 
thrombophilia. Approximately 50% of pregnant women with VTE have a history of 
thrombophilia, compared with 10% of the general population. Other additional risk 
factors are immobility, age over 35 years, multiparity, preeclampsia, pre- and post-
partum hemorrhage, medical conditions (obesity, diabetes mellitus, smoking, lupus, 
nephrotic syndrome, hemoglobinopathies), assisted fertilization, cesarean, and 
recent surgery [7–8].

 Diagnosis

Clinical suspicion is key to the diagnosis of VTE [4, 9]. The clinical presentation of 
PE in pregnancy is variable, with signs and symptoms similar to the general popula-
tion. These include dyspnea (most frequent symptom), tachycardia, pain or edema 
in lower limbs, pelvic pain, and chest pain [8]. These clinical signs and symptoms 
lack specificity and may be present in other pathologies, making differential diag-
nosis difficult.

The existing clinical decision rule (CDR), Wells score, Geneva score, and PERC 
score, and the measurement of biomarkers such as D-dimer have a poor diagnostic 
accuracy for VTE in pregnant and postpartum women [5].

Due to the fact that the causes of respiratory distress in pregnancy are generally 
similar to those of the non-pregnant population, a portion of the non-obstetric popu-
lation literature applies to pregnant women.

Recent publications have highlighted diagnostic by point-of-care ultrasound in 
the approach to acute respiratory failure during pregnancy [10]. Arbeid et  al. 
described that despite physiological respiratory changes, lung ultrasound remains 
normal during the last weeks of pregnancy [11].

The USG widely disseminated in obstetric practice for fetal monitoring has also 
potential for maternal diagnosis and can be considered as an extension of clinic 
evaluation [12].
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Ultrasound is a safe and fast diagnostic tool, and it’s integration to clinical evalu-
ation with point-of-care ultrasound is increasingly used in the evaluation of acute 
patients, surpassing conventional radiography in many cases.

Currently the use of ultrasound does not depend on external consultations to 
vascular specialists or radiologists [13], but any professional member of the multi-
disciplinary team with training and practice can achieve excellent results and 
improve their clinical practice. The lung ultrasound evaluation is a possible and 
useful diagnostic tool during pregnancy [11–12].

The BLUE protocol (bedside lung ultrasonography in emergency) enabled a 
reduction in time to diagnose most of the causes of dyspnea in patients admitted in 
the emergency department. It has the advantage of bedside speed in a noninvasive 
and non-ionizing way and in real time. It is not more specific than the CT, but in 
some cases it can be more than chest radiography [13].

In normal lung, the pleural line is identified as a horizontal hyperechoic sliding 
line. Beyond this pleural line, horizontal artifacts called lines A are usually seen.

In cases with interstitial disease (usually pulmonary edema), the greater density 
of the lung tissue creates reverberation artifacts called B lines. The B lines are 
defined as vertical hyperechoic lines of the comet-tail artifact type that begin in the 
pleural line, extend up to the lower part of the screen, and move synchronously with 
the sliding of the lung [11, 14–15].

Lichtenstein et al. have proposed a simplified lung ultrasonography algorithm 
that correctly classifies the majority of adult patients with dyspnea who go to the 
emergency department. The algorithm creates three profiles of pulmonary ultra-
sound. Acute pulmonary edema is strongly associated with anterior symmetric 
bilateral B lines (comet-tail artifact, interstitial syndrome). An asymmetrical profile 
(unilateral interstitial disease or pulmonary consolidation) suggests pneumonia. 
Acute dyspnea with a normal pulmonary ultrasound suggests a diagnosis of pulmo-
nary embolism or bronchial disorder [13].

Figure 24.1 presents a diagnostic algorithm of the obstetric patient with dyspnea.
The asymmetry and pain in a lower limb are suggestive signs of DVT. Given this 

case, the recommended initial diagnostic test is compression ultrasound (CUS). In 
contrast to non-pregnant population, in which DVT is usually distal, a systematic 
review found high frequency of ileofemoral thrombosis (64%) and iliac (17%) in 
pregnant women with confirmed DVT [4]. In cases with abdominal pain and lumbar 
or generalized limb edema, additional images should be made with Doppler ultra-
sound of the iliac vein, venography, or MRI. See Fig. 24.2.

In presence of a pregnant patient with suspected PE without symptoms in the 
lower limbs or negative CUS for VTE, chest radiography (CXR) is the first image 
with ionizing radiation that must be performed in the diagnostic algorithm [16–17]. 
This is essential to accurately interpret an abnormal ventilation/perfusion scan 
(V/Q scan).

Current guidelines recommend the use of V/Q scan for pregnant women with 
suspected PE when CXR is normal and suggest the use of computed tomography 
pulmonary angiography (CTPA) when the CXR is abnormal [16–19].

24 Pregnant Patient with Acute Respiratory Failure Due to Thromboembolic Disease
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Both diagnostic modalities have advantages and disadvantages with low radia-
tion exposure risk [16]. In a recent review, Cochrane concludes that both the V/Q 
scan and the CTPA are reasonable test in order to dismiss PE in pregnancy [20]. The 
lack of prospective studies impedes a recommendation of choice, depending then on 
the availability and experience of each center [21].

The echocardiogram is not enough to establish a PE diagnosis; instead it is useful 
to confirm the diagnosis and guide the therapeutic decisions in front of a patient 
with massive PE [7].

The following figure shows the diagnostic algorithm in case of suspected PE 
(Fig. 24.3).

 Treatment

In patients who are hemodynamically stable the first line of treatment consists in 
anticoagulant therapy. Both low molecular weight heparin (LMWH) and unfrac-
tionated heparin (UFH) do not go through the placenta, being safe for the fetus. 
LMWH has a longer average life, a more predictable anticoagulant effect, a lower 
incidence of heparin thrombocytopenia, and lower osteoporosis. These data make 
LMWH the elective treatment for VTE in pregnancy [4, 7]. The dose is adjusted 
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embolism

Normal

Continue
research

Fig. 24.1 Algorithm of the obstetric patient with dyspnea. Lung ultrasound (Lung US), venous 
ultrasound (Venous US), acute respiratory distress (ARDS)
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to weight, enoxaparin 1 mg/kg every 12 hours, dalteparin 200 units/kg once a day, 
or dalteparin 100 units/kg every 12 hours, to maintain a therapeutic level of anti-
Xa. Current guidelines do not recommend routine monitoring of LMWH with 
anti-Xa levels, except in those patients with renal failure or extreme body 
weight [19].

Table 24.1 shows the anticoagulation regime [4, 19].

Heparin UFH is used in patients in whom thrombolysis can be considered (e.g., 
high risk or massive PE) and with renal failure or when a rapid reversal of antico-
agulation is required (advanced pregnancy, risk of hemorrhage, or imminent sur-
gery) [7, 10].

Patients with hemodynamic instability or severe hypoxemia should be treated 
with thrombolysis if there are no contraindications [7, 19].

Compression 
ultrasonography 

(CUS)  

Confirmed 
DVT

No Confirmed

Suspected iliac 
thrombosis 

Additional image 
with iliaca vein 
doppler o NRM

Yes No

Repeat US after 
3-7 days

Clinical DVT 

Fig. 24.2 Flowchart on the diagnostic approach in the suspicion of DVT in pregnancy. Deep vein 
thrombosis (DVT), ultrasound (US), nuclear magnetic resonance (NMR)
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The temporal filter of the inferior vena cava is recommended in pregnant patients 
with VTE in whom anticoagulation is contraindicated, in those with recurrent VTE 
(despite anticoagulation), or in those with VTE close to delivery date with high 
thromboembolic risk (2 previous weeks) [4, 7, 19].

In anticoagulation management near delivery date, the switch to HNF is recom-
mended [7, 19]. In case of no hemorrhagic complications LMWH can be restarted 
12 hours after delivery. If an epidural catheter was left, the restart should be at least 
4 hours after removing it. The initial dose is usually prophylactic, and then the anti-
coagulant dose is reinstated (at 24  hours) or sooner if you are sure of adequate 
hemostasis. Anticoagulation with LMWH or oral anticoagulants (OAC) is recom-
mended for at least 6 weeks postpartum and until at least 3 months of treatment have 
been completed. From this period different risk factors are re-evaluated and deter-
mined whether to continue or suspend treatment. The use of elastic stockings is 
recommended in order to prevent post-thrombotic syndrome.

Suspicion 
of PE

Leg symptoms

Yes

No

CUS

Positive Treat for PE

Negative

Lung 
US/CXR

Normal
Ventilation-
perfusion 
scanning

Abnormal

No PE

High 
probability PE

Non-
diagnostic CTPA

CTPA

No filling 
defects

NO PE

Positive PE

Non 
diagnostic Serial CUS

Normal

Fig. 24.3 Flowchart on the diagnostic approach in the suspicion of PE in pregnancy. Pulmonary 
embolism (PE), compression ultrasonography (CUS), lung ultrasound (Lung US), chest radiogra-
phy (CXR), tomography pulmonary angiography (CTPA), compression ultrasonography (CUS)

Table 24.1 Anticoagulation regimen

Anticoagulation 
regimen Anticoagulation dosage

Enoxaparin 1 mg/kg every 12 hours
Tinzaparin 175 U/kg once daily
Dalteparin 200 units/kg once daily

100 units/kg 12 hours
UFH 10,000 units or more SC every 12 hours or IV in doses adjusted to target 

aPTT in the therapeutic range 6 hours after injection IV

UFH unfractionated heparin, SC subcutaneously, IV intravenous, aPTT activated partial thrombo-
plastin time
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Chapter 25
Severe Acute Asthma

Amparo Aguilera, and Ariatna Aguilera

 Introduction

Asthma is the most common respiratory disorder to complicate pregnancy. It 
remains a high-risk condition despite advances in therapy. In the USA, 5–8% of 
pregnant women have asthma, and asthma prevalence is increasing worldwide, 
affecting 2–13% of pregnancies with increasing healthcare utilization and costs [1]. 
The relationship between asthma status and pregnancy outcomes is complex, in part 
due to higher rates of smoking, obesity, and other comorbidities in patients with 
asthma that are independently associated with higher maternal and fetal obstetric 
risk. It is widely known that one-third of pregnant asthmatics improve, one-third 
remain stable, but the remaining third demonstrate a clinical worsening of their 
asthma during pregnancy [2].

 Physiological Respiratory Changes in Pregnancy

Respiratory and cardiovascular changes that occur during pregnancy have been well 
documented. Minute ventilation is increased by 50% in late pregnancy secondary to 
progesterone effect. This hyperventilation usually results from the increased tidal 
volume with minimal changes in respiratory rate. Arterial blood gases often reveal 
a compensated respiratory alkalosis (pH, 7.40–7.45; PCO2, 28–32 mm Hg) and a 
mild increase in PO2 (106–110 mm Hg). The increase in pH secondary to respira-
tory alkalosis usually is blunted by an increase in renal excretion of bicarbonate [3]. 
Pregnancy also affects chest wall compliance with a fall in functional residual 
capacity (FRC) as pregnancy progresses (due to elevation of the diaphragm from the 
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enlarging gravid uterus). Increasing dyspnea in late pregnancy is associated with a 
reduction in expiratory reserve volume, although an increase in inspiratory capacity 
results in total lung capacity remaining in the normal range. Healthy pregnant 
women show no change in forced expiratory volume in 1 second (FEV1), a very 
modest increase in forced vital capacity (FVC), of less than one-tenth of a liter, after 
14–16 weeks gestational age, and no significant change in FEV1/FVC ratio through-
out pregnancy. Therefore, in pregnant women with asthma, any decline in these 
spirometry parameters should be concerning.

Oxygen delivery to the fetus depends on uterine artery blood flow and maternal 
oxygen content. Since uterine artery blood flow is near maximal at baseline, the 
fetus is critically dependent on adequate maternal cardiac output for optimal oxy-
gen delivery. Maternal fetal oxygen transfer occurs by an elegant concurrent 
exchange mechanism, with the difference in oxygen tension between the maternal 
and fetal circulations in the placenta determining oxygen transfer. Thus, maximiza-
tion of maternal oxygen saturation and maintenance of maternal cardiac output best 
ensures appropriate fetal oxygen delivery when maternal respiratory compromise 
occurs [4].

 Effects of Asthma on Pregnancy and Fetus

Over the past few years, a large systematic review and a series of meta-analyses 
have been published that summarize the literature on adverse perinatal outcomes 
among females with asthma. Asthma is strongly associated with preeclampsia, pla-
cental abruption and previa, and obstetric hemorrhage. The most common pediatric 
complications associated with poorly controlled maternal asthma include intrauter-
ine growth retardation, preterm delivery, and low birth weight [5]. A large cohort of 
36,587 women with asthma has also demonstrated increased prevalence of congeni-
tal malformations in women with severe asthma exacerbations during the first tri-
mester [6]. A meta-analysis of studies from 1975 to 2012 also reported significant 
associations between maternal asthma and neonatal death, neonatal hospitalization, 
cleft lip/palate and minor malformations, but not major malformations or still-
birth [7].

 Asthma Medications During Pregnancy

An Australian survey study of 102 pregnant females with asthma found that self- 
reported symptoms, both during the day and night, were worse during pregnancy 
than prior to pregnancy. Despite this, treatment of asthma by a medical professional 
was less likely during pregnancy than prior to pregnancy (79%), and the number 
using treatment for asthma was lower during pregnancy (76%) than prior to preg-
nancy (92%). Similarly, data from 2072 pregnant females using asthma medication 
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in the Netherlands between 2004 and 2009 indicated that there was a significant 
decrease in prescriptions filled for asthma medication during the first 3 months of 
pregnancy compared to the 3 months prior to pregnancy [8]. In particular, a signifi-
cant decrease in prescriptions filled for long-acting bronchodilators and combina-
tion medications was noted in the first trimester of pregnancy, which significantly 
increased in the postpartum period. 38.2% of pregnancies with three prescriptions 
of asthma medication in the year prior to pregnancy did not have any prescriptions 
for asthma medication during the first trimester [8]. While these differences might 
be explained by fluctuations in asthma course with pregnancy, they support other 
publications showing similar patterns of decreased asthma medication use in early 
pregnancy. This behavior puts pregnant females with asthma at risk of poor control 
and exacerbations during pregnancy.

 Acute Asthma Exacerbation

Asthma exacerbation rates are higher during pregnancy, particularly for patients 
with a history of severe asthma. Acute asthma exacerbations have been identified as 
the most significant event to affect fetal morbidity and mortality in pregnancies 
complicated by asthma. Exacerbations can occur at any time during gestation but 
are most likely to occur in the second and third trimesters between weeks 17 and 34, 
with peak incidence at around 25 weeks of gestation [9]. Triggers for exacerbations 
include inhaled treatment non-adherence and viral infections.

Treating an acute exacerbation of asthma is similar for pregnant and non- 
pregnant patients. The first step in management is to identify the severity of the 
exacerbation and risk factors for respiratory failure. If close clinical follow-up is 
arranged, patients with mild exacerbations can be managed as an outpatient or 
discharged from the emergency department. For moderate and severe cases, inpa-
tient monitoring is warranted. Beta-agonist bronchodilators and systemic cortico-
steroids are mainstays of treatment of acute exacerbations [10]. Bronchodilators in 
unstable patients can be delivered initially up to every 20 minutes; in severe cases, 
continuous delivery can be provided in an ICU setting. Systemic corticosteroids 
should be provided at the usual doses and early in the course of an exacerbation. 
Failure to adequately treat an acute exacerbation poses a much higher risk for the 
pregnant patient and fetus than does utilization of their standard medications 
daily [11].

An assessment of oxygenation, potential respiratory fatigue, and circulating vol-
ume is critical. Oxygen saturation should be maintained above 95%. As pregnant 
patients normally have a physiologic compensated respiratory alkalosis with partial 
pressure of carbon dioxide (PCO2) range of 28–32 mm Hg, a seemingly normal 
PCO2 on blood gas testing represents an acute respiratory acidosis and typically 
signals impending respiratory failure. Frank acidemia is a sign of imminent danger 
to the mother and fetus. Both cases warrant ICU-level care and should include close 
monitoring of the mother and fetus by obstetrics [12].
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 Acute Exacerbations and Indications for Admission 
to the ICU

Emergency department (ED) evaluation of dyspnea in an asthmatic patient must 
include acute exacerbation of asthma and whether a critical asthma syndrome is 
present, e.g., status asthmaticus (SA) or near-fatal asthma (NFA). Other causes of 
acute dyspnea must be excluded including pulmonary embolism, cardiogenic pul-
monary edema, acute lung injury (ALI)/acute respiratory distress syndrome 
(ARDS), pneumonia, and pneumothorax among other possibilities [13].

Critical asthma syndrome, once diagnosed, can be defined as an acute and severe 
asthma exacerbation that does not respond promptly to intensive bronchodilator 
therapy. It can progress to NFA, where respiratory failure has ensued. Timely diag-
nosis and management is therefore of paramount importance because both the 
mother and fetus are at risk for morbidity and mortality from hypoxemia. A multi-
disciplinary team approach as previously described should be adopted. Overall, 
Cydulka et al. found that 12.6% of pregnant asthmatic women presented to the ED, 
and hospitalization occurred in 1.6% [14]. ICU admission should be considered for 
patients whose asthma continues to worsen despite maximal bronchodilator 
therapy.

 Ventilatory Management

Non-invasive ventilation may be an alternative under the right clinical circumstance 
and may support ventilation while corticosteroids and maximal bronchodilator ther-
apy take effect. Progressive or unremitting hypoxemia, respiratory acidosis, mater-
nal fatigue, alteration in mental status, and other causes for increased work of 
breathing, despite maximal bronchodilator therapies and NIV, are indications for 
intubation and invasive mechanical ventilation [15].

Intubation, if indicated, in the pregnant asthmatic may be up to eight times more 
difficult when compared to non-pregnant women secondary to soft tissue edema 
and increased probability of aspiration of gastric contents of the gravid patient due 
to slow gastric emptying. Intratracheal intubation via the oral route should be 
favored over the nasal route because of hyperemia from capillary engorgement of 
the upper respiratory tract resulting in a narrower airway and relatively small endo-
tracheal tubes may be required (6–7 mm) [12].

Since the basic pathophysiology of asthma involves air trapping, asthmatics 
should be ventilated with caution to avoid barotrauma and volutrauma that may 
occur in the presence of elevated airway pressures. Low minute ventilation with 
prolonged expiratory time avoids hyperinflation and is achieved with these recom-
mended initial ventilator settings: low tidal volumes VT (6–8 cc/kg), low respiratory 
rate (8–12 breaths per minute), high inspiratory flow rates (up to 100 L/min in some 
cases), initial FIO2 0.9–1 tritrated by PaO2 values, and inspiratory times as short as 
0.8 seconds may be required to achieve I:E ratios near 1:4. Frequently, sedation and 
even the use of muscle relaxants will be needed [16].
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 Treatment

Prior to discussing therapy recommendations, it may be useful to review the poten-
tial impact of asthma medications on pregnancy. In general, it is recommended that 
patients remain on the same drugs and dosages that are used outside of pregnancy. 
Inhaled agents are preferred over oral agents to reduce systemic effects and mini-
mize any possible fetal effects.

Medications for asthma are divided into two types: (1) rescue (those used to treat 
acute bronchospasm and give symptomatic relief without treating the underlying 
cause of the bronchospasm) and (2) maintenance (those that help control airway 
hyperreactivity and treat the underlying inflammation) [17].

 Rescue Medications

 Short-Acting β2-Agonists

These drugs are key to asthma management. Short-acting β2-agonists include metapro-
terenol, terbutaline, and salbutamol (FDA Category C). These inhaled agents are good 
for acute and mild intermittent asthma, as they have a rapid onset resulting in maxi-
mum bronchodilation with minimal side effects. Side effects of these drugs include 
tremulousness, palpitations, and/or anxiety. However, such side effects can be mini-
mized by the use of a spacer and mouth rinsing after inhalation. Studies have shown no 
association between short-acting β2-agonist use and increased risk of congenital mal-
formations or adverse pregnancy outcome. In acute setting salbutamol could be used 
nebulized or inhaled with spacer; there is no difference between them [18].

 Anticholinergics

The main anticholinergic drug used in asthma therapy is ipratropium (FDA Category 
B) which has shown synergistic bronchodilator effect when added to inhaled β2- 
agonists. It can be used nebulized as inhaled therapy.

 Systemic Corticosteroids

In contrast to the low incidence of risk with inhaled corticosteroids, continuous use 
of systemic corticosteroid some studies have consistently shown increased risk of 
low birth weight, preterm delivery, pregnancy-induced hypertension, preeclampsia, 
and gestational diabetes, after the continuous use of systemic corticosteroids.  
Prednisone (FDA Category C) the recommended doses is 40 mg/day by 5-7days 
during exacerbation of Asthma [19].
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 Maintenance Medications

 Inhaled Corticosteroids

Inhaled corticosteroids are considered the mainstay of treatment for persistent 
asthma. Studies have shown that the use of these inhaled steroids in standard 
doses is not associated with malformations, fetal growth restriction, stillbirth, or 
fetal mortality. Budesonide (FDA Category B) and beclomethasone (FDA 
Category C) are the two agents with the most data available regarding use during 
pregnancy [20].

 Long-Acting β2-Agonists

Currently, consensus recommendations support the use of long-acting β2-agonists in 
patients with moderate to severe asthma who already are using inhaled steroids and 
who need additional therapy. Formoterol and salmeterol are the most common med-
ications in this group (FDA Category C).

 Leukotriene Modifiers

Leukotrienes are potent chemical mediators of the allergic response in asthma. They 
stimulate bronchoconstriction and mucus hypersecretion and promote microvascu-
lar leakage, edema formation, and eosinophil chemoattraction. Medications which 
modify and diminish the effects of leukotrienes have been to allow better asthma 
control. The most common drugs is montelukast (FDA Category B). While few data 
are available regarding their use in pregnancy, the Human Merck Registry has not 
shown any increased risk of malformation [21].

 Summary

Asthma is common in pregnant women. While most women who have asthma dur-
ing pregnancy have controlled disease, some may experience exacerbation of their 
disease necessitating immediate intervention. It is very important for the treating 
physicians to overcome the myth that pregnant women should not take any medica-
tions during pregnancy and work hard to keep asthma under control to minimize the 
risk of maternal and fetal hypoxia. Contrary to the common belief, almost all medi-
cations used in non-pregnant women are safe during pregnancy and should be con-
tinued. Patients with severe acute exacerbation should be managed in a monitored 
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unit. Initial management should include the administration of repeated doses of 
inhaled β2-agonist, systemic corticosteroid, and oxygen. Mechanical ventilation of 
patient with severe acute asthma should be performed in a controlled monitored set-
ting to avoid complications of barotrauma or volutrauma. In very rare circum-
stances, termination of pregnancy maybe considered.
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Chapter 26
Anaphylaxis During Pregnancy

Freddy Morales, José Mora, Miguel Chung Sang, and Ezio Villegas

 Introduction

Anaphylaxis is the most serious and sudden clinical setting of an allergic reaction, 
which can result in hypersensitivity to an exogenous agent and characterized by 
developing cardiocirculatory instability (vasodilation and hypotension), in addition 
to hives, palpebral and labial swelling, laryngeal edema, and bronchial spasm, 
which in turn can result in suffocation, due to the massive release of histamine.

It is necessary to identify symptoms and alarm signs early, since a fatal outcome 
can easily occur and the patient may die within a few minutes, if treatment or ade-
quate vital support is not given at the precise time.

The pregnant woman is not exempt from this noxa due to multiple etiologies; 
however, certain parameters must be taken into account when facing her presenta-
tion, usually sudden, such as the danger of loss of fetal well-being which can indi-
cate the need to terminate pregnancy in the context of the therapeutic protocol, also 
taking into account gestational age and the consequences of prematurity [1].
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 Epidemiology

It is complex to have an exact calculation of the population that presents or has 
presented an anaphylactic reaction, since the existing data have a variation that 
depends on the authors, study methods, and countries and other items.

However, worldwide the prevalence of anaphylactic reactions affects between 3 
and 30 individuals per 100,000 people annually; and its mortality is between 0.05% 
and 2%. In such a way it is not a very frequent disease and few cases become fatal. 
Therefore, the notability of these figures indicates that this complication is avoid-
able with an early diagnosis, as well as timely and adequate treatment [2–4].

There is no literature that reliably indicates the incidence of anaphylaxis during 
pregnancy; however, allergen factors are analogous, except during labor, where 
allergic reaction to latex and antibiotics prevails (especially beta-lactams) [5].

There are also publications describing hypersensitivity or severe anaphylaxis 
(1/7000–1/13,000 anesthesia) during the perioperative stage, being a diagnostic 
challenge especially for the anesthesiologist and much more as it is a pregnant 
patient. All anesthetic inputs used in this perioperative period carry a potential dan-
ger of histamine release and therefore allergy, which mostly has no clinically impor-
tant effect, but which in certain cases can induce serious cardiovascular and/or 
respiratory complications that can be deadly (between 3% and 6%) [6, 7].

Postpartum anaphylaxis, the period of onset of breastfeeding is rare, much less 
in Latin America; its etiology has been related to a lower production of the hormone 
progesterone and an increase in prolactin, which would develop a degranulation of 
mast cells in postpartum which is presumed to provide an exaggerated production 
of histamine.

There are few reports of such cases in the universal literature, the first report of a 
case on postpartum anaphylaxis being published in Lancet (1991); It was a 29-year- 
old woman who presented with generalized urticaria and angioedema of the upper 
respiratory tract, agreeing with breastfeeding 3 days after the birth of her son; being 
that, in the world literature until 2015, 5 cases were reported [8, 9].

 Pathogeny

Anaphylaxis develops during the process of a massive release of substances inside 
the cells, such as mast cells and basophils, which will be the cause of the symptoms 
and signs characteristic of an allergic reaction.

These cells are impelled in a different way, the most frequent being an immediate 
allergic reaction given at the moment when an allergen adheres to the immuno-
globulin E (IgE) antibodies, which are found on the surface of the cell membrane of 
the mast cells, and basophils; this coalition allows these substances to be released, 
triggering allergic symptoms.
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Histamine stands out among the substances (tryptase, leukotrienes, prostaglan-
dins, chemokines, and cytosines) that cause mast cell and basophil release, being 
able to cause blood vasodilation, with the consequent increase in capillary permea-
bility and neuritic stimulation. This determines the appearance of edema, erythema 
and pruritus evidenced in the form of hives or hives of the skin, being also respon-
sible for the development of bronchospasm.

The importance of anaphylactic reaction in pregnant women is given by the 
potential harmful effect that may have an impact on the product or fetus; otherwise 
its consequences are no different than those of non-pregnant women.

During anaphylactic shock the large amount of histamine released into placental 
and umbilical circulation has a more powerful vasoconstrictor effect than adrena-
line, affecting fetal oxygenation directly as a consequence of maternal hypoxemia 
and indirectly peripheral vasoconstriction and resulting in arterial hypotension 
[2, 10].

Initially, the fetus can supply the decreased uterine flow by redistributing blood 
circulation to the target organs, increasing affinity for oxygen, releasing it to the 
tissues simply by reducing fetal movements. However, at the time the demand 
exceeds the compensatory mechanisms of the fetus, there is an increased danger for 
the appearance of hypoxic ischemic encephalopathy during childbirth with the con-
sequent irreversible brain damage [2, 11, 12].

 Most Frequent Etiology

 Latex Exposure

Any woman who has had a history or allergic reactions to latex, such as itching 
when wearing gloves or inflating balloons, and pruritus from contact with condoms 
should notify her obstetrician, since this is one of the usual causes of anaphylaxis 
that have been reported in vaginal and cesarean deliveries. Allergic reactions to 
foods with cross-reactivity with latex have also been described, such as kiwi, avo-
cado, banana, mango, papaya, chestnut, tomato, pineapple, melon, and potato.

 Insect Bites in Sensitized People

Bee sting is a cause of fetal death due to systemic poisoning as it can beat the pla-
cental barrier. This situation usually occurs only in allergic women; otherwise, only 
a minor local inflammation would occur. But, once it triggers anaphylaxis, it can 
cause collateral fetal damage and placental insufficiency once the mother develops 
hypotension and therefore does not get enough irrigation to the placental 
circulation.
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 Medicine Administration

Among the drugs used during pregnancy, antibiotics are the most common causes of 
anaphylactic reactions; however, this type of complications has also been described 
with local anesthetics, medications for induction of general anesthesia, and even the 
same immunotherapy with the purpose of desensitizing some type of allergen.

 Diagnosis

The initial clinical setting of anaphylaxis usually manifests in the places where 
there is a greater amount of mast cells, such as the skin and mucous membranes, 
heart, lungs, and digestive tract, being able to give signs and symptoms not as severe 
as tachycardia and hypotension not so marked, and the skin signs being easily gen-
eralized after their initial appearance in the chest commonly. However, when it pro-
gresses to anaphylactic shock, the most severe manifestation of anaphylaxis can end 
in a cardiac arrest, which can occur in any period of pregnancy, although more fre-
quent in the third trimester, as well as in the perioperative period or during the 
delivery. The presentation of this complication is described in 50–80% during anes-
thetic induction and up to 30% in the post-anesthetic resuscitation room [13].

Postpartum anaphylaxis, despite being a rare presentation, however, still has 
lethal connotations, which require early recognition in order to avoid its life- 
threatening complications, since the clinical setting can manifest itself with a sim-
ple rash and evolve toward anaphylactic shock. Its presentation is given during the 
first 3 days of postpartum according to most reports (which are already mentioned 
to be few), but it is not well defined. It may be good advise to have in mind that this 
period could show itself as late presentations, based on its immunological etiology 
in postpartum [14–16].

In any case, it is established that the diagnosis of anaphylaxis is essentially clini-
cal; however, pulmonary thromboembolism must be immediately ruled out, as well 
as amniotic fluid embolism, especially in front of a pregnant woman in the third 
trimester who has sudden respiratory distress with altered records of fetal heart rate. 
Another illness to consider is the gravidarum laryngitis attached to pregnant women 
with preeclampsia that may also give a similar respiratory symptomatology, but to a 
lesser extent than allergenic laryngospasm [16].

 Treatment

The management and treatment of anaphylaxis in pregnant women does not differ 
from non pregnant ones and should be established as soon as possible and intense, 
to avoid fatal outcomes, based on the knowledge of its pathophysiology and the 
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expertise of the professional who attends the patient during the anaphylactic epi-
sode; as it is an emergency, it will depend on available resources and accessibility to 
a hospital in order tu ensure such assistance.

In this context, the management of symptoms, specifically respiratory and car-
diocirculatory, should be set as primary objectives, in addition to controlling the 
proliferation of histochemical mediators, as well as their involvement in target 
organs [2].

So the sequence of management and treatment of both anaphylaxis and anaphy-
lactic shock includes an ABCDE approach:

• The pregnant woman should be placed in the left lateral recumbency to avoid 
compression of the vena cava by the pregnant uterus.

• Verify the permeability of the airway, and ensure it definitively if it is necessary 
with tracheal intubation and ventilation with 100% FiO2 in case it had not been 
performed.

• Determine the presence of signs of acute respiratory failure (frequency and respi-
ratory pattern), oxyhemoglobin saturation, and if it is feasible to request an arte-
rial gas study.

• Evaluate the circulatory state, taking into account that due to its physiological 
changes, hypotension is a late sign of shock; also observing semiological signs 
of poor tissue perfusion (sensory, capillary filling, diuresis).

• Establish the state of consciousness: disorientation, confusion, and agitation.
• Immediately discontinue any drug suspected of causing the reaction and change 

the venoclysis equipment if it had one [17].
• The first-line drug for the treatment of anaphylaxis is epinephrine (or adrena-

line). Initial dose 0.2–0.5 mg/kg and repeat at a dose of 0.1–0.2 mg/kg until the 
desired effect is obtained. The total dose can reach 5–10 mg. It has been found 
that the intramuscular route (in the anteromedial of the thigh) is better than the 
subcutaneous one used previously, leaving intravenous route to be administered 
in medical centers with closer monitoring and specialized surveillance support. 
It relieves airway obstruction caused by beta-2 adrenergic effects given by muco-
sal edema, as well as smooth muscle constriction [18].

• Antihistamines are used to reverse the cutaneous symptoms, to which corticoste-
roids can be added, especially when trying to avoid the recurrence of symptoms 
several hours later, which is called biphasic anaphylaxis.

• In cases where bronchospasm does not yield with the administration of adrena-
line, bronchodilators such as salbutamol aerosol and aminophylline intrave-
nously and corticosteroids (1 g of methylprednisolone, 500 mg hydrocortisone)
can be used.

• The use of sodium bicarbonate is indicated if severe metabolic acidosis coexists, 
previously assessing the acid/base state by arterial gasometry, which allows 
defining the necessary dose; however, its use in obstetrics is controversial.
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• It  is necessary to initiate vasopressor support (norepinephrine, dobutamine) in 
order to maintain acceptable haemodynamics, when hypotension is refractory to 
crystalloid therapy.

• Stop anesthesia if the reaction occurs at induction and end the intervention as 
quickly as possible; in patients at risk of developing histamine release, it is pref-
erable to resort to inhalation anesthetics. However, there are more risks than 
benefits in the case of pregnant patients, because they can increase uterine con-
traction and possible fetal death, which adds to a potential vasodilation bleed-
ing [19].

• In postpartum anaphylaxis, given by factors associated with breastfeeding (not 
specified due to their peculiarity), there is no clear evidence on the interruption 
of breastfeeding, since, in certain cases, after receiving an adequate treatment, 
the symptoms give way completely, but in other cases they show itching as a 
sequel [14, 20].

Patients who have presented anaphylaxis can keep hypotension, bronchial spasm, 
and laryngospasm present for several hours or days despite having received a cor-
rect and timely treatment. 20% of patients may have a recurrence of anaphylactic 
shock within the first 24 hours, so their in-hospital management must be done in an 
Intensive Care Unit [6].

 Key Concepts

• Early recognition of anaphylactic shock alarm signs.
• Continuous monitoring of the mother and fetus.
• Place the patient in left lateral recumbency.
• Early and adequate resuscitation for pregnant women improves the prognosis of 

the fetus.
• The mother’s life must be prioritized over the fetus.
• Interrupting the pregnancy can give the mother more opportunity, in case of a 

critical condition.
• The management and treatment should be early and urgent but does not differ 

from that of the non-pregnant woman.
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Chapter 27
Sepsis and Septic Shock in Pregnant 
Patient

Carlos E. Orellana-Jimenez, Jorge Hidalgo, Zulmi Aranda, and Adel Alsisi

 General

The Third International Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3) defines sepsis as “a life-threatening organic disorder caused by a dys-
regulated host response to infection” and septic shock as “a subset of sepsis that 
includes circulatory and cellular/metabolic disorders associated with an increased 
risk of mortality” [1]. Despite advances in critical medicine, the global incidence of 
sepsis is high, according to estimates of around 50,000,000 cases per year, and the 
estimated global mortality secondary to septic shock is 11,000,000 per year [1]. 
This makes it a real emergency, making its early diagnosis and timely treatment 
imperative.

 Terminology

Systemic inflammatory response syndrome (SIRS): a systemic inflammatory 
response manifested by two or more of the following conditions: (1) temperature 
>38  °C or <36  °C; (2) heart rate >90/min; (3) respiratory rate >20/min or CO2 
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arterial pressure (paCO2) <32 mm Hg; and (4) white blood cell count >12,000 or 
<4000/mm3 or >10% immature neutrophils.

Sepsis: a life-threatening organic disorder caused by a dysregulated host response 
to infection

Septic shock: a subset of sepsis that includes circulatory and cellular/metabolic 
disorders associated with an increased risk of mortality, in which there is hypoten-
sion that requires vasopressors to maintain mean arterial pressure (MAP) >65 mm 
Hg and a level of arterial lactate >2 mmol/L (18 mg/dL)

Maternal sepsis: organic dysfunction resulting from infection during pregnancy, 
birth, post-abortion, or postpartum

Organic dysfunction: is one that can be identified as an acute change in the total 
SOFA score >2 points, consistent with infection

 Epidemiology

Globally, sepsis directly causes more than 260,000 maternal deaths a year. The 
incidence of sepsis varies from a developed country to a developing one and even 
within each country or city. Globally, 5% of maternal deaths occur in developed 
countries and 11% in developing countries [2]. This incidence is 0.47:1000 births 
in the UK; 0.2:1000  in the USA; and 0.1:1000  in Scotland [3]. Meanwhile, the 
prevalence of maternal mortality from sepsis is 0.8:100,000 births [4]. The preva-
lence of sepsis in pregnancy is 1:1000 pregnancies [5–8], of which half progress to 
multiple organ dysfunction and 3–4% to septic shock [8], with global mortality. Of 
approximately 1:100,000 pregnancies [9], urinary infections, community-acquired 
pneumonia, and acute appendicitis are the most frequent causes of non-obstetric 
sepsis [3]. In developing countries, endometriosis, chorioamnionitis, and septic 
abortion are the predominant infections [10], and with acute respiratory distress 
syndrome, they are the most frequent causes of maternal mortality [11]. The preva-
lence among deaths from sepsis in obstetric patients is mainly due to lung infec-
tion [12].

During pregnancy, infections caused by different microorganisms may occur; 
this as a consequence of the decreased immune response. There is an increased 
frequency of suffering sepsis from Gram-negative microorganisms, and morbidity 
and mortality are increased compared to that observed in women without pregnancy 
[13]. Likewise, among some patients, there is a genetic predisposition to suffer sep-
sis and increase the risk of mortality when the infection develops [14].

It should be borne in mind that the cesarean section increases the risk of infection 
by around five times among obstetric patients and that the prevalence increases by 
50% if performed urgently [15]. It should also be borne in mind that the cesarean 
section involves the use of bladder catheterization that predisposes to urinary infec-
tions in those patients who use epidural anesthesia. Moreover, in those that undergo 
spinal anesthesia, it conditions respiratory infections because it can suppress the 
cough reflex for up to 4 hours after birth [16].
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Among the main risk factors for maternal sepsis, the following are reported: 
cesarean delivery, obesity, home delivery, low socioeconomic status, malnutrition, 
anemia, immunosuppression, prolonged premature rupture of membranes, diabetes, 
history of cervical-vaginal infections, the performance of more than five vaginal 
touches during labor, cerclage, multiple pregnancies, bruising, assisted reproduc-
tion techniques, and instrumented labor [9, 17].

 Sepsis and the Pregnant Patient

In the case of pregnant patients, there are physiological changes typical of their 
pregnancy, such as changes in heart rate, respiratory rate, and white blood cell count 
with respect to their non-pregnant controls (see Table 27.1).

T lymphocytes (thymus derivatives) represent cellular immunity, and B lympho-
cytes represent humoral immunity, which interacts collaboratively. The action of T 
lymphocytes is shown through two subgroups of cells: helper T lymphocytes 
(LThelper), which are subdivided into LTh1 and LTh2. LTH1s produce interferon- 
gamma, interleukin 2, and tumor necrosis factor, which are involved in macrophage 
activation and immune reactions against intracellular pathogens, as well as in 

Table 27.1 Physiologic changes during pregnancy

System Baseline changes Physiologic impact

Cardiovascular Decreased arterial pressure
Increased heart rate and cardiac 
output

Increased risk of hypoperfusion in sepsis
Abnormal baseline may mask signs of 
sepsis

Gastrointestinal Decreased esophageal tone and 
delayed gastric emptying

Aspiration pneumonia risk
Increased aspiration risk with airway 
interventions

Genitourinary Decreased vaginal pH Increased risk of chorioamnionitis
Hematology Increased plasma volume without 

proportional increase in red cell 
mas, hemoglobin
Increased production of factors 
VII, VIII, IX, X, XII and von 
Willebrand factor

Physiologic anemia, decreased O2 supply 
to tissues
Increased risk of disseminated 
intravascular coagulation and venous 
thromboembolic disease

Respiratory Increased tidal volume and minute 
ventilation with typically 
unchanged respiratory rate
Decreased residual volume due to 
elevate diaphragm

Decreased partial paCO2 levels (a 
“normal” blood gas may therefore reflect 
impeding respiratory failure)
Decreased oxygenation with faster rate of 
desaturation

Renal Ureteral dilation and increased 
vesicoureteral reflux
Increased renal plasma flow and 
glomerular filtration rate

Increase risk of pyelonephritis
Abnormal baseline may mask renal injury 
in sepsis

PaCO2 partial pressure of carbon dioxide
Reproduced from: Bridwell et al. [40]
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late-type and cytotoxic hypersensitivity reactions, while both LTh2 release interleu-
kins 4, 5, 6, 9, and 10 that facilitate the production of antibodies, necessary for 
immunity against extracellular microorganisms. Both groups complement and 
inhibit each other, depending on the circumstances. Furthermore, in pregnancy, 
there is a decrease in the number and action of T lymphocytes and natural killer 
cells (natural killer, NK), which is estimated to correlate with the reduction of cel-
lular immunity [18].

Thus, the readjustment of the immune system during pregnancy is not antagonis-
tic, but it becomes less aggressive but competent.

These physiological adaptations of pregnancy start from conception and can per-
sist until 6 weeks after delivery [19]. Therefore, a significant proportion of sepsis- 
related morbidity and mortality occurs in the first trimester and the puerperium [20] 
(Table 27.2). There is evidence to suggest that childbirth and the puerperium may 
increase the risk 2–3 times when compared to the prenatal period, which in countries 
with low or lower middle income can increase the fatality rate by as much as 50% [21].

 Diagnostic Tools

The World Health Organization defines maternal sepsis as “the organic dysfunction 
resulting from infection during pregnancy, birth, post-abortion or postpartum” [8].

Infection is defined as any process caused by the invasion of normally sterile tis-
sues, liquids, or cavities, by pathogenic or potentially pathogenic microorganisms 
that initiate a systemic inflammatory response in the host [1].

When this response is dysregulated, it causes sepsis, which in the recent past was 
categorized as systemic inflammatory response syndrome (SIRS) that accompanied 
the infection, which was deprecated because it was nonspecific and because it could 
reflect a normal adaptive response of the host to localized infection [12].

In this sense, the early detection of sepsis in a pregnant patient is a more signifi-
cant challenge that requires clinical suspicion and the help of simple diagnostic 
tools that can be used in different settings outside the intensive care unit (ICU). 
Thus, the Quick SOFA (qSOFA) arises, which is defined by the presence of at least 
two of the following clinical criteria [1, 5]:

• Respiratory rate is higher than 22 breaths per minute.
• Systolic blood pressure less than 100 mm Hg.
• Alteration of the mental state (Glasgow Coma Score less than 15 points).

Table 27.2 Common sources of infection in sepsis

Variables Antepartum Postpartum

Obstetric Septic abortion
Chorioamnionitis

Endometritis
Wound infection

Nonobstetric Urinary tract infection
Pneumonia
Appendicitis

Urinary tract infection
Pneumonia
Gastrointestinal

Reproduced from: Society for Maternal-Fetal Medicine (SMFM), Plante et al. [41]
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It must be taken into account that the qSOFA was performed from a population 
of which half were male with an average age of 61 years [4], a situation whereby the 
qSOFA variables were adapted to the obstetric population (Table 27.3). It should 
also be emphasized that this score should be used in scenarios outside the ICU since 
the SOFA (Sequential Organ Failure Assessment) score is recommended within it 
[1]. However, the SOFA score has not had adequate prospective validation in popu-
lations of pregnant and postpartum patients. The studies that exist to date have been 
small and retrospective and in environments with limited resources, so some modi-
fications were made to the original SOFA score to adapt it to said population 
(Table 27.4).

There are other diagnostic tools that have been used to evaluate the early detec-
tion of sepsis in pregnant patients; among them, we have the Modified Early Warning 
Score (MEWS), which proved not to be useful in identifying the risk of sepsis, ICU 
admission, or death [6, 8]. Another score used is in the National Early Warning 
Score (NEWS), which has shown reasonable specificity among patients with sepsis, 
but has not been studied in pregnant patients. Because of the above, the Modified 
Early Obstetric Warning Score (MEOWS) was created to study the population of 
pregnant women [6]. However, it was not created to evaluate pregnant patients 
with sepsis.

Table 27.3 Obstetrically modified qSOFA score

Parameter
Score
0 1

Systolic blood pressure
Respiratory rate
Altered mentation

≥90 mm Hg
Less than 25 breaths/min
Alert (GCS 15 puntos)

<90 mm Hg
≥ 25 breaths/min or greater
No alert (GCS < 15 puntos)

Min minute, mm Hg millimeters of mercury, qSOFA quick Sequential (sepsis-related) Organ 
Failure Assessment score, GCS Glasgow Coma Score
Reproduced from: Bowyer et al. [4]

Table 27.4 Obstetrically modified Sequential Organ Failure Assessment (SOFA) score

PUNTAJE
System Item 0 1 2

Respiration PaO2/FIO2,
mm Hg (kPa)

≥400 
(53.3)

300 to <400 <300

Coagulation Platelets, ×103/μL ≥150 100–150 <100
Cardiovascular Mean arterial pressure, 

mm Hg
≥70 <70 Vasopressors

Liver Bilirubin, mg/dL 
(μmol/L)

≤1.2 (20) 1.2–1.9 (20–32) >1.9 (>1.32)

Central nervous 
system

Glasgow Coma Scale Alert Rousable by 
voice

Rousable by 
pain

Renal Creatinine, mg/dL (μmol/
dL),

≤1.02 (< 
90)

1.02–1.36 
(90–120)

>1.36 (>120)

Adapted from: Bowyer et al. [4]
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In 2014, the SOS (Sepsis in Obstetric Score) was described (Table 27.5), which 
is proposed to be used in obstetric or postpartum patients within the first 2 weeks 
with sepsis; those patients who achieve a score of at least 6 require ICU care [22].

Another parameter that can be used to detect sepsis is the Shock Index (HF), 
which is the ratio of heart rate to systolic blood pressure (HR/SAT); a recent study 
showed that the “worst” HF recorded has an excellent negative predictive value for 
maternal death in the context of sepsis [23].

A sequence of cellular responses to the presence of sepsis has been described 
[24] (Table 27.6).

Early diagnosis of sepsis through these signs allows:

• Establish if the clinical picture is of infectious origin.
• Determine if you meet the criteria for sepsis or septic shock.
• Predict the probable source focus.
• Consider the existence of underlying diseases and risk factors.

Table 27.5 Sepsis obstetric score (SOS)

Item 4 3 2 1 0 1 2 3 4

T° °C >40.9 39–
40.9

38.5–
38.9

36–38.4 34–
35.9

32–
33.9

30–
31.9

<30

TAS mm Hg >90 70–90 <70
FC beats/min >179 150–

179
130–
149

120–
129

<119

FR breaths/
min

>49 35–49 25–34 12–24 10–11 6–9 <5

SatO2 % >92 90–91 85–
89

<85

GB ×103/μL >39.9 25–
39.9

17–24.9 5.7–16.9 3.5–6 1–2.9 <1

Arterial 
lactate

mmol/L >4 <4

SatO2 oxygen saturation, mm Hg millimeters of mercury, °C Celsius degrees
Adapted of: Knowles et al. [21]

Table 27.6 Sepsis signs continuum

Initial signs Early hours More than 24 hours

Impaired consciousness
Shivering
Hyperthermia
Arterial hypotension
Tachycardia
Tachypnea

Cutaneous vasodilation
Oliguria
Dyspnea
Rales
Prolonged expiration
Leukocytosis or leukopenia

Increase of the uremia
Edema
Hyponatremia
Hepatic injury
Adynamic ileus
Thrombocytopenia

There are initial signs of sepsis, which, if not treated, progress to more severe signs of systemic 
compromise
Reproduced from: Malvino [42]. CC-BY
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 Septic Shock

Relative hypovolemia, myocardial dysfunction, peripheral vasodilation, and hypo-
sensitivity to catecholamines by alpha-adrenergic receptors are causes that can lead 
to hypotension. The absence of hypotension does not rule out the existence of shock.

Septic shock refers mainly to a distributive shock, characterized by peripheral 
vasodilation with ineffective availability and oxygen extraction despite present-
ing low, normal, or increased cardiac output. There is an interaction between 
abnormal peripheral vasodilation, relative or absolute hypovolemia, abnormal 
ventricular function, and changes in the distribution of blood flow in the micro-
circulation [25]. Despite effectively replenishing intravascular volume and 
improving cardiac output, alterations in microcirculation can persist, severe con-
ditioning alterations in tissue metabolism with tissue dysfunction (Table 27.7).

Another parameter that can be useful in determining the presence of systemic 
hypoperfusion is the value of the central venous oxygen saturation, which can be 
obtained with a conventional central venous catheter. This saturation will depend 
on cardiac output, arterial oxygen saturation, and hemoglobin concentration, as 
well as peripheral oxygen consumption. The importance of this parameter lies in 
highlighting the presence of inadequate resuscitation when it is decreased [26].

Septic shock during pregnancy is relatively rare, and mortality is lower when 
compared to non-pregnant patients. It has a frequency of 0.002–0.01% of all deliv-
eries and 0.3–0.6% of pregnant women with sepsis. There are different causes that 
can cause septic shock, which is listed in Table 27.8.

In conclusion, septic shock is the most extreme and intense expression of micro-
circulatory compromise in sepsis, mainly due to less tissue oxygen extraction [27].

 Management of Maternal Sepsis

The current management of sepsis is based on the extrapolation of sepsis scoring systems 
(except for the SOS score), investigation, and treatment in non-pregnant populations.

Table 27.7 Organ damage by sepsis

Organ system Clinical features

Central nervous 
system

Altered mental status

Cardiovascular system Hypotension from vasodilation and third spacing; myocardial 
dysfunction

Pulmonary system ARDS
Gastrointestinal 
system

Paralytic ileus
Hepatic failure or abnormal transaminases

Urinary system Oliguria or acute kidney injury
Hematologic system Thrombocytopenia or disseminated intravascular coagulopathy
Endocrine system Adrenal dysfunction and increased insulin resistance

Adapted of: Society for Maternal-Fetal Medicine (SMFM), Plante et al. [41]
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Initial management should include simultaneous actions such as taking samples 
for cultures (if it does not imply a delay in the administration of antibiotics), judi-
cious resuscitation with liquids, early initiation of antibiotics, and determination of 
infectious focus, among others (see Fig. 27.1; Table 27.9).

Table 27.8 Etiology of 
septic shock in pregnant 
patients

Puerperal endometritis 70–85%
Acute pyelonephritis 1–4%
Postpartum vaginal endometritis 1–4%
Septic abortion 1–2%
Surgical wound infections 1–2%
Pneumonia 2%
Chorioamnionitis 0.5–1%
Toxic shock syndrome <1%
Other causes: <1%
  Appendicitis
  Cholecystitis
  Pelvic septic thrombophlebitis
  Infection secondary to invasive procedures
   Infected cerclage
   Necrotizing fasciitis
   Post-amniocentesis chorioamnionitis

Adapted of: Albright et al. [22]

Suspect sepsis

Within 1 hour of suspect 
diagnosis: 

•  Obtain cultures and serum 

lactate. 

•  Administer broad-

spectrum antibiotics. 

•  Initiate fluid therapy (up to 

30 mL/kg of crystalloid 

initially) to maintain mean 

arterial pressure > 65 mm 

Hg (lower values may be 

acceptable in pregnancy;  

INDIVIDUALIZE) 

•  Start norepinephrine through 

central line if mean arterial 

pressure < 65 mm Hg and 

evidence of hypoperfusion. 

•  Start low dose steroids 

(hydrocortisone 200 mg/day 

in a continuous infusion) if 

no response to 

norepinephrine. 

•  Achieve early source control 

(use imaging studies as 

indicated) 

•  Consider electronic fetal 

monitoring at 24 weeks of 

pregnancy. 

•  Consider steroids for fetal 

lung maturity after 23 to 24 

weeks of pregnancy. 

•  Early enteral feeding. 

•  Initiate deep venous 

thrombosis prophylaxis. 

•  Avoid hyperglycemia 

above 180 mg/dL. 

Fig. 27.1 Initial treatment of sepsis during pregnancy. (Adapted of Society for Maternal-Fetal 
Medicine (SMFM), Plante et al. [41])
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 Antibiotics

The most frequently isolated microorganisms in maternal sepsis are group A and 
group B Escherichia coli and Streptococcus [28, 29], although staphylococci, 
Gram-harmful, and anaerobic bacteria have been reported. Mixed infections are 
also possible and have been identified in 15% of maternal deaths from sepsis [30] 
(Table 27.10).

The use of broad-spectrum antibiotics is recommended to be administered as 
quickly as possible, ideally within 1 hour and hour, in any pregnant or postpartum 
patient in whom sepsis is suspected (Grade 1B) [5]. Antibiotics will be modified to 
a narrower spectrum and focused according to the results of the cultures. Molecular 

Table 27.9 Summary of recommendations in pregnant patients with sepsis

Number Recommendation Grade

1 We recommend that sepsis and septic shock be considered 
medical emergencies and that treatment and resuscitation for 
sepsis begin immediately

1B
Strong 
recommendation, 
moderate-quality 
evidence

2 We recommend that providers consider the diagnosis of 
sepsis in pregnant patients with otherwise unexplained 
end-organ damage in the presence of an infectious process, 
regardless of the presence of fever

1B
Strong 
recommendation, 
moderate-quality 
evidence

3 We recommend that empiric broad-spectrum antibiotics be 
administered as soon as possible, ideally within 1 hour, in 
any pregnant woman in whom sepsis is suspected

1B
Strong 
recommendation, 
moderate-quality 
evidence

4 We recommend obtaining cultures (blood, urine, respiratory, 
and others as indicated) and serum lactate levels in pregnant 
or postpartum women in whom sepsis is suspected or 
identified. Early source control should be completed as soon 
as possible

1C
Strong 
recommendation, 
low-quality evidence

5 We recommend early administration of 1–2 L of crystalloid 
solutions in sepsis complicated by hypotension or organ 
hypoperfusion

1C
Strong 
recommendation, 
low-quality evidence

6 We recommend the use of norepinephrine as the first-line 
vasopressor during pregnancy and the postpartum period in 
sepsis with persistent hypotension and/or hypoperfusion 
despite fluid resuscitation

1C
Strong 
recommendation, 
low-quality evidence

7 We recommend against immediate delivery for the sole 
indication of sepsis and that delivery should be dictated by 
obstetric indications

1B
Strong 
recommendation, 
moderate-quality 
evidence

Reproduced from: Society for Maternal-Fetal Medicine (SMFM), Plante et al. [41]
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techniques can improve the ability to identify undetected organisms based on cul-
ture methods.

As for monitoring the response to antibiotics in pregnant patients with sepsis, 
procalcitonin has a role in determining since the values   have not been defined in this 
population, and these values   must be considered individually, taking into account 
the clinical condition of the patient. A recent review [31] showed that the available 
evidence is of moderate quality with insufficient sample power per outcome, con-
cluding that procalcitonin-guided antimicrobial therapy is not supported for patients 
with sepsis. More data is needed to support the use of procalcitonin in obstetric 
patients.

 Resuscitation with Fluids

Fluid resuscitation should be part of the initial intervention if there is hypotension 
or hypoperfusion. Fever, venodilation, and capillary leak lead to inadequate preload 
in patients with sepsis. The Surviving Sepsis Campaign recommends an initial 
bolus of 30 mL/kg of crystalloid solution [32], but this recommendation may be too 
aggressive in pregnant patients, in whom the colloid-oncotic pressure is lower, and 
the risk of pulmonary edema is higher [5]. Only about 50% of hypotensive patients 

Table 27.10 Proposed broad-spectrum empiric antibiotic coverage in sepsis complicating 
pregnancy

Source infection Recommend antibiotics

Community-acquired 
pneumonia

Cefotaxime, ceftriaxone, ertapenem, or ampicillin plus azithromycin, 
clarithromycin, or erythromycin

Hospital-acquired 
pneumonia

Low-risk patients may be treated with piperacillin-tazobactam, 
meropenem, imipenem, or cefepime
Patients at high risk may be need double coverage for Pseudomonas 
(beta-lactam plus an aminoglycoside or a quinolone) and MSRA 
coverage with vancomycin or linezolid

Chorioamnionitis Ampicillin plus gentamicin. Add anaerobic coverage with clindamycin 
or metronidazole is cesarean delivery required

Endomyometritis Ampicillin, gentamicin, and metronidazole (o clindamycin)
Alternatively may use cefotaxime or ceftriaxone plus metronidazole

Urinary tract infections Gentamicin with ampicillin
Alternatively, may use monotherapy with a carbapenem or 
piperacillin-tazobactam

Abdominal infections Ceftriaxone, cefotaxime, ceftazidime, or cefepime plus metronidazole
Complicate cases may require monotherapy with a carbapenem or 
piperacillin-tazobactam

Skin and soft tissues 
(necrotizing)

Vancomycin plus piperacillin-tazobactam
If Streptococcus group A or Clostridium perfringens are present, use 
penicillin G plus clindamycin.

MRSA methicillin-resistant Staphylococcus aureus
Reproduced from: Society for Maternal-Fetal Medicine (SMFM), Plante et al. [41]
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are fluid responders, and in those who are not, aggressive fluid administration can 
produce left ventricular dysfunction secondary to ventricular wall edema; pulmo-
nary edema; cerebral edema; intestinal edema with increased pressure, intra- 
abdominal; and higher mortality [33].

In most pregnant patients, the initial administration of 1–2 L of crystalloids is 
reasonable. Patients who are responders to liquids must be identified after the initial 
bolus in order to continue with fluid resuscitation. It is recommended to use dynamic 
variables to monitor the preload, among which the variation of the pulse pressure, 
passive leg elevation, and point of care ultrasound (POCUS) can be mentioned.

 Placement in Left Side Decube

Usually, pregnant patients with hypotension are placed in left lateral decubitus, 
mainly in the third trimester. One study showed that this intervention increased the 
diameter of the inferior vena cava (measured by ultrasound) by a maximum of 76% 
(average of 29%) among the study patients; however, 25% of patients achieved their 
largest inferior vena cava diameter by being in the supine position [34]. Another 
study found, via nuclear magnetic resonance imaging, that cardiac output in preg-
nant patients in the third trimester decreased by 16.4% when moving from the left 
lateral to the supine position, with a decrease in the diameter of the inferior vena 
cava at its origin in 85.3% and 44.4% at the level of the renal veins, with an increase 
in diameter of 220% in the azygos vein [35].

In conclusion, placing hypotensive pregnant women in left lateral decubitus 
improves venous return and, therefore, cardiac output.

 Vasopressors and Inotropes

In pregnant patients with sepsis who are not responsive or who are not candidates 
for fluid resuscitation (e.g., patient with acute pulmonary edema), vasopressors 
should be used to increase blood pressure. The purpose of vasopressors is to con-
strict the pathologically dilated systemic circulation and to maintain adequate perfu-
sion. The Surviving Sepsis Campaign recommends norepinephrine as the first-line 
drug, with the goal of mean arterial pressure (MAP) of at least 65 mm Hg, although 
this goal has not been studied in pregnant women with sepsis. Therefore, determin-
ing the goal of MAP in this type of patient should be individualized, considering the 
perfusion of all the organs. Health professionals should not hesitate to administer 
norepinephrine when indicated in a pregnant patient with sepsis.

Norepinephrine has been studied in pregnancy and is often used to maintain 
blood pressure in regional anesthesia in the case of cesarean section [36].
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Dobutamine is an inotrope (increases cardiac output) and is recommended in the 
setting of myocardial dysfunction or continuous hypoperfusion despite therapy with 
fluids and vasopressors [32].

 Steroids

Steroids are recommended in non-pregnant patients in whom hemodynamic insta-
bility does not respond with the use of vasopressors due to the possibility of sepsis- 
induced adrenal failure [32]. There is no evidence at the moment in pregnant 
patients. There is a recommendation in a guideline to use steroids in pregnant 
women with sepsis [5].

 Indication of Labor in Patients with Sepsis

The only indication for delivery due to the mere presence of sepsis is in cases of 
chorioamnionitis.

The decision to carry the pregnancy to term must be individualized and will 
depend on the gestational age as well as the maternal and fetal conditions. In most 
cases, resuscitation improves maternal hemodynamics, which results in the improve-
ment of uteroplacental perfusion and, consequently, in the improvement of the fetal 
condition. Delivery should be reserved for usual obstetric indications after the sta-
bilization of the mother. There is no evidence that childbirth improves maternal 
outcomes [5].

The primary objective should be hemodynamic  support therapy for the maternal 
benefit and antibiotic treatment with adequate control of the focus of infection.

Corticosteroids for fetal lung maturation are not contraindicated and may be 
used in sepsis if their use is indicated [5]. They are recommended in pregnant 
women with sepsis who are between weeks 24 and 33 with 6 days, with a risk of 
preterm delivery within the next 7 days [37].

 Glycemic Control and Prophylaxis 
for Venous Thromboembolism

Maternal hyperglycemia can directly cause fetal hyperglycemia, and this can lead to 
acidosis, decreasing uterine blood flow, and fetal oxygenation [5]. Maternal serum 
glucose levels should be kept below 180 mg/dL.

Pregnancy itself increases the risk of deep vein thrombosis fivefold compared to 
non-pregnant patients [38]. In patients with septic shock who had prophylaxis for 
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venous thrombosis, there was a 37% incidence of this pathology despite prophy-
laxis interventions. As pregnant patients are at high risk of venous thromboembo-
lism, therefore, in patients without contraindications, they should use intermittent 
lower limb compression devices and either a daily dose of low molecular weight 
heparin or the administration of heparin 2–3 times a day. Unfractionated [5, 38].

 Considerations on Studies in Progress

The Global Maternal Sepsis Study (GLOSS) [39] and the awareness campaign were 
implemented in 53 low-, middle-, and high-income countries in late 2017. The main 
objectives of the Global Maternal Sepsis Study (GLOSS) are:

 1. Develop and validate a set of criteria for the identification of possible severe 
maternal infection (suspected maternal sepsis) and maternal sepsis (confirmed 
sepsis).

 2. Evaluate the frequency and results of maternal sepsis in low- and middle-income 
countries compared to high-income countries.

 3. Evaluate the frequency of use of a basic set of recommended practices for pre-
vention, early identification, and management of maternal sepsis. Through the 
evaluation of the campaign we seek.

 4. Explore the level of awareness of maternity and neonatal sepsis among health-
care providers, policymakers, and the general public, including pregnant women, 
mothers, and their families.

The results will provide global information on maternal sepsis. The final expected 
impact of the study is to improve early detection and management of women 
with sepsis.
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Chapter 28
Chorioamnionitis

Laura Pilar Vélez Batista

Chorioamnionitis (intra-amniotic infection) is an acute inflammation of the mem-
branes, amniotic fluid, and chorion of the placenta, typically due to ascending poly-
microbial bacterial infection in the setting of rupture of membranes. According to 
Higgins et al., it represents Intrauterine Infection and/or Inflammation (Triple-I) [1, 2].

Chorioamnionitis can occur with intact membranes, and this seems especially 
common with genital mycoplasmas, such as Ureaplasma species and Mycoplasma 
hominis, found in the lower genital tract of more than 70% of women [1].

Intraamniotic infection is present in 10–15% of patients with an episode of pre-
term birth and nearly 50% of very early preterm births [3]. Clinical infection also 
complicates 1% of term pregnancies.

The route of infection is usually migration (ascending bacterial invasion) from 
the cervicovaginal area, with progression to the amnion, decidua, and amniotic 
fluid [4].

The infection is typically polymicrobial; some common organisms associated 
with chorioamnionitis include Ureaplasma (47%), Mycoplasma (30%), Gardnerella 
vaginalis (25%), Bacteroides (30%), gram-negative rods including Escherichia coli 
(8%), and group B streptococcus (15%) [1]. GBS specifically has wide variability 
in prevalence among global populations [5]. Fungi can also be found; women who 
become pregnant while using intrauterine contraceptive devices are at high risk for 
intraamniotic infection with Candida albicans [6]. Bacteremia occurs in up to 10% 
of cases, especially with E. coli and group B streptococcal infection [4].

Intraamniotic infection also can occur, after invasive procedures (e.g., amniocen-
tesis or chorionic villus sampling) [7] or by hematogenous pathway secondary to 
maternal systemic infection. Microorganisms such as Listeria monocytogenes, 
Treponema pallidum, Yersinia pestis, Cytomegalovirus, Plasmodium species, and 
others can gain access through the maternal circulation to the intervillous space, 
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from where they invade the villi and the fetal circulation. Bacteria involved in peri-
odontal disease may use this pathway to reach the amniotic cavity [6].

Chorioamnionitis is a serious obstetric infection and is associated with increased 
risk of premature delivery and neonatal sepsis [4].

Table 28.1 Risk factors [1, 4]

Prolonged labor
Longer duration of rupture of membrane
Nulliparity
Multiple digital vaginal examinations
Presence of genital trace pathogens
Young age
Alcohol or drug abuse
Immunocompromised states

 Clinical Signs and Symptoms

The patient presents sepsis, maternal tachycardia (>100 beats/min), fetal tachycar-
dia (persistent elevation of fetal heart rate >160 beats/min), uterine tenderness, and 
purulent or foul vaginal discharge. Fever is present in almost all instances and is 
essential for diagnosis [4, 8].

Temperature greater than 100.4 °F (38 °C) is considered abnormal in pregnancy 
and warrants evaluation and appropriate intervention [1].

ACOG, in an expert workshop executive summary, defined isolated maternal 
fever as either a single oral temperature of 39 °C or greater, or an oral temperature 
of 38–38.9  °C that persists when the temperature is repeated after 30  minutes. 
Suspected intraamniotic infection is based on clinical criteria, which include 
maternal intrapartum fever and one or more of the following: maternal leukocytosis, 
purulent cervical drainage, or fetal tachycardia. The exact mechanism of such an 
effect remains unclear, although fetal hyperthermia (and associated changes in 
metabolic rate) is hypothesized to potentiate the negative effects of tissue hypoxia. 
Currently, given the potential benefits for the woman and newborn, antibiotics 
should be considered in the setting of isolated maternal fever unless a source other 
than intraamniotic infection is identified and documented [7].

Noninfectious causes of fever include use of epidural analgesia during labor, 
hyperthyroidism, dehydration, elevated ambient temperature, and the use of 
pyrogens such as prostaglandin E2 for the induction of labor [2].

Maternal tachycardia may be present in the absence of chorioamnionitis and 
requires careful assessment for alternative origins. Medications, such as ephedrine, 
antihistamines, and b-agonists, may raise maternal or fetal heart rate.
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The combination of maternal fever and maternal or fetal tachycardia is strongly 
suggestive, however, of intrauterine infection and should be treated accordingly [1].

 Diagnosis

It can be confirmed with Gram stain, culture of amniotic fluid, or both and bio-
chemical analysis, but for most women at term who are in labor, the diagnosis is 
primarily made using clinical criteria.

 Blood Tests

• Complete blood cell count: Maternal leukocytosis (white blood cell >15,000 
cells/mm3) or the presence of a left shift or bandemia (>9%) often supports the 
diagnosis of chorioamnionitis. Leukocytosis is reported in approximately 
70–90% of cases of clinical chorioamnionitis. Isolated leukocytosis in the 
absence of other signs or symptoms, however, is of limited value because it may 
be induced by several other conditions, including labor and steroid use.

• High levels of C-reactive protein (CRP), lipopolysaccharide-binding protein, 
soluble intercellular adhesion molecule 1, and interleukin (IL)-6 are associated 
with a higher risk of chorioamnionitis in the setting of preterm premature rupture 
of membranes (PPROM) or preterm delivery. Their usefulness for the diagnosis 
or prediction of chorioamnionitis, however, as part of routine clinical practice is 
not established.

 Amniotic Fluid Testing

Tests on amniotic fluid, usually obtained by amniocentesis, have been used for the 
diagnosis of chorioamnionitis. Culture of amniotic fluid is the most reliable test but 
is of limited use because culture results may not be available for up to 3 days. In 
addition, because of the invasive nature of the procedure, amniocentesis is not 
performed in the majority of cases of chorioamnionitis, which occur during labor. 
Some clinicians use amniocentesis to confirm clinically suspected chorioamnionitis 
to determine whether or not preterm delivery is warranted (thus avoiding iatrogenic 
prematurity) [1, 4].

Confirmed intraamniotic infection among women in labor at term will most 
commonly be made after delivery, based on histopathologic study of the placenta.

Histologically, it is staged on the basis of specific criteria, with increasing neu-
trophil infiltration and the development of necrosis, amnion basement membrane 
thickening, and chorionic microabscesses being seen with increasing disease 
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severity. In addition, the fetal inflammatory response may progress from chorionic/
umbilical vasculitis (neutrophil infiltration in the chorionic or umbilical vessels) to 
necrotizing funisitis (inflammation of the connective tissue of the umbilical 
cord) [8].

 Treatment [7]

Empiric antibiotic coverage against aerobes and anaerobes should be initiated:

Table 28.2 Primary regimen includes

Ampicillin 2 g IV every 6 hours with Gentamicin 2 mg/kg IV load followed by 1.5 mg/kg every 
8 hours or 5 mg/kg IV every 24 hours
  Mild penicillin allergy
    Cefazolin 2 g IV every 8 hours with Gentamicin 2 mg/kg IV load followed by 1.5 mg/kg 

every 8 hours or 5 mg/kg IV every 24 hours
  Severe penicillin allergy
   Clindamycin 900 mg IV every 8 hours or
    Vancomycin 1 g IV every 12 hours with Gentamicin 2 mg/kg IV load followed by 1.5 mg/

kg every 8 hours or 5 mg/kg IV every 24 hours

 Alternative Regimens

Ampicillin–sulbactam 3 g IV every 6 hours
Piperacillin–tazobactam 3.375 g IV every 6 hours or 4.5 g IV every 8 hours
Cefotetan 2 g IV every 12 hours
Cefoxitin 2 g IV every 8 hours
Ertapenem 1 g IV every 24 hours
Clindamycin or metronidazole should be added to this regimen to enhance cov-

erage of anaerobic organisms if the patient requires cesarean delivery. Failure to add 
anaerobic coverage in patients who undergo a cesarean delivery will result in treat-
ment failure in up to 25% of patients [9].

Therefore, while antibiotic therapy cannot eradicate the infection, it is an impor-
tant pillar of management to prevent exacerbation of disease prior to delivery [2].

Intrapartum antibiotics also have been shown to decrease maternal febrile mor-
bidity and length of hospital stay. There is no benefit to continued oral antibiotics 
after parenteral therapy.

Intrapartum antimicrobial agents administered for suspected or confirmed 
intraamniotic infection should not be continued automatically postpartum; some 
cases need extension of antimicrobial therapy and should be based on risk factors or 
postpartum endometritis. Data suggest that women who have vaginal deliveries are 
less likely to have endometritis and may not require postpartum antibiotics. For 
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women undergoing cesarean deliveries, at least one additional dose of antimicrobial 
agents after delivery is recommended. However, the presence of other maternal risk 
factors such as bacteremia or persistent fever in the postpartum period may be used 
to guide continuation of antimicrobial therapy [7].

Delivery will provide source control and prevent neonatal complications, but 
time to delivery does not appear to impact outcome. Cesarean delivery is not 
indicated and should be reserved for the usual obstetric indications [4].

Sepsis can lead to hypotension and decreased renal perfusion, with resultant pre-
renal ischemia, and potentially to acute tubular necrosis [10]. Persistent sepsis after 
delivery and antibiotic therapy should prompt a search for necrotizing myometritis 
or pelvic abscess [11].

Intraamniotic infection can be associated with long-term complications for the 
infant, such as bronchopulmonary dysplasia and cerebral palsy, potentially due to 
the effect of inflammation alone [8, 12]. More recently, severe maternal infections 
that include clinical chorioamnionitis have been linked to autism spectrum disorder 
in children [13].

When treating septic abortion or chorioamnionitis, evacuation of the uterine con-
tents is necessary, because antibiotic penetration of the uterine cavity is subopti-
mal [14].

 Prognosis

The prognosis for women diagnosed with chorioamnionitis is generally good; how-
ever, intra-amniotic infection does increase the likelihood of labor abnormalities 
and leads to a twofold to threefold increased risk of cesarean section. It also increases 
the risk for wound infection, pelvic abscess, and postpartum uterine atony with 
hemorrhage, endometritis, peritonitis, sepsis, adult respiratory distress syndrome, 
intensive care unit admission, and rare instances, maternal mortality [2, 15, 16].
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Chapter 29
Pneumonia During Pregnancy

Alex Dagoberto Loarca Chávez

 Introduction

The community-acquired pneumonia is a potentially serious condition that can 
complicate particularly pregnant women; being the most common cause of fatal 
infection related causes nonobstetric pregnancy [1]. Pneumonia increases the risk of 
complications in the fetus also, as described by Madinger et al. [2]. Preterm labor 
occurs in 44% of patients with pneumonia, with a percentage of 36% of preterm 
births. The pregnant patient suffers anatomical, physiological, and immunological 
changes; related to the enlargement of the uterus and in response to physiological 
needs of pregnancy, these changes are occurred as the pregnancy progresses, which 
are reviewed in this chapter according to variants that can cause the pneumonia. The 
diagnosis is made in the same manner as in the general population, taking into 
account the limitations on radiation exposure. As ultrasound lung as a tool increas-
ingly present in the clinical approach, it is presented. The treatment is focused on 
the most frequent etiologic microorganisms, which are similar to nonpregnant yet 
taken in drugs that can cause harm to the fetus. There are risk factors inherent in 
pregnancy both to acquire pneumonia, as complications thereof, which are dis-
cussed in this chapter which are similar to nonpregnant; however it takes into drugs 
that can cause harm to the fetus.
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 Epidemiology

Different incidences have been reported associated with pneumonia in pregnancy, 
with variations in the course of recent decades. In the 1980s increased incidence 
was attributed to new immunodeficiencies HIV, drug abuse, and onset of chronic 
diseases in pregnant women, as the average age of pregnant patients was increas-
ingly reported. Benedetti et al. [3] in 1982 reported 0.4 per 1000 deliveries; Mandiger 
et al. [4] reported in 1989 0.78 per 1000 deliveries; Berkowitz and LaSlasa [5] in 
1990 reported 2.72 per 1000; Munn et al. [6] in 1999 reported 0.78 to 2.7 per 1000; 
Jin et al. [7] reported 1.47 per 1000 in Alberta, Canada; Plasencia W. et al. [8] in 
Gran Canaria, Spain, reported incidence of 0.79 per 1000.

 Physiological and Anatomical Changes in Pregnancy

First of all cardiac physiology evolves in pregnant according to demand during 
pregnancy. Cardiac output is defined as the product of heart rate and stroke volume. 
Reaching even a 50% increase relative to the pregestational state, 16–20 weeks of 
gestation, thereafter, does not suffer significant changes [9]. This involves both 
increased moderate elevation in heart rate and more pronounced increase in stroke 
volume, the latter related to increased intravascular volume observed in normal 
pregnancy [10]. These changes are from a physiological point of view, driven by the 
need to increase the oxygen supply in both the fetal-placental unit as maternal tissue 
during pregnancy.

Changes in respiratory physiology during pregnancy are mainly in the volume of 
minute ventilation, not by increasing the respiratory rate if not tidal volume, increas-
ing about 30–50% such volumes [11]. Non increases respiratory rate significantly 
during pregnancy. A pregnant woman breathes deeper but not faster. It is believed 
that this is due to increased production of progesterone by the placenta [10, 11]. 
There are changes in blood gases physiological response during pregnancy, to be 
taken into account for the assessment of the pregnant patient with pneumonia, not 
But should not skew the analysis of arterial blood gas analysis of critical patient, 
because changes that are abnormal in nonpregnant patients. They should also be 
considered abnormal in pregnant criticism. The blood gases values   of a pregnant 
patient level sea are: PaO2 of 101–106 mm Hg (nonpregnant 93), PaCO2 28–30, 
pH 7.42–7.46, bicarbonate 17–18 mEq/L by increasing renal excretion of the same 
in response to physiological decrease in PaCO2 with slight changes from the first to 
the third trimester [12]. Regard to physiological changes of the airway, relevant in 
this topic are: hyperemia, edema plasma leakage stroma mucosal, glandular hyper-
secretion; since such changes cause a partial obstruction of the airway, during tra-
cheal intubation should be considered [12, 13]. In Fig. 29.1 plotted are changes in 
lung volumes and capacities in pregnant compared to nonpregnant.
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The chest also suffers anatomical changes in response to physiological and 
mechanical changes by the increase in size of the uterus during the course of preg-
nancy. Mainly elevation up to 4 centimeters diaphragm, elevation of the subcostal 
angle and increase chest circumference. These changes cause restriction in the rib-
cage; however, apparently it does not change the pulmonary restriction [12]. 
Figure 29.2 exemplifies anatomical change during pregnancy.

 Risk Factors

According to the discussion in relation to physiological changes, anatomical and 
immunological pregnant; these changes more risk factors for developing pneumo-
nia during pregnancy are determining factors of clinical manifestations and course 
of the disease, different from the pregnant patient. However, we must note that there 
are factors in pregnancy that increase the risk of severe pneumonia. IDSA guide-
lines classifies Pneumonia according to criteria [15], severe pneumonia criteria are 
divided into major, invasive mechanical ventilation need and septic shock with the 
need for vasopressor, and minor criteria, respiratory rate greater than or equal to 
30 minutes, PaO2/FiO2 ratio less than 250, infiltrates multilobe, confusion, increased 
nitrogen urea 20 mg/dL, leukopenia (WBC count <4000 cells/mm3), thrombocyto-
penia (platelet count <100,000), hypothermia (core temperature, <36  °C), and 
hypotension requiring aggressive fluid resuscitation. Classifying severe pneumonia 
patients if they have at the least one major criterion or >3 minor criteria. The impor-
tance of classification and possible prediction of patients who develop severe 
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Fig. 29.1 Changes in lung volumes in pregnancy. The most significant changes are reductions in 
FRC and ERV and RV ITS subcomponents and increases in IC and VT [12]. (With permission of 
Matthew J. Hegewald)
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pneumonia during pregnancy not only lies in the increased mortality to the patient 
but also in the increasing bad outcomes in the product of gestation; as evidenced by 
Yanjun He et  al. [14], the proportion of abortions and stillbirths was 42.9% in 
patients with severe pneumonia vs. 2.1% in patients with non-severe pneumonia 
during pregnancy. Also, the preterm births were in 31.4% of patients with severe 
pneumonia, while only 5% in patients with no severe pneumonia.

In the study published in 2019 by Yanjun He et al. [14], it was found that anemia, 
hypoalbuminemia, and BMI were the main predictors of severe pneumonia in preg-
nant patients because these factors showed statistically significant differences 
between patients with or without severity pneumonia. Low hemoglobin increases 
the risk of severe pneumonia as multivariate analysis OR: 0.87 (95% CI: 0.77–0.97) 
p: 0011; for body mass index (BMI) in multivariate analysis OR: 0.42 (95% CI: 
0.22–0.81) p: 0.010; and for the OR albumin in multivariate analysis: 0.37 (95% CI: 
0.19–0.69) [14].

 Diagnosis

The diagnosis of acquired pneumonia in the community is basically clinical, sup-
ported by certain findings on chest x-ray or other techniques of radiological image, 
as mentioned guides the 2007 [15] and is not changed in El 2019 [1]. There are two 

Fig. 29.2 Chest wall changes that occur during pregnancy. The subcostal angle increases, as does 
the anterior-posterior and transverse diameters of the chest wall and the chest wall circumference. 
These changes compensate for the 4 cm elevation of the diaphragm so that total lung capacity is 
not significantly reduced [12]. (With permission of Matthew J. Hegewald)
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major syndromes clinical and radiologic (Table 29.1), the typical and atypical, the 
first commonly caused by Streptococcus pneumoniae and the second by Mycoplasma 
pneumoniae, Chlamydia psittaci, Coxiella burnetii, Chlamydia pneumoniae, and 
respiratory virus. Microbiological studies support the diagnosis of pneumonia 
because it is caused by an infectious agent; however frequently studies give false 
negatives, so it is recommended not to studies as gram or cultures routinely in clini-
cal practice, especially for know the epidemiology of every area [15, 16].

Procalcitonin (PCT) has been used to differentiate bacterial pneumonias of viral 
pneumonia. Some research levels have suggested <0.1 mg/L to indicate likelihood 
of viral infection and levels >0.25  mg/L to indicate bacterial pneumonia [17]. 
However the sensitivity thereof to detect bacterial infections ranges from 38% to 
91%, making it risky based only on PCT to decide bacterial or viral etiology of 
pneumonia. However according to the systematic review of Cochrane, the use 
thereof to guide therapy reduces mortality (adjusted OR 0.83, 95% CI 0.70–0.99, 
P = 0.037) and the time of exposure to antibiotics (5.7 versus 8.1 days, 95% CI - 
2.15–2.71 A, P < 0.001) [18].

We note that the diagnosis of pneumonia during pregnancy may have a greater 
complexity because it can be difficult to distinguish between the symptoms of pneu-
monia with the physiological changes of pregnancy, which is already discussed in 
this chapter. However, it should be noted that physiological changes do not limit the 
daily activity of the child, and gradually appear, are changing during pregnancy. So, 
all abrupt onset of respiratory symptoms, not falling in the concept of “physiologi-
cal change” should be investigated, taking into account differential diagnoses such 
as pneumonia, thromboembolism, aspiration, pneumonitis, and pulmonary edema 
cardiogenic or non-cardiogenic, which are entities that can occur relatively fre-
quently during pregnancy [8].

The diagnosis of pneumonia in nonpregnant and pregnant patients, accurate 
radiological confirmation, as previously exposed. Although confirmation of the 
same is achieved in 39% of the request cases [19]. A chest radiograph in the 

Table 29.1 Signs, symptoms, and radiological findings of pneumonia common in typical and 
atypical

Typical pneumonia Atypical pneumonia

Signs and 
symptoms

Sudden
Fever (80%)a

Shaking chills
Purulent productive cough (38.6%)a

Pleuritic pain (25.7%)a

Murmur tubal

Insidious
Fever
No chills
Nonproductive cough
Headache
Myalgia
Arthralgia
Dissociation clinical 
radiological
Multilobar

Radiological 
images

Alveolar consolidation, usually single, 
homogeneous

Multiple infiltrates
Interstitial

aPercentage reported in pregnant patients with typical and atypical pneumonia, the study of Yanjun 
He et al. [14]
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pregnant patient, it is always considered radiation the patient, but especially the 
uterus and the fetus will get. So, it is important to clarify the concepts. Considering 
radiation represents a factor of teratogenic risk, the embryo or fetus should receive 
more than 50–10 mGy. However, it has been reported that the dose to the fetus of a 
chest radiograph is less than 0.1 mGy. And conceptual dose chest radiography is 
affected by the selected kVp, filtration of the X-ray tube, and film screen combina-
tions. It has been shown that the chest apron has a limited value in chest radiography 
to reduce the radiation dose, since most of the dose results from internal dispersion 
in the maternal y fetal tissues [20].

He currently has the pulmonary ultrasound for clinical use, so it can also be done 
by the same radiological confirmation, according to several published protocols. 
The sensitivity and specificity even are superior to chest radiography for diagnosis 
of pneumonia. According to a study published in the EMJ in 2010, the sensitivity of 
chest X-ray was 67% (95% CI 56.4–76.9%) and specificity 85% (95% CI 
73.3–95.9%), while sensitivity of ultrasound was 98% (95% CI 93.3–99.9%) and 
specificity 95% (95% CI 82.7–99.4%) [21]. Therefore, it is a diagnostic tool that 
can be used in radiological confirmation of pneumonia during pregnancy.

 Etiology

The microorganisms that cause pneumonia in patients without pregnancy are the 
same that cause pneumonia during pregnancy. The etiological diagnosis is not 
always possible for several reasons, principally because in the 58.7–68.7% of 
patients with pneumonia or hospital outpatient treatment respectively, the microor-
ganism is not identified by the present methods of isolation [22].

Studies have been published concerning the epidemiology of the etiology of 
pneumonia during pregnancy; they have several methodological limitations; how-
ever, the results are similar with those published in pneumonia without pregnancy. 
However, there have also been published case series, demonstrating a role of other 
microorganisms associated with factors of pregnancy, including mumps, infectious 
mononucleosis, swine flu, influenza, Legionella, varicella, Chlamydophila pneu-
moniae, coccidioidomycosis, and other fungal pneumonias [23]. It is not known 
whether infection with any of these agents is more common in pregnancy than in the 
nonpregnant, but certain pathogens, such as influenza and chickenpox, can pose a 
greater risk to the pregnant woman because of their physiological defect’s cellular 
immunity [1].

Pneumonias methicillin-resistant Staphylococcus aureus (CA-MRSA) are not 
commonly reported but can cause severe forms of pneumonia after infection influ-
enza [25]. The organism can lead to severe bilateral necrotizing infection due to 
production of a variety of toxins, including Panton-Valentine leukocidin, microor-
ganism responsible for infections of skin and soft tissue, but can be associated with 
boxes septic pelvic thrombophlebitis.
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 Treatment

Treatment for bacterial pneumonia in pregnant, this based on empirical antimicro-
bial therapy directed to common microorganisms, as previously discussed, 
Streptococcus pneumoniae, H. influenzae, and atypical microorganisms are most 
frequents [16]. The treatment should include antibiotics covering the spectrum of 
pathogens, with particular care that are safe in pregnancy for both mother and fetus.

Penicillins, cephalosporins, and erythromycin are safe and effective. Current 
guidelines suggest the option of fluoroquinolones to treat pneumonia in nonpreg-
nant; however during pregnancy these should not be used because of the risk of 
arthropathy and malformations in the fetus, which have been sporadically reported, 
unless they are very necessary, in the absence of another alternative [16, 26].

For the treatment of community-acquired pneumonia, requiring outpatient treat-
ment, is recommended the use of a beta-lactam as amoxicillin oral (incidence 
Streptococcus resistant less than 25%) plus a macrolide, ideally azithromycin orally, 
which is better tolerated to erythromycin, clarithromycin as not indicated in preg-
nancy, through its association with fetal malformations [16].

Patients admitted, who need intensive care unit, without risk of comorbidities or 
resistant Streptococcus (known resistance less than 25%) should receive amoxicillin 
IV azithromycin or erythromycin plus intravenous; if they risk resistant 
Streptococcus, comorbidities, recent use of antibiotics, should receive intravenous 
beta-lactam as ceftriaxone, cefotaxime or ceftaroline, more azithromycin, or eryth-
romycin [15, 16].

For patients requires admission to ICU, you must differentiate whether or not 
pseudomonad risk based on what previously exposed, if there is no risk of pseudo-
monas can be used as intravenous beta-lactam ceftriaxone, cefotaxime, plus intrave-
nous macrolide. If there is risk for pseudomona, can be used anti-psuedomona: 
cefepime, meropenem, piperacillin tazobactam or imipenem, although the latter is 
rated C, while the others are B; amikacin plus an aminoglycoside such as gentamy-
cin or which should be used with caution and strict indication, the risk of nephrotox-
icity and ototoxicity for mother and fetus; In addition to adding the macrolide for 
atypical pathogens [15, 16].

Patients at high risk of methicillin-resistant Staphylococcus aureus must be asso-
ciated with vancomycin, although there is much experience of use during preg-
nancy. Linezolid does not have much experience, yet it is an inhibitor of protein 
synthesis, which means that the risk adverse effects on pregnant is minimal, so it 
may be an option.

Most pneumonias are etiology viral [27]. In the case of viral pneumonia Influenza 
A, current guidelines recommend the use of antivirals such as oseltamivir, in either 
the outpatient or inpatient, as it has shown to reduce mortality and results adverse. 
However, in such pneumonias is also indicated to antibiotics, since most of cases, 
patients with viral pneumonias were superinfecting with bacteria, mainly 
Streptococcus, H. influenzae, and methicillin-resistant Staphylococcus aureus, so 
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must add antibiotics covering said germens [16]. Table 29.2 summarizes the differ-
ent regimens, classification, dose, and duration of the recommended antibiotics dur-
ing pregnancy.

 Corticosteroids

A number of studies that have published results for the use of corticosteroids for 
adjuvant treatment of pneumonia; however there is evidence that they can reduce 
mortality in patients with severe pneumonia, as well as improvement in the results 
of radiographic progression and stability clinic 5–8 days in patients with non-severe 
and severe pneumonia [27, 28]. These results have not been replicated in other 
meta-analyses. So, for the risks posed by the routine use of corticosteroids, they are 
not currently recommended in guidelines [15, 16, 27].
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Chapter 30
Tetanus in the Pregnant Woman

Sabrina Da Re Gutiérrez, Jorge Sinclair Ávila, Jorge E. Sinclair De Frías, 
and Jose Miguel Jauregui

 Introduction

The evidence indicates that “...inadequate maternal vaccination and (...) poor peri-
natal hygiene” propitiate the appearance of maternal and neonatal tetanus [11].

Therefore, in the second half of the twentieth century, medicine recommended 
and practiced the generalized immunization – routine – of pregnant women [9] until 
the 1980s when, for reasons of “caution, efficacy and preparation of vaccine com-
ponents,” reserved in industrialized countries for “… certain high-risk groups” [3].

Following this criterion, the initiative of the World Health Organization (WHO) 
for the elimination of maternal and neonatal tetanus (MNT), founded on the “... 
immunization of women and the improvement of childbirth hygiene...” [9], vacci-
nated and protected “…between 1999 and 2016 (…) 148 million women…” from 
59 countries [9], 94% of women of childbearing age, achieving the elimination of 
MNT [6].
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 Epidemiology

It is possible to find Clostridium tetani spores in “...human and animal feces, soil 
and manure, (...) worldwide” [11], which is why natural environmental phenomena 
can “...increase the risk of tetanus infection...” [11].

Mortality from tetanus – depending on its severity – ranges from 10% to 80%. 
Trudy et al. describe a lethality of 16% to more than 50% [4] and Roper et al. one 
of 8–50% that “...increases with age” [8].

Neonatal disease is fatal in most cases [9]. According to Roper et  al., in the 
1980s, neonatal tetanus mortality approached 100% [8].

Currently, neonatal tetanus mortality ranges from 10% to 60% with hospital care 
[8]. WHO stated that in 1988, 787,000 died with tetanus, reducing the figure to 
34,000 by 2015 [6]. However, “the estimated deaths from tetanus at all stages of life 
totaled around 73,000” [6].

Fortunately, Bolivia was not contemplated by WHO within the 16 countries of 
concern: Afghanistan, Angola, Central African Republic, Chad, DR Congo, Guinea, 
Kenya, Mali, Nigeria, Pakistan, Papua New Guinea, Philippines, Somalia, Sudan, 
South, Sudan, and Yemen [6].

 The Elimination of Maternal and Neonatal Tetanus 
from the Americas

Since tetanus is not transmitted from person to person but rather that the human 
being becomes infected in the environment with “...spores on the ground or in medi-
cal instruments” [6], it is impossible to eradicate “...since the environmental reser-
voir will never disappear” [6] since it is widespread throughout the world [11].

Therefore, precisely, WHO coined a new meaning – less ambitious – for the term 
“elimination”, stating that “...tetanus is eliminated when the annual rate of neonatal 
tetanus is less than one case per 1000 live births in a district” [6].

 Etymology

The word “tetanus” comes from the Latin tetănus and this, in turn, from the Greek 
ζέζανοϛ ([7], p. 2168) which means “contract” [9]. It is described as a pathological 
entity since 1600 A.C. [9].

S. Da Re Gutiérrez et al.



375

 Definition

Citing the Centers for Disease Control and Prevention (CDC) Thwaites et al. define 
tetanus as “The acute onset of hypertonia or (...) painful muscle contractions (almost 
always of the jaw and neck muscles) and generalized muscle spasms with no other 
obvious medical cause” ([10], p. 1197).

 Etiology

The Clostridium tetani is a gram-positive and spore-forming anaerobic bacillus 
([10], p. 1197) that contaminate the soil and gastrointestinal tract of animals [5]. 
These spores are so resistant that their destruction “...requires autoclave or pro-
longed exposure to iodine, hydrogen peroxide, formalin or glutaraldehyde” [8].

This bacillus produces two exotoxins, tetanolysin and tetanospasmin. The latter 
is the neurotoxin that causes tetanus. The evidence indicates that the genes that 
encode tetanospasmine and its regulator exist in an intracellular plasmid [5] called 
PE88 [11].

Chemically, tetanospasmine (or tetanus toxin) “...is a 150 kDa protein that 
divides to give rise to the heavy (100 kDa) and light (50 kDa) chains” ([10], p. 1197).

The evidence proves that the minimum lethal human dose is 2.5 ng/kg [10].

 Pathogeny

Clostridium spores enter the body due to existing skin or mucous lesions and germi-
nate and proliferate in the “...sites poor in oxygen (for example, necrotic tissue or 
wounds),...” [4] causing disease in subjects without circulating antibodies [11]. The 
existence of blood, foreign bodies, and chemicals (e.g., lactic acid, calcium salts, 
quinine) favors such proliferation [8].

In about 20% of cases, “...there is no obvious entry site...” [9] of the bacillus in 
the human body.

 Incubation

The evidence indicates various incubation periods ranging from 0 to 112 days after 
the injury [4].
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 Toxin Release

When the bacillus crosses its stationary phase of growth [11] or dies, the toxin is 
released and is transformed into its active form by a bacterial protease [5].

Tetanospasmin binds through the carboxyl group of its heavy chain to the “polys-
ialogangliosides and membrane proteins” ([10], p. 1197) in the “presynaptic nerve 
endings α” ([10], p. 1197) until it is introduced into the neuron.

Then, it is transported at the speed of 3–13 mm/hour [8] to the neuronal body by 
the “…same pathways as the brain-derived neurotrophic factor, p75 neurotrophin 
receptor and kinase related to tropo-myosin B” [11] and then transferred “… through 
the synapse to the terminations of the GABA-ergic presynaptic inhibitory interneu-
rons” ([10], p. 1197) where the light chain “…unfolds to the vesicle-related protein 
VAMP2, (vesicle associated membrane protein 2).

This molecule is necessary for presynaptic binding and neurotransmitter release; 
consequently, the tetanus toxin prevents the release of neurotransmitter and blocks 
the discharge of the inhibitory interneuron. The result is the uncontrolled activity of 
the motor nervous system” ([10], p.  1197). The same phenomenon disrupts the 
autonomous system.

Toxic properties depend on the light chain [5].
Acute immune changes during pregnancy, some of them modulated by estrogen 

and progesterone [3], increasing the susceptibility of pregnant women to infection. 
There is “…a change from a T helper (Th) -1 response to a response more favored 
by Th2, which allows tolerance to fetal antigen but potentially increases vulnerabil-
ity to infectious diseases” [6].

The same change in behavior of maternal T lymphocytes increases the vulnera-
bility of decidua to infections [3].

During pregnancy, there is also a decrease in immunoglobulin G (IgG) in plasma.
Fortunately, the evidence states that “...pregnant women can generate antibody 

responses and develop immune memory similar to non-pregnant women after vac-
cination or infection” [3].

Regarding the infant, immune immaturity probably generates “…tolerogenic 
immune responses” [6] that increase their vulnerability to tetanus. Therefore, pre-
cisely, before 6 months of age, active immunization of the infant is less efficient, a 
fact that makes multiple doses of a certain vaccine necessary to protect [3].

Likewise, due to immune immaturity, the protection of the infant against viruses 
depends predominantly on their innate immune system, non-specific cytotoxicity, 
and the “...placental transfer of maternal immunoglobulin’s during the third trimes-
ter of pregnancy” [3]. The test of this transfer allowed passive immunization of the 
infant by active immunization of the mother, although “…the antigens in the infant 
can fall substantially…” [3].
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 Particularities in the Natural History of the Disease

Trudy et al. [4] and Thwaites et al. ([10], p. 985) describe that there is a higher mor-
tality when the incubation period of the disease is short.

Also, the literature states that there is a direct relationship between the increase 
in circulating catecholamines and cardiovascular complications ([10], p. 985).

 Maternal or Obstetric Tetanus

Maternal tetanus is one that occurs during pregnancy “...or in the six weeks follow-
ing its final term (either by childbirth or spontaneous or induced abortion)” ([10], 
p. 984).

Historical evidence shows the close relationship between high lethality rates and 
post-abortion tetanus [4], because it usually occurs “...after abortion, spontaneous 
abortions or non-hygienic delivery practices” [11].

Epidemiologically, Roper et al. state that maternal tetanus shares risk factors and 
means of prevention with neonatal tetanus [8].

 Neonatal Tetanus

Citing WHO Thwaites et al. define neonatal tetanus as the disease “…that occurs in 
an infant who has normal ability to suck and cry in the first two days of age, but who 
loses this ability between days 3 and 28 of age, and becomes stiff at the time expe-
riencing spasms” ([10], p.  984). Trudy et  al. affirm that “...it is associated with 
contamination of the umbilical stump” [4].

Incubation is “5 to 7 days (range 3 to 24) after birth” [11]; 90% of cases appear 
“…in the first 3-14 days of life” [5]; ergo, in most cases it occurs during the first 
month of life, more precisely between 3 and 14 days after birth. Signs and symp-
toms are irritability, difficulty feeding, spasm, and “...ascending muscle stiff-
ness...” [5].

Depending on the severity of the respiratory disorder suffered during the disease, 
surviving infants may suffer cerebral palsy and psychomotor retardation. On the 
point, Roper et  al. “…neurological abnormalities or cognitive impairment were 
described in 4 to 50% of patients; severe disabilities are identified in 10-20%” [8]. 
Sepsis can be associated with tetanus making the disease worse [8]. Evidence indi-
cates that low birth weight increases the risk of death [8].
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 Signs and Symptoms

The clinical manifestations of tetanus are classified as generalized and local ([10], 
p. 1198). In both classes “...conscience is conserved,...” [8].

In the generalized manifestations that occur in 80% of cases [4], frequently asso-
ciated with severe tetanus, muscle spasm first affects the muscles of the face and 
jaw, resulting in muscle trism, pain, and stiffness, low back pain, and dysphagia. 
Abdominal muscle pain is an early symptom [5]. The literature states that there are 
“...reports of spasms strong enough to produce tendon tears and crush fractures...” 
([10], p. 1198). At first, muscle spasms begin “...in response to sensory stimuli” [5]. 
The involvement of the laryngeal muscles can cause “...complete airway obstruc-
tion...” ([10], p.  1198). In addition, respiratory muscle spasm causes respiratory 
failure [4], and episodes of apnea and cyanosis are described [8].

Tetanus also involves the autonomic nervous system generating unstable blood 
pressure (hyper and hypotension), “...tachycardia. (...) Bradycardia (...) heart block, 
(...), sweating, increased tracheal secretions and kidney failure (often high expense)” 
([10], p. 1198). In this regard, “…the electrocardiograms of 33 patients in Dakar 
(Senegal) showed more than one abnormality in 93% of patients, despite normal 
echocardiography” [11].

In local manifestations  – which usually denote mild tetanus  – only “...small 
regions of local muscle spasm are observed” ([10], p. 1198), although if the spasm 
compromises the pharyngeal or laryngeal muscles, the result may be ominous.

At first, muscle spasms begin “...in response to sensory stimuli” [5].

 Evolution

Nosocomial infections (e.g., pneumonia, etc.) and other diseases (e.g., pulmonary 
embolism, bedsores, etc.) usually complicate the patient’s evolution with tetanus.

The literature asserts that recovery can last several weeks. Since “Relatively little 
is known about the processes of recovery of tetanus” ([10], p. 1198), it is speculated 
that in tetanus the recovery is given by “...degradation of the toxin” ([10], p. 1198) 
and would probably involve “...germination of peripheral nerves ...” ([10], p. 1198) 
as in botulism.

 Diagnosis

It is eminently clinical [5] with support in the cultivation of Clostridium tetani ([10], 
p. 1198) in agar with blood with low oxygen content or meat broth [11] or in PCR 
detection of tetanus toxin in plasma or wound exudate [11], since Clostridium tetani 
is not frequently detected in the cultures (e.g., of wounds) of patients with tetanus 
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[8] and, worse still, Clostridium tetani “...occasionally grows in cultures of patients 
without tetanus” [5].

 Differential Diagnosis

Thwaites et al. and Roper et al. state that when the manifestations of tetanus are 
local oropharyngeal infection (e.g., tonsillitis, dental infections, etc.), mumps, 
rabies [1], diphtheria [1], and temporomandibular joint disease should be taken into 
account as differential diagnostic possibilities ([8], ([10], p. 1198)). On the other 
hand, when they are generalized in the adult patient, strychnine poisoning, dystonic 
reactions to dopamine drugs ([10], p. 1198), phenothiazine poisoning, rigid man 
syndrome, psychogenic tetanus, epilepsy, retroperitoneal abscess, and postpartum 
eclampsia [1] constitute the differential diagnostic possibilities.

Generalized manifestations in infants suggest hypocalcemia, hypoglycemic, and 
meningoencephalitis as diagnostic possibilities ([8], ([10], p. 1198)).

 Treatment

Preventively, any contaminated wound should be treated “…with vaccination with 
or without antitoxin” [9].

With tetanus diagnosed, whenever possible, it is necessary to identify the 
entrance wound, clean it, debride it, and remove the necrotic material “...to remove 
anaerobic foci of infection” ([10], p. 1199) because “The impossibility eliminating 
reservoirs with active infection could lead to recurrent or prolonged tetanus” (([10], 
p. 1199), [11]).

In addition, using metronidazole rectally (400 mg) or intravenously (500 mg) 
every 6 hours for 7 days, “...is the preferable antibiotic” ([10], p. 1199). Penicillin 
(100,000–200,000 IU/Kg per day) is an alternative; however, the evidence indicates 
that “...can exacerbate spasms” ([10], p.  1199). The evidence shows that “of 45 
isolates of C. tetani in Vietnam (...) all isolates are sensitive to metronidazole and 
penicillin, but resistant to cotrimoxazole” [11].

Also, antitoxin (human or equine) should be administered early to neutralize the 
circulating toxin and “...prevent its uptake into the nervous system” ([10], p. 1199). 
The doses remain controversial [11]. Because of its lower probability of causing 
anaphylactic reactions [9], the best option is human tetanus immunoglobulin (TIG) 
from 3000 to 6000 IU in a single intramuscular dose ([10], p. 1199). If there is no 
TIG, the equine antitoxin is administered from 10,000 to 20,000 IU in a single intra-
muscular dose. However, Thwaites et al., citing Blake, affirm that “…there were no 
differences in the result in those who received less than 500 IU of tetanus immuno-
globulin compared to higher doses” [11]. In addition, Thwaites et al. state that “the 
difficulties caused by the restricted availability of tetanus immunoglobulin supplies 
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have led to a new guideline that indicates that normal human immunoglobulin can 
be used instead. This decision is based on theoretical considerations…” [11].

Regarding intrathecal infusion of antitoxin, based on some meta-analysis, 
Thwaites et  al. affirm that “Although the mortality rates were not different (…), 
hospital stay and disease progression were reduced in the intrathecal group and 
treatment with intrathecal antitoxin significantly reduced the costs of both the inten-
sive care unit and the hospitalization. A reported side effect during intrathecal 
administration was mild headache and reversible paraparesis was reported only 
once” [11].

Deep sedation controls spasms. To induce it, benzodiazepines are used. Propofol 
has also been used to sedate and relax the muscles.

Intravenous magnesium sulfate is useful for producing muscle relaxation, vaso-
dilation, and negative chronotropic effect [11]. Thwaites et al. cite a randomized 
trial that concluded that magnesium sulfate would only be useful “...in milder cases 
of tetanus, although magnesium reduces the need for other muscle relaxants and 
improves cardiovascular stability” [11].

The literature also suggests as chlorpromazine and phenobarbital sedatives naso-
gastrically or intravenously, because of their affordability [11].

Cardiovascular instability caused by tetanus “...is very difficult to control” ([10], 
p. 1199). To treat it, it is useful to intensify sedation with intravenous magnesium 
sulfate (2–4 mmol/L in plasma), morphine, or other sedatives ([10], p. 1199).

If drugs with cardiovascular effect are used “Short-acting ones that allow rapid 
dose adjustment are preferable; special care should be taken with long-acting β 
antagonists, since their use is related to cardiac arrest related to hypotension” ([10], 
p. 1199).

Also, the airway must always be controlled in severe tetanus ([10], p.  1199), 
especially knowing that the drugs used to achieve muscle sedation cause respiratory 
depression, making it necessary to use mechanical respirators ([10], p. 1199) and 
the consequent admission to an intensive care unit [8]. Thwaites et al. suggest con-
trol of muscle spasm with intramuscular paraldehyde when mechanical ventilation 
is not available [11].

 Prevention

Reliable immunization is performed with the tetanus toxoid antigenic vaccine that 
is safely applicable during pregnancy [6], including immunocompromised subjects, 
since – combined (Tdap) – “…no risks are known for administration during first 
quarter” [2]. However, its application is recommended “…preferably at the end of 
the second or third quarter” [2].

The duration of protection conferred depends on the number of doses, age of 
vaccination, potency of the vaccine, and immune competence of the recipient [8]; 
after 5 or 6 doses, it seems to be “20–25 years in populations that receive primary 
doses in childhood and reinforcements in childhood and adolescence” [8].
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Protection arises from the second dose for “90% of people” [8].
Serious adverse reactions are rare.
Roper et al., citing WHO, recommended that at least five doses of the vaccine be 

administered from childhood for 12–15  years, plus a sixth dose in early adult-
hood [8].

Infants “...born to mothers with tetanus antibodies are protected against teta-
nus...” [8].

The aforementioned maternal immunoglobulin G antibodies are transferred pla-
centally – over-all – during the third trimester of pregnancy into the fetal circulation. 
Protection is achieved with two doses in women “...previously unimmunized and 
their (...) newborns” [8].

It is recommended the course of 6 weeks between the first and second dose.
Since the peak of antibody transfer is reached at “…60 days or more after the 

second dose, (…)” [8], it should be vaccinated several weeks before delivery to 
ensure the “…Protective concentrations of antibodies in the newborn” [8].

Therefore, recommendations for vaccination of pregnant women indicate:

 (a) For pregnant women with an unknown or incomplete tetanus vaccine:

• Pregnant women who have never been vaccinated against tetanus should 
receive the series of three vaccines during pregnancy, with the following 
scheme: initial vaccine, 4 weeks after the second dose, and then 6–12 months 
later the third dose. The Tdap vaccine should preferably be used at the end 
of the second trimester or during the third trimester of pregnancy.

 (b) For pregnant women who should receive a tetanus booster:

• Indicated for women who have not previously received Tdap or who received 
the Td vaccine 10 years before. They should be given Tdap during preg-
nancy, preferably at the end of the trimester or during the third trimester [2].

There is evidence that malaria “...decreases the response of antibodies to tetanus 
toxoid in children, although prophylaxis against malaria seems to preserve the 
response” [8].

Evidence indicates that the tetanus toxoid stimulates protective response in chil-
dren and adult women not pregnant with HIV, but with a smaller amount of antibod-
ies to control subjects, even lower, when the CD4 T cell count is less than 300 
cells/μL.

During a study conducted in Brazilian women infected with HIV, a minor pla-
cental transfer of IgG was found, which was not found during a similar study carried 
out in Malawi; however, infants born, in both studies, had a protective amount of 
IgG against tetanus [8].

It is clear that antibodies decrease with the progression of the disease [8]. 
Therefore, the literature suggests frequent reinforcements for those infected 
with HIV.
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Science also suggests that prematurity, severe maternal hypergammaglobu-
linemia, and malaria “...affect the transplacental transfer of antibodies against teta-
nus” [8].

Roper et al. conclude that the vaccine is “...sufficiently immunogenic (...) even in 
the presence of disorders that affect maternal and neonatal antibodies (...)” [8], con-
ventionally being understood that the concentration of “... 0.01 IU/mL by neutral-
ization test in vivo or 0.10–16.1 IU/mL by ELISA” protect against tetanus [8].

Additionally, Roper et  al. emphasize that “Hygienic deliveries and umbilical 
cord care clearly reduce neonatal tetanus and have the additional benefit of reducing 
maternal and neonatal sepsis caused by other bacterial pathogens” [8], used for care 
of the umbilical cord stump chlorhexidine and topical antibiotics.
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Chapter 31
Malaria in the Pregnant Women

Juan Ignacio Silesky-Jiménez and Jorge Hidalgo

 Introduction

Malaria is a parasitic infectious disease, caused by the Plasmodium parasite. It is 
transmitted through the Anopheles mosquito. This disease causes a life-threatening 
condition, in which at least 2 million people are at risk of presenting it in 90 endemic 
countries and it also infects 125 million travelers [1].

It is important to consider that with the phenomenon of global warming, as well 
as climate changes, endemic areas of malaria will be increased, which is estimated 
to increase the incidence of malaria in 50–80 million people [2].

Plasmodium produces an infection with its own particularities: with its multi-
stage life cycle, which produces cyclic fevers, with adequate treatment, sick indi-
viduals have a rapid resolution of symptoms; however, they can also present serious 
complications such as cerebral malaria, severe malarial anemia, coma, and death. 
The treatment and chemoprophylaxis varies according to the species of the parasite, 
geography, sensitivity, and demography of the patient. Latent or reactive infections 
have been reported even years after exposure.
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 Epidemiology and Transmission

The risk of becoming infected by this parasite is high for humans, since 40% of the 
world’s population is at risk annually because they inhabit or visit malaria-endemic 
regions [3].

There are five species that are capable of infecting humans, with characteristics 
of virulence and different worldwide distribution [4]:

 1. Plasmodium falciparum, which is the one with the highest morbidity and mortal-
ity, is found in Africa, specifically in the West and in sub-Sahara areas.

 2. Plasmodium vivax, which is found in South Asia, the West Pacific and Central 
America.

 3. Plasmodium ovale, which is in the sub-Saharan African region.
 4. Plasmodium malariae, with the same distribution as P. ovale.
 5. Plasmodium knowlesi, which is present in Southeast Asia.

About 500 million people annually present this infection, with a mortality 
between 1.5 and 2.7 million, that is 0.3–0.54% [4]; however, the highest mortality, 
about 90%, occurs in Africa [1], especially in children, pregnant women, travelers, 
etc. [1, 4, 5]. It is important to note that of the 125 million people who visit endemic 
areas per year, 10–30 thousand individuals become infected with this parasite, with 
a mortality of 1% [4, 5].

This infection occurs after the female of the Anopheles mosquito becomes 
infected after ingesting the parasite gametes from the bloodstream of an infected 
patient, and then the sporozoites replicate in the gut of the mosquito. Subsequently, 
the mosquito infected with the parasite, in the following “bloodmeals,” release these 
sporozoites into the bloodstream of the new host. At 60 minutes, these sporozoites 
invade the livers (hepatocytes) and divide rapidly forming the merozoites [6].

These merozoites reenter the bloodstream, invading erythrocytes and that is 
where Plasmodia consumes hemoglobin and develops its immature trophozoite 
form, which evolve into mature trophozoites or gametocytes. These immature tro-
phozoites replicate forming schizonts, which break the erythrocyte membrane and 
produce endothelial adhesion in the capillaries and cell lysis.

An untreated malaria can last from 2 to 24 months, where infected individuals 
can have a resolution of the symptoms; however, they can present severe complica-
tions such as cerebral malaria, severe anemia, and death.

It is known that P. ovale and P. vivax can enter a kind of wintering, or “dormant 
schozogony,” where inactive intrahepatic parasites can remain months or years, 
before reactivating, reporting latent or reactivated infections years after exposure 
[6] (Fig. 31.1).

The incubation period is different between species [1]:

 1. 8–11 days for P. falciparum
 2. 8–17 days for P. vivax
 3. 10–17 days for P. ovale
 4. 18–40 days for P. malariae (including for several years)
 5. 9–12 days by P. knowlesi
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The life cycle of this parasite dictates the periodicity of the clinical manifestation 
of “malarial paroxysm” of rigors, followed by several hours of fever, and then pres-
ents diaphoresis and return to a body temperature. Classically, in P. vivax, it has 
been described that it occurs every 48 hours; however, it is rare to persist this behav-
ior by diagnosis and early treatment [1].

The symptoms and their severity depend on the parasitemia and the type of host: 
it has been described that the symptoms in native individuals develop with 0.002% 
and in previously exposed individuals with 0.2%. Severe infections occur with para-
sitemia greater than 5% [1, 7].

These manifestations occur due to the secretion of IFN-gamma and TNF-alpha, 
released by the action of parasite toxins. These responses are mediated by innate 
immunity given by phagocytosis of monocytes and macrophages in the splenic red 
pulp; and in addition, the adaptive immune response is developed by IFN-gamma 
and TNF-alpha, which induce a class change of CD4 lymphocytes [7].

Fig. 31.1 Life cycle of the malaria parasite. (Contributed by Wikimedia Commons, National 
Institute of Health (NIH) (Public Domain))
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 Clinical Evaluation

Malaria is suspected when an individual who inhabits or has visited endemic regions 
presents fever, especially if it lasts for 7 or more days [5].

Other symptoms present are fever, malaise, weakness, gastrointestinal distress, 
upper respiratory symptoms, and myalgias; in severe cases jaundice, seizures, con-
fusion, and coluria (dark urine) may occur [1, 4].

At this point it is very important to collect the following data from the clinical 
history:

 1. Place of residence, recent trips to endemic areas, and use of chemoprophylaxis
 2. Exposure to insect or arthropod bites, freshwater, caverns, domestic, or 

wild animals
 3. History of HIV infection, pregnancy, G6PD deficiency, sickle cell anemia, ane-

mia, hematological malignancies, or other cancers
 4. History of previous malaria infections, including their treatment and evolution

In the physical examination, a patient who is acutely ill with fever can be found, 
with possible hepatosplenomegaly, jaundice, paleness, or signs of dehydration. In 
severe cases hemodynamic instability, drowsiness, and coma can be observed. The 
most severe cases may be due to P. falciparum infection or concomitant bacterial 
infections or malaria-induced adrenal insufficiency [4].

From a laboratory point of view, the patient should be treated as any febrile 
patient with exposure to malaria as a complete blood count, metabolic panel, coagu-
lation studies, blood cultures, urine analysis, chest radiography, and thick and thin 
smears. In addition, the level of lactate, arterial gases, and lumbar puncture should 
be assessed, especially when there is an alteration of the state of consciousness or 
cerebral malaria is suspected [4].

Regarding the results of patients with malaria, you can find:

 1. Thrombocytopenia in 60–70%.
 2. Anemia in 29% of adults, being more severe in P. falciparum infections, by inva-

sion of all erythrocytes, capillaries, and splenic sequestration of erythrocytes due 
to the decrease in their flexibility and cytoadherence [1]. In the cases of P. vivax 
and P. malariae; a moderate anemia occurs due to preferential invasion of reticu-
locytes and older erythrocytes.

 3. The metabolic panel can show hepatocellular lesion secondary to the invasion of 
parasites to the liver: indirect hyperbilirubinemia by hemolysis. Hydroelectrolytic 
abnormalities are observed due to release of intracellular content, dehydration, 
and renal injury secondary to glomerular damage [4].

 4. Coagulation abnormalities can be documented due to liver dysfunction and 
severe thrombocytopenia.

 5. The urinalysis shows proteinuria as an indicator of glomerular lesion or can even 
cause a nephrotic syndrome [1].

The gold standard diagnostic test for malaria is the evaluation of Giemsa-stained 
thick and thin smears of a free-flowing venipuncture blood specimen [1, 4], which 
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is done with immersion oil that must be completed 100-times and 1000-times mag-
nification to avoid the loss of low levels of parasitemia or “delicate ring forms” [1].

Parasitemia is estimated by the number of organisms per high power field, after 
counting between 500 and 2000 red blood cells [8]. The appearance of infected 
erythrocytes varies according to the stage and type of Plasmodium [9]:

• The ring stage in P. falciparum appears as a “purple spot with a thin ring”; in 
P. vivax as a “purple spot with a deformed body”; in P. ovale as a “ring with a 
large purple spot”; in P. malariae as a “purple spot with a thick body”; and in 
P. knowlesi as a “purple spot (or spots) with an amorphous thick ring.”

• The trophozoite stage in P. falciparum appears as “a bigger spot [growing] 
around a smaller spot”; in P. vivax as “a misshapen circle which contains an 
extended spot”; in P. ovale as “an oval circle (sometimes with small corners) 
which contains a purple spot with undefined shapes”; in P. malariae as “bas-
ket or band-shaped [without a] spot”; and in P. knowlesi as a “purple 
branched spot.”

• The schizont stage in P. falciparum is not established; in P. vivax it appears as 
“not defined purple spots inside a circle”; in P. ovale as “more than one spot 
inside an oval circle (sometimes with small corners)”; in P. malariae as “diffuse 
purple spots around a darker spot”; and in P. knowlesi as “defined purple spots 
[that are] easy to count.”

The gametocyte stage in P. falciparum appears as “banana [or] sausage-shaped”; 
in P. vivax as an “extended, big spot”; in P. ovale as a “row of accumulated spots”; 
in P. malariae as a “big stained spot which almost fill[s] the circle”; and in P. knowlesi 
as a “big spot which contains small spots.”

A negative test does not rule out malaria, because infected erythrocytes may be 
sequestered in the intravascular compartment. If suspicion is maintained, the test 
should be repeated in 12–24 hours [4, 8]. In addition, it can be seen in monocytes 
and neutrophils, a malarial pigment manifested in blood smear, especially in patients 
with cerebral malaria [1].

There are also other specific diagnostic tests, such as:

 1. Rapid diagnostic testing (RDT): This study is based on the determination of the 
antigens of the parasite histidine-rich-protein-2, lactate dehydrogenase, and 
aldolase, which are used for the diagnosis of P. falciparum infection [4, 10]. It 
has a 100% sensitivity, although it is always important, to follow the recommen-
dation to perform the microscopic examination at the time of presentation and at 
12 and 24 hours. Limitations are as follows: it is only useful for P. falciparum 
infection, there may be false positives weeks after infection due to persistent 
blood of the antigens, and it is not able to quantify the parasitic load [4].

 2. Microhematocrit centrifugation: This technique separates the infected erythro-
cytes, which binds to acridine in the test tube, producing fluorescence of the 
parasites [1].

 3. Polymerase chain reaction (PCR): this method is particularly useful, when there 
is a low level of parasitemia and speciation [1].
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 Malaria in Pregnancy

Malaria infection in pregnant women causes an increase in maternal morbidity and 
mortality. Although the mechanisms are not well-known, the pregnant woman pres-
ents a decrease in the immune response and is also less effective for malaria infec-
tion; in addition, Plasmodium is sequestered and replicates in the placenta.

Pregnant women have three times the risk of developing severe malaria, than non-
pregnant women in the same region. For the product, this infection produces abor-
tions, premature births, low birth weight, congenital infection, and/or perinatal death.

The risk of fetal death is greater when an infection with P. falciparum or P. vivax 
occurs [11].

The disease presentation is different in regions where transmission is low and 
unstable versus in areas where the infection is high and stable, due to the immunity 
developed by the mother. In places where transmission is low, women would sel-
dom become infected, but since they have low immunity, the disease evolves rapidly 
to severe conditions, with a high risk of presenting severe malaria (cerebral malaria 
and ARDS) and death [12, 13]. In areas with stable transmission by P. falciparum, 
approximately 50 million pregnancies occur per year, where women are semi- 
immune and can carry the disease with few or no symptoms.

Women who have a semi-immunity may present an insidious process for the 
mother and the product, which impact on the prognosis of the mother and the prod-
uct, such as severe maternal anemia and low birth weight. For first time pregnant 
women, there is a high risk of complications of this infection, which is reduced in 
future pregnancies by the development of a natural resistance acquired to P. falci-
parum, thanks to the development of antibodies against parasitized erythrocytes that 
bind to chondroitin sulfate A (CSA) of the placenta Fig. 31.2 [14, 15]. It has been 
observed that in areas where malaria control and incidence has decreased, a decrease 
in specific antibodies against malaria has been observed, with an increase in parasite 
burden and sequelae of the disease [16].

In areas of stable transmission, benefits have been observed in chemoprophy-
laxis, such as decreased parasitemia and improvement in hematocrit [17–19], with 
the subsequent beneficial effect of improving LBW, preterm delivery (PTD), peri-
natal mortality, and neonatal mortality, because maternal anemia increases the risk 
of the above. In addition, severe anemia is the greatest risk factor for mortality when 
women have postpartum hemorrhage in low-income countries [20]. In addition, 
chemoprophylaxis has a positive impact on the fetal prognosis during pregnancy 
and after birth, reducing perinatal mortality [18, 21].

 Diagnosis of Malaria During Pregnancy

Diagnosis of malaria during pregnancy can be difficult. In P. falciparum infection, 
especially in semi-immune women who are asymptomatic, the parasites accumulate 
in the placenta and may have a low blood density, making it difficult to detect by 
microscopy (BS microscopy).
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The rapid diagnostic test (RDT) is a test that has gained acceptance in the general 
population, with adequate levels of sensitivity and specificity in pregnant women. 
Different studies have determined a sensitivity between 15% and 97% and a speci-
ficity between 91% and 98% [22–24].

However, because malaria antigens remain for a long period in the bloodstream, 
it is limited for the management and monitoring of the effectiveness of treatment 
during pregnancy [25–28].

Thus, strategies for the prevention of this pathology have been designed in preg-
nant women who live in areas with high risk of transmission:

 1. Intermittent presumptive treatment (IPTp): This strategy currently reduces the 
incidence of malaria in pregnancy and/or the parasite load in some areas of West 
Africa, however, in areas with low or moderate SP (sulfadoxine-pyrimethamine) 

Fig. 31.2 Malaria during pregnancy features several unique host-parasite interactions that require 
special attention for elimination strategies. Although malaria is more common in pregnant women 
than other adults, it is difficult to diagnose and therefore to control. The few drugs known to be safe 
during pregnancy are losing efficacy to drug-resistant Plasmodium falciparum parasites, and the 
use of new drugs or other interventions is hindered by concerns for fetal safety. Based on the 
knowledge of malaria immunity during pregnancy, vaccine approaches appear promising for the 
control of PM, but first-generation candidates are only now entering clinical trials, and it is unclear 
whether these products will interrupt malaria transmission in pregnant women
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resistance, this strategy has not demonstrated complete protection, but its protec-
tive effect depends on when you receive the first dose and the interval between 
treatments [29].

WHO recommends receiving at least three doses of SP during pregnancy, 
with each dose at least 1 months apart; it can be safely administered until deliv-
ery [30].

Other drugs have been used to improve effectiveness with this strategy using 
dihydroartemisinin – piperaquine, mefloquine, chloroquine – azithromycin com-
bination [31–35].

 2. Screening and treatment in pregnancy (the intermittent screening and treatment 
in pregnancy (ISTp)): this strategy is about screening for malaria during an ante-
natal clinic visit using an RDT and treating infection with an antimalarial drug 
studies with different efficacy when comparing this strategy with IPTp, possibly 
due to differences in parasitic density, which produce different results in diag-
nostic tests and different transmission patterns such as those with seasonal peaks 
vs. those with a more stable transmission [36–38].

 3. Vaccine: there is currently a potential vaccine to prevent malaria in pregnancy, 
called VAR2CSA, a member of the var gene or PfEMP1 protein family that is 
upregulated in placental parasites as well as CSA-selected laboratory parasites 
[39, 40]. However, further studies on the relationship of other specific antibodies 
and protection against malaria during pregnancy are required.

 Treatment/Management

The pillars of malaria treatment are:

 1. Hospitalization for high-risk patients:
Children and naive adults require 24 hours of hospitalization to assess evolu-

tion with clinical antimalarial treatment and evaluation of parasitemia. When 
there is a presence of a high initial parasitemia and a slow decrease in it, an 
increase in the risk of fluid imbalances, renal injury, and acute respiratory dis-
tress syndrome have been associated.

 2. Support measures, especially in unstable patients, with respiratory distress and 
cerebral malaria. These patients must be admitted to intensive care [4].

Patients with any of the following clinical criteria for severe disease should 
receive aggressive intravenous treatment [8]:

 (a) Alteration of the state of consciousness
 (b) Severe normocytic anemia (less than 7 Hb)
 (c) Renal injury
 (d) ARDS (Acute Respiratory Distress Syndrome)
 (e) Hypotension
 (f) DIC (Disseminated Intravascular Coagulation)
 (g) Spontaneous bleeding
 (h) Metabolic Acidosis
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 (i) Hemoglobinuria
 (j) Jaundice
 (k) Repetitive generalized seizures
 (l) Parasitemia >5%.

 3. Antiparasitic treatment:
This treatment is necessary to fight parasites in all its forms, both in the liver 

and in erythrocytes.
There are several antimalarial medications:

 (a) Chloroquine and hydroxychloroquine: both synthetic drugs derived from 
quinine interfere with parasitic hemoglobin metabolism and produce an 
increase in intracellular pH, causing a disruption of the erythrocyte stage 
[41, 42]. Usually 2 days of treatment are required, ensuring better tolerance 
and short hospitalizations. However, chloroquine can contribute to resis-
tance, as it helps gametogenesis. This is a concern in South Asia.

 (b) Primaquine: is a hypnozointocidal, which is added for the eradication of 
liver parasites and the prevention of dormancy and relapse. In P. vivax or 
P. ovale infections [4, 43]. Contraindicated in pregnancy due to fetal terato-
genicity and in difficulty of G6PD due to hemolytic reaction (bite cells an 
Heinz bodies on blood smear is observed) [5].

 (c) Artemisinin-base combination therapy (ACT): it is active against parasites in 
all life cycle states [4]

 (d) Atovaquone-proguanil: its objective is to inhibit the production of ATP, by 
inhibiting the electronic cellular transporter. Proguanil improves the response 
of the atovaquones, by means of sensitizing parasitic mitochondria [44]. It is 
active against erythrocytic and extra erythrocytic forms [44, 45].

The choice of antimalarial treatment depends on the Plasmodium species, clini-
cal condition, age, and regional sensitivity of the parasite. The 2019 CDC Guidelines 
[8] provide the following recommendations:

Stable uncomplicated patients:

 1. Infections with P. falciparum, P. malariae, or P. knowlesi; in chloroquine- 
sensitive areas, chloroquine phosphate 600 mg loading dose and then 300 mg at 
6.24.48  hours or hydroxychloroquine 620  mg of loading dose, followed by 
310 mg at 6.24.48 hours

 2. P. falciparum infections in areas resistant to chloroquine or with unknown resis-
tance can be treated with:

 (a) Atovaquone-proguanil 250 mg/100 mg, 4 tablets daily for 4 days
 (b) Artemetherlumefantrine 20 mg/120 mg, 4 tablets initial dose, then 8 hours 

later and then twice a day for 2 days
 (c) Quinine sulfate 542 mg three times a day for 3 days (in Southeast Asia it 

should take 7 days) + doxycycline 100 mg a day for 7 days
 (d) Tetracycline 250 mg daily for 7 days
 (e) Clindamycin 20 mg/kg/day, divided into three times a da
 (f) Mefloquine 684 mg loading dose, followed by 456 mg every 6–12 hours for 

a total of 1250 mg
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 3. P. vivax or P. ovale infections in chloroquine-sensitive regions should be treated 
with chloroquine phosphate or hydroxychloroquine as indicated + primaquine 
phosphate 30 mg daily for 14 days or tafenoquine 300 mg one dose.

 4. P. vivax infections in chloroquine-resistant regions (Indonesia, Papua New 
Guinea) are treated with the following combinations:

 (a) Quinine sulfate (as previously described)  +  doxycycline, primaquine, or 
tafenoquine

 (b) Atovaquone-proguanil + primaquine or tafenoquine
 (c) Mefloquine + primaquine or tafenoquine

 5. Infections of any species in pregnant women in areas sensitive to chloroquine are 
treated with chloroquine or hydroxychloroquine.

 6. Infections of any species in pregnant women in areas resistant to chloroquine are 
treated with:

 (a) In any trimester of pregnancy: quinine sulfate + clindamycin or mefloquine. 
Quinine treatment should be continued for 7 days in infections acquired in 
Southeast Asia and for 3 days in other places, and treatment with clindamy-
cin should be continued for 7 days regardless of where the infection was 
acquired.

 (b) Only in the 2 and 3 quarter with artemether-lumefantrine.
 (c) The use of doxycycline or tetracycline in combination with quinine sulfate is 

not recommended, but sometimes where there is no other option, it can be 
used if the benefits outweigh the risks.

 (d) Infections caused by P. falciparum resistant to chloroquine; atovaquone- 
proguanil does not have adequate safety studies; however, it could be used if 
there are no other treatment options and when the benefits are considered to 
outweigh the risks.

 (e) In pregnant women with P. vivax or P. ovale, they should continue during 
their pregnancy with the administration of prophylaxis with chloroquine of 
300 mg base (= 500 mg salt) PO per week. Radical treatment should not be 
given for hypnozoites with primaquine phosphate and tafenoquine.

 (f) After delivery and if the patient does not have G6PD deficiency, the treat-
ment decision for hypnozoites should be taken depending on whether the 
mother is going to breastfeed: in case of breastfeeding with children with 
normal G6PD activity, she should receive primaquine phosphate; the use of 
tafenoquine is not recommended. In case of not breastfeeding, treatment 
with primaquine phosphate and tafenoquine is started.

 Patients with Severe Malaria

In unstable and nonpregnant patients, in any region: artesunate IV 2.4  mg/kg at 
0.12.24 and 48  hours and then continue with any of the following: artemether- 
lumefantrine, atovaquone-proguanil, doxycycline, or mefloquine. If there is no oral 
tolerance, you can continue with artesunate, a daily dose up to 7 days.
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The use of clindamycin or intravenous doxycycline is not recommended due to 
its slow antimalarial action, which is observed 24 hours after its onset.

Although the data are limited in terms of the use of artesunate in the first trimes-
ter of pregnancy, no adverse effects have been observed, and also, taking into 
account that severe malaria is a fatal condition for the pregnant woman and the 
fetus, it is estimated that the benefit outweighs the risks, with the understanding that 
there are no other treatment options [8].

The only contraindication for artesunate IV is the known allergy to artemisinins.

 Forecast

The duration of the untreated infection and the time of recurrence varies by location 
and species [1]:

 1. P. falciparum and P. ovale, the infection lasts 2–3 weeks and relapse can occur 
6–18 months after the primary infection.

 2. P. vivax, the infection can last between 3 and 8 weeks and can relapse in months 
up to 5 years later.

 3. P. malariae, the infection can last at least 3–24  weeks and relapse about 
20 years later.

Relapse is when recurrence of symptoms occurs, months to years after the reso-
lution of erythrocytic organisms by reinfection or activation of hypnozoites [1, 4]. 
The resurgence is defined as recurrent symptoms in the days or weeks of an acute 
infection due to the permanence of parasitemia after ineffective or incomplete treat-
ment or due to failure of the immune response, which is more common in P. falci-
parum infection.

A complete and appropriate treatment causes a complete resolution of the symptoms.

 Complications

The severe complications of this infectious disease are three:

 1. Cerebral malaria
 2. Severe malarial anemia
 3. Nephrotic syndrome

 Cerebral Malaria

This complication occurs in 80% of fatal cases, especially with P. falciparum infec-
tion. It is presented as an alteration of the state of consciousness of slow appearance, 
violent shaking, headache, and very high fever (about 42 C), followed by coma, 
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metabolic acidosis, and hypoglycemia, and in addition, seizures and death can be 
observed [1, 7].

Its pathogenesis is due to the formation of malarial rosettes, which is the forma-
tion resulting from an infected erythrocyte surrounded by three uninfected erythro-
cytes, which produce kidnapping and vasodilation at the cerebral level, causing an 
extreme inflammatory response by the action of IFN-gamma, TNF-alpha, and 
oxygen- free radicals. The above causes congestion, decreased cerebral perfusion, 
endothelial activation, impaired blood-brain barrier, and cerebral edema, producing 
an increase in brain volume and intracranial pressure, which is the cause of death in 
this complication [46].

 Severe Malarial Anemia

This complication is due to an increase in destruction and a decrease in erythrocyte 
production due to several mechanisms mediated by THF-alpha. These are cell lysis 
by the replication and exit of the erythrocyte parasites, removal and splenic lysis 
mediated by erythrocytes marked by immune mechanisms, poor incorporation of 
iron into the forming HEME molecules, and a suppression of the bone marrow.

Blackwater fever is a clinical presentation caused by severe anemia with hemo-
globinuria and renal injury in the context of patients with massive intravascular 
hemolysis who have had repeated P. falciparum infections and who have been 
treated with quinine in a chronic manner, a rare condition and which has been 
thought to be associated with G6PD deficiency [1, 3, 47].

 Nephrotic Syndrome

This complication occurs due to the accumulation of immune antigen-antibody 
complexes in the glomerulus and produces a syndrome similar to membranoprolif-
erative glomerulonephritis with proteinuria and decreased renal function.

It is commonly observed in P. malariae and P. knowlesi; it is less frequent with 
P. vivax and very rare with P. falciparum and P. ovale [48].

Other complications described, typical of this infection are:

 (a) Bilious remittent fever: presents with abdominal pain and persistent vomiting, 
which can cause dehydration, jaundice, and dark urine.

 (b) Algid malaria, it is an adrenal insufficiency due to congestion of the gland by 
the parasite and subsequent necrosis of the adrenal glands.

 (c) Acute respiratory distress syndrome, circulatory collapse, DIC, pulmonary 
edema, coma, and death.
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 Prevention

Regarding the prevention of this disease, the two most important points:

 1. Vector control: there are several measures in this regard such as the use of bed 
nets impregnated with insecticides, clothes treated with permethrin, and applica-
tion of DEET on the skin, as well as not traveling to endemic areas.

 2. Chemoprophylaxis: the three drugs used for this purpose:

• Atovaquone-proguanil (Malarone): it is taken once a day during and 1 week 
after the trip to an endemic area; this drug suppresses the liver stage and is not 
approved in pregnancy [2].

• Doxycycline: It is taken once a day during and 1 month after the trip, it works 
by suppressing the blood phase. It has the benefit of having a prophylactic 
effect against rickettsias, Q fever, leptospirosis, and traveler’s diarrhea. 
However, it causes gastrointestinal upset and photosensitivity and increases 
the risk of candidiasis.

• Mefloquine: it is taken once a week during and 1 month after the trip; it sup-
presses the blood stage. It can be used safe in the second and third trimesters 
of pregnancy; however, it has a much higher risk of neuropsychiatric adverse 
effects.

The US military uses doxycycline if they are found in areas with known drug 
sensitivity.

For women pregnant in the first trimester or who are breastfeeding, prophylaxis 
with chloroquine or mefloquine is preferable; the safety of atovaquone-proguanil in 
pregnancy is limited [49].
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Chapter 32
Dengue in Pregnant Women

Juan Ignacio Silesky-Jiménez and Jorge Hidalgo

 Introduction

Dengue is a self-limited viral infection due to an arbovirus that affects humans and 
is transmitted by mosquitoes, mainly by Aedes aegypti, which also carries other 
arboviruses such as Zika, Yellow Fever, and Chikungunya, thus, as another vector to 
a lesser extent such as Aedes albopictus.

This viral infection can cause subclinical conditions producing asymptomatic 
seroconversion, even severe clinical conditions that are life-threatening, such as 
severe dengue which can lead the individual to a condition of deep shock, with 
thrombocytopenia, hypoxia, and acidosis, with multiorgan dysfunction and 
death [1].

In addition, in special conditions such as pregnant women, this infection presents 
a diagnostic challenge making the differential diagnosis with some conditions of 
pregnancy, such as HELLP syndrome, vertical product infection, peripartum prob-
lems especially with the increased risk of bleeding, and, finally, the clinical manage-
ment of severe dengue presentations in this group of patients [2].

The dengue virus belongs to the Flaviviridae family and has four different sero-
types such as DEN-1, DEN-2, DEN-3, and DEN-4, which are the cause of different 
clinical manifestations of the virus.

This disease presents in tropical and subtropical areas, especially in urban and 
suburban areas, due to many causes such as rain fall, the increase in temperature due 
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to the global warming phenomenon, globalization (with the transport of the virus by 
infected subjects or vectors), rapid urban development without planning, and the 
characteristics of the vectors that make them resistant to many environmental condi-
tions [3].

It’s most serious presentation, the severe dengue, has been known since the 
1950s of the last century, in an epidemic in the Philippines and Thailand; it is cur-
rently a cause of hospitalization and mortality in many regions of Latin America 
and Asia.

Another important point of this disease is its capacity for hyperendemicity, which 
produces an important impact not only on human health but also on local, national, 
regional, and global economies. In addition, infected travelers spread this virus.

 Epidemiology and Transmission

WHO has determined a significant increase in the incidence of this infectious dis-
ease in recent decades. It is important to emphasize that many of these cases are 
asymptomatic and that in other parts of the world, they are not diagnosed or reported.

It has been determined that there is an incidence of about 390 million cases per 
year (with a 95% confidence interval between 284 and 528 cases annually); of 
which 96 million are diagnosed (variation of 67–136). It is possible that 400,000 
cases of severe dengue occur annually, with a mortality of 5%; however, with proper 
treatment, it can be reduced by 1% [4, 5].

It has been estimated that 3.9 billion people in 128 countries are at risk of infec-
tion with this virus, which represents at least half of the world’s population.

Dengue is an endemic infection in regions of Africa, America, the Eastern 
Mediterranean, Southeast Asia, and Western Pacific [6].

This infection has had an important worldwide spread in recent decades; before 
the 1970s, it was known that only nine countries in the world had severe dengue 
epidemics. Currently more than 100 have had epidemic peaks, and it is estimated 
that at least 128 are the risk of infection [4, 6].

From 2008 to 2018, there were significant outbreaks in different parts of 
the world:

 1. In 2008, more than 1.2 million cases were recorded in total in the Americas, 
Southeast Asia, and Western Pacific regions and, in 2015, more than 3.2 million 
(according to official data submitted by Member States to the WHO).

 2. In 2012, an outbreak of dengue in the Madeira archipelago (Portugal) caused 
more than 2000 cases, and imported cases were registered in 10 other European 
countries, in addition to continental Portugal

 3. In 2015, 2.35 million cases were reported in the Region of the Americas alone, 
of which more than 10,200 cases were diagnosed as severe dengue and caused 
1181 deaths. On this same year in Delhi (India), the worst outbreak has been 
recorded since 2006, with more than 15,000 cases. The island of Hawaii, in the 
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homonymous state of the United States, was affected in 2015 by an outbreak 
with 181 cases, and transmission continued in 2016. Cases have continued to be 
recorded in Pacific island states: Fiji, Tonga, and French Polynesia.

 4. 2016 had large outbreaks of dengue throughout the world. The Americas region 
reported more than 2,380,000 cases, and in Brazil alone there were just under 
1,500,000 cases, that is, about three times more than in 2014. There were 1032 
reported deaths from dengue in this region. The Western Pacific Region had 
375,000 cases reported, 176,411 of them in the Philippines and 100,028  in 
Malaysia, figures that represent a similar number to that of previous years in both 
countries. The Solomon Islands declared an outbreak with more than 7000 sus-
pected cases. In the African Region, Burkina Faso reported a localized outbreak 
with 1061 probable cases

During 2017, there was a significant reduction in the incidence, especially in the 
Americas, with a 73% reduction (from 2177,171 cases in 2016 to 584,263 in 2017), 
as well as a decrease in severe dengue by 53% [6].

The most important dengue vectors have important characteristics to consider 
that affect the spread of the disease:

 1. Aedes aegypti is the main vector of this disease, which is infected with asymp-
tomatic and symptomatic humans on day 4 or 5, until day 12. Infected females 
transmit the virus, after an incubation period of 4–10 days; it is important to 
emphasize that the mosquito can transmit the disease for life.

This vector inhabits urban sites and reproduces in artificial containers. 
However, eggs can remain in dry places for more than a year and hatch when in 
contact with water. Female mosquitoes bite many people mainly in the early 
morning and evening.

 2. Aedes albopictus is the secondary vector. It is important in Asia, Canada, and 
North America and in 25 countries in Europe. The above due to the commercial 
trade of used tires, which are artificial breeding grounds, and materials such as 
bamboo and for the ability of this mosquito to survive cold temperatures, since 
they survive temperatures below zero degrees Celsius and it’s adaptability to 
microhabitats [6]

 Pathogenesis

When the virus is introduced by the bite of the mosquito, it is directed through the 
lymphatic vessels to the lymph nodes where they replicate before producing vire-
mia. Any serotype (DEN-1, DEN-2, DEN-3, and DEN-4) can initially cause any 
manifestation of the disease, from asymptomatic cases to severe conditions. An 
infection can produce permanent immunity.

However, in the recovery phase of an infection, a new infection by another sero-
type potentially produces a new production of antibodies that combine with the 
previous ones, producing a heterogeneous combination that activates dendritic, 
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monocyte, and macrophage cells, which produces a release of vasoactive sub-
stances, which produce an increase in vascular permeability and hemorrhagic mani-
festations, making the presentation of hemorrhagic dengue (DHF) and dengue 
shock syndrome (DSS) more likely [7, 8].

This activation of complement and cytokines through the virus/antibody com-
plex causes endothelial dysfunction, platelet destruction, and consumption of coag-
ulation factors, which produces hemorrhagic manifestations and capillary leakage 
[7, 9]. In addition, there is a soluble viral protein, called DengueNS, which binds to 
the endothelial glycocalyx, contributing to capillary leakage. To all of the above, it 
has been demonstrated that in patients with severe dengue, an elevation of sub-
stances such as platelet activating factor, leukotrienes, vascular endothelial growth 
factor, and angiopoietin-2 [10].

An interesting fact is that the person recovering from dengue has a lifelong 
immunity for the particular serotype; but, because the immunity against other sero-
types is temporary and partial, there is a risk that in future infections by other sero-
types, the risk of having a severe dengue presentation is increased.

 Classification

The World Health Organization (Fig.  32.1) has simplified the classification of 
dengue in:

 1. Dengue fever (DF): in which there is the presence of fever and at least two of the 
typical clinical signs or any of the warning signs. It is required for the diagnosis 
of epidemiological and serological evidence.

 2. Severe dengue: defined as dengue that has the following [12]:

 (i) Severe plasma leakage leading to shock or respiratory distress
 (ii) Severe hemorrhage
 (iii) Any organ failure

 Hemorrhagic Dengue

Severe dengue presentations have been classically referred to as Hemorrhagic 
Dengue Fever (DHF) or Dengue Shock Syndrome (DSS); the risk factors for devel-
oping them are:

 1. Life extremes in infants and the elderly [13].
 2. Presence of chronic diseases such as diabetes mellitus, bronchial asthma, sickle 

cell anemia [14].
 3. Serotypes DEN-1 and DEN-2 have a worse prognosis [15].
 4. It has been observed that variations in the HLA-A locus in the host, increase 

susceptibility to DHF, and alleles of specific sensitivity and resistance in HLA-A 
have also been identified [16].
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 Clinical Manifestations

The dengue virus produces a range of clinical manifestations, from an asymptom-
atic seroconversion, through a feverish condition, to severe conditions that put the 
patient’s life at risk (severe dengue).

It is important to know the dynamics of the disease, since an adequate knowledge 
of the different phases of the disease lead to a rational approach in the management 
of the patient.

After the mosquito inoculates the virus, an incubation period occurs between 4 
and 10 days. The classic symptoms of the disease are fever, nausea, vomiting, rash, 
headache, retroocular pain, myalgias, arthralgia, petechiae, leukopenia, and positive 
tourniquet test [17].

Many of these symptoms are shared by other arboviruses such as Zika and chi-
kungunya, as they can also coexist with dengue infection.

Some differences of these diseases, from a clinical point of view, can be listed in 
the following table, obtained from WHO/PAHO [18] (Table 32.1).

The disease begins with a sudden fever, which produces three clinical phases 
(Fig. 32.2):

1. Severe plasma leakage
leading to: 
• Shock (OSS)
• Fluid accumulation with
  respiratory distress .

2. Severe bleeding
    as evaluated by clinician

3. Severe organ involvement 
• Liver: AST or ALT>=1000 
• CNS: Impaired 
  consciousness 
• Heart and other organs 

Dengue ± warning signs

Criteria for dengue ± warning signs

Probable dengue
Live in/travel to dengue
endemic area. Fever and 2
of the following criteria:
• Nausea, vomiting 
• Rash
• Aches and pains 
• Tourniquet test positive 
• Leucopenia 
• Any warning sign
Laboratory confirmed
dengue 
(important when no sign of
 plasma leakage)

Warning signs* 
• Abdominal pain or
  tenderness
• Persistent vomiting
• Clinical fluid accumulation
• Mucosal bleed
• Lethargy; restlessness
• Liver enlargement >2cm
• Laboratory: Increase HCT
concurrent with rapid
decrease in platelet count

*Requiring strict observation
and medical intervention

Without
1.Severe plasma leakage
2.Severe haemorrhage
3.Severe organ impairment

with
warning signs

Criteria for severe dengue

Severe dengue

Fig. 32.1 Dengue case classification by severity [11]. ALT alanine aminotransferase, AST aspar-
tate aminotransferase, CNS central nervous system, DSS dengue shock syndrome, HCT hematocrit
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Table 32.1 Signs and symptoms of dengue, chikungunya, and Zika arbovirus infections

Signs and 
symptoms Dengue Chikungunya Zika

Most frequent 
reason for 
consultation

Fever, myalgia Joint pain, fever Exanthema or pruritus

Fever Moderate Very 
frequent Duration: 
5–7 daysa

Very high very 
frequent duration: 3–5 
days

Mild very infrequent 
duration: 1–3 days

Rash Appears between days 
5 and 7 
Non-characteristic

Appears on day 2 or 3 
Non-characteristic

Typically from day 1: 
maculopapular, 
cephalocaudal

Pruritus Mild to intense Mild to moderate Moderate to intense
Conjunctivitis Infrequent Not very frequentb Very frequent
Neurological 
manifestations

Infrequent Infrequent (can be 
frequent and serious in 
neonates)

Possible and serious

Headache Intense and frequent Mild to moderate Mild to moderate
Retro-ocular pain Intense and frequent Infrequent Infrequent
Poliartralgias Absent Very frequent Frequent
Polyarthritis Absent Frequent Frequent
Edema in hands and 
feet

Infrequent Frequent Infrequent

Evolution to chronic 
form

No Very frequent Not described

Myalgia Very frequent and 
intense

Frequent moderate to 
intense

Infrequent

Hepatomegaly Warning sign Very infrequent Very infrequent
Frequent vomiting Warming sign Very infrequent Very infrequent
Diarrhea Frequent Very infrequent Very infrequent
Intense abdominal 
pain

Warming sign Not present

Skin bleeding Frequent Very infrequent Very infrequent
Mucosal bleeding Warning sign Very infrequent (when 

present, it is serious)
Very infrequent

Shock More frequent in the 
severe formc

Infrequent Unknown

Leukopenia Moderate to intense Mild to moderate Mild to moderate
C-Reactive protein Normal Elevated Elevated
High hematocrit 
level

Warning sign Infrequent Infrequent

Platelet count Normal to very low Normal to low Normal to low
Special 
considerations

Risk of death Can evolve to chronic 
arthropathy

Risk of congenital 
infection and GBS

aWith dengue, a drop in fever between days 3 and 5 of the disease can actually be associated with 
onset of severity
bConjunctivitis is uncommon in CHIKV infection, but this symptom is more frequent in children
cThe onset of shock is sudden, and it occurs most often between days 3 and 7 of the disease
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 1. Febrile phase (febrile)
 2. Critical phase (critical)
 3. Recovery phase (recovery)

 1. In the febrile phase, the patient presents a sudden and high fever condition, 
which can last between 2 and 7 days, associated with the symptoms of cuta-
neous erythema, facial flushing, myalgia, arthralgia, retroorbital pain, head-
ache, conjunctival injection, sore throat, nausea, and vomiting. Pain and 
hepatomegaly can be found upon liver palpation [19], as well as petechiae 
and small hemorrhages in mucous membranes. Major bleeding from veni-
puncture sites may occur.

The tourniquet test may have a diagnostic value at this stage, but does not 
predict severity [20].

Blood work can show: leukopenia, mild to moderate thrombocytopenia, 
and moderate elevation of liver enzymes.

In addition, it can produce alterations in the ability to perform the daily 
tasks of the person, such as their work, attending school, interpersonal rela-
tionships [21].

 2. In the critical phase, it occurs at the time when the fever starts to diminish, 
typically between day 3 and 7, when the warning signs are manifested, 
namely, capillary leakage, bleeding, shock, and organic dysfunction can be 
observed, lasting at least 24–48 hours, being the most affected young patients 
and children. In this phase in addition to the fall of fever, hypoproteinemia 
and hemoconcentration with pleural effusions and ascites may also appear.

In this phase, Dengue Shock Syndrome develops, characterized by a 
decrease in pulse pressure, hemodynamic collapse, and metabolic acidosis 
and disseminated intravascular coagulation and organic dysfunction such as 

1
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Dehydration Shock
Bleeding

Reabsorption
Fluid overload

Organ Impairment

Platelet

IgM/IgGViraemia

Hematocrit

Day of illness

Day of illness

Potential
clinical issues

Laboratory
changes

Serology and
virology

Course of dengue illness:  Febrile         Critical      Recovery Phases

2 3 4 5 6 7 8 9 10
Fig. 32.2 The course of 
dengue illness. IgM 
immunoglobulin M, IgG 
immunoglobulin 
G. Temperature is given in 
degrees Celsius (°C). 
(Source: adapted from Yip, 
1980  [2] by authors)
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hepatitis, liver failure, acute kidney injury, encephalitis, and myocarditis 
[22–29].

Many of these clinical conditions can improve with appropriate fluid 
administration.

Severe bleeding may occur in patients without DSS, who have received 
NSAIDs, aspirin, or corticosteroids. As well as in patients who have previous 
duodenal or gastric ulcers [30, 31].

APACHE II, SOFA Score, arterial lactate, and serum albumin can predict 
the mortality and prognosis of a high-risk patient [32, 33].

Fortunately, the majority of patients who develop dengue fever do not 
develop this phase, evolving to their recovery.

 3. In the recovery phase, a gradual redistribution of extravascular fluid occurs 
within 48 to 72 hours after the end of the critical phase; however, despite 
improving vascular permeability, patients may persist with dyspnea due to 
pleural effusions and pulmonary edema due to fluid resuscitation. In addition, 
a maculopapular rash can be seen by a leukocytoclastic vasculitis; a rash that 
surrounds areas of normal skin called “isles of white in the sea of   red” can be 
observed [34]. And electrocardiographic changes and bradyarrhythmia.

 Laboratory Diagnosis

Dengue’s laboratory diagnosis is not necessary for the clinical management of the 
patient; its usefulness is based on confirming the diagnosis in atypical cases that 
requires excluding this cause in a differential diagnosis and providing information 
for epidemiological surveillance.

Dengue’s diagnostic laboratory tests are able to detect the virus or any of its 
components (virus antigen, virus, or virus genome) or by determining a serological 
response of the patient after infection, such as IgM and IgG levels (Table 32.2) [2].

To choose the best method to use of these diagnostic tools, it is important to 
consider three important factors:

 1. Serological and virological markers in relation to the time of the evolution of 
dengue infection (Fig. 32.3) [2]

 2. Type of diagnostic method in relation to the disease
 3. Type of clinical sample (Table 32.3)

When the virus enters the host, the virus replicates, and the individual’s immune 
response occurs; the latter may vary if it is a primary or secondary infection.

Viremia is detected at the same time that symptoms appear and are not detectable 
at the time of symptom reduction.

When an individual is infected for the first time, that is, he has a primary infec-
tion, viremia appears 1–2 days before the fever develops, up to 4–5 days later. IgM 
antibody develops with the disappearance of fever and viremia [35]; is detected 
3–6 days after the onset of fever, detected on average in 50% of cases on days 3–5 
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after the onset of the disease; and increases up to 95–98% on days 6–10, and low 
titers can be detected up to 1–3 months. In addition, in this infection they develop 
slowly and with low levels of specific anti-dengue IgG, from day 9–10; however, 
these remain present for decades and indicate a previous dengue infection 
[11, 36–40].

During a secondary infection, a rapid and high concentration in specific anti- 
dengue IgG antibodies occurs, with a slow increase and decreased in IgM. High 
levels of IgG remain high for 30–40 days. In addition, a shorter, but more intense 
viremia has been recognized in this type of infection [11, 36–40].

Table 32.2 Dengue diagnostics and sample characteristics

Clinical sample
Diagnostic 
method Methodology

Time to 
results

Virus detection 
and its 
components

Acute serum (1–5 
days of fever) and 
necropsy tissues

Viral isolation Mosquito or mosquito cell 
culture inoculation

One week 
or more

Nucleic acid 
detection

RT-PCR and real-time 
RT-PCR

1 or 2 days

Antigen 
detection

NS1 Ag rapid tests Minutes
NS1 Ag ELISA 1 day
Immunohistochemistry 2–5 days

Serological 
response

Paired sera (acute 
serum from 1–5 
days and second 
serum 15–21 days 
after)

IgM or IgG 
seroconversion

ELISA HIA 1–2 days
Neutralization test Minimum 

7 days

Serum after day 5 
of fever

IgM detection 
(recent infection)

ELISA 1 or 2 days

Rapid tests Minutes
IgG detection IgG ELISA HIA 1 or 2 days

ELISA enzyme-linked immunosorbent assay, HIA hemagglutination inhibition assay, IgG immu-
noglobulin G, IgM immunoglobulin M, NS1 Ag nonstructural protein 1 antigen, RT-PCR reverse 
transcriptase polymerase chain reaction

Viremia Viremia

Second InfectionPrimary Infection

IgM

IgG

Fig. 32.3 Virological and 
serological markers of 
dengue infection according 
to time of illness. IgG 
immunoglobulin G, IgM 
immunoglobulin M
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Confirmation of a dengue diagnosis is confirmed by (Table 32.3) [2]:

 1. Virus detection
 2. Detection of the viral genome or NS1 antigen
 3. Seroconversion of IgM or IgG: from negative to positive IgM/IgG or increase of 

four times the specific antibody titer

The determination of NS1 antigen, using rapid kits or ELISA (enzyme-linked 
immunosorbent assay), is important for diagnosis in the first 1–5 days of the dis-
ease; its sensitivity in the febrile phase is about 90% and is detected even several 
days after the patient is afebrile [41].

Detection of viral nucleic acid, using reverse transcriptase-polymerase chain 
reaction (RT-PCR) is the most sensitive and specific test when used in the first 
5 days of fever onset [42].

A positive serology by IgM and a hemagglutination inhibition assay (HIA) anti-
body titer of 1280 or higher are criteria of a probable infection by dengue.

A compilation of the above is included in Fig. 32.4 [43].

 Clinical Management

All patients with dengue should be evaluated systematically and completely, follow-
ing the following steps (Table 32.4), proposed by the WHO [2].

Step I: Overall assessment:

 1. The medical history should include the date of onset of symptoms, the amount of 
oral fluids ingested, the presence of diarrhea, urinary output, assessment of alarm 
symptoms, changes in mental status, presence of seizures, or dizziness. 

Table 32.3 Confirmed and probable dengue diagnosis, interpretation of results, and sample 
characteristics

Method Interpretation Sample characteristics

Confirmed 
dengue 
infection

Viral isolation Virus isolated Serum (collected at 1–5 
days of fever) necropsy 
tissues

Genome 
detection

Positive RT-PCR or positive 
real-time RT-PCR

Antigen 
detection

Positive NS1 Ag

Positive immunohistochemical Necropsy tissues
IgM 
seroconversion

From negative IgM to positive IgM 
in paired sera

Acute serum (days 1–5) 
and convalescent serum 
(15–21 days after first 
serum)

IgG 
seroconversion

From negative IgG to positive IgG 
in paired sera or 4-fold increase 
IgG levels among paired sera

Probable 
dengue 
infection

Positive IgM Positive IgM Single serum collected 
after day 5High IgG levels High IgG levels by ELISA or HI 

(≥1280)

ELISA enzyme-linked immunosorbent assay, IgG immunoglobulin G, IgM immunoglobulin M, 
NS1 Ag nonstructural protein 1 antigen, RT-PCR reverse transcriptase-polymerase chain reaction
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Epidemiological data on exposure to dengue of relatives or trips to endemic 
areas of dengue, comorbidities (pregnancy, chronic diseases, obesity, etc.), or 
risks to other diseases such as zoonosis, jungle trips, and water exposure (such as 
malaria, leptospira, etc.) and drug abuse or unprotected sexual exposure (con-
sider acute HIV seroconversion).

Fig. 32.4 Laboratory diagnostic options in a patient with suspected dengue infection. Detection 
of viral nucleic acid, nonstructural protein 1 (NS1), or IgM seroconversion is a confirmatory find-
ing in patients in whom dengue is a possible diagnosis. Day 0 is the first day when the patient noted 
any symptom during this illness. ELISA denotes enzyme-linked immunosorbent assay and 
RT-PCR reverse transcriptase-polymerase chain reaction

Table 32.4 A stepwise approach to the management of dengue

Step I – Overall assessment

1.1 History, including symptoms, past medical and family history
1.2 Physical examination, including full physical and mental assessment
1.3 Investigation, including routine laboratory tests and dengue-specific laboratory tests
Step II – Diagnosis, assessment of disease phase and severity

Step III – Management

III.1 Disease notification
III.2 Management decisions. Depending on the clinical manifestations and other 

circumstances, patients may [1]:
  be sent home (Group A)
  be referred for in-hospital management (Group B)
  require emergency treatment and urgent referral (Group C)
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 2. In the physical examination it is important to evaluate the mental state, the level 
of hydration and hemodynamic condition; assess for tachypnea, pleural effusion, 
or acidotic respiration; assess for abdominal pain, hepatomegaly, or ascites; 
determine if there are rash or hemorrhagic manifestations. Perform the tourni-
quet test.

 3. Ideally, a complete blood count should be performed in the first evaluation, 
which can be normal and should be repeated daily until the critical phase passes. 
The hematocrit should be assessed to assess whether there is a capillary leak. In 
addition, the presence of leukopenia and rapid thrombocytopenia are observed as 
part of the disease.
Dengue-specific laboratories are indicated to confirm the diagnosis; they are not 
required for patient management, except when there are unusual 
manifestations.
Other specific tests for the comorbidities that the patient may present in the labo-
ratory and images should be considered.

Step II: Diagnosis, assessment of disease phase, and severity

• With the data obtained in Step I, the clinician is able to diagnose dengue, as well 
as assess the phase of the disease and its severity.

Step III: Management

 1. Disease notification
This disease must be notified in suspected, probable, or confirmed cases, even 
before laboratory confirmation, especially in countries in endemic areas.
In non-endemic areas, it is recommended to report only confirmed cases.

 2. Management decisions
As proposed the management of patients in three groups A, B, and C, depending 
on their condition and clinical characteristics and with adequate management, 
mortality can be reduced to less than 1%:

Group A
They are the group of patients that can be managed on an outpatient basis.

These patients can drink fluids properly, have urination at least every 6 hours, 
and have no warning sign.

Ideally, after the third day of illness should be assessed daily, to determine dis-
ease progression.

In addition to oral fluids, paracetamol can be administered, without exceeding 3 
grams per day in adults. Any NSAIDs or intramuscular injections should be avoided.

They should consult the hospital, if any of the following situations occur: clinical 
worsening, deterioration near the time of diminishing of the fever, severe abdominal 
pain, persistent vomiting, cold and clammy limbs, lethargy, irritability or restless-
ness, bleeding, dyspnea, and not passing urine for more than 4–6 hours. Admission 
during the febrile phase is indicated in patients who cannot manage hydration in 
their home and children and who have coexisting conditions.
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Group B
This group includes patients who require hospital management, with close 
observation.

They are patients with warning signs, with coexisting conditions that make the 
disease or its management more complicated (pregnant, elderly, obese, diabetic, 
hypertensive, heart failure, immunosuppressed, etc.) or with patients with circum-
stances or social problems.

These patients benefit from an early and adequate fluid replacement to prevent 
progression to shock and modify the course and severity of the disease.

Resuscitation with isotonic saline solutions such as 0.9% saline, Ringer’s lactate, 
or Hartmann solution is recommended.

Using the initial hematocrit as a reference, before replacement with liquids, a 
replacement from 5 to 7 cc/kg/hour can be used for 1–2 hours until the infusion rate 
is maintained at 2–3 cc/kg/hour or less depending on of the clinical response. It is 
of utmost importance the maintenance of perfusion, an adequate water balance, and 
a urinary output of 0.5 cc/kg/hour.

Fluids are usually not required for more than 24–48 hours, and adequate control 
of vital signs, perfusion, and urinary output, which should be maintained in patients 
with alarm signs.

Group C
This group includes patients with severe dengue who require emergency manage-
ment because they present with:

 1. Severe capillary leak leading to shock or accumulation of fluid with respiratory 
distress

 2. Severe hemorrhages
 3. Severe organic dysfunction such as kidney injury, liver injury, cardiomyopathy, 

encephalopathy, or encephalitis.

These patients must be admitted to hospitals with access to a blood bank. Fluid 
therapy should be adequately managed to maintain adequate central and tissue per-
fusion (decrease in heart rate, improving blood pressure and pulse pressure, improve 
capillary filling >2 seconds, with pink and warm limbs), as well as organic perfu-
sion (improve the level of consciousness, decrease metabolic acidosis, urinary out-
put greater than 0.5 cc/kg/hour).

Patients should be managed individually, administering rescue boluses of 
10–20 cc/kg. The use of colloids in patients with decompensated shock should be 
assessed. This hydration can be guided with hematocrit.

Blood transfusion transfusion is performed only in case of severe confirmed or 
suspected bleeding, especially if there is unexplained arterial hypotension, such as:

 1. Persistent or severe bleeding in the presence of hemodynamic instability, regard-
less of hematocrit level

 2. Decreased hematocrit after resuscitation boluses associated with hemodynamic 
instability
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 3. Refractory shock that does not respond after the administration of liquids of 
40–60 cc/kg

 4. Shock with hypotension with an inappropriately low or normal hematocrit
 5. Persistent or worsening metabolic acidosis, despite adequate systolic blood pres-

sure, especially with severe abdominal pain and distention

The transfusion of red blood cells or fresh blood should be done early, without 
using the hemoglobin level criteria. The use of platelets, fresh frozen plasma, and 
cryoprecipitate; they will be used under the context of mass transfusion.

It is important to clarify that in special situations such as the pregnant patient or 
patients who require surgery, transfusion of platelets or frozen fresh plasma can be 
anticipated to the procedure, to avoid severe bleeding.

In cases of shock, WHO proposes the following management algorithms 
(Figs. 32.5 and 32.6) [2]:

Fluid therapy can result in overhydration as a complication; it must stop under 
the following proposed conditions:

 1. Capillary leak detection
 2. Stabilization of blood pressure, pulse, and perfusion
 3. Decrease of the hematocrit in the presence of an adequate pulse pressure
 4. Afebrile patient, without antipyretics for more than 24–48 hours

Compensated shock
(Systolic pressure maintained + signs of reduced perfusion) 

Yes 

Yes 

Yes 

IV crystalloid, reduce
gracualty

5-7 ml/kg/hr for 1-2 hours
3-5 ml/kg/hr for 2-4 hours
2-3 ml/kg/hr for 2-4 hours 

Start isotonic crystalloid
5-10 ml/kg/hr for 1 hour 

No 

No 

No 

HCT↓Check
HCT

HCT↑
or High

As clinical improvement
is noted, reduced fluids

accordingly

Furher boluses may be
needed for the next 

24-48 hours

Stop IV fluids at 48
hours 

Crystalloid (2" bolus) or
colloid**

10-20 ml/kg/hr for 1 hour

IMPROVEMENT*

IMPROVEMENT*

Reduce IV crystalloids
7-10 ml/kg/hr for 1-2

hours

Severe overt
bleed 

Urgent
blood

transfusion 

Colloid 10-20
ml/kg/hr

Evaluate to
consider

blood
transfusion if

no clinical
improvement 

Fig. 32.5 Algorithm for fluid management of compensated shock: in adults. *Reassess the 
patient’s clinical condition, vital signs, pulse volume, capillary refill time, and temperature of 
extremities. **Colloid is preferable if the patient has already received previous blouses of crystal-
loid. IV intravenous, HCT hematocrit, ↑ increased, ↓ decreased
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 5. Resolution of abdominal and intestinal symptoms
 6. Adequate urinary output

It is also very important to consider the following points in the treatment of these 
patients:

 1. Glucose: hyperglycemia and hypoglycemia may occur, which are corrected with 
isotonic fluids without glucose and with boluses of dextrose solution 0.1–0.5 g/kg.

 2. Hydroelectrolyte and acid/base disbalances: hyponatremia (with a mechanism 
not fully known) can occur frequently, potassium disorders such as hyperkale-
mias due to metabolic acidosis or associated renal injury or hypokalemia due to 
gastrointestinal or stress losses (hypercortisolemia). Calcium should be moni-
tored, especially in the context of massive transfusions or administration of 
sodium bicarbonate.

 3. Metabolic acidosis: it is due to hypovolemia and shock caused by lactic acidosis. 
An adequate resuscitation of the patient corrects the disorder; however, if it 
 persists, a red blood cell transfusion should be evaluated. The administration of 
sodium bicarbonate is not recommended if the pH is ≥7.10, since it is related to 
sodium and liquid overload, increase in lactate and pCO2, decrease in ionized 
calcium, and deviation to the left of the dissociation curve of hemoglobin that 
increases tissue hypoxia.

Hyperchloremia due to resuscitation with saline solutions causes metabolic aci-
dosis with normal lactate levels [44], which can be improved with the use of Ringer’s 
lactate solutions or Hartmann’s solution.

Hypotensive shock
Try to obtain an HCT leve before fluid resuscitation

Yes 

Yes 

Yes 

IV crystalloid, reduce
gracualty

5-7 ml/kg/hr for 1-2 hours
3-5 ml/kg/hr for 2-4 hours
2-3 ml/kg/hr for 2-4 hours 

Start isotonic crystalloid or
colloid^

No 

No 

No 

HCT↓
Check
HCT

HCT↑
or High

As clinical improvement is
is noted, reduced fluids
accordingly

IV crystalloid or colloid
10 ml/kg/hr for 1 hour

Stop IV fluids at 48
hours 

IV crystalloid/ colloid^
(2nd bolus)

10 ml/kg/hr for 30–60 min

IMPROVEMENT*

IMPROVEMENT*

Reduce IV crystalloids
7–10 ml/kg/hr for 1-2 hours

Severe overt
bleed 

Urgent blood
transfusion 

Colloid 10-20
ml/kg/hr
Evaluate to
consider blood
transfusion if no
clinical
improvement 

Fig. 32.6 Algorithm for fluid management in hypotensive shock – infants, children, and adults. 
^Colloid is preferable if the patient has already received previous blouses of crystalloid. *Reassess 
the patient’s clinical condition, vital signs, pulse volume, capillary refill time, and temperature of 
extremities. IV intravenous, HCT hematocrit, ↑ increased, ↓ decreased
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 Critical Care and Adjuvant Therapy

Patients whom present organic dysfunction due to late diagnosis, inadequate moni-
toring or interpretation of vital signs, inadequate monitoring of water balance, late 
recognition of shock or severe bleeding, as well as inadequate resuscitation (little or 
much administration of liquids) or poor aseptic techniques, which produces compli-
cations that require critical care and adjuvant support therapies.

These conditions can be:

 1. Prolonged and/or deep shock
 2. Severe bleeding with DIC
 3. Water overload
 4. Failure and respiratory distress
 5. Hepatic, renal, and neurological dysfunction
 6. Irreversible shock and death

These patients may require:

 1. Optimization of fluid therapy
 2. Noninvasive or invasive ventilatory support
 3. Use of vasopressors and inotropics, according to requirements and hemody-

namic profile
 4. Blood products
 5. Renal support, ideally continuous renal support
 6. Treatment of coexisting nosocomial infections
 7. Drug toxicity, as in the case of the use of high doses of paracetamol

 Medications

Some medications used in this infectious disease have not shown benefit, such is the 
case of factor VIIa [45], steroids [46–48], and immunoglobulins IV [49, 50].

Other medications that have been used require more research such as:

 1. Carbazochrome reduces vascular capillary permeability, but has not shown ben-
efit in dengue [51].

 2. Chloroquine, which produces an interference with viral replication in a pH 
dependent step, does not reduce the duration of the disease and produces many 
adverse effects [52].

 3. Lovastatin does not produce benefits, despite the theoretical benefit of statins in 
their endothelial anti-inflammatory effects and possible antiviral effects against 
dengue; it did not affect viremia nor clinical manifestations [53].

 4. Some antivirals such as balapiravir and celgosivir showed no benefits [54, 55].
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 5. Other antivirals, with different mechanisms of action such as MTase inhibitors, 
nucleoside analogs, helicase inhibitors, protease inhibitors, and NS4B inhibitors, 
are currently being studied [56].
 6. Serum human monoclonal antibodies and polyclonal antibodies 

(IgG), against all dengue serotypes, are promising treatments under investiga-
tion [56]. 

 Dengue in Pregnancy

The clinical manifestations, the treatment and prognosis of pregnant women with 
Dengue are similar to women who are not; however they have different conditions 
to consider [57, 58]. There should be a high index of suspicion of this infection in 
pregnant patients who have traveled or live in endemic areas of dengue, being the 
most frequent cause of fever in these areas [59].

The diagnosis can be difficult, since it has some findings of diseases that occur in 
pregnancy such as preeclampsia, eclampsia, HELLP syndrome (hemolysis, elevated 
liver enzymes, and low platelet count), pneumonia, pulmonary embolism, other 
infectious diseases, as well as other causes of transvaginal bleeding.

It is still uncertain, the effect of dengue, in the prognosis of pregnancy in terms 
of preterm births, low birth weight, and caesarean sections [58, 60–63]; in some 
reports, it has been associated with high maternal and fetal mortality [64], above all, 
in patients with severe dengue presentations such as DSS/DHS [65]. If the vertical 
transmission of the virus from the mother to the child is recognized, in the perinatal 
period in up to 90% of the cases [58, 66–69] and the risk of bleeding in the critical 
phase [62, 70].

Management of dengue during pregnancy:

• In general terms, these patients should be managed early in the hospital, espe-
cially if they are in labor or if they have completed the pregnancy.

• Conservative medical and obstetric management is preferred during dengue 
infection during pregnancy [66].

There are some changes of the pregnancy to consider and that may affect the 
recognition of dengue conditions:

 1. Hyperemesis gravidarum of the first trimester can be confused with a dengue 
alarm symptom, which can delay the recognition of a severe dengue.

 2. After the second trimester, pregnancy changes such as the increase in circulating 
volume and heart rate, as well as the decrease in blood pressure and hematocrit; 
it may delay the diagnosis of decompensated shock. Hence the importance of 
serial hematocrit control.
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 3. Signs of capillary leakage of pleural effusion and ascites can be difficult to detect 
with a gravid uterus.

Regarding the management of these patients, the following should be taken into 
account:

 1. Monitoring and close care are of the utmost importance, with adequate targeted 
therapy during all phases of care: prepartum, intrapartum, and postpartum.

 2. The late recognition of shock in these patients can lead to prolonged shock, mas-
sive bleeding, and multiorgan dysfunction.

 3. There is no difference in the resuscitation of these patients; however, the gravid 
uterus can reduce the tolerance of accumulation of fluid in pleurae and perito-
neum of the capillary leak, so excess fluid should be avoided.

 4. The normal changes at the end of pregnancy of increase in heart rate and decrease 
in blood pressure can lead to overhydration when trying to normalize these 
hemodynamic parameters, producing an fluid overload with respiratory 
worsening.

 5. There is an increased risk of bleeding during the critical phase of dengue (throm-
bocytopenia, coagulopathy, and vasculopathy), in the presence of wounds or 
trauma [71].

 6. Prophylactic platelet transfusion is not indicated, except for some obstetric 
indication.

 7. In case of severe bleeding, transfusion of red blood cells or fresh whole blood 
should be initiated.

 8. The delivery must be done in a hospital with access to the blood bank, with an 
adequate team of obstetricians and neonatologists.

 9. The use of tocolytics and other measures to postpone delivery should be evalu-
ated, especially in the critical phase of dengue.

If labor is inevitable during the critical phase:

 1. Bleeding should be anticipated and monitored.
 2. Blood products should be reserved for childbirth.
 3. The trauma should be reduced during the procedure.
 4. Platelet transfusion should be initiated during or at the start of labor, since plate-

let count is maintained for a few hours with transfusion in the critical phase 
[72, 73].

 5. If significant bleeding occurs, a transfusion of fresh red blood cells or fresh 
whole blood should be initiated early. Do not wait hematocrit results or blood 
losses exceeding 500 cc before transfusion.

 6. Infusions of ergotamine and oxytocin should be indicated, to produce a uterine 
contraction that prevents postpartum hemorrhage.

In postpartum, it is recommended:

 1. The mother and the newborn should be monitored in the hospital, given the risk 
of vertical transmission [66, 74].
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 2. A severe neonatal or fetal dengue may occur and death, at or near birth, due to 
insufficient time for the formation of protective maternal antibodies.

 3. It must be aware that the presentation of dengue in the mother or the newborn 
can be atypical

 4. The congenital infection can be suspected clinically and then confirmed by labo-
ratory tests.

 Prevention (Dengue)

Regarding the prevention and control of this infectious disease, there are some strat-
egies such as avoiding contact with the disease vector, vector control, and the devel-
opment of vaccines.

It is important to bear in mind that at the moment, none of these strategies alone 
are highly effective, and furthermore, other tools are under development and 
research.

We can summarize the above as follows:

 1. Avoid contact with the vector:
The World Health Organization [75] establishes measures to avoid or reduce 

the contact of the vector that transmits dengue among humans. Some of these 
recommendations are:

• Avoid visiting endemic areas.
• Wear clothing that reduces the amount of exposed skin, especially during the 

day, when mosquitoes are most active, particularly during dengue outbreaks.
• Use of insect repellants, adhering to the recommended use of the product.
• Place mosquito nets, ideally treated with insecticides, especially with people 

who sleep during the day such as infants, bedridden people, and people who 
work at night.

• Use of household insecticides or environmental repellants.
• Placement of metal fabric screens on doors and windows, as well as air 

conditioning.

 2. Vector control:
These activities focus on the control of the Ae. aegypti and Ae. albopictus, 

from their immature stages to adulthood, in the environments in which humans 
find themselves.

These controls are based on:

• Environmental management: attempts to diminish the habitats of the vectors, 
through the manipulation of containers (destruction, alteration, removal or 
recycling), the physical or infrastructure transformation, and the placement of 
barriers that reduce the contact between vectors and people (mosquito nets, 
racks of metallic screens, etc.). The improvement of the water supply and 
storage systems, the protection of the water storage containers against mos-

32 Dengue in Pregnant Women



418

quitoes, and the management of solid waste are also contemplated, the clean-
ing of streets and the construction of structures without habitats for these 
vectors.

• Chemical control: chemicals with effect on larvae and adult mosquitoes action 
have been used extensively; however, they are complementary measures to 
environmental control. These measures range from the use of chemicals to 
control the storage and distribution of water, as well as for fumigation and 
chemicals with residual effect on surfaces, which control the density and lon-
gevity of the mosquitoes, as well as the transmission parameters.

• Biological control: it is based on the introduction of organisms that predate or 
parasitize mosquitoes, in order to reduce their population. They have devel-
oped from autochthonous larvivorous fish such as guppies (Poecilia reticu-
lata) or predatory copepods (small crustaceans). As well as the use of a 
biological larvicide, with Bacillus thuringiensis israelensis (Bti), with effi-
cacy in the entomological indices; however, its impact on the transmission of 
the disease is not clear [76–79].

Other new tools for mosquito control, in which a biological, genetic, and 
behavioral strategy is mixed, are:

• Wolbachia bacteria adapted to infect A. aegypti mosquitoes, in adult stage or 
in eggs, which are subsequently released and which have an impact on 
decreasing the mosquito’s fertility, its life expectancy, and blocking the repli-
cation of the dengue virus [80], thereby suppressing the Aedes population 
over a long period of time and reducing the transmission of other infections 
transmitted by this vector.

• Genetic modifications have been made to the mosquito, with the introduction 
in male Aedes of a gene known as RIDL (Release of Insects Carrying to 
Dominant Lethal), through which it is transmitted to embryos that experience 
death in larval stages before being adults. Tests were carried out in Brazil in 
2011, in which it has also been considered for the control of Zika [81].

Finally, there is another approach that includes tools based on the behavior of 
the mosquito, in terms of its appearance, chemical signals, and its swarm, which 
can synergize different methods, producing a more effective control [82]. For all 
of the above, it is important to continue with research based on the behavior, 
ecology, and epidemiology of the vector [83]; in order to obtain programs for the 
integral management of the vector, which are cost-effective [77, 84].

It is important to clarify that in systematic reviews, there is no clear associa-
tion between vector indices and dengue transmission [77].

 3. Vaccines:
There is been attempts to produce several vaccines for the prevention of den-

gue, through live attenuated viruses, inactivated viruses, recombinant proteins, 
and DNA vaccines.

A vaccine against dengue, CYD-TDV or Dengvaxia®, which is a recombinant 
tetravalent vaccine with live attenuated viruses has been evaluated [85, 86].
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The post-use analysis is that the vaccine works dependent on the sero-status 
of the individual. To those who have had previous dengue infection, that is, they 
are seropositive, the vaccine is safe and effective. However, for seronegatives, 
after 3 years of vaccination, the risk of developing severe dengue is increased 
when the individual develops a natural dengue infection. Therefore, the World 
Health Organization recommends its application in HIV-positive individuals.

Other vaccines are under investigation [87].
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Chapter 33
Rickettsiosis in Pregnant Women

Juan Ignacio Silesky-Jiménez and Jorge Hidalgo

 Introduction

Rickettsia is an infectious disease caused by small gram-negative microorganisms, 
obligated intracellular bacilli, transmitted to humans by hematophagous arthropod 
vectors such as ticks, lice, mites, and fleas [1, 2].

Due to their high prevalence in nature and that they have a large worldwide dis-
tribution, both in tropical and subtropical areas, they are a potential cause of emerg-
ing and re-emerging febrile illness, which unfortunately produces a febrile condition 
that is not differentiated with other diseases and that in many occasions is over-
looked. This feverish picture can sometimes be accompanied with rash and 
eschar [3, 4].

The difficulty for the recognition of this infectious disease is very large, because 
a confirmatory test is not available during the acute phase of the disease and its 
diagnosis is usually confirmed, retrospectively by serological means.

The recognition of this infectious disease is important and at the beginning of the 
specific treatment is associated with a rapid clinical improvement and also with a 
decrease in mortality in severe cases [5, 6].
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 Etiology

This infectious disease is caused by bacteria of the genus Rickettsia, which, as men-
tioned, are obligated intracellular gram-negative bacilli, which have been classified 
into four categories, according to their genetic characteristics:

 1. Spotted fever group (SFG) rickettsiae: this group corresponds to the Rickettsia 
rickettsii, the cause of the Rocky Mountain spotted fever, which is responsible 
for one of the most severe and well-known presentations in North America, as 
well as others, such is the case of Rickettsia africae that produces the African tick 
bite fever in sub-Sahara Africa and Rickettsia conorii, which produces the 
Mediterranean spotted fever in Europe and North Africa. This group is currently 
responsible for at least 15 diseases.

 2. Typhus group rickettsiae, this group includes Rickettsia prowazekii and 
Rickettsia typhi.

 3. Ancestral group includes Rickettsia bellii and Rickettsia canadensis.
 4. Transitional group, named because it consists of members with genetic charac-

teristics between the SFG and typhus group. In this group are Rickettsia akari, 
Rickettsia australis, and Rickettsia felis [7–11].

The List of Prokaryotic Names with Standing in Nomenclature [12] contains 27 
species of Rickettsia, and of which 17 more are capable of producing infections in 
humans (Table  33.1) [4]. However, some Rickettsia, such as R. peacockii and 
R. buchneri, are symbiotic bacteria from ticks and have little capacity to cause 
infections in humans; on the other hand, others such as R. parkeri, R. slovaca, and 
R. massilliae were considered nonpathogenic to humans in the past and are now 
known to cause human infections. There are other isolated Rickettsia such as 
R. amblyommatis and R. philipii, which are associated with human infections 
[13–20].

 Epidemiology

Rickettsia is an infection transmitted by ticks, lice, and fleas; hence, in many cases, 
humans are accidental guests.

The clinical picture will depend on the region in which the patient is, the type of 
vector, and the mechanism in which the disease is transmitted. Hence, it is that rick-
ettsial infection is more common during the warmer months and people are exposed 
or do outdoor activities; as is the case, for example, of the Dermacentor variabilis 
(American dog tick), Dermacentor andersoni (Rocky Mountain wood tick), and 
Amblyomma americanum (lone star tick) that have been associated in many cases 
of Rocky Mountain spotted fever in the United States; Amblyomma cajennense, 
associated with spotted fever in South America; and Amblyomma hebraeum or 
Amblyomma variegatum in South Africa. Other pictures are related to poor hygiene 
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conditions such as epidemic typhus, R. prowazekii transmitted by body lice, and 
murine typhus caused by R. typhi caused by flea bites in tropical and subtropical 
areas [21–24].

In the following figure (Fig. 33.1), the distribution of the most frequent Rickettsia 
infections is summarized, as well as the syndrome that causes and the vector or vec-
tors involved in its transmission [25].

Table 33.2 [4] shows the heterogeneity of this infectious disease, since there is a 
lot of diversity in terms of severity, known name of the disease, distribution, the 
causative vector, and the clinical presentation of it.

Table 33.1 Named organisms of the genus Rickettsia and rickettsial diseases

Organism Group Disease

Rickettsia rickettsii SFG Rocky Mountain spotted fever
Rickettsia prowazekii Typhus Epidemic louse-borne typhus
Rickettsia conorii SFG Mediterranean spotted fever
Rickettsia typhi Typhus Murine typhus
Rickettsia sibirica SFG Siberian tick typhus
Rickettsia australis Transitional Queensland tick typhus
Rickettsia akari Transitional Rickettsialpox
Rickettsia slovaca SFG Tick-borne lymphadenopathy
Rickettsia parkeri SFG Maculatum disease
Rickettsia japonica SFG Japanese spotted fever
Rickettsia honei SFG Flinders Island spotted fever
Rickettsia africae SFG African tick bite fever
Rickettsia massiliae SFG Unnamed spotted fever
Rickettsia aeschlimannii SFG Unnamed
Rickettsia heilongjiangensis SFG Far Eastern spotted fever
Rickettsia monacensis SFG Unarmed
Rickettsia helvetica SFG Unnamed
Rickettsia felis Transitional Flea-borne spotted fever
Rickettsia raoultii SFG
Rickettsia asiatica SFG
Rickettsia bellii Ancestral
Rickettsia buchneri SFG
Rickettsia canadensis Ancestral
Rickettsia hoogstraalii Transitional
Rickettsia montanensis SFG
Rickettsia peacockii SFG
Rickettsia rhipicephali SFG
Rickettsia tamurae SFG
Rickettsia amblyommatis SFG Unnamed

Abbreviation: SFG spotted fever group
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 Transmission and Pathophysiology

The transmission of this disease to the host requires of a vector. The mechanism of 
transmission will depend on the type of vector and the species of Rickettsia.

Four mechanisms for the transmission of this disease have been described:

 1. Transmission by saliva during the bite and feeding of ticks and mites, the cab-
bage is the most frequent mechanism in the rickettsias SFG.

 2. Transmission by entry of fecal material into bite sites and cuts in the skin of the 
host. This mechanism is characteristic of the flea- and louse-borne rickett-
siae [26].

 3. TG rickettsiae can cause infection by inhalation via aerosolization or contamina-
tion of dust particles in the air [27].

 4. Finally, a rare route of inoculation is through the conjunctiva, through exposure 
of contaminated tick hemolymph on fingers from crushed ticks [26].

Rickettsia after entering the host organism has a rapid entry of the organisms into 
the cell and the downregulation of immune pathways allowing for persistence of 
infection. At the site of inoculation, a localized rickettsial infection, manifested by 
an eschar (“tache noir”), where a greater inflammatory reaction to achieve local 
control of the infection, can be observed [28] (Fig. 33.2) [1].

Fig. 33.1 Major rickettsioses described by causative agent, clinical syndrome, and vector by 
region. (From Refs. [2, 14–16, 29, 64], and the CDC Yellow Book (https://wwwnc.cdc.gov/travel/
yellowbook/2018/infectious- diseases- related- to- travel/rickettsial- spotted- and- typhus- fevers- and- 
related- infections- including- anaplasmosis- and- ehrlichiosis). The map was created using map-
chart.net
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Table 33.2 Clinical and epidemiologic features of rickettsial diseases

Severity Disease Organism Distribution Vector
Rash 
(%)

Eschar 
(%)

+++++ Rocky Mountain 
spotted fever

R rickettsii Americas Tick 90 <1

++++ Typhus R prowazekii South 
America, 
Africa, 
Eurasia

Body louse, 
ectoparasites 
of flying 
squirrels

80 None

+++ Mediterranean 
spotted fever

R conorii Europe, 
Africa, Asia

Tick 97 50

+++ Murine typhus R typhi Worldwide Flea 60 None
++ Siberian tick 

typhus
R sibirica Eurasia, 

Africa
Tick 95 100

++ Japanese spotted 
fever

R japonica Japan, 
eastern Asia

Tick 100 94

++ Flinders Island 
spotted fever

R honei Australia, 
Asia

Tick 76 42

++ Far Eastern 
spotted fever

R 
heilongjiangensis

Eastern 
Asia

Tick 92 92

++ Queensland tick 
typhus

R australis Eastern 
Australia

Tick 95 65

++ African tick bite 
fever

R africae Sub- 
Saharan 
Africa

Tick 50 90

++ Maculatum 
disease

R parkeri Americas Tick 88 94

++ Rickettsialpox R akari North 
America, 
Eurasia

Mouse mite 100 90

+a Flea-borne spotted 
fever

R felis Worldwide Flea 75 13

+ Tick-borne 
lymphadenopathy

R slovaca Europe, 
Asia

Tick 5 100

+b Unnamed spotted 
fever

R massiliae South 
America, 
Europe

Tick 75 75

+b Unnamed spotted 
fever

Candidatus R 
philipii

United 
States

Tick 14 100

+b Unnamed spotted 
fever

R aeschlimannii Africa Tick 80 60

+b Unnamed spotted 
fever

R monacensis Europe Tick 67 33

+b,c Unnamed spotted 
fever

R helvetica Europe Tick None 13

+/−c Asymptomatic or 
mild illness with 
seroconversion

R amblyommatis Americas Tick Probably 
few

None

aR felis has been identified from blood, eschar, and cerebrospinal fluid specimens by polymer as a 
chain reaction in patients with febrile illness, but the detection of R felis DNA from the blood and 
skin of asymptomatic humans causes some ambiguity with regard to its pathogenic nature
bClinical data based on a limited number of patients reported in the literature
cImplicated as a cause of asymptomatic infection or self-limited illness with subsequent seroconversion
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This infection produces in the vascular endothelium of the small and medium 
vessels of the organism, a disseminated inflammation, with loss of the barrier func-
tion and alteration in vascular permeability. This increase in vascular permeability 
is related to bacterial load and tumor necrosis factor, which produce disruptions of 
endothelial cell junctions [29, 30]. Vasculitis, and the endothelial damage produced, 
produces the clinical manifestations of fever, myalgia, symptoms in the central ner-
vous system such as headache and confusion, rash and cardiovascular instability, 
cutaneous necrosis, digital gangrene, pneumonitis, meningoencephalitis, and multi-
organ failure, which can cause death. A case of antineutrophil cytoplasmic autoan-
tibody (ANCA)-positive vasculitis associated with Rocky Mountain spotted fever 
(RMSF) has been described [31].

 Clinical Evaluation

Classically, patients have a triad of fever, headache, and a petechial or macular rash 
within 4–10  days after exposure to vectors, usually by bites of fleas or ticks. 
However, it is important to remember that patients may have flu-like symptoms in 
the summer months, where the possibility of contact between the host and the vector 
increases, since exposure to the latter may be brief or unnoticed by the patient, so it 
is very important to maintain a high index of suspicion.

a

d e f

b c g

i j

h

Fig. 33.2 Maculopapular rashes caused by spotted fever group rickettsias (SFGR) are clinically 
and histologically identical with prominent perivascular mononuclear infiltrates. Likewise, the 
eschars produced by SFGR are both clinically and histologically identical, featuring mononuclear 
perivascular infiltrates in the deep dermis and microvascular fibrin thrombi-induced ischemic 
necrosis of superficial dermis with loss of epidermis. R. rickettsii (a and d), R. parkeri (b and e, h 
and j), R. akari (c and f, g and i), Photomicrographs: hematoxylin and eosin, 25×. (Image adapted 
from Denison et al. [58])
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Symptoms may include lymphadenopathy, changes at the level of the central 
nervous system such as confusion or nuchal stiffness, hearing at the inoculation site, 
myalgias, arthralgias, hepatitis, vomiting, and cardiovascular instability.

Although the classical triad is consistent with rickettsial species, the specific 
etiology must be defined according to the specific symptoms and geography where 
the exposure occurred. A detailed history about travel and outdoor exposure is 
important.

It is of interest that depending on the category of Rickettsia, the manifestations 
and severity of the disease can vary:

 1. Spotted Fever Group Rickettsioses (SFG rickettsiae):
This category has a broad presentation spectrum, from a disease with mild 

manifestations such as the case of R. slovaca to fatal cases such as those caused 
by R. rickettsii [32, 33]. In this group it is known for the seroconversion of 
patients, with very mild symptoms and even without them, in such a way that this 
infection can simulate other infections especially in tropical areas where other 
infections are prevalent [34].

Prominent symptoms include fever, headache, and myalgia. In addition, 
patients may experience nausea, vomiting, and abdominal pain, despite not being 
a gastrointestinal disease. The presence of rash is variable, being very frequent 
between 90 and 97% in RMSF and MSF, 46% in ATBF, and only 2% in TIBOLA 
[32, 35–38], which is usually macular or maculopapular; however it can vary, for 
example, in RMSF the rash can start on the wrists and ankles before the trunk or 
start on the trunk or be diffuse. The involvement of palms of the hands and feet 
is considered as characteristic of the RMSF. In ATBF the rash is papulovesicular 
and papulopustular.

It is also characteristic in the skin, the formation of the inoculation eschar or 
tache noir, which is observed in 95% in ATBF and in 72% in the MSF [35, 38].

Lymphadenopathy is observed in 27% of the RMSF; in other less severe dis-
eases the nodal involvement can be observed in the drainage nodules of the 
eschar inoculation area.

In the case of TIBOLA, the clinical picture is less severe, and they even have 
asymptomatic seroconversion, with local symptoms such as eschar, with 100% 
local lymphadenopathy, with alopecia around the eschar and asthenia, with few 
constitutional symptoms [15, 39].

In severe cases such as RMSF, mortality has been reported between 4% and 30% 
in Mexico, and 40% have been reported in Brazil; the MSF is 2.5% [29, 33, 40].

In these cases, multiorgan compromise may occur manifested by:

 (a) Lung compromise manifested by cough, dyspnea, and respiratory failure, 
which requires mechanical ventilation

 (b) Acute renal injury due to prerenal azotemia that can cause acute tubular 
necrosis, requiring renal support

 (c) Neurological commitment, which can occur with delirium, coma, stupor, 
and seizures

 (d) Gangrene in limbs or fingers
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The risk factors for severe manifestations are glucose-6-phosphate dehydro-
genase deficiency, alcoholism, older age, and use of sulfonamide antibiotics.

 2. Typhus Group Rickettsioses:
The typical clinical manifestations of this group are the appearance of sudden 

fever, accompanied by myalgia and headache. They present rash in variable inci-
dence, and it has also been described to listen in this group, although the latter is 
not recognized as a manifestation of the typhus group rickettsioses [41–43]. 
About half of the patients develop nausea and vomiting [41, 42].

Louse-borne typhus is the most severe manifestation, associated with neuro-
logical symptoms such as delirium, seizures, stupor, and coma, with a mortality 
between 13% and 50% [41]. Murine typhus has a mortality of 0.4–4%; the latter 
mortality is observed in severe cases that are not hospitalized; the less severe 
forms of this group are flying squirrel-associated typhus and recrudescent typhus 
(Brill-Zinsser disease), to which mortality is not associated [44, 45].

 3. Transitional Group Rickettsioses:
This group produces what has been called rickettsialpox; during the subse-

quent days of the mite bite, there is a papulovesicular lesion, which progresses to 
an eschar with induration and edema around. Then, between 1 and 2 weeks, the 
patient presents constitutional symptoms of fever, headache, and myalgia. 
Subsequently, days after the appearance of these symptoms, a skin rash occurs in 
the form of maculae, which evolves into papules that become papulovesicles and 
then crusted lesions [46].

The clinical presentation of Queensland tick typhus is similar to SFG rickett-
sioses with maculopapular rash in 90% and with eschar over 65% associated 
with regional lymphadenopathy, which are usually mild; however, severe and 
fatal cases have been reported [47, 48].

Flea-borne spotted fever is a disease that has mild manifestations compared to 
another rickettsioses SFG, in which rash has been reported in 75% and 13% 
eschar [49].

 Clinical Evaluation and Diagnosis

The clinical diagnosis is based on a high suspicion of this disease in patients pre-
senting with symptoms of fever, rash, and headache, with the history of possible 
exposure to infected arthropods or from trips to endemic areas.

Due to the limitations of laboratory data, empirical treatment should be initiated 
promptly, if there is a suspicion of this disease.

General laboratories may show thrombocytopenia, hyponatremia, and pleocyto-
sis in the cerebrospinal fluid; in addition, leukograms can show high, normal, or low 
counts, unable to rule out a rickettsia infection.

Depending on the samples taken and the evolution of the symptoms, different 
diagnostic methods of this disease can be used, including immunohistochemical 
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analysis, molecular detection, isolation and culture of pathogens, and serology 
(Fig. 33.3) [4].

 1. Detection of Rickettsial Antigen by Immunohistochemical Staining
It is based on the determination of rickettsial antigen present in the rash or 

eschar, by means of a skin biopsy, particularly in the acute phase of the disease. 
After the biopsy in formalin and paraffin embedded is established, immunohis-
tochemical staining can show rickettsias, by means of antibodies directed or 
cross-reactive against these rickettsial species. [13, 49–53]

These techniques can be helpful in autopsy specimens, in tissues such as the 
skin, liver, spleen, lung, heart, kidney, and brain [54, 55].

However, this technique is not sensitive after 48 hours or more of the admin-
istration of antibiotic treatment [56]

 2. Molecular Genetic Approaches for Diagnosis
It has been possible to detect nucleic acid molecules of rickettsia, using tech-

niques such as blood and skin PCR. However, the sensitivity and specificity are 
higher in the skin samples, due to the tropism of these intracellular bacteria to the 
endothelium; blood samples have poor sensitivity [57–62] U-Z).

The research and use of new molecular techniques have improved the sensi-
tivity and specificity in the detection of this disease.

 3. Isolation and Culture
The culture and isolation of rickettsias can be performed by cell cultures of 

the skin, blood, and arthropod samples. However, this type of diagnostic tech-
nique requires expertise and special conditions.

Because small amounts of aerosolized rickettsia can cause disease, a labora-
tory with level 3 biosecurity is required. In addition, appropriate host cells for 

Eschars and rash lesions

At the early stage of infection
and before antibiotic treatment

FFPE or fresh
samples

from biopsy 10–20 d after
illness onset

IHC staining using
rickettsiae-specific

antibodies

Early diagnosis

Isolation and
culture of pathogens

Identify rickettsiae-
specific antibodies or
seroconversion using

IFA, ELISA and
western blot

Conventional nested
PCR, multiplex-real

time PCR and LAMP
targeting encoding
citrate synthase,

ompB, or the 17-kDa-
antigen gene

Arthropods

PCR detection

Serum and/or
plasma

Confirmatory assay

Fig. 33.3 A diagnostic algorithm for laboratory diagnosis of rickettsial diseases. ELISA enzyme- 
linked immunosorbent assay, FFPE formalin-fixed, paraffin-embedded, IFA immunofluorescence 
assay, IHC staining, immunohistochemical staining, LAMP loop-mediated isothermal amplifica-
tion, OmpB outer membrane protein B, PCR polymerase chain reaction
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cultivation is required, and many skin samples or arthropods are not sterile, 
requiring processes or treatments to be cultured [4].

 4. Serology
The detection of antibodies in serum or plasma is the gold standard assay to 

confirm infection by Rickettsiae.
This detection can be performed by several methods such as enzyme-linked 

immunosorbent assay (ELISA), Western blot, and indirect immunofluorescence 
assay (IFA); the latter is the gold standard for the diagnosis of RMSF [56, 63, 64]

The antibody production response is after the clinical manifestations, usually 
after 7–10 days, but in some cases, it may be after 2–3 weeks. In the case of RMSF, 
the increase in IgM and IgG occurs almost simultaneously, in the second week of 
the disease [63]; IgM has a cross-reaction with nonrecreational antigens and there-
fore does not offer great sensitivity or specificity during the acute phase of the 
disease.

Seroconversion or a fourfold increase, from the acute phase to the convalescence 
phase, confirms the diagnosis of rickettsiosis [56].

 Rickettsiosis in Pregnancy

In Southeast Asia, especially in rural areas, more than 1 million people a year suffer 
from scrub typhus and murine typhus, being one of the probable causes of treatable 
fever, with a mortality of 50–80,000 deaths per year.

97 cases of pregnant women with typhus have been described, of which 82 prog-
nosis is known, with maternal death occurring in two cases. However, the neonatal 
prognosis was worse, occurring in more than 40% of pregnancies: stillbirth, prema-
turity, and low birth weight [65].

There are no large studies describing the infection during FMSR pregnancy, and 
it is unknown if it can cause infection in utero [66]. In addition, many laboratory 
abnormalities may be due to other diseases resulting from pregnancy such as pre-
eclampsia and HELLP syndrome [66, 67].

In a report of four women with RMSF in Sonora, Mexico, between the years 
2015 and 2016, it was found that the four pregnant women and one infant survived 
at 36 weeks’ gestation; however, in the other pregnancies that were in the first tri-
mester, they suffered spontaneous abortion [68].

 Treatment/Management

The onset of treatment for this disease is based on suspicion and clinical recogni-
tion, with early empirical treatment with effective antibiotic treatment [6].
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The class of antibiotics of choice for all rickettsiosis are tetracyclines, and 
although there are few prospective studies to evaluate antibiotic treatments for rick-
ettsiosis and none specific for RMSF, many decades of experience support the effi-
cacy of these antibiotics [69, 70].

Other antibiotics, such as penicillins, cephalosporins, and sulfonamides, are inef-
fective for Rickettsia spp., and in the case of sulfonamides, poor prognosis has been 
associated [71, 72].

Quinolones are effective, in less severe conditions; however, their use in preg-
nancy or in pediatric patients is not recommended [73].

Doxycycline is not related to staining of permanent teeth in children, such as 
tetracycline. Therefore, doxycycline is recommended in pediatric patients [56].

As for pregnant women, their management is transformed into a real challenge, 
due to the following facts:

 1. Tetracyclines are deposited in the fetal skeleton and may cause temporary inhibi-
tion of bone growth [74].

 2. Tetracyclines are associated with pancreatitis and maternal hepatotoxicity [75].
 3. In advanced pregnancy, chloramphenicol has a high transplacental concentra-

tion, which can cause a gray baby syndrome (abdominal distention, pallor, cya-
nosis, and vasomotor collapse) [76].

 4. In pregnant women, with less severe disease, azithromycin can be considered as 
a safe but unproven option.

The treatment for this infection is outline[4] in Table 33.3.

 Prevention

There is no vaccine for the prevention of SFG and typhus rickettsioses.
Prevention is based on avoiding contact with possible vectors and controlling 

them. The use of repellents or protective clothing that protects exposed skin is 
recommended.

Different strategies have been used with positive impacts in the control of some 
epidemics:

 1. The use of clothes treated with permethrin has been effective for the prevention 
of tick bites [77].

 2. In the 1940s DDT was used in rat harborages, with a decrease in the incidence of 
murine typhus in the United States.

 3. In some local outbreaks of louse-borne typhus, washing sheets and clothes with 
hot water kills lice and their eggs.

 4. WHO recommends mass treatment by compressed air dusting of permethrin on 
clothing [78].

 5. In Arizona, Brazil, and Sonora, Mexico, ticks have been reduced by treating 
animals and the environment with acaricides [79–81].
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Table 33.3 Treatment of rickettsial diseases

Medication Adult dose Pediatric dose Duration

First choice for 
virtually all 
rickettsioses

Doxycycline oral or 
intravenousa

100 mg twice 
daily

2.2 mg/kg 
(maximum 100 
mg) twice daily

≥3 d after 
defervescence 
(minimum course 
5–7 d)b

Severe RMSF or 
other severe 
rickettsial illnessa

Doxycycline 
intravenous

200 mg 
loading dose 
followed by 
100 mg twice 
daily

2.2 mg/kg 
(maximum 100 
mg) twice daily

≥3 d after 
defervescence 
(minimum course 
5–7 d)b

Alternative for 
RMSF and other 
rickettsiosesc

Chloramphenicol 
oral or intravenous

500 mg every 
6 h

12.5 mg/kg every 
6 h

≥3 d after 
defervescence 
(minimum course 
5–7 d)b

Alternative for 
MSF and other 
less severe SFG 
rickettsioses

Oral 
fluoroquinolones:

  Ciprofloxacin   500 mg 
twice daily

  Not 
recommended

5–7 d

  Levofloxacin 
Oral macrolides:

  500 mg 
daily

  Not 
recommended

  Clarithromycin   500 mg 
twice daily

  7.5 mg/kg 
twice daily

 7 d

  Azithromycin   500 mg 
daily

  10 mg/kg 
daily

 3 d

  500 mg × 1 
then 250 mg 
daily

  10 mg/kg × 1 
then 5 mg/kg 
daily

5 d

Alternative for 
epidemic 
louse-borne 
typhusd

Short-course oral 
doxycycline

200 mg once

Alternative for 
murine typhus

Oral 
fluoroquinolones
  Ciprofloxacin   500 mg 

twice daily
  Not 

recommended
  Levofloxacin   500 mg 

daily
  Not 

recommended
aThe bioavailability of doxycycline is excellent. The decision to choose the parenteral form should 
be made if gastrointestinal upset precludes its oral use or if absorption is thought to be compro-
mised during critical illness
bThe duration of treatment of RMSF is based on experience, because there are no controlled trials 
to guide the optimal duration
cChloramphenicol is inferior to doxycycline for RMSF. Its oral form is not available in the United 
States, and the parenteral form is exceedingly hard for hospital pharmacies to stock. It is also asso-
ciated with gray baby syndrome in neonates and aplastic anemia
dRelapses have been documented. Only recommended if needed for mass treatment to curtail an 
outbreak and if medications are in limited supply
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Chapter 34
Acute Coronary Syndromes in Pregnancy

Rania Magdi Ali, Bahaa El-Din Ewees Hassan,  
and Noura M. Youssri Mahmoud

 Introduction

Acute coronary syndrome (ACS) is a seldom event in women of childbearing age. 
However, in pregnancy, the relative risk is three- to fourfold higher than that of non- 
pregnant age-matched women [1]. Profound physiological changes in the peripar-
tum period can augment the strain on the heart, especially in the presence of risk 
factors for myocardial infarction. ACS complicating pregnancy is relatively uncom-
mon and varies between countries. Yet, it accounts for >20% of all maternal cardiac 
deaths [2]. Historically, the maternal mortality has been reported to be about half the 
women in the peripartum period. Thereafter it dropped to 5–11% of affected patients 
most probably due to early detection and the invasive interventions executed, as 
well as the intensive care units, anaesthesia, and high-risk obstetric practice advance-
ments [3].

 Physiologic Changes on the Cardiovascular System

Pregnancy is a natural stress challenge because the cardiovascular system under-
goes adaptations to sustain a high-volume load. These changes that occur during 
pregnancy increase myocardial oxygen demand [4].

There is augmentation in plasma volume and reduction in peripheral vascular 
resistance that starts as early as 6 weeks and continues until it reaches a plateau at 
around 32  weeks of gestation. These changes are attributed to activation of the 
renin-angiotensin system and a mild reduction of the plasma atrial natriuretic 
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peptide levels. Instantly, cardiac output rises steadily until 25 weeks of gestation, 
initially secondary to the increase in stroke volume and later because of an increase 
in maternal heart rate [5].

On the other hand, blood pressure exhibits fluctuations during pregnancy; it ini-
tially decreases then increases in the third trimester, in addition to postural hypoten-
sive attacks that occur during the second and third trimesters due to aorto-caval 
compression that potentially reduce the venous return to the heart [6].

During labour and delivery, there are dramatic haemodynamic changes. The heart 
rate and blood pressure increase significantly as a result of pain, anxiety, and uterine 
contractions. The rise in heart rate during labour mimics the increase in heart rate that 
occur during moderate to heavy physical exercise. Besides, the cardiac output increases 
up to 50% with each contraction, and there is a marked fluid shift from the uterus into 
the maternal circulation with each uterine contraction and at delivery of the placenta [7].

Later, diuresis and natriuresis start 48 hours post-delivery, and maternal hemody-
namic state generally returns to the pre-pregnancy state 3–6 months after delivery [8].

 Haematological and Metabolic Changes

In pregnancy, erythropoiesis increases red blood cell mass 20–30%; however this 
increase is proportionally lower than the increase in plasma volume, resulting in 
physiologic anaemia from haemodilution [5].

Pregnancy is associated with amplified thrombogenic state and many changes that 
increase the risk of thromboembolism, including hypercoagulability, venous stasis, 
compression of the pelvic veins by the enlarging uterus, and decreased mobility. 
Simultaneously, pregnancy increases the levels of procoagulants and reduces the lev-
els of natural anticoagulants. These changes in the coagulation system persist 8 weeks 
postpartum. Accordingly, the risk of thrombosis continues in the postpartum period [8].

From a metabolic standpoint, pregnancy is a catabolic state that leads to insulin 
resistance and an atherogenic lipid profile with elevated serum fatty acids. 
Dyslipidaemia may be worsened because high-density lipoprotein cholesterol 
(HDL) is significantly decreased during pregnancy. However, there is no significant 
change in low-density lipoprotein cholesterol (LDL) or triglyceride levels in preg-
nancy [9].

 Impact of Physiological Changes on Risk 
of Myocardial Infarction

The increased stroke volume and heart rate during pregnancy lead to significantly 
increased myocardial oxygen demand. At the same time, the physiological anaemia 
of pregnancy, hypercoagulability, and decrease in diastolic blood pressure may 
reduce the myocardial oxygen supply and contribute to the aggravation of 
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myocardial ischaemia where the coronary arterial blood supply is already compro-
mised [8]. Further, the augmentation of the cardiac output in the immediate postpar-
tum period, as a result of decompression of the inferior vena cava and shift of blood 
flow from the uterus back to the systemic circulation, results in further stress on the 
myocardium and makes the peripartum period of particularly high risk [9].

 Aetiology

 The Risk Factors in Pregnancy

The overall effect of the increased cardiac output, enhanced stroke volume, and 
hypercoagulability favour the development or unmasking of underlying coronary 
artery disease. Risk factors for acute coronary syndrome during pregnancy include 
traditional and pregnancy-specific features such as smoking, maternal age, hyper-
tension, diabetes, obesity, and dyslipidaemia and cocaine use. Additional risk fac-
tors include pre-eclampsia, thrombophilia, transfusion, post-partum infection, 
multiparity, and post-partum haemorrhage [10].

As the birth rate in women older than 40 years increases, the frequency of ACS 
complicating pregnancy increases with 20% increase in MI risk for every year 
increase in maternal age [2].

Oral contraceptives especially in combination with smoking increase signifi-
cantly the risk for developing myocardial infarction in young women, whereas 
assisted reproductive technology helps to achieve pregnancy in older women with 
multiple coronary risk factors or already having coronary artery disease [11].

 Pathophysiology

ACS is classified based on electrocardiogram (ECG) findings as non-ST elevation 
ACS and ST elevation myocardial infarction (STEMI). Non-ST elevation ACS can 
be further subdivided as non-ST elevation myocardial infarction (NSTEMI) with 
elevated myocardial injury biomarkers or unstable angina. Partial occlusion of a 
vessel causes findings consistent with NSTEMI, while total occlusion of the vessel 
presents as STEMI [11].

The aetiology of coronary artery diseases in pregnancy differs from the general 
population. Most of the cases have non-atherosclerotic mechanisms, including cor-
onary artery occlusion related to aortic dissection, embolism, spasm, arteritis, and 
in addition to takotsubo (stress) cardiomyopathy [1]. Coronary artery dissection is 
the most common cause of pregnancy-associated ACS. It can occur at any time dur-
ing pregnancy, typically in the early postpartum period [12]. It predominantly 
involves the left-sided coronaries. Potential precipitating factors include fluctuating 
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oestrogen and progesterone levels resulting in structural changes in coronary vascu-
lature and increased coronary shear stresses associated with labour [13]. Pregnancy- 
related hypertension, along with physiologic increase in blood volume and cardiac 
output in pregnancy, augments the stress on blood vessels and increases the risk of 
coronary dissection.

Coronary thrombosis in the absence of atherosclerosis is most likely due to the 
hypercoagulability of pregnancy and can result from paradoxical embolization. 
Smoking during pregnancy may further increase the risk of thrombosis due to 
enhanced platelet aggregability and additional release of tissue plasminogen activa-
tor (t-PA) inhibitor [14].

The mechanisms of ACS with angiographically normal coronary arteries remain 
unclear and include transient coronary spasm due to increased vascular reactivity. 
Besides, drugs used in and around pregnancy such as terbutaline, ergotamine, and 
bromocriptine can induce continuous coronary vessel spasm [12, 15].

Furthermore, the progress in management of medium size autoimmune arteritis 
patients, Kawasaki disease, and the higher survival rate presents an additional risk. 
Relevant Kawasaki disease manifestations include aneurysms, coronary blood flow 
alteration, coronary stenoses, myocardial ischaemia/fibrosis, congestive cardiac 
failure, and valvular abnormalities [16].

 Diagnosis

 Clinical Features

Diagnosis of ACS in pregnancy may be a great challenge due to its low prevalence. 
Also, as the presenting symptoms and signs can be interpreted as normal manifesta-
tions of pregnancy or be concealed during labour, thus delaying proper diagnosis 
and consequently low index of suspicion is mandatory.

Clinical presentation is the same as in the non-pregnant population. Every preg-
nant or postpartum patient with chest pain or cardiac symptoms should have consid-
eration of ACS. Patients who have an ACS can present with typical (chest pain or 
shortness of breath) or atypical symptoms (vomiting, reflux, or diaphoresis) that 
mimic physiological changes of pregnancy [17]. Simultaneously, typical features of 
pregnancy such as epigastric pain, vomiting, or dizziness, in the presence of known 
ACS risk factors, should be further investigated because it is usually hard to differ-
entiate common symptoms of pregnancy, such as mild shortness of breath or 
oedema, from ischaemia or heart failure [8].

Also, some patients first present with haemodynamic compromise and complica-
tions. Potential complications of maternal ACS include heart failure, cardiogenic 
shock, ventricular arrhythmias, recurrent myocardial infarction, maternal mortality, 
and intrauterine foetal death [1].

R. M. Ali et al.



447

 Investigations

 Electrocardiography

Electrocardiographic (ECG) changes in ACS reveal ST-segment elevations or 
depression. ECG interpretation can be challenging, as new ST depressions, T wave 
inversions, and left axis deviation can be normally seen in pregnancy. Importantly, 
ST elevations are never seen in normal pregnancy and should prompt further inves-
tigation. The differential diagnosis includes pericarditis, pulmonary embolism, and 
electrolyte abnormalities. Caution should be taken as NSTEMI is more common 
than STEMI in pregnancy-related ACS [18].

 Blood Cardiac Markers

Elevated troponins have high sensitivity and specificity for myocardial damage, 
whereas a negative troponin test at presentation does not exclude cardiac damage, 
as it can take 12 hours to reach peak level. Besides, the troponin levels may be ele-
vated in pre-eclampsia but never above the standard threshold set for MI.  Thus, 
serum troponin rise should suggest myocardial ischaemia, even in pre-eclampsia 
[19]. In contrast, other cardiac markers such as creatinine kinase and creatinine 
kinase isoenzyme MB can be increased significantly in labour.

 Echocardiogram

When the ECG is non-diagnostic, echocardiography is safe and can be helpful [20]. 
It can exclude differential diagnoses of ACS in pregnancy like pulmonary embolism 
and aortic dissection. During pregnancy, some changes in echo parameters are 
expected, such as mild dilatation of the chambers, a change in LV wall thickness, 
and an increase in valve gradient [21]. However, segmental wall motion abnormali-
ties cannot occur in normal pregnancy and, if observed, indicate myocardial isch-
aemia or injury [3].

 Coronary Angiography

Coronary angiography remains the standard for diagnosis in patients with ACS. The 
potential risks of ionizing radiation exposure to the foetus depend on the stage of 
pregnancy and the absorbed dose. Risks are highest during organogenesis in the first 
trimester. It is reassuring to note that the estimated foetal and maternal effective 
doses for diagnostic coronary angiography are 1.5 mGy and 7 mGy, respectively, 
whereas for percutaneous coronary intervention (PCI) are 3  mGy and 15  mGy, 
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respectively. Hence, they will not cross the threshold that has been reported to be 
associated with foetal malformations with first trimester exposure, 50–100  mGy 
[22]. Nevertheless, if coronary angiography is planned, radial access is recom-
mended with the abdomen shielded and fluoroscopic time minimized.

On the other hand, there is a high incidence of iatrogenic coronary artery dissec-
tion in pregnant women during performing coronary angiography. Hence, some pro-
tective measures should be performed if possible, such as avoiding deep catheter 
intubation, minimizing the number of low-pressure contrast injections, and limiting 
the use of fractional flow reserve pressure guidewires, suction devices, and balloons. 
Imaging techniques, such as intravascular ultrasound or optical coherence tomogra-
phy, may be used during angiography to aid in clarifying the extent of coronary artery 
injury or the presence of coronary artery dissection and guiding intervention [3].

Another concern with coronary angiography is the use of iodinated contrast 
agents and the associated clinical risk of foetal congenital hypothyroidism. Although 
there are no reports to date suggest that contrast dye is teratogenic, evaluating foetal 
thyroid function at time of birth or within the first week of delivery is still recom-
mended [23]. Despite these reassuring data, it is preferred to avoid coronary angi-
ography in stable patients with preserved global left ventricular function because of 
the risk of complications [12, 16].

 CT Coronary Angiography

CT coronary angiography provides an alternative diagnostic method; however, it 
requires radiation and potentially high-dose beta-blockade and may fail to demon-
strate limited coronary artery dissection [24].

 Management

ACS management in pregnancy is like that in the general population aims to re- 
establish normal coronary blood flow. However, in pregnancy there are added 
restrictions and considerations. ACS during pregnancy is best managed in a high- 
dependency or intensive care unit by multidisciplinary team, including emergency, 
obstetric, and cardiovascular teams. Any revascularization must be performed by 
the most experienced operator due to the risks associated with coronary intervention 
in this patient population [22].

Management of the maternal condition should receive priority. While maternal 
evaluation and initial therapy are proceeding, an unstable patient should be placed 
in a left lateral tilt ranging from 30° to 90° to increase uteroplacental perfusion. 
Initial medical management usually includes oxygen supplementation, nitrates, 
aspirin, intravenous unfractionated heparin, and beta-blocker therapy. If symptoms 
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persist, coronary angiography is the preferred investigation and should be per-
formed without delay [17].

Close monitoring of the foetus is required, and corticosteroids to enhance foetal 
lung maturation are recommended for appropriate gestational ages. Delivery strat-
egy should be ready in case there is sudden maternal or foetal deterioration. The 
type of intervention should be individualized based on the aetiology of acute coro-
nary syndrome, patient characteristics, and facilities available at the presenting 
medical centre [17].

ACS occurs at all stages of pregnancy with increasing in the incidence as the 
gestational age advances reaching a peak incidence during the postpartum period 
[25]. There are treatment challenges for ACS throughout the pregnancy and postpar-
tum. Early in pregnancy is the peak of organogenesis, and the teratogenic risk of 
pharmacologic therapy and radiation exposure during cardiac catheterization are the 
leading concern. In the later stages of pregnancy, weighing the risk of bleeding dur-
ing delivery against the risk of stent thrombosis if dual antiplatelet therapy (DAPT) 
is discontinued is the main concern [3].

 ST Elevation Myocardial Infarction STEMI

Coronary angiography and primary PCI are the treatment of choice to restore coro-
nary blood flow promptly and tissue reperfusion especially if the cause is athero-
sclerotic coronary disease [17]. The effects of ionizing radiation should not prevent 
primary PCI in pregnant patients with standard indications for revascularization. 
However, the radiation dose must be minimized.

 Non-ST Elevation Myocardial Infarction (NSTEMI)

In stable, low-risk NSTEMI, a noninvasive approach should be considered [12]. 
Antiplatelet drug treatment aim is preventing further thrombus formation, facilitat-
ing clot dissolution and increasing blood flow to the myocardium.

PCI is considered if the symptoms of coronary ischaemia continue despite medi-
cal treatment or with newly developed haemodynamic instability. Patients whose 
symptoms settle on medical treatment but have high-risk features may also be con-
sidered for angiography following discussion of the risks and benefits by the multi-
disciplinary team [8].

In patients suffering from coronary artery dissection, vascular vulnerability 
should be considered when applying revascularization strategies. The results of PCI 
in women with coronary dissection are suboptimal and associated with high risk of 
propagation of the existing dissection. For this reason, a conservative approach is 
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recommended in stable patients with coronary artery dissection [26]. Beta-blockade 
may be beneficial in reducing shear stress in such cases [22].

Ongoing chest pain or ischaemic changes on ECG, cardiogenic shock requiring 
inotropes or mechanical support, sustained ventricular tachycardia or ventricular 
fibrillation, and left main dissection are all clinical criteria in patients with coronary 
dissection necessitate percutaneous revascularization with a stent [3].

 Medical Management

 Antiplatelet Therapy During Pregnancy

There is little information regarding the foetal safety of antiplatelet drug therapy in 
ACS [27]. Low-dose aspirin appears to be safe, but there is little information regard-
ing P2Y12 inhibitors usage in pregnant patients. Hence, Clopidogrel should be used 
only when strictly necessary and for the shortest duration [1]. Whereas prasugrel, 
and ticagrelor, their routine use is not recommended.

In the absence of data regarding glycoprotein IIb/IIIa inhibitors, abciximab, 
eptifibatide, and tirofiban, their routine use is not recommended, and it is better to 
reserve their use during PCI for patients at high ischaemic risk, including those with 
prior myocardial infarction, high thrombus burden, and complex PCI [22].

 Anticoagulation During Pregnancy

Unfractionated heparin (UFH) is commonly used in pregnancy owing to its relative 
safety in pregnancy, fast onset, short half-life, and ease of dose adjustment. In addi-
tion, UFH does not cross the placenta; therefore, it does not cause foetal bleeding 
and foetal malformations [3].

Pregnancy leads to alterations in heparin’s pharmacokinetic parameters because 
of increased levels of heparin-binding proteins, factor VIII, and fibrinogen. However, 
its effect is subject to close monitoring by measurement of the activated clotting 
time or activated partial thromboplastin time (aPTT) that aid in adjusting the dose 
of heparin [28].

Low-molecular-weight heparin (LMWH) safety in pregnancy is less well studied 
than UFH.  Besides, its pharmacokinetics is also affected by the physiological 
changes associated with pregnancy as the increase in maternal weight, renal clear-
ance, and volume of distribution of LMWH. Dosing may be monitored and adjusted 
according to the anti-Xa activity target level. However, the optimal target level for 
anticoagulation in ACS is not well defined, and bedside testing assays are not read-
ably available [29].

Direct thrombin inhibitors (DTI) are as effective as UFH but with less bleeding 
complications in patients with ACS undergoing PCI. Furthermore, DTI have a more 
predictable dose response than UFH. The lower rate of bleeding complications, fast 
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onset of activity, and short half-life about 25–45 minutes, all these factors make it 
an attractive option in pregnancy. However, there are limited data on its safety dur-
ing pregnancy (pregnancy category B) [30].

There are no published reports to date on bivalirudin utilization during preg-
nancy, whereas several case reports document the use of argatroban for the treat-
ment of venous thromboembolism in pregnant patients with heparin-induced 
thrombocytopenia, and there were no adverse effects that have been described. 
Accordingly, argatroban is recommended to be used only in those with heparin- 
induced thrombocytopenia owing to the limited data on the foetal effects [31].

Switching between LMWH and UFH results in an increase in both catheter- 
related bleeding and adverse ischaemic outcomes [32]. On the other hand, switch-
ing to bivalirudin during PCI from either UFH or LMWH is associated with similar 
rates of ischaemic events and significantly lower rates of bleeding; however, there 
are no data refer to the safety of bivalirudin in pregnancy [33]. Therefore, anticoagu-
lation with UFH is recommended from time of presentation until conclusion of PCI 
while avoiding switching to antithrombin therapy [3].

 Thrombolytic Therapy

Thrombolytic therapy in pregnancy produces several complications including 
maternal haemorrhage, preterm delivery, foetal loss, spontaneous abortion, placenta 
abruption, uterine bleeding, and postpartum haemorrhage. As the coronary dissec-
tion is relatively common in pregnancy, thrombolytic therapy may be harmful, 
increasing the risk of bleeding and progression of the dissection. For these reasons, 
thrombolytic therapy is rarely utilized for acute myocardial infarction treatment in 
pregnancy [34].

Nonetheless, thrombolysis is a suitable alternative if a significant delay is 
expected in accessing PCI. The thrombolytic agent of choice is intravenous t-PA as 
it does not cross the placenta. However, one must bear in mind that there is an asso-
ciated risk of maternal haemorrhage. Thus, when a patient with STEMI presents to 
a medical centre that does not have interventional cardiac catheterization facilities, 
options include emergent transfer to a centre that has these capabilities or emergent 
thrombolysis according to the situation [17].

 Percutaneous Therapy

If an intervention is necessary, the best time is after the fourth month in the second 
trimester. By this time, organogenesis is complete, and the uterine volume is still 
small, so there is a greater distance between the foetus and the chest than in later 
months [22].

Procedures should use as low as reasonably achievable radiation by applying the 
following manoeuvres; use echo guidance when possible, place the source as distant 
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as possible from the patient and the receiver as close as possible to the patient, use 
only low-dose fluoroscopy, favour anteroposterior projections, avoid direct radia-
tion of the abdominal region, collimate as tightly as possible to the area of interest, 
minimize fluoroscopy time, and utilize an experienced cardiologist [35].

Notably, abdominal shielding lowers the radiation dose to the foetus to some 
degree; however, the presence of lead in the field of the primary beam may on the 
other hand increase scattered radiation. As the benefit of shielding is limited, it 
should not interfere with an optimal intervention [22].

The benefits of short-term heparinization during PCI probably outweigh the risk 
of bleeding complications. Unfractionated heparin (UFH) must be given at 40–70 U/
kg intravenous targeting an activated clotting time of 200–300 seconds or an aPTT 
two times normal values [22].

Old balloon angioplasty is no longer recommended in pregnancy as it is associ-
ated with high restenosis rates and high frequency of recurrent myocardial infarc-
tion [3].

Bare-metal stents (BMS) are commonly employed in pregnancy. BMS require 
short duration of dual antiplatelet therapy (DAPT) for at least uninterrupted 4 weeks. 
Therefore, during the third trimester of pregnancy, a BMS is most appropriate. This 
allows for interruption of dual antiplatelet therapy at the time of delivery and reduces 
the potential bleeding complications in the peripartum period [3].

However, drug-eluting stents (DES) are associated with further reductions in 
revascularization compared with BMS and are recommended according to the 2017 
AMI STEMI Guidelines [18]. The optimal duration of DAPT with a second-/third- 
generation DES is at least uninterrupted 3 months duration. There is less experience 
using the newer-generation DES in pregnancy; nevertheless, modern DES may be 
used in the first two trimesters with anticipated interruption of DAPT near time of 
delivery [36]. Bioabsorbable stent usage has been reported in spontaneous coronary 
artery dissection; however, there is currently no evidence to recommend them in 
pregnancy [3].

 Cardiac Surgery with Cardiopulmonary Bypass

Cardiac surgery is recommended only when medical therapy or interventional pro-
cedures fail, and the mother’s life is threatened. The best period for surgery is the 
second trimester. Maternal mortality during cardiopulmonary bypass is now like 
that in non-pregnant women. However, foetal mortality remains high up to 20% 
[37]. The risks to both the mother and the foetus can be minimized by full maternal 
and foetal monitoring, minimizing the time of cardiopulmonary bypass and using 
pulsatile perfusion [38].

Of note, the use of an intra-aortic balloon pump to improve left ventricular out-
put and coronary perfusion is also considered safe, although the patient should be 
positioned in the left lateral decubitus position to reduce compression of the inferior 
vena cava [3].
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 Timing and Mode of Delivery

Data regarding timing and mode of delivery are limited. Timing of delivery must be 
individualized based on maternal cardiac status and gestational age. However, treat-
ment of ACS should not be delayed for delivery. If possible, delivery should be 
postponed for at least 2 weeks post the acute attack to facilitate maternal manage-
ment [9]. If preterm delivery is anticipated, maternal steroid injections must be 
administered as early as possible.

Gestational age has a large impact on neonatal outcome [39]. When gestational 
age is beyond 28 weeks, delivery before surgery should be considered, but when the 
gestational age is between 26 and 28 weeks, the advantages of delivery before car-
diopulmonary bypass for the baby at this gestational age is query and depends on 
estimated weight, prior administration of corticosteroids before delivery, and the 
outcome statistics of the neonatal unit concerned [37].

In terms of the mode of delivery, vaginal delivery is generally preferred. Vaginal 
delivery is associated with less blood loss and lower risk of infection, venous throm-
bosis, and embolism. Elective caesarean section carries no maternal benefit, and it 
is better to be reserved for the usual obstetric indications or if the patient is haemo-
dynamically unstable [40].

During labour, the patient should be kept in the left lateral position to attenuate 
the impact of the aorto-caval compression. Labour can negatively influence the 
myocardial workload with higher increases in the preload from uterine contractions. 
If induction of labour is considered, synthetic prostaglandin analogues including 
misoprostol (25 μg), prostaglandin E1, or dinoprostone (1–3 mg) or slow-release 
formulation of 10 mg prostaglandin PGE2 may be used after considering the theo-
retical risk of coronary vasospasm and arrhythmias [41]. Blind intramyometrial 
injection of dinoprostone can cause profound hypotension; thus it is preferable to 
avoid this route of administration [42]. Infusion of oxytocin also can be used 
although some haemodynamic adverse effects have been reported in association 
with continuous infusion and bolus dosing of oxytocin [22].

Ultimately, spontaneous onset of labour is favoured. Shortening the second stage 
with instrumental delivery is recommended to avoid the unwanted haemodynamic 
effect of the contractions [22].

All through delivery, supplementary oxygen should be provided as well as con-
tinuous maternal cardiovascular monitoring, including pulse oximetry, blood pres-
sure, and ECG. Continuous foetal monitoring is also mandatory. If left ventricular 
function is significantly impaired or in women with a recent cardiac event, invasive 
monitoring with an arterial catheter may be appropriate [8].

For prevention or treatment of myocardial ischaemia during delivery, intrave-
nous nitroglycerin, beta-blockers, and calcium antagonists can be used. However, 
nitroglycerin and calcium antagonists do have tocolytic properties and may prolong 
labour [8].

To reduce the risk of postpartum haemorrhage, intravenous infusion of oxytocin, 
less than 2  U/min, can be administered slowly after placental delivery to avoid 
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systemic hypotension. Ergometrine is contraindicated because of the increased risk 
of coronary artery spasm. Prostaglandin F analogues should be avoided. PGE ana-
logues, sulprostone, 100–500 μg/h, and misoprostol, 200–1000 μg, can be used but 
with caution [43].

After delivery, maternal monitoring should take place in a high- dependency or 
intensive care unit for at least 24–48 hours as significant haemodynamic changes 
and fluid shift occur in this period [40].

 Antiplatelet Interruption During Delivery

Patients who suffer a STEMI during pregnancy typically require at least temporary 
cessation of DAPT before delivery. There is no consensus on the best approach to 
manage DAPT during delivery. A minimum of 12 months of DAPT for the treat-
ment of STEMI after BMS or DES implantation remains a class I indication, 
whereas discontinuation after 6 months of treatment in those who are deemed at 
high risk of bleeding is a class IIb recommendation in the 2016 American College 
of Cardiology/American Heart Association guideline update on the duration of 
DAPT inpatients with CAD [36].

Hence, if the patient received DAPT for less than 6 months prior to delivery, 
clopidogrel should be resumed as soon as it is deemed safe after delivery to com-
plete at least 12 months of DAPT. If the patient received at least 6 months of DAPT 
prior to delivery, it may be reasonable to withheld reinitiating clopidogrel after 
delivery if the risk of bleeding outweighs the benefits of continued DAPT [3].

If the patient is receiving DAPT near the time of delivery, it is recommended to 
discontinue clopidogrel 5 days prior to planned delivery and only bridging with GP 
IIb/IIIa inhibitors, tirofiban, or eptifibatide, in instances in which the risk of stent 
thrombosis is high, including those with prior MI, complex PCI, or high thrombosis 
risk. Tirofiban and eptifibatide should be continued up to 4–6 hours before delivery 
[28]. Reinitiating GP IIb/IIIa inhibitors after delivery is not recommended, expect 
in rare cases of complex PCI that are deemed of very high thrombotic burden.

 Delivery in Anticoagulated Women

For women with a planned caesarean section, therapeutic LMWH dosing can be 
simply omitted for 24 hours prior to surgery. If delivery must be performed earlier, 
then anti-Xa activity can guide the timing of the procedure. If vaginal delivery is 
planned, moderate- and high-risk patients can be converted to an infusion of UFH 
with regular checkup of aPTT to optimize control, and the infusion stops at least 
4–6 hours prior to anticipated delivery, while for women at low-risk, therapeutic 
LMWH can be omitted 24 hours prior to anticipated delivery. Anticoagulation can 
be restarted at 6  hours post-delivery in high-risk women using therapeutic 
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UFH. Whereas in women at moderate or low-risk, a single prophylactic dose of 
LMWH can be given 6 hours post-delivery, before restarting therapeutic LMWH 
12 hours later [22].

Urgent delivery in a patient taking therapeutic anticoagulation carries a high-risk 
of maternal haemorrhage. For UFH, protamine sulphate should be given, the exact 
dose depending on the mode of administration and time since the last dose of 
UFH. In the case of LMWH, protamine sulphate could be given; however, repeated 
doses or an infusion of protamine sulphate may be required as the half-life of 
LMWH is longer and absorption after subcutaneous injection is longer [44].

 Anaesthesia Considerations

ACS patients may require an elevated level of monitoring and anaesthetic care for 
delivery. Neuraxial analgesia for labour and neuraxial anaesthesia for caesarean 
delivery in the form of spinal, epidural, or combined spinal-epidural is generally 
preferred. However, it can cause systemic hypotension, which can be minimized by 
low-dose local anaesthetic techniques and careful titration of vasoconstrictors and 
intravenous fluids [3].

Another major concern is the risk of epidural hematoma formation and conse-
quent neurological impairment in patients receiving DAPT and anticoagulation [3]. 
The American Society of Regional Anesthesia and Pain Medicine (ASRA) sug-
gested a new recommendation concerning the higher-dose UFH therapeutic antico-
agulation in the pregnant patient that neuraxial block occur 24  hours after SC 
heparin administration, in case of single dose greater than 10,000 USC or total daily 
dose greater than 20,000 U, subsequent heparin administration is allowed 1 hour 
after puncture, catheter manipulation, or removal. The safety of indwelling neur-
axial catheters in patients receiving doses greater than 5000  U or greater than 
15,000 U of UFH daily has not been established, and the risk and benefits should be 
assessed on an individual basis. Conversely, there is no change in the recommenda-
tion concerning intravenous heparin as to discontinue heparin infusion 4–6 hours 
prior to neuraxial blockade or removal of the indwelling neuraxial catheters and to 
delay heparin administration for 1  hour after needle placement or catheter 
removal [45].

LMWH, 1 mg/kg of enoxaparin BID or 1.5 mg/kg once daily, should be discon-
tinued for at least 12 hours before placement or removal of a neuraxial catheter. A 
post procedure dose of enoxaparin should usually be given no sooner than 4 hours 
after catheter removal. Neuraxial anaesthesia can be performed safely in patients 
receiving aspirin therapy alone. The recommended time interval for discontinuation 
of clopidogrel is 5–7 days, and it may be reinstituted 24 hours postoperatively, and 
it may be resumed immediately after needle placement or catheter removal. In 
patients receiving DTI, ASRA recommends against the performance of neuraxial 
techniques [45].
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 Pre-pregnancy Counselling

Women with pre-established ACS are at risk of serious adverse cardiac events dur-
ing pregnancy, the highest risk of which is seen in atherosclerotic coronary disease. 
Adverse obstetric outcomes and adverse foetal events are common in them [46].

Pregnancy may be considered in patients with known coronary disease in the 
absence of residual ischaemia and clinical signs of LV dysfunction. Although there 
are no high-quality data defining how long pregnancy should be delayed post-ACS, 
however, delaying pregnancy for 12 months post ACS is recommended. This allows 
optimization of comorbidities and cardiovascular status as well as adjustment of the 
medical therapy [22].

There is no definitive evidence that previous coronary artery dissection increases 
recurrence risk. However, avoidance of further pregnancy is advised, and, if the 
patient chooses to proceed, close monitoring is recommended [12].

Cardiac patient that wish to get pregnant should be carefully examined and 
investigated prior to any pregnancy. Investigations should include both ECG at rest 
and stress ECG, echocardiography, and even coronary CT angiography in certain 
cases. Women with significantly decreased ejection fraction, symptoms of heart 
failure, angina pectoris, and advanced coronary artery disease should be discour-
aged from getting pregnant for fear of aggravating the symptoms and developing 
serious complications. Antenatal plan for meticulous supervision by both cardiolo-
gist and obstetrician and checkup visits all through the pregnancy should be estab-
lished, noting that all medicines used by women planning to become pregnant 
should be reviewed [46].
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Chapter 35
Aortic Dissection in Pregnancy

Juan Carlos Barrientos Rojas

 Introduction

Acute aortic dissection is the most common life-threatening disorder affecting the 
aorta [1], the immediate mortality rate in aortic dissection is as high as 1% per hour 
over the first several hours [2], and an early diagnosis is important to improve sur-
vival. It is uncommon to complicate pregnancy but potentially fatal for the mother 
and fetus [3]. Although hormonal changes in the aortic wall have been theorized as 
potentially playing a role, cystic medial degeneration is the pathology underlying 
many thoracic aortic aneurysms and dissection, and abnormalities in the transform-
ing growth factor-B pathway and abnormalities in smooth muscle cell contractile 
element function may underlie certain aortic dissections. Classification for aortic 
dissection is based on anatomic involvement of the aortic dissection. In the DeBakey 
classification, type I dissections originate in the ascending aorta and extend to at 
least the aortic arch, type II dissections involve the ascending aorta only, and type 
III dissections begin in the descending aorta, usually just distal to the left subclavian 
artery. In the Stanford classification, type A dissections involve the ascending aorta, 
and type B dissections are those that do not involve the ascending aorta. The patient 
must undergo emergency cesarean section and aortic dissection repair in most 
cases [4].

The incidence of aortic complications was 5.5 per million patients during preg-
nancy and the postpartum period versus 1.4 per million during the control period 
(incidence rate ratio, 4.0; 95% confidence interval, 2.0–8.2). Pregnant women face 
a several-fold higher risk of venous thromboembolism, myocardial infarction, and 
stroke than nonpregnant women of childbearing age. These risks extend for several 
months into the postpartum period [5–8].
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 Risk Factors

Case series suggest that pregnancy may trigger aortic dissection or rupture, but few 
population-based data exist to support an association between pregnancy and aortic 
complications. Pregnancy and the postpartum state cause hemodynamic changes, 
such as increases in heart rate, stroke volume, cardiac output, and left ventricular 
dimensions, which may affect the forces on the aortic wall. This may be exacerbated 
by increased outflow resistance in the distal aorta attributable to compression by the 
gravid uterus. Pregnancy also causes hormonal and biochemical changes that may 
modify the ability of the aorta to withstand the hemodynamic effects placed on it.

Estrogen receptors are present in aortic tissue and may mediate the effect of 
pregnancy-induced hormonal changes on the weakening of elastic fibers [9–12] 
organization and vascular integrity.

Is uncommon that acute aortic dissection complicates pregnancy and usually 
occurs during labor, delivery, or in the early postpartum period.

Other causes of hypertension like preeclampsia, pheochromocytoma, and heavy 
weight lifting are associated [13, 14]. Women with uncontrolled hypertension from 
preeclampsia, compounded by the stress and hemodynamic changes accompanying 
labor, are predisposed to dissection as the aorta experiences increased shearing 
forces [15].

Motor vehicle accident in the context of thoracic trauma may increase the risk of 
acute aortic dissection, and cocaine use is also a risk factor because acute hemody-
namic stress and both are usually present at the same time.

Genetic disorders affecting the aorta with aneurysm and/or dissection, like 
Marfan syndrome, Loeys-Dietz aneurysm syndrome, vascular Ehlers-Danlos syn-
drome, and bicuspid aortic valve, are associated in about 10%. Turner syndrome and 
familial heterozygous mutation in MYH11 are often underrecognized because they 
are less common, and a mutation analysis may detect and confirm familial thoracic 
aortic aneurysm/dissection (TAA/D) [13, 16].

Coarctation of the aorta and tetralogy of Fallot are congenital diseases poten-
tially to aortic dissection, and prior cardiovascular surgery, aortic valve replace-
ment, angiography or stenting, intra-aortic balloon pump, coronary artery bypass 
surgery, and atherosclerosis ulcer are under-considered risk factors.

In general patients with thoracic aneurisms from any cause are at risk for aortic 
dissection, with absolute size, especially more than 5 to 6 cm, age, body surface 
area, sex, rate of growth, and specific genetic disorder as modulating risks of 
dissection.

Infrequently inflammatory diseases like giant cell arteritis, Takayasu arteritis, 
aortitis, and Behcet disease are related, as well as infectious diseases like syphilis.

Aortic complications are particularly common in those with connective tissue 
disorders and in those with a family history but may also occur in the absence of 
these risk factors [17–19]. The lack of knowledge of underlying Marfan syndrome 
diagnosis in almost 50% of registry women with aortic dissection related to preg-
nancy is a common finding in the existing literature and underscores the need for 
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early diagnosis, prepregnancy risk counseling, and multidisciplinary peripartum 
management [20, 21].

 Clinical Presentation and Diagnosis

The clinical manifestations are sudden onset of severe chest, back, or abdominal 
pain, which may be migratory or radiate to the abdomen or inferior extremities, and 
shortness of breath, making early diagnosis and treatment critical for survival, so a 
high index of suspicion is important in the early identification and better outcomes, 
especially when risk factors are present or signs and symptoms suggest it [22, 23].

Hypertension is present in about 75% of cases, especially in patients with type B 
dissections, contrary to type A dissection which are normotensive or hypotensive 
[4], so preeclampsia is a risk factor to consider strongly. Acute aortic dissection with 
hypotension is related to cardiac tamponade, aortic rupture, or heart failure associ-
ated with severe aortic regurgitation.

Chest X-ray shows an abnormal aortic contour or widening of the aortic silhou-
ette, present in more than 80%. However, 12–15% will be normal, the ECG changes 
are nonspecific.

D-dimer levels are elevated, but its accuracy in pregnancy is lowest because of 
physiology changes. However, within the first 24 h of symptom onset, a D-dimer 
level <500 ng/ml had a negative likelihood ratio of 0.07 and a negative predictive 
value of 95% [24].

Multidetector computed tomography, transesophageal echocardiogram, and 
magnetic resonance imaging are highly accurate in the diagnosis of aortic dissection 
[13, 25].

Pregnancy increases the risk of aortic complications in women with an aortic 
root diameter <40 mm or <45 mm, which are the thresholds currently recommended 
for deciding on the safety of pregnancy in women with Marfan syndrome or other 
connective tissue disorders [26, 27]. Pyeritz recommended against pregnancy in 
women with aortic diameters over 40 mm [28]. However, in more recently based 
data, the investigators suggested that pregnancy in the absence of preexisting aortic 
dissection is safe up to 45 mm [20].

Other manifestations are symptoms of heart failure from acute aortic regurgita-
tion, neurological deficits like stroke, spinal cord ischemia, ischemic neuropathy, 
and hypoxic encephalopathy are more common in type A dissections, syncope, or 
vascular insufficiency may be caused by cardiac tamponade, aortic rupture with left 
pleural effusions or hemothorax signals, cerebral vessel obstruction, or activation of 
cerebral baroreceptors. Sudden chest or back pain with pulse deficits, aortic regur-
gitation, or neurological manifestations should alert the clinician to the diagnosis of 
acute aortic dissection.

Coronary artery dissection presents in the postpartum period. Myocardial infarc-
tion or coronary ischemia is a particularly dangerous complication, because of the 
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dissection flap obstructing coronary flow. Renal ischemia or renovascular hyperten-
sion is a result of the dissection process.

 Management

The multidisciplinary evaluation of the patient with acute aortic dissection should 
be carried out in conjunction with the cardilogist and cardiovascular surgeon.

Initially includes stabilization of the patient, using beta blockers as the first drugs 
of choice reducing ventricular force and stress on the aorta and for long-term medi-
cal management. Control of hypertension with multiple agents is required, and 
angiotensin receptor blockers, by antagonizing transforming growth factor-B, may 
be beneficial in certain genetically disorders. When refractory hypertension exists, 
renovascular hypertension related to the dissection flap must be considered [20, 21, 
29, 30].

Ascending dissections type requires emergency surgical repair and is the most 
common in pregnancy, whereas medical therapy is usually for uncomplicated acute 
type B dissections [13]. The patient must undergo emergency cesarean section and 
aortic dissection repair, which includes excision of the intimal tear when possible, 
obliteration of entry into the false lumen, and interposition graft replacement in the 
ascending aorta. The aortic valve may need to be replaced [31].

Most type B dissections are managed medically during pregnancy, although indi-
cations for operative intervention include fetal distress, expanding dissection, and 
evidence of compromised end-organ perfusion. The thoracic endovascular aortic 
repair is safe in women diagnosed with type B aortic dissections late in the third 
trimester of pregnancy [32].

The mortality rate of patients undergoing surgery for type A dissection is 26% 
and for those treated medically is 58% related with malperfusion, shock, or cardiac 
tamponade. Uncomplicated type B dissection has a mortality rate of about 10%, but 
those whom require emergency surgery have a mortality rate of about 25–50%, 
which includes aortic rupture and visceral or branch vessel ischemia. Endovascular 
grafts are the first option [4].

 Prognosis

Lifelong imaging with regular intervals is important to detect complications like 
aneurysmal enlargement. Limitations on physical activity and certain types of 
employment are important [33].

Short- and long-term survival in acute type A dissection has ranged between 
52% and 94% at 1 year and 45% and 88% at 5 years [34]. The 10-year actual sur-
vival rate of patients with acute dissection who survive initial hospitalization is 
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reported as 30–60% in various studies. Other study reported a 10-year survival of 
55% and 20-year survival of 30% after type A dissection [35].

Screening first-degree relatives of the patient with acute aortic dissection for 
thoracic aortic disease must be considered, because about 20% will be affected [36]. 
Obtaining this information is important for assessing risks in pregnancy counseling, 
prenatal care, and peripartum care.

Women who are aware of their underlying diagnosis may receive prepregnancy 
counseling, choose to forego pregnancy, have careful monitoring and take beta- 
blockers during pregnancy, or undergo prophylactic aortic surgery in anticipation of 
pregnancy, if indicated [37].
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Chapter 36
Cardiac Tamponade

Juan Carlos Barrientos Rojas

 Introduction

Cardiac tamponade is characterized by hemodynamic instability due to heart com-
pression by accumulation of fluid, blood, clots, or gas in the pericardial space, sec-
ondary to infectious diseases, autoimmune disorders, radiation-induced diseases, 
malignancies, chronic myxedema, renal failure, trauma, iatrogenic, anticoagulation, 
uremia, neoplasm, pneumopericardium and hemopericardium in aortic dissection, 
and rupture of the heart after acute myocardial infarction. The context of pregnancy 
is associated with preeclampsia [1–4]. The incidence of pericardial effusion during 
pregnancy is about 40%, usually in the third trimester, asymptomatic, incidental echo 
finding, and often resolves by 2 months postpartum [4]. It has been reported that 
hypertension of pregnancy is an etiological factor of pericardial effusion although the 
presence of such effusions is generally asymptomatic, and no treatment is required [5].

 Pathophysiology

Normally, 30ml or less of pericardial fluid exists between the two layers. When 
intrapericardial pressure exceeds intracardiac pressures, cardiac tamponade devel-
ops. The stability depends on intrapericardial pressure not exceeding right heart 
filling pressures.

Pericardial effusion is found in 15%, 19.2%, and 40% of pregnant women in the 
first, second, and third trimesters, respectively, and disappears spontaneously within 
50–60 days after labor. An increase in total body fluid volume during the pregnancy 
is likely to be one of the mechanisms for this phenomenon. The rate of pericardial 
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effusion was higher among pregnant women with preeclampsia than among unaf-
fected pregnant women. However, pericardial effusion during pregnancy is gener-
ally asymptomatic, and the presence of such effusion is not attributed to maternal 
cardiac dysfunction [6–11].

In pregnancy the result of excessive salt and body fluid retention may increase 
the risk to develop cardiac tamponade. Haiat and Halphen pointed out that the mean 
weight gain is significantly higher in women showing signs of pericardial effusion 
than in others whose echocardiograms are free of any effusion at the same stage of 
gestation. Abduljabbar et al. showed that subjects who gained more than 12 kg dur-
ing pregnancy have an increased risk of developing pericardial effusions [6–8]. 
Hypoalbuminemia and an increase in peripheral vascular permeability together with 
excessive volume of fluid transfusion may have augmented retention of pericardial 
effusions.

Reddy et al. described three phases of hemodynamic changes in tamponade. In 
phase I, the accumulation of pericardial fluid “stiffens” the ventricles and impairs 
their relaxation. Ventricular filling pressures are increased but remain higher than 
the intrapericardial pressure. In phase II, further fluid accumulation increases intra-
pericardial pressure above right ventricular filling pressure. Systemic venous pres-
sure is unable to fill the right heart, resulting in a decrease in cardiac output. In 
phase III, a further decrease in cardiac output leading to circulatory collapse occurs 
when intrapericardial pressure equilibrates with left ventricle filling pressure. Low- 
pressure tamponade develops when intrapericardial pressure exceeds right heart fill-
ing pressure in a hypovolemic patient. Here, the low right ventricular filling pressure 
may be normalized by volume loading. The increase in systemic venous return 
restores right heart filling pressure, allowing forward flow of blood [12, 13].

Interventricular interdependence, an increase in right ventricle size during spon-
taneous inspiration, will induce a septal shift of the interventricular septum toward 
the left ventricle, resulting in decreased left ventricle dimension and output [14].

 Diagnosis

Usually a cardiogenic obstructive shock is present, with hypotension, shortness of 
breath, tachycardia, a narrow pulse pressure, venous jugular distension, with central 
venous pressure increased, and muffled heart sounds, pericardial friction rub, and 
paradoxus pulsus. In pregnancy the clinical signs may be subtle.

Electrocardiography shows QRS voltage and electrical alternans. Chest X-ray 
shows an enlarged cardia silhouette [15, 16]. Echocardiography is the best diagnos-
tic method for detection of pericardial effusion and tamponade. Pericardial effusion 
is usually visualized as an echo-free space between the visceral and parietal pericar-
dium surrounding the heart, but hemorrhagic or purulent fluid may be more echo-
genic than simple serous fluid. The fluid first accumulates posterior to the heart, 
when the patient is examined in the supine position. A “swinging” heart may be 
observed when the effusion is massive, as well as a heart collapse, especially right 
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atria at end diastole, and then right ventricle outflow tract at early diastole. Left 
chamber collapses are uncommon [17, 18].

 Management

In the obstetric patient, the treatment should proceed as in the nonpregnant patient.
The treatment involves urgent drainage of the pericardial fluid, triggered by the 

integration of clinical and echocardiographic findings and by pericardiocentesis or 
surgical drainage in some cases. Fluid loading may improve cardiac index in half of 
patients, while the other half may require norepinephrine to increase blood pressure. 
Vasodilators and diuretics are not recommended [19–22].

The reduction in venous return induced by positive pressure mechanical ventila-
tion and general anesthetics may decompensate cardiac tamponade. Intubation 
should therefore be cautious (with some authors suggesting the use of local anes-
thetics or ketamine) and high ventilatory pressures avoided [23].

Careful monitoring of thyroid functional tests and proper management should be 
performed in pregnant women with hypothyroidism to prevent cardiac complica-
tions of the disease, like pericardial effusion and tamponade [24].

The outcomes of pregnancies in women with pericardial disease are similar to 
those expected in the general population with pericardial disease. More difficult 
cases may require a multidisciplinary approach involving different subspecialties 
(e.g., cardiology, internal medicine, maternal-fetal medicine, and neonatology).
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Chapter 37
Cardiac Arrest in Pregnancy

Carlos Montufar

 Introduction

Cardiac arrest is a maternal and perinatal tragedy, with a great medical and social 
impact. Its exact incidence is unknown, since there is a subrecord of these events, 
but it has been classically estimated to occur in 0.6–1 / 30,000 pregnancies [1, 2]. 
However, the most recent UK confidential enquiry reports an incidence of cardiac 
arrest in 1:20 000 pregnancies [3].

There has been an increase in pregnancies in women over 35, largely due to the 
rise in assisted reproduction. These pregnancies in older reproductive ages lead to 
patients with a higher probability of both direct obstetric complications, as well as 
a higher incidence of medical complications.

The pregnant patient who undergoes a cardiac arrest will have a different patho-
physiological connotation, with a physiology that generates great changes in her 
hemodynamic and respiratory physiology, which will produce variations in her 
approach. In addition, the pathologies of pregnancy, such as amniotic fluid embo-
lism and the presence of the fetus, complicate the challenge.

The survival rates of out-of-hospital cardiac arrests continue to decrease (2–5%), 
with improved rates reported for in-hospital cardiac arrests (15%) [4].

Most out-of-hospital cardiac arrests occur in shockable rhythms (ventricular 
tachycardia or ventricular fibrillation), unlike most patients who undergo cardiac 
arrest inside hospitals, where cardiac arrests with non-shockable rhythms are most 
frequent (asystole or pulseless electrical activity) [4].
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 Physiological Considerations

The most important respiratory changes are edema and hyperemia of the vocal 
cords, a decrease in functional residual capacity, a decrease in compliance with the 
chest wall, an increase in minute ventilation, and an increase in oxygen consump-
tion. These changes will generate the need for the use of smaller caliber endotra-
cheal tubes, increased difficulty with bag-mask ventilation, greater rapidity in 
producing hypoxemia, and a marked intolerance to hypo-oxygenated states [5]. 
Failed intubation is eight times more frequent in pregnant than in non-obstetric 
patients [6].

Regarding the physiology of the cardiovascular system, the pregnant woman has 
an increase in cardiac output; as a result of the size of the pregnant uterus, a com-
pression of both the aortic artery and the inferior vena cava originates, leading to an 
obstruction of the aortic flow and a decrease in venous return [7–9].

These changes cause a decrease in preload, a very limited cardiac output during 
resuscitation. In addition, it reduces the effectiveness of chest compressions and 
forces the uterus to move to the left to decompress the aorto-caval vascular sys-
tem [10].

The gastrointestinal system of pregnant women has an increased intragastric 
pressure, a delay in gastric emptying, and a relaxation of the lower esophageal 
sphincter, which facilitates gastroesophageal reflux and bronchoaspiration [11]. 
Another important change is the dilutional anemia that the pregnant patient devel-
ops as a result of the increase in plasma volume, which, if not treated with an oral 
iron supplement during her prenatal evaluation, can aggravate hypoxemic or hemor-
rhagic states.

 Causes

Knowing better the underlying cause of the cardiac arrest, as well as the rate of 
cardiac arrest, it is possible to improve the survival rates of these patients. In addi-
tion, it is necessary to know the maternal physiology, for the correct approach to this 
subgroup of patients.

Like all complications in the pregnant patient, the scenarios or conditions that 
can lead to cardiac arrest are divided into direct obstetrics, underlying medical 
causes, and iatrogenic (magnesium sulfate overdose).

In general, the most common causes of cardiac arrest are thromboembolism, 
preeclampsia/eclampsia, sepsis, trauma, massive obstetric hemorrhage (ectopic 
pregnancy and uterine atony), stroke, asthma, anesthetic complications, preexisting 
chronic cardiac or pulmonary disease, and amniotic fluid embolism [12].

The causes of cardiac arrest are different when compared to developed countries 
with countries with lower economic incomes. In the United States as in England, the 
main cause of cardiac arrest is pulmonary thromboembolism [13]. But in low-income 
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countries, the most frequent causes are obstetric hemorrhage associated with hypo-
volemic shock [4] and the most severe complications of preeclampsia, especially 
when hemolysis, elevated liver enzyme, and low platelets (HELLP) syndrome is 
involved [14].

The amniotic fluid embolism or anaphylactoid syndrome of pregnancy is a rare 
but important cause of obstetric circulatory collapse and cardiac arrest associated 
with a high mortality [3]. It is responsible for about 10% of maternal deaths in the 
United States and 8.4% in the United Kingdom [15].

In general terms, most causes of cardiac or near cardiac arrest mediate through 
potentially reversible causes if they are timely recognized and properly handled. 
The latter include the 5 Hs and the 5 Ts: hypovolemia, hypoxia, acidosis (hydro-
gen ions), hypokalemia and hyperkalemia, hypothermia, hypoglycemia (Hs), and 
trauma, cardiac tamponade, tension pneumothorax, thrombosis, and drug toxicity 
(Ts) [16].

 Approach

In most serious or critical clinical situations, the approach of the pregnant patient 
does not change with respect to the approach established in the non-obstetric popu-
lation, with some exceptions.

Basic Life Support (BLS) and Advanced Cardiovascular Life Support (ACLS) 
guidelines for nonpregnant patients pertain in large part to maternal cardiac arrest, 
including basic cardiopulmonary resuscitation (CPR), pharmacology, and defibril-
lation. But these exceptions in the pregnant patient are important for better results.

It is decisive to understand that the chances of a successful resuscitation in car-
diac arrest secondary to VF or PVT are based on effective chest compressions and 
early defibrillation. The management of other cardiac arrest rhythms such as PEA 
and asystole is based on adequate CPR and administration of vasoactive drugs 
(mainly epinephrine).

The study by Bobrow [17] et al. demonstrated that chest compression-only CPR 
was associated with a significant increase in the survival rate of bystander CPR for 
adults who experienced out-of-hospital cardiac arrest. For this reason, the current 
recommendations propose beginning resuscitation with chest compressions in a 
CAB (compression-airway-breathing) sequence.

This aorto-caval compression is the most influential phenomenon in CPR in the 
pregnant woman.

Cardiac output during cardiopulmonary resuscitation (CPR) in a nonpregnant 
patient is approximately 30%. The fact that approximately 17% of a pregnant 
patient’s cardiac output is diverted to the uterus suggests that blood flow to vital 
organs is significantly limited during CPR in the pregnant patient [18].

During pregnancy, administration of chest compressions is more efficient with 
the patient’s abdomen on a side slope toward the left. The cardiac output produced 
from chest compressions is optimized when the arrested parturient is placed on a 
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firm surface (e.g., a backboard) in the supine position with manual left uterine dis-
placement [19]. This maneuver is optimally performed using two hands from the 
left side of the patient.

Basic life support begins with an acknowledgment that the victim is either not 
breathing or not doing so normally. Chest compressions should be initiated with the 
intention of depressing the chest at least 2 in. (5 cm) at a frequency of 100–120 per 
minute. Interruptions during compressions should be avoided or minimized, espe-
cially during resuscitator replacement.

The resuscitator who performs chest compressions should be replaced by another, 
ideally, every 2 min or sooner if the resuscitator becomes fatigued.

If an advanced airway is not available, chest compressions/ventilations (30:2 
ratio) should be performed with the vents through a bag-mask device.

Endotracheal intubation is the optimal method for maintaining a patent and 
secure airway. Early intubation is recommended if experienced providers are 
available.

But nevertheless, bag valve mask ventilation with supplemental oxygen (if avail-
able) is recommended before intubation attempts because of the faster trend to 
desaturation in pregnant women [13].

Interruptions made to attempt to intubate a patient in cardiac arrest can be con-
sidered lethal. Therefore, the intubation of a pregnant woman in cardiac arrest must 
be carried out by an expert. Otherwise, it is better to maintain ventilation by means 
of a bag-mask with an oxygen reservoir and postpone the endotracheal intubation, 
when the patient has a return to her spontaneous circulation (ROSC) [20].

After placement of an advanced airway, it may be reasonable for the provider to 
deliver 1 breath every 6 s (10 breaths/min) while continuous chest compressions are 
being performed.

Similarly, avoid hyperventilating the patient. Hyperventilation increases intra-
thoracic pressure and decreases venous return; in addition, hyperventilation may 
decrease cerebral blood flow [21].

The most experienced provider should perform intubation to minimize attempts. 
A smaller endotracheal tube (6–7 mm) should be used on first attempt, and no more 
than two attempts at endotracheal intubation should be made before progressing to 
emergent invasive airway.

Breaks greater than 10 s decrease chance of return of spontaneous circulation 
(ROSC) and should be avoided [22].

In case the cardiac arrest occurs with a shockable rhythm (asystole or pulseless 
electrical activity), the patient must be defibrillated after having made a 2-min cycle 
of compressions/ventilations (30/2 ratio). After applying defibrillation, cardiopul-
monary resuscitation should be resumed with a new cycle of compressions/ventila-
tions (30/2). When defibrillating a patient, it should not cause delays in chest 
compressions or ventilation. The 2010 AHA guidelines recommend the application 
of 200 J (biphasic wave devices) per electrical shock [23].

Capnography reflects the quality of chest compressions because it indirectly 
measures cardiac output in an intubated patient under stable ventilation conditions 
[20]. During resuscitation, end-tidal CO2 levels above 10  mm Hg and/or rising 
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end-tidal CO2 levels suggest adequacy of chest compressions and may be predictive 
of ROSC [24, 25].

Failure to achieve an ETCO2 of 10  mm Hg by waveform capnography after 
20 min of resuscitation has been associated with an extremely poor chance of ROSC 
and survival. However, the studies to date are limited in that they have potential 
confounders and have included relatively small numbers of patients, so it is inadvis-
able to rely solely on ETCO2 in determining when to terminate resuscitation.

 Pharmacologic Therapies

The purpose of the use of vasopressors in cardiac arrest is to increase the perfusion 
pressure to the vital organs, heart, and brain. No clinical studies have shown that the 
use of epinephrine improves long-term survival. Jacobs et al. [26] found equal rate 
of survival (to hospital discharge) with or without epinephrine (5.1% vs. 5.0%). A 
Swedish study [27], in which 42% of the 10,966 patients who had suffered a cardiac 
arrest received epinephrine, found that use of vasopressor drugs did not improve 
survival. Despite this, the AHA continues to recommend adrenaline as the drug of 
choice in cardiopulmonary resuscitation [28].

Once the compression/ventilation cycle has been performed (30:2 ratio), if the 
rhythm is not defibrillable, epinephrine should be administered.

Epinephrine should be administered at standard dose of 1 mg IV/IO push every 
3 to 5 min during cardiac arrest [23].

In case of shockable rhythm, a load of 200 Joules should be applied with a bipha-
sic defibrillator and immediately resume cardiopulmonary resuscitation with com-
pressions: ventilations (30:2). Subsequently, epinephrine should be administered at 
the aforementioned doses. In this way the sequence in shockable rhythms is com-
pressions/ventilations (30:2), defibrillation, compressions/ventilations, and epineph-
rine, and repeat the sequence until a return of spontaneous circulation is obtained.

In cases of non-shockable rhythm, the sequence is compressions/ventilations 
(30:2) and epinephrine, and repeat the sequence until there is return of spontaneous 
circulation.

When you don’t get good results with epinephrine, amiodarone should be used 
for ventricular fibrillation or pulseless ventricular tachycardia. The first dose should 
be administered IV or IO at a dose of 300 mg, and a second dose of 150 mg may be 
administered.

An alternative to amiodarone is lidocaine at a dose of 1–1.5 mg/kg, and a second 
dose of 0.5–0.75 mg/kg.

Unlike cardiac arrests that occur outside the hospital, cardiac arrests that occur 
in-hospital benefit from replacing intravascular volume with crystalloids, because 
many of its causes are hypovolemic in origin. Intravenous access is essential for 
rapid intravascular volume repletion, including alternatives such as intraosseous 
access in the proximal humerus or ultrasound-assisted peripheral or central venous 
access. These vascular accesses should be obtained preferably, above the diaphragm.
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In reference to vasopressin, a meta-analysis concluded that there was no benefit 
to vasopressin over epinephrine, and its suggested use was removed from the AHA 
guidelines in 2015 [29].

 Other Considerations

Iatrogenic overdose is possible in women who have eclampsia and receive magne-
sium sulfate, particularly if the woman becomes oliguric. Administration of calcium 
gluconate (1 ampoule or 1 g) is the treatment of choice for magnesium toxicity [30]. 
Empiric calcium administration may be lifesaving.

The use of sodium bicarbonate to reverse metabolic acidosis during cardiac 
arrest has been questioned. Rapid correction of maternal (but not fetal) acidosis 
could lead to reduced compensatory hyperventilation and normalization of maternal 
PaCO2, which could result in a concomitant increase in fetal PaCO2 and potential 
worsening of fetal acidosis [31].

 Perimortem Cesarean Section (PMCS)

One of the most important interventions that add to the global resuscitation proto-
col, specific for pregnant patients suffering from cardiac arrest, is perimortem cae-
sarean section. The equipment to intervene in a cardiac arrest must include a surgical 
tray with the implements for performing a perimortem caesarean section.

Management decisions in the setting of maternal cardiac arrest are based on the 
status of the parturient; thus, fetal monitoring is not necessary and in fact 
discouraged.

Performing the caesarean section perimortem in a scene of cardiac arrest in a 
pregnant woman is aimed at improving the survival of the mother and in many cases 
the fetal survival.

The emptying of the uterus through the PMCS achieves aorto-caval vascular 
decompression, improving venous return and arterial perfusion in the pregnant 
patient who undergoes cardiac arrest. The extraction of immature fetuses without 
viability achieves a maternal benefit, by decompressing the inferior vena cava and 
abdominal aorta. In larger fetuses, with gestational age with viability, timely extrac-
tion of the fetus can generate a maternal benefit as fetal.

The study by Katz et al. reported an increase in neurological lesion in fetuses that 
were born and survived after 5 min of the cardiac arrest in the mother [32].

Katz et al. in 1986 derived a 4-min rule for cardiac arrest to initiation of cesarean 
section at 4 min and delivery of infant at 5 min, based on the knowledge that irre-
versible brain damage from anoxia occurs within 4–6 min of inadequate cerebral 
perfusion.
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Cardiac arrest should be an uncommon event in pregnant patients. Either way, 
the staff that is responsible for the care of pregnant patients should be prepared for 
this catastrophic event. Obstetric care units must have all the equipment and input 
necessary for the attention of a cardiac arrest. The human team must receive con-
stant and periodic training to maintain their skills and abilities, which will result in 
avoiding maternal death.
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Chapter 38
Pregnancy-Related Infective Endocarditis

Rania Magdi Ali, Bahaa El-Din Ewees Hassan,  
and Noura M. Youssri Mahmoud

 Introduction

Infective endocarditis (IE) is an uncommon infectious disease with an annual inci-
dence ranging from 3 to 7 per 100,000 person/years [1], whereas during pregnancy, 
the reported incidence is 1 in 100,000 pregnancies [2]. Globally, infective endocar-
ditis continues to be illustrated by increased morbidity and mortality despite being 
relatively rare and is considered the third or fourth most common life-threatening 
infection syndrome, after sepsis, pneumonia, and intra-abdominal abscess [3]. 
Maternal and fetal mortality are significantly high [4, 5]. Most of maternal deaths 
are related to congestive heart failure or embolic manifestations. IE in pregnancy 
can present challenge in management, considering the choice of appropriate antibi-
otic treatment and the choice of optimal time for delivery and cardiac surgery.

 Pathogenesis and Risk Factors

Over the past few decades, there were continuous changes in epidemiology, micro-
biology, and predisposing risk factors of IE [6]. IE is an infection of the endocar-
dium with microorganisms that have high affinity to damaged endothelium [7]. The 
bacteremia can be transient; thus up to 14% of cases of IE and much more in devel-
oping countries are associated with negative blood cultures [8]. Approximately 80% 
of cases with IE are caused by Staphylococcus aureus, streptococci, and enterococci 
[2]. Streptococcus viridans is part of the normal skin, oral, respiratory, and gastro-
intestinal tract flora. Enterococci are part of the normal gastrointestinal and genito-
urinary tract flora, while Staphylococcus aureus is a common skin organism [9].
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Streptococcus viridans used to be the most common causative organism of 
community- acquired native valve endocarditis (NVE) not associated with intrave-
nous drug use. Nowadays, the epidemiological profile of IE has changed, and 
Staphylococcus aureus became the most common causative organism in most of 
the industrialized world. Staphylococcus aureus IE is partly due to healthcare con-
tact as a leading risk associated with infection [3]. Staphylococcus lugdunensis is 
another rare aggressive causative organism that has high mortality. It is a coagu-
lase-negative staphylococcus that colonizes the perineum as a skin commensal and 
has been isolated from amniotic fluid in several cases [10]. Fungal IE, caused by 
Candida and Aspergillus spp., is most frequently observed in prosthetic valve IE 
(PVE) and in IE affecting intravenous drug abusers and immunocompromised 
patients [11].

Development of IE requires a preexisting cardiac lesion or damaged endothe-
lium. Damaged endothelium releases tissue factors that facilitate adherence of 
pathogens and formation of vegetations [12]. It may affect native or prosthetic 
valves (NVE or PVE). It can also affect large intrathoracic vessels and occasion-
ally may extend to mural thrombi, ventricular septal defects, and patent ductus 
arteriosus [2]. Bicuspid aortic valve is the most common predisposing factor of 
native valve endocarditis. The valve-specific maternal mortality is estimated to be 
greater for the aortic valve followed by the mitral valve and then the tricuspid 
valve [13].

The major predisposing risk factor of IE includes rheumatic heart disease espe-
cially in the developing nations. Although there is a decrease in rheumatic heart 
disease cases worldwide, there is a concomitant increase in patients with congenital 
heart disease surviving to adulthood and childbearing period. Intracardiac device 
implants and increasing nosocomial infections are new risk factors [14, 15]. 
Intravenous drug abuse is a substantial risk factor of IE in the industrial nations of 
which only 6–40% have preexisting structural cardiac abnormality [16]. During 
injection microorganisms or particles from the skin or the injected drug can cause 
transient or permanent endothelial damage on valve leaflet, thus facilitating forma-
tion of infected vegetations [17]. Most common affected valve is the tricuspid valve, 
but if the particles are <10 micrometers, it may cross pulmonary capillaries and 
affect aortic and mitral valves [18].

 Diagnosis

Diagnosis of IE in nonpregnant patient is challenging because of the highly variable 
clinical presentations; however, during pregnancy the challenge is even bigger as 
the changing cardiovascular physiology mimics the clinical picture of cardiac dis-
eases [19]. The typical physiologic cardiac changes in pregnancy include prolonged, 
moderate tachycardia, high preload, and low afterload [20].

Diagnosis of IE is based on multiple findings including clinical presentations, 
laboratory tests, imaging techniques, and microbiological diagnosis [21].
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 Diagnostic Criteria

The highly variable clinical presentations of IE rendered its diagnosis a real chal-
lenge especially during pregnancy. Diagnosis of IE mainly relies on validating the 
presence of both infection and endocardial involvement. The Modified Duke Criteria 
have provided a diagnostic guide that is both sensitive to detect the disease and 
specific to exclude it. It classified IE into definite, possible, and rejected IE (sum-
marized in Table 38.1) [3, 22] according to the number of major and minor criteria 
fulfilled (Described in Table 38.2) [21].

When the diagnosis remains only possible or even rejected according to the 
Modified Duke Criteria but still highly suspected clinically, echocardiography and 
blood culture should be repeated, and other imaging techniques should be used, 
either for diagnosis of cardiac involvement using cardiac computed tomography, 
18F-FDG PET/CT or radiolabeled leucocyte single photon emission CT (SPECT/
CT), or for imaging embolic events using cerebral magnetic resonance imaging 
(MRI), whole-body CT, and/or PET/CT [23].

 Clinical Features

Clinical presentations vary according to the causative organism, presence or absence 
of preexisting cardiac lesions, prosthetic valves or intracardiac devices, as well as 
mode of presentation. IE may manifest as an acute rapidly progressive infection and 
deterioration or with a misleading subacute or chronic course with low grade fever 
and nonspecific symptoms [21].

Table 38.1 Definition of IE according to the Modified Duke Criteria [3, 56]

Definite IE
Pathological criteria
  Microorganisms demonstrated by culture or histological examination of a vegetation, a 

vegetation that has embolized, or an intracardiac abscess specimen; or pathological lesions; 
vegetation or intracardiac abscess confirmed by histological examination showing active 
endocarditis

Clinical criteria
  2 major criteria
  1 major criterion and 3 minor criteria, or
  5 minor criteria
Possible IE
  1 major criterion and 1 minor criterion, or
  3 minor criteria
Rejected IE
  Firm alternative diagnosis explaining evidence of IE; or
  Resolution of IE syndrome with antibiotic therapy for ≤4 days; or
  No pathological evidence of IE at surgery or autopsy with antibiotic therapy for ≤4 days; or
  Does not meet criteria for possible IE as above
IE indicates infective endocarditis
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In the presence of cardiac lesion such as structural or congenital heart disease or 
prosthetic valve, IE should be considered in any patients with unexplained fever, 
night sweats, and systemic illness or with embolic manifestation or cardiac murmur 
[14]. Suspicion should increase in presence of source of bacteremia as in case of 
history of IV drug use or recent healthcare exposure or invasive procedure such as 
wound care, hemodialysis, or invasive dental care [24]. Rapid detection of endocar-
ditis and appropriate treatment are important in reducing the risk of both maternal 
and fetal mortality.

Classical stigmata of endocarditis may be observed in subacute cases, including 
petechial hemorrhages in mucous membranes, Roth spots (retinal hemorrhages with 
pale centers), and splinter hemorrhages, Janway lesions (macular or nodular 

Table 38.2 Definition of terms used in the Modified Duke Criteria for the diagnosis of IE [3, 56]

Major criteria
  Blood culture positive for IE
   1. Typical microorganisms consistent with IE from two separate blood cultures:
    viridans streptococci, Streptococcus bovis, HACEK group, Staphylococcus aureus; or
    Community-acquired enterococci in the absence of a primary focus
   2.  Microorganisms consistent with IE from persistently positive blood cultures defined as 

follows:
    At least two positive cultures of blood samples drawn >12 h apart or
     All three or a majority of ≥4 separate cultures of blood (with first and last sample drawn 

at least 1 h apart)
   3.  Single positive blood culture for Coxiella burnetii or antiphase 1 IgG antibody titer 

≥1:800
  Evidence of endocardial involvement
  Echocardiogram positive for IE defined as follows:
   1.  Oscillating intracardiac mass on valve or supporting structures, in the path of regurgitant 

jets, or on implanted material in the absence of an alternative anatomic explanation
   2. Abscess
   3.  New partial dehiscence of prosthetic valve or new valvular regurgitation (worsening or 

changing or preexisting murmur not enough)
Minor criteria
  Predisposition, predisposing heart condition, or IDU
  Fever, temperature >38 °C
  Vascular phenomena, major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, 

intracranial hemorrhage, conjunctival hemorrhages, and Janeway lesions
  Immunological phenomena: glomerulonephritis, Osler nodes, Roth spots, and rheumatoid 

factor
  Microbiological evidence: positive blood culture but does not meet a major criterion as noted 

above (excludes single positive cultures for coagulase-negative staphylococci and organisms 
that do not cause endocarditis) or serological evidence of active infection with organism 
consistent with IE

HACEK indicates Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, 
Eikenella corrodens, and Kingella species
IDU injection drug use
IE infective endocarditis
IgG immunoglobulin G
TEE transesophageal echocardiography
TTE transthoracic echocardiography
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hemorrhagic lesions), or Osler nodules (painful raised lesions) on the extremities 
[25]. Glomerulonephritis is also common. Emboli to the lung, brain, and spleen 
occur in 30% of patients and may be the presenting symptoms [21].

In addition, IE may present right away with its complications. Heart failure is the 
most common complication that can be attributed to acute valve regurgitation from 
rupture chorda tendinea or perforation and to a lesser extent as a result of valve 
obstruction by vegetation [26]. Heart failure symptoms include dyspnea, orthopnea, 
and lower limb edema which are easily mistaken for normal manifestation of 
pregnancy.

Another extremely common complication is embolic manifestations that may be 
silent in 20–50% of cases. Left-sided IE usually sends emboli to the brain and 
spleen, while right-sided IE sends emboli to pulmonary vessels. The best way to 
handle the risk of embolization is appropriate antimicrobial therapy. However, per-
sistent or recurrent emboli after 1 week of therapy or large mobile vegetation is a 
strong indication for surgery [21].

Another common complication of IE is uncontrolled infection. It may be in the 
form of persistent infection and fever more than 10 days despite appropriate specific 
antimicrobial therapy or paravalvular extension of the infection that may lead to 
ventricular septal defect, atrioventricular block, or acute coronary syndromes [27].

Other complications include mycotic aneurism, intracranial hemorrhages, myo-
carditis, and musculoskeletal arthralgia or myalgia. Besides, rheumatological symp-
toms are frequent and may be the first presentation delaying appropriate 
diagnosis [21].

Finally, acute renal dysfunction occurs in 6–30% of cases of IE. It may be due to 
immune complex vasculitis, renal emboli, antibiotic nephrotoxicity, or severe hypo-
tension from heart failure or sepsis [28].

 Laboratory Tests

Laboratory tests are nonspecific, and all demonstrate sepsis but are not diagnostic of 
IE.  It may show leukocytosis or leucopenia, anemia, thrombocytopenia, elevated 
CRP and ESR, lactatemia, hyperbilirubinemia, elevated serum creatine level, and 
microscopic hematuria [29].

 Imaging Techniques

The most important imaging technique in IE is echocardiography. It is essential for 
diagnosis, management, and prognosis of IE. Once IE is suspected, transthoracic 
echocardiography (TTE) should be performed. Echocardiographic findings are 
major criteria of diagnosis, and they include vegetation, abscesses or pseudoaneu-
rysm, and new dehiscence of prosthetic valve [30].
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If TTE is negative, transesophageal echocardiography (TEE) should be done, as 
visualization of vegetations with TTE may be difficult in prosthetic valves due to 
shadowing, small vegetation <2–3 mm, recent embolization, intracardiac devices, 
and mitral valve prolapse or degenerative calcified lesion. Additionally, TEE is rec-
ommended for patients rated at least possible IE by clinical criteria or complicated 
IE as in case of paravalvular abscess. If both TTE and TEE are negative, echocar-
diography should be repeated after 5–7 days if clinical suspicion of IE remains high 
[31]. Follow-up TTE or TEE is done to monitor complication such as appearance of 
new murmur and response to treatment. Finally, TTE should be repeated at the end 
of antimicrobial therapy to establish complete resolution [3].

There are other imaging modalities such as multi-slice computed tomography 
(MSCT), magnetic resonance imaging (MRI), and nuclear imaging, which can be 
used for diagnosis, follow-up, and decision-making [32].

MSCT may be superior over TEE in detecting perivalvular extension of vegeta-
tion and anatomy of pseudoaneurysm, abscesses, and fistula [33]. However, during 
pregnancy MSCT is better avoided and replaced by MRI for fear of adverse effect 
of radiation of fetus. Cerebral MRI should be performed to detect cerebral lesions 
even in the absence of neurological symptoms. Abdominal MRI can detect splenic 
infarctions [21].

Imaging techniques such as radiolabeled white blood cells single photon emis-
sion CT (SPECT/CT) or F-FDG PET/CT have proven to be effective in detecting 
peripheral silent embolic lesion. They detect leukocytes, monocytes, macrophages, 
and lymphocytes that accumulate at the site of infection [34, 35].

The ESC guidelines recommended to add findings of nuclear imaging as one of 
Duke’s criteria for diagnosis of IE to increase its sensitivity by detecting silent 
embolic events [21]. However, their use in pregnant women is still a matter of debate 
and needs to weigh up the maternal benefits from early diagnosis and the risks of 
radiation on the fetus after considering the gestational age and dose of radiation.

 Microbiological Diagnosis

 A. Blood Cultures

Blood culture not only recognizes the causative organisms, but it also recom-
mends the specific antimicrobial treatment by susceptibility tests. Once IE is sus-
pected, three sets of blood culture should be withdrawn, via complete aseptic 
technique, from a peripheral vein to avoid contamination from a central venous line, 
with 30-min interval and before initiation of empirical antibiotics. Withdrawing 
blood cultures during peaks of fever is no longer recommended [21, 36]. After posi-
tive blood culture, identification of microorganism, and initiation of specific antimi-
crobial treatment, at least two sets of blood cultures should be obtained every 
48–72 h to test efficacy of treatment and determine day one of therapy (the day on 
which blood cultures turn negative) [21, 36].
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Blood culture-negative infective endocarditis (BCNIE) may be obtained in 30% 
of IE cases. This may result from previous antibiotic administration; in this case 
antibiotic should be discontinued and blood culture be repeated or infection by 
atypical, fastidious, or obligatory intracellular bacteria such as Brucella spp., 
Coxiella burnetii, Bartonella spp., Tropheryma whipplei, Mycoplasma spp., 
Legionella spp., or Fungi. These are characterized by slow growth and requires a 
specialized media for incubation. In this case, according to clinical presentation and 
local epidemiology, some serology tests of most probable organism are required 
[37]. If all serological and micro-assays came negative, and IE still strongly sug-
gested clinically, non-infection IE should be considered. In this case, tests may be 
indicated to investigate the presence of antinuclear antibody, antiphospholipid anti-
body, and antipork antibodies in patients with porcine bio-prosthesis [21, 38].

 B. Histopathology of Excised Tissues

In case of cardiac intervention, all excised infected tissues (native or prosthetic 
valves, vegetations) should be sent for histopathological examination for definitive 
identification of causative organism [21].

 Prognosis in IE

Predictors of poor outcome in patients with IE are influenced by the patient charac-
teristics, the presence or absence of cardiac and noncardiac complications, the 
infecting organism, and the echocardiographic findings. Patients with HF, peri- 
annular complications, or S. aureus infection are at highest risk of death and need 
for surgery in the active phase of the disease. A high degree of comorbidity, diabe-
tes, septic shock, moderate-to-severe ischemic stroke, brain hemorrhage, and the 
need for hemodialysis are also predictors of poor outcome. Persistence of positive 
blood cultures 48 to 72 h after initiation of antibiotic treatment indicates a lack of 
infection control and is an independent risk factor for mortality [21].

 Management

According to ESC and AHA 2015 recommendations, treatment of pregnancy related 
IE is much like that of nonpregnant patients. Once IE is diagnosed or even consid-
ered, selection of appropriate treatment strategy and decision-making should depend 
on multidisciplinary team approach. The multidisciplinary team should include a 
cardiologist, cardiothoracic surgeon, and infectious disease specialist in addition to 
the obstetrician [39].

Appropriate treatment strategies in pregnancy-related IE include antimicrobial 
therapy, optimal timing of surgical intervention if indicated, and optimal timing and 
mode of pregnancy termination to minimize both maternal and fetal mortality and 
morbidity [40].
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 Antimicrobial Therapy

Antimicrobial therapy is the cornerstone in the treatment of IE, with a main goal to 
eradicate microorganism and sterilize vegetations. Surgery, if indicated, helps 
achieve that goal by removing infected materials and draining abscesses. Empirical 
antibiotic therapy should be started immediately once IE is suspected or diagnosed 
by Modified Duke’s Criteria and initial blood cultures are withdrawn. Prompt use of 
antibiotics decreases the risk of embolization. The choice of empirical antimicrobial 
therapy should be based on most susceptible organism according to local epidemiol-
ogy and clinical presentation, whether native NVE or PVE [21].

Antibiotics that can be given during all trimesters of pregnancy are penicillin, 
ampicillin, amoxicillin, daptomycin, erythromycin, mezlocillin, oxacillin, and 
cephalosporins. There is a definite risk to the fetus in all trimesters of pregnancy 
with aminoglycosides and tetracyclines, and they should therefore only be used for 
vital indications [41].

Consequently, the proposed antibiotic regimens for initial empirical treatment 
before pathogen identification in case of community-acquired native valves or late 
prosthetic valves more than 12 months post-surgery are ampicillin with mezlocillin/
oxacillin or daptomycin for penicillin-allergic patients or in case of early PVE less 
than 12 months post-surgery or nosocomial or non-nosocomial healthcare- associated 
endocarditis. Once blood culture results and antibiotic susceptibility are available, 
shift to specific antimicrobial therapy is mandatory [21].

Specific antimicrobial therapies in cases of BCNIE are doxycycline for Bartonella 
spp., doxycycline plus cotrimoxazole for Brucella spp., doxycycline plus hydroxy-
chloroquine for C. burnetii and T. whipplei, mezlocillin/oxacillin for Mycoplasma 
spp., and mezlocillin/oxacillin or erythromycin for Legionella spp. [21].

Duration of antimicrobial therapy depends on causative organisms: for NPE 
from 2 to 6 weeks whereas for PVE more than 6 weeks. Prolonged antimicrobial 
therapy is crucial to avoid regrowth of tolerant and dormant organisms as they can 
resume growth after therapy discontinuation. These organisms can be found deeply 
embedded in vegetations and more commonly in biofilms [21].

 Surgical Intervention

About 50–60% of pregnancy-related IE requires cardiac surgical intervention to 
remove any residual infected parts and to restore cardiac morphology in patients’ 
damaged valves as in case of valve perforation or regurgitation [21].

Cardiac operation should be performed after complete eradication of microor-
ganism embedded in the vegetation, as valve replacement in the presence of active 
infection leads to a high risk of reinfection. However, early cardiac surgery during 
the active phase and before completion of appropriate antibiotic course may be 
needed on emergency within less than 24 h or urgently within less than 7 days, 
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while continuous careful clinical and echocardiographic evaluations are done to 
detect any deterioration or appearance of new risk factors [42, 43].

Early cardiac surgery may be indicated in many circumstances as uncontrolled 
fever after 1 week of culture-specific antibiotic treatment or infection with multire-
sistant organism, shock, severe heart failure due to acute valve regurgitation, or 
persistent embolic events. In addition, persistent mobile vegetation more than 
10 mm and large isolated vegetations more than 15 mm on aortic or mitral valve or 
more than 20 mm on tricuspid valve or perivalvular abscess, fistula, aneurysm, or 
enlarging vegetation indicate early cardiac surgery [3, 21, 40, 44].

Another challenge in early cardiac intervention is patients with stroke or sub-
clinical cerebral emboli as cardiac surgery is recommended to prevent further 
embolization. Conversely, anticoagulation during CPB may lead to hemorrhagic 
transformation, and intraoperative hypotension may aggravate cerebral ischemia. 
Urgent cardiac surgery is considered in these patients after exclusion of intracranial 
hemorrhage. However, in cases with major stroke or intracranial hemorrhage, car-
diac intervention should be delayed at least 4 weeks [3].

Regarding the type of cardiac intervention to be performed, valve repair is not 
always feasible but is preferable and safer against valve replacement as it avoids the 
use of prosthetic material and thus reduces the risk of reinfection and reoperation. 
The only limiting factor of valve repair would be the near total destruction of the 
leaflets [45–49].

 Termination of Pregnancy

Another difficulty to make correct management plan is to decide either birth induc-
tion followed by antibiotic therapy and cardiac surgery or specific antibiotic therapy 
followed by gestation termination with concomitant cardiac surgery.

There are no definite guidelines suggested by the ESC or AHA, so decision must 
be made on individual basis depending on maternal clinical condition, gestational 
age, and local advances in neonatal care. Theoretically, delivery is preferred before 
cardiothoracic surgery or massive antibiotics treatments for the sake of the fetus 
despite a higher risk of maternal embolism [40].

Cardiac surgery should be avoided in the first and second trimesters before 
24 weeks of gestation because of the high risk of developing congenital anomalies 
probably from drug administration and cardiopulmonary bypass, but when emer-
gent open-heart surgery is inevitable, early delivery by caesarean section and inter-
vention on the patient’s heart at a later stage is the most rational strategy [49].

After 24 weeks of gestation, there is lower risk of congenital malformation; how-
ever, cardiac operation is better postponed if possible after 28 weeks of gestation, as 
fetal mortality is still high due to fetal immaturity [50]. After 28 weeks of gestation, 
the fetus is considered viable as a result of new advances of neonatal care and 
improvement of premature infant survival rates. Thus, delivery before cardiac sur-
gery is advisable [48]. Notably, neonatal care may be less advanced in developing 
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countries rendering a fetus of 28 weeks of gestation less viable, so surgery should 
be delayed further if possible.

There is no special recommendation regarding mode of delivery whether caesarean 
section or natural childbirth; it should be determined via obstetrician and endocarditis 
team according to maternal and fetal conditions. Termination of pregnancy and car-
diac surgery are better to be performed with a few days apart as it allows abdominal 
wound healing before heparization during surgery or in one stage where caesarean 
section being performed before cardiopulmonary bypass. Measures to decrease risk of 
postpartum bleeding should be taken such as B-lynch sutures in CS [2].

If cardiac intervention is to be performed during gestation, intraoperative monitor-
ing of fetal heart rate, and uterine contractility, using cardiotocography is mandatory. 
Intraoperative fetal bradycardia as well as absence of fetal heart variability may be 
noticed with spontaneous recovery to normal values postoperatively [51]. Persistent 
postoperative fetal bradycardia denotes placental insufficiency resulting in fetal dis-
tress, and emergency delivery is indicated [52]. Administration of intravenous toco-
lytic such as ritodrine can be used intraoperatively to prevent preterm labor [53].

 Anticoagulation, Thrombolytic, and Antiplatelet 
Adjunct Therapy

Anticoagulation in IE is controversial, although it may reduce the risk of emboliza-
tion especially in PVE; however, it increases the risk of developing intracranial 
hemorrhage. In patients suffering PVE with CNS embolic manifestation, it is rec-
ommended to stop anticoagulation for at least 2 weeks in order to give chance for 
thrombus organization and reduce the risk for hemorrhagic transformation. After 
2 weeks, reintroduction of anticoagulation may be considered using unfractionated 
IV heparin with a target activated thromboplastin time of 50–70 s [3].

Thrombolytic therapy is contraindicated as it increases the risk of intracranial 
hemorrhage, but thrombectomy can be performed in patients with ischemic stroke. 
Regarding antiplatelet therapy, it is not recommended to initiate it in a patient with 
IE. However, if patients are on long-term therapy at the time of diagnosis with IE, 
antiplatelet can be continued once there is no evidence or risk of bleeding. This can 
be seen with antiphospholipid syndrome [3].

 Prophylaxis Against IE

The concept of antibiotic prophylaxis against IE was developed to avoid or at best 
minimize its high mortality and serious morbidity. Its main aim was to prevent 
attachment of bacteria to the endocardium following transient bacteremia from 
invasive procedures. This resulted in recommendations for antibiotic prophylaxis in 
all patients with rheumatic heart or congenital heart disease subject to many proce-
dures [54].
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However, the restriction of indications for antibiotic prophylaxis was initiated in 
2002 because of changes in risk–benefit analyses. The main reasons for this con-
straint are the fact that IE is more related to cumulative low-grade bacteremia associ-
ated with routine daily activity rather than transient high-grade bacteremia following 
invasive procedures. Besides, the widespread use of antibiotic helped in emergence 
of resistant microorganisms, the risk of anaphylaxis and drug eruption from antimi-
crobials despite being rare significantly increased with the widespread use, and 
finally efficacy of antibiotic prophylaxis in preventing IE was of low evidence [21].

In 2015 both the ESC [21] and AHA guidelines [55] restricted the antibiotic 
prophylaxis against IE to the highest-risk patients undergoing a high-risk procedure 
as these patients have the worst prognosis if they develop IE. Patients with the high-
est risk include those with a prosthetic valve or with prosthetic material used for 
cardiac valve repair, patients with transcatheter-implanted prostheses and homo-
graft, patients with previous episode of IE, and patients with untreated cyanotic 
congenital heart disease (CHD) and those with CHD who have postoperative pallia-
tive shunts, conduits, or other prostheses. It is recommended prophylaxis for the 
first 6 months after surgical repair with no residual defects until endothelialization 
of the prosthetic material has occurred.

Antibiotic prophylaxis is not recommended for patients at intermediate risk of IE 
as in case of any form of native valve disease including bicuspid aortic valve, mitral 
valve prolapse, and calcific aortic stenosis [21].

The high-risk procedures only include dental procedures in which there is 
manipulation of gingival or periapical tissues or perforation of oral mucosa. 
Regarding respiratory tract, gastrointestinal, or genitourinary procedures, antibiotic 
prophylaxis is not recommended unless there is established infection [21]. 
Consequently, antibiotic prophylaxis against IE is no more recommended in women 
with high risk of IE before caesarian or vaginal delivery unless there is established 
infection. However, if antibiotics are prescribed to prevent wound infection or sep-
sis, it is advisable that antimicrobial regimen include active agents against entero-
cocci such as ampicillin or amoxicillin or vancomycin in women who cannot 
tolerate beta-lactams [21].

Pregnant women with high risk of developing of IE undergoing high-risk dental 
procedure should receive antibiotic prophylaxis 30 to 60 min prior the procedures 
up to 2 h after the procedure. Recommended regimen is 2 mg amoxicillin or ampi-
cillin or 1 mg ceftriaxone or 600 mg clindamycin or 500 mg azithromycin in patients 
allergic to beta-lactams [21].
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Chapter 39
Seizures and Pregnancy

Javier Pérez-Fernández, Gloria Rodríguez-Vega, and Alberto Sirven

 Seizures and Pregnancy

Seizure disorders affect over three million Americans, and one third of them are 
women of childbearing age [1]. Seizures during pregnancy can slow fetal heart rate, 
decrease oxygen supply to the fetus, and cause fetal injury, placental abruption, 
preterm labor, premature birth, and even miscarriage due to trauma, such as a fall 
during a seizure. On the other hand, antiepileptic drugs (AEDs) can interfere with 
the metabolism of oral contraceptives resulting in unplanned pregnancies and inad-
vertent exposure of the fetus to some of these medications. It is also recognized that 
antiepileptic drugs or epilepsy itself can be associated to increased risks of labor 
induction, C-sections, or postpartum hemorrhage [2]. Some antiepileptic drugs are 
teratogenic, creating a dilemma for patients and families and a great challenge for 
critical care personnel when confronted to the pregnant patient with seizures [3, 4].

The frequency of seizures does not usually increase during pregnancy. Half of 
the patients with epilepsy will have no change in seizure frequency, while others 
will have a worsening in their condition. Those who are sleep deprived or are not 
compliant with their medications are at increased risk of seizures. Conditions such 
preeclampsia, fetal growth restriction, or stillbirth have been associated to an 
increased risk of seizures [5].

J. Pérez-Fernández (*) 
Critical Care Services, Baptist Hospital of Miami, Florida International University,  
Herbert Wertheim College of Medicine, Miami, FL, USA 

G. Rodríguez-Vega 
Neurocritical Care Services, HIMA-Caguas, Caguas, Puerto Rico 

A. Sirven 
Women and Children Department, West Kendall Baptist Hospital, Florida International 
University, Herbert Wertheim College of Medicine, Miami, FL, USA
e-mail: Drsirven@wkobgyn.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70034-8_39&domain=pdf
https://doi.org/10.1007/978-3-030-70034-8_39#DOI
mailto:Drsirven@wkobgyn.com


496

Most seizures during pregnancy affect women with history of epilepsy. However, 
critical care clinicians must be ready to differentiate seizures in the setting of a prior 
history of epilepsy from others with a secondary etiology most commonly associ-
ated to structural changes such as intracranial hemorrhage, cerebral venous sinus 
thrombosis, or ischemic stroke or metabolic causes including hyperemesis gravi-
darum, acute hepatitis (fatty liver of pregnancy or viral hepatitis), HELLP, and 
eclampsia (Table 39.1) [6, 7]. Although less frequently reported, acute porphyria or 
infections such as malaria should also be included in the differential diagnosis.

 The Effects of Pregnancy on Seizure Control

While most women with epilepsy (WWE) have their seizures well-controlled, 
approximately 15–30% have an increase in the frequency of their seizures [8]. Many 
factors have been attributed to this increased frequency: those affecting the levels of 
AEDs such as changes in the volume of distribution of some medications, altera-
tions in protein binding, increased renal clearance, or impaired intestinal absorp-
tion. Other factors are associated to poor compliance with treatment usually 
motivated by fear of possible drug-related fetal complications [9].

Clinicians, concerned about fetal adverse drug reactions, might relinquish the 
use of adequate medication treatment, sometimes attempting monotherapy regi-
mens, changing medications to less effective ones, or miscalculating pharmacoki-
netics of such drugs [8–10].

All these factors have created fragmentation on the care of women with epilepsy 
and have been the motive for recent guidelines and joint forces in an attempt to 
standardize the management of epilepsy during pregnancy [11].

It is important for the clinician to remember that seizures, and more specifically 
epilepsy, could cause maternal death as well as damage to the fetus. Maternal death 
is highly associated to uncontrolled tonic-clonic seizures [12, 13].

It is generally accepted that seizure control and stability are preferred over poten-
tial fetal effects of AEDs, and it is recommended that only essential changes be 
made when women with epilepsy become pregnant [14].

Seizures are most likely to occur in the first trimester and in the peripartum. It 
has been reported that almost 5% of women with epilepsy will have peripartum 
seizures [8].

Table 39.1 Causes of seizures in pregnancy

Primary epilepsy Secondary seizures

Eclampsia
Structural (AVMs, neoplasms, CVT, strokes, intracranial hemorrhages)
Metabolic (hyperemesis gravidarum, acute hepatitis, fatty liver, eclampsia)
Hematologic (HELLP, porphyria)
Infections (meningitis, encephalitis, sepsis, malaria)
Pseudo-seizures
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 Differential Diagnosis

Eclampsia is the most common cause of new-onset seizures during pregnancy. A 
woman who presents with new-onset seizures in the second half of the pregnancy 
should be treated with existing protocols to control eclampsia. The diagnosis may 
rest on a good history, by excluding history of epilepsy, and confirming risk factors 
for preeclampsia [15–17].

As other structural changes can be associated to seizures, the use of neuroimages 
might be required. Computerized tomography and magnetic resonance imaging are 
considered safe during pregnancy with application of radiation exposure mitigation 
to the fetus [18, 19].

Intracranial hemorrhages and cerebral ischemic events are increased in preg-
nancy, especially in the postpartum period [20]. Subarachnoid hemorrhage occurs 
with more frequency during pregnancy [21]. Arteriovenous malformations (AVMs) 
are also more prone to appear with higher risk of bleeding during the first pregnancy 
and subsequent ones [22].

Special considerations must be given to cerebral venous thrombosis (CVT), 
more frequently present in the peripartum but with increased risk throughout preg-
nancy [23]. The typical presentation includes headache, seizures, or focal neuro-
logic deficits. CT scan provides a classical diagnostic sign, a delta-shaped clot near 
the confluence of the sagittal and transverse sinus referred as “empty delta sign.” 
MRI can be more sensitive avoiding the use of contrast although MRA might be 
required for a definitive diagnosis (Fig. 39.1) [24].

Fig. 39.1 The empty delta 
sign as seen on a contrast-
enhanced CT. Reproduced 
with permission from the 
personal file of Dr. 
Kevin Abraham
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Electrolyte abnormalities must always be ruled out in the presence of seizures. 
Not only can they decrease the threshold of seizures in women with epilepsy, but 
they can also independently cause seizures. Addisonian crisis and hypoglycemia are 
increased in frequency in patients with poor prenatal care. Vasovagal syndromes, 
cardiac arrhythmias, carotid sinus syndrome, and, in general, syncopal episodes 
could trigger seizures [25].

Porphyria is of special interest as it sometimes might be triggered by some 
AEDs [26].

Acute intermittent porphyria has been reported in cases of seizures during preg-
nancy [27].

Nonepileptic seizures also referred as psychogenic seizures or pseudo-seizures 
must be in the differential of drug-resistant attacks [28]. In these cases, EEG results 
are of extreme value to establish the differential diagnosis (Fig. 39.2).

 Eclampsia

Eclampsia is one of the most frequent causes of seizures during pregnancy. If 
eclampsia occurs during the first pregnancy, it increases the odds in the subsequent 
pregnancies [29]. The triad of hypertension, edema, and proteinuria (preeclampsia) 
accompanied by seizures or coma defines eclampsia. The clinician must be aware 
that not all elements of the triad must be present prior to the development of eclamp-
sia with up to one third of the patients presenting with seizures with no antecedent 

Fig. 39.2 EEG trace demonstrating tonic-clonic seizure (top) activity versus psychogenic activity 
(pseudo-seizures) (bottom). Reproduced with permission from the personal file of Dr. Ignacio Pita
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of proteinuria [30]. Eclampsia can occur in the antepartum, during, shortly after, or 
more than 48 h postpartum.

Eclampsia can sometimes be complicated by clotting disorder and bleeding dia-
thesis associated to intracranial hypertension, a syndrome defined as 
HELLP. Hemolysis is seen, with elevated liver enzymes and low platelets, which 
carries significant morbidity and mortality [31].

Posterior reversible encephalopathy syndrome (PRES) or reversible posterior 
leukoencephalopathy syndrome (RPLS) is a clinical syndrome characterized by sei-
zures, confusion, headache, and visual abnormalities. It may occur due to a number 
of causes including preeclampsia/eclampsia. Diagnosis must be made early, and 
neuroimaging findings are crucial (Fig. 39.3). Early detection followed by timely 
aggressive management and the elimination of the cause are crucial for satisfactory 
recovery and outcomes.

While therapy for eclampsia is largely aimed to control hypertension, neurology 
consultation should be promptly requested. Critical care departments should estab-
lish protocols for management of eclampsia and preeclampsia. The role of magne-
sium sulfate to treat gestational hypertension and prevent progression to eclampsia 
and to decrease recurrence of seizures has been historically demonstrated [32, 33]. 
Although magnesium sulfate is not an anticonvulsant agent, it acts as vasospastic 

Fig. 39.3 Posterior 
reversible encephalopathy 
syndrome (PRES) visible 
on MRI as multiple 
cortico- subcortical areas of 
T2-weighterd hyperintense 
(white) signal involving 
the occipital lobes. 
Reproduced with 
permission from the 
personal file of Dr. 
Kevin Abraham
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agent, increasing cerebral blood flow and perfusion. Its role in the increased produc-
tion of prostacyclin, an endothelial vasodilator, has also been reported [34]. For 
eclamptic seizures refractory to magnesium sulfate, the use of other anticonvulsant 
medications is recommended [35].

 Status Epilepticus

Status epilepticus occurs in only 1–2% of pregnancies. The risk for status epilepti-
cus during pregnancy is similar to the nonpregnant women. The risk for maternal as 
well as fetal morbidity and mortality is elevated if not treated appropriately and 
aggressively [8]. Convulsions increase acid lactic levels causing transient increase 
in uterine pressure making these the primary morbid factor. Treatment must be stan-
dardized and aimed to control seizures as fast as possible. In order to facilitate fetal 
blood flow, a left lateral decubitus position for the mother is recommended. 
Clinicians must also cover all other aspects of the care of a critical care patient, 
including electrolyte surveillance, securing airway and oxygen administration, and 
a rapid evaluation of the AED levels.

Magnesium sulfate, the treatment of choice for eclampsia, should not be used for 
non-eclamptic seizures. Treatment should be based on AEDs. It is especially impor-
tant to obtain serum levels of the patient’s regular AEDs. Valproate and phenobarbi-
tal should be avoided unless the seizures are believed to be secondary to withdrawal 
of those medications. The role of thiamine has only been described in alcohol- 
related seizures or thiamine deficiency [36].

 Seizures in Labor

The majority of patients should have a normal vaginal delivery despite their seizure 
disorder history. The incidence of seizures during labor is calculated at a rate of 
1–2% of women with epilepsy. The rate increases in about 1–2% in the 24 h follow-
ing the delivery [37]. Recent studies have calculated the occurrence of seizures in 
3.5% of women with epilepsy in labor [38].

As seizures in labor expose the mother to hypoxia, increased lactic acidemia, and 
fetal hypoxia and uterine hypertonus, it becomes extremely important to control 
those episodes [39, 40].

Many factors have been invoked to explain the increased incidence of seizures 
during labor. Perhaps one of the most preventable is the missed doses of AEDs in 
the pre-labor period. As preventing seizures becomes a key factor in reducing mor-
bidity for the pregnant woman, clinicians must ensure adequate administration of 
regular AEDs and must be prepared to respond with extreme celerity to any seizure 
activity. Hyperemesis might reduce intestinal absorption and availability of some 
AEDs, and clinicians must treat nausea and vomiting, even considering alternative 
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routes of administration such as intravenous. Additional risk factors associated with 
seizures during labor include sleep deprivation, dehydration, and pain [41]. 
Neuraxial analgesia during the first stage of labor helps aid in sleep deprivation and 
pain management.

 Risks of Obstetric Complications

Critical care clinicians must be aware of the small but significant increase in obstet-
ric risks to women with epilepsy and those exposed to AEDs and promptly involve 
multidisciplinary care including neurology, obstetrics, and, if needed, neonatology.

Epilepsy itself can increase the risks of spontaneous miscarriages, hypertensive 
disorders, hemorrhage, preterm delivery, and fetal growth retardation [41]. In a 
recent systematic review, women exposed to AEDs demonstrated higher odds of 
induction of labor, increased frequency of newborn admission to neonatal intensive 
care unit, fetal growth retardation, or postpartum hemorrhage [42]. The same study 
also showed an increased number of C-sections in those patients exposed to poly-
therapy compared to monotherapy.

 Pharmacotherapy

Pregnant women present a challenge in adjusting some medications. In general, 
pregnancy leads to variable pharmacokinetics of some drugs with challenging to 
reach therapeutic levels. Changes in absorption, metabolism, hemodilution, and 
excretion in pregnancy provoke that levels of medications like lamotrigine fall by up 
to 70% [43, 44].

Plasma binding protein levels are decreased although free (unbound) and active 
concentrations of medications remain stable. In this case, total serum levels might 
be misleading; thus the addition of extra doses of medications might not be needed 
and could increase potential side effects. Current practice calls for a regular serum 
drug monitoring with adjustments based on clinical features [41, 45]. Monitoring 
drug levels is likely more appropriate for phenytoin, lamotrigine, and oxcarbazepine 
although it must be proposed for all AEDs where pregnancy-induced metabolic 
changes have not been fully identified.

The role of vitamin K to prevent hemorrhagic disease in both the newborn and 
the mother exposed to AEDs has been advocated in the literature. This measure, 
although not supported with any randomized trial, has been widely accepted [46]. 
AEDs (carbamazepine, phenytoin, primidone, oxcarbazepine, topiramate, and esli-
carbazepine) inhibit the precursors of clotting factors and increase the degradation 
of vitamin K. Two observational studies up to date failed to demonstrate any benefi-
cial effect of preventive use of vitamin K, although in both studies babies born were 
routinely injected 1 mg of subcutaneous vitamin K at birth [47, 48].
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 Treatment Considerations

Seizure activity is potentially more harmful that any possible effect of AEDs. Thus, 
the goal for a woman admitted to critical care for any condition should be to control 
seizure activity and to prevent possible recurrences.

If seizures are non-epileptic in origin, inappropriate use of AEDs should be 
avoided. A firm diagnosis must be stablished first prior to considering delivery. 
Electroencephalogram (EEG) will help to differentiate psychogenic seizures from 
epilepsy (Fig. 39.3). Sedatives such as lorazepam or clonazepam should be used 
as needed.

Any seizure activity must be terminated as soon as possible to minimize hypoxia 
and acidosis potentially affecting the fetus. The mother must be positioned in left 
lateral decubitus with surveillance and patency of airway, maintaining an adequate 
oxygenation.

Although there is no clear evidence on the management of seizures during labor, 
benzodiazepines remain the drug of choice. If seizures are not controlled, phenytoin 
or fosphenytoin must be administered according to their regular doses [40]. Tocolytic 
agents should be considered if uterine hypertonus is present.

Maternal and fetal monitoring is essential. Clinicians should exercise careful 
attention to neonatal withdrawal syndrome if several doses of benzodiazepines are 
used to abort seizure activity [49].

 Conclusions

The majority of seizures during pregnancy are associated with a preexisting neuro-
logical condition, or they are secondary to an increase in blood pressure as a result 
of eclamptic episodes. Primary care provider (obstetrician) and critical care clini-
cian, in conjunction with a neurologist, should monitor the levels of AEDs in the 
preconception period. Controlling seizures should be prioritized over reducing 
exposure to AEDs. However, if possible, monotherapy with the least teratogenic 
drugs should be preferred. Medications should be administered during pregnancy 
and especially while in labor and adjustments must be made as needed.

Eclampsia is a very serious and dangerous condition for the pregnant patient. It 
can increase the mortality of both mother and fetus. It is extremely important to 
monitor and control patient blood pressure throughout the entire pregnancy. Current 
guidelines recommend delivery after 37 weeks of gestation for those patients with 
increased blood pressure. Magnesium sulfate has been found to be an adequate 
medication for the treatment of eclampsia as well as preeclamptic episodes and 
should be continued for at least 24 h after delivery to decrease maternal mortality. 
The use of AEDs in eclampsia-associated seizures rebel to the administration of 
magnesium sulfate is highly recommended.

J. Pérez-Fernández et al.



503

Status epilepticus is the most dangerous condition due to its association and risk 
of placental abruption. Intravenous benzoxazepine (lorazepam) is the drug of choice 
in treatment. An immediate delivery, usually by C-section, is recommended once 
the mother is stabilized.

Although the majority of the seizures in pregnancy are associated with a preex-
isting condition or related to pregnancy-induced conditions, clinicians must always 
consider differential diagnosis such neoplasms, AVM, or CVT, especially if con-
fronted to new-onset seizures.
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Chapter 40
Neurogenic Shock in Pregnant Women

Jorge Sinclair, Jorge E. Sinclair De Frías, Sabrina Da Re Gutiérrez, 
and Jorge Hidalgo

 Introduction

Neurogenic shock is a type of shock characterized by hypotension and reflex brady-
cardia. Most cases occur after a severe cervical spine trauma, especially in complete 
injuries above T6 [36]. Spine injuries affect around 17,000 people in the United 
States [27], being 20–30% of these individuals fertile women [9]. Other nontrau-
matic causes of neurogenic shock include spinal anesthesia, Guillain-Barre syn-
drome, and autonomic nervous system toxins.

Diagnosis is only considered after other systemic causes of shock have been 
ruled out, since critically ill neurologic patients are in risk of other conditions such 
as sepsis, dehydration, acute cardiac failure, acute blood loss, or pulmonary embo-
lism [22].

When this entity presents in pregnant women, gestational age of the fetus and 
physiological changes during pregnancy must be taken in account. These changes 
overlap with complications due to neurogenic shock, requiring an interdisciplinary 
management, including an obstetrician or subspecialist in maternal-fetal medicine.
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 Hemodynamic Changes During Pregnancy

During pregnancy, multiple changes occur in the cardiovascular system. Blood vol-
ume expands, with an increase of 40–50% of the plasmatic volume and 20–30% of 
the red blood cells [37]. This unproportional increase of plasmatic volume and red 
blood cells results in physiologic anemia of pregnancy [19]. Blood pressure 
decreases gradually until mid-pregnancy, posteriorly returning to baseline levels by 
late pregnancy [29]. This decrease is mainly due to a fall in systemic vascular resis-
tance (SVR) that occurs normally during pregnancy [3]. By week 12, heart rate 
increases and continues to be elevated until week 32.

Cardiac output (CO) increases from 30% to 50% due to an increase in heart rate 
and stroke volume. Uterine blood flow increments during pregnancy, compromising 
up to 20% of CO at term. This system is very sensitive to catecholamines and 
changes in maternal intravascular volume; thus, maternal hypovolemia can first 
manifest as fetal distress [37].

SVR decreases, reaching its lowest point around week 24, and progressively 
rises until term. Tendency to venous blood pooling during pregnancy may lead to 
hypotension or syncope when passing from a supine position to a standing position. 
Supine hypotensive syndrome presents when a pregnant woman is in a supine posi-
tion as the gravid uterus compresses the aorta and inferior vena cava. It manifests as 
dizziness, pallor, and tachycardia.

 Pathogenesis

 Neurovasodilatory Shock

The hallmark of neurogenic shock is the association of hypotension and bradycardia 
due to a loss of autonomic tone secondary to an interruption of sympathetic path-
ways. Descending sympathetic fibers originate at the hypothalamus and are located 
in the intermediolateral and dorsolateral aspects of the lateral funiculus of the 
spine [26].

Disruption of descending pathways results in loss of sympathetic tone and unop-
posed vagal tone, leading to vascular smooth muscle relaxation below the level of 
spine cord injury, decreased venous return and CO, atrioventricular conduction 
abnormalities, and reflex bradycardia [5]. Over time, hyperactivity of peripheral 
adrenoreceptors develops due to low basal levels of catecholamines, accounting for 
the excessive vasopressor response seen in this scenario.

Patients are at increased risk of secondary spinal cord ischemia due to impair-
ment of autoregulation mechanisms [21]. Severe hypotension results in hypoperfu-
sion of the spinal cord, decreasing the potential of recovery of neurological 
functions [12, 32].
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 Neurocardiogenic Shock

Pathologies such as subarachnoid hemorrhage (SAH) and traumatic brain injuries 
might cause neurocardiogenic shock. It is most often recognized in the electrocar-
diogram as arrhythmias, QRS, ST segment, and T wave abnormalities [7, 20]. It is 
suggested that this process is neurally mediated [38], and it is not related to coro-
nary atherosclerosis. Patients with SAH can have elevated levels of norepinephrine 
within the first 10 days or longer after injury [25]. High levels of catecholamines 
may lead to selective myocardial cell necrosis [2] resulting in reduced inotropy, 
increased cardiac preload due to venous constriction, and increased cardiac after-
load due to peripheral arterial constriction. Subsequently, stroke volume (SV) 
diminishes and cannot be compensated by reflex tachycardia, leading to decreased 
CO and shock [22]. Neurocardiogenic shock is usually transient, resolving within 
several days to 2 weeks after SAH. Management focuses on preventing secondary 
brain damage due to hypoxia and decreased cerebral perfusion.

 Neuroendocrine Shock

Neurogenic shock can also be caused by a neuroendocrine dysfunction due to insuf-
ficiency of the hypothalamic-pituitary-adrenal axis. There is an inappropriate 
release of cortisol during stress situations, resulting in decreased systemic vascular 
resistance, reduced cardiac contractility, and hypovolemia [33]. This secondary 
adrenal insufficiency is due to injury of the hypothalamus, pituitary gland, or con-
necting structures, developing within 4 days after injury [22].

 Signs and Symptoms

Evaluation of circulatory system in pregnant women with neurogenic shock, espe-
cially in the context of trauma, is complicated. Hemodynamic parameters can be 
obscure by physiologic hemodynamic alterations of pregnancy, autonomic altera-
tions due to neurogenic shock, and cardiovascular instability caused by acute blood 
loss. Decrease of blood pressure due to shock may be confused with physiological 
reduction of blood pressure during pregnancy. Physiologic dilutional anemia can be 
misperceived as a sign of blood loss.

There is no definitive test, but patients classically present with hypotension asso-
ciated to bradycardia (Table 40.1). Symptoms can present anytime from the onset of 
the injury or illness to several weeks after the onset. Hypotension is caused by 
peripheral vasodilation; therefore, extremities may be warm and dry with normal 
capillary refill time resulting in heat loss and hypothermia, which can lead to 
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bradycardia and fetal distress [30]. On the other hand, hypovolemic shock presents 
with reflex tachycardia and cool and wet extremities.

Central venous pressure (CVP) may be normal or reduced, and SVR will be usu-
ally low. SV and CO may also be decreased due to vagal tone. Bradycardia is the 
most frequent arrhythmia associated to neurogenic shock. It can be exacerbated by 
suctioning, defecation, turning, and hypoxia [16]. Other arrhythmias may be seen, 
including supraventricular and ventricular tachycardia. Orthostatic hypotension 
without reflex tachycardia is also common.

Neurocardiogenic shock presents with hypotension and tachycardia, increased sys-
temic vascular resistance, cold and wet extremities, and prolonged capillary refill time 
caused by peripheral vasoconstriction observed in these cases. CVP is usually normal 
or high, while SV and CO are low due to myocardial dysfunction. Cardiac enzymes 
might be elevated, but peak levels are not as high as in myocardial infarction [22].

Neuroendocrine neurogenic shock presents with hypotension that does not 
respond to vasopressor infusion. The hallmark of this entity is low baseline cortisol 
levels. CVP, SVR, SV, and CO are low [22].

 Diagnosis

In every neurointensive care patient, common systemic causes of hypotension such 
as sepsis, dehydration, and hemorrhage must be ruled out.

Table 40.1 Clinical manifestations of the different types of neurogenic shock vs hemorrhagic 
shock ([22])

Vasodilatory Neurocardiogenic Neuroendocrine Hemorrhagic

Skin Dry and 
warm

Dry or wet, cold Dry and warm Wet and cold

Blood Pressure ↓ ↓ ↓a ↓
Heart Rate ↓ ↑ ↓ or ↑ ↑
SVR ↓ ↑ ↓ ↑
Stroke volume ↓ ↓ ↓ ↓
Cardiac output ↓ ↓ ↓ ↓
CVP ↓ or N ↑ or N ↓ or N ↓
PCWP ↓ ↑ ↓ ↓
EDVI – ↑ – –
Chest X-ray – Apical ballooning – –
Echo LVEF – ↓ with global or segmentary 

wall motion abnormalities 
different from coronary artery 
territory

– –

Abbreviations: SVR systemic vascular resistance, CVP central venous pressure, PCWP pulmonary 
capillary wedge pressure, EDVI end-diastolic volume index, LVEF left ventricular ejection frac-
tion, N normal
aHypotension not responsive to vasopressors
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In paralyzed patients, signs of hypovolemic shock may be absent due to loss of 
sympathetic tone under the level of injury. Pallor of the extremities, reflex tachycar-
dia, and signs of peritoneal irritation may also be absent.

Every patient should undergo serial electrocardiograms, serial cardiac enzymes, 
and chest radiographs, as pulmonary edema can present independently or concomi-
tantly with neurocardiogenic injuries. Hemodynamic monitoring should be per-
formed, including CVP and blood pressure through a central venous line and an 
arterial line, respectively.

Central venous access is required to guide fluid and vasopressor administration 
in pregnant women with neurogenic shock. CVC site of placement plays an impor-
tant role. Subclavian vein is the preferred site, especially in patients with elevated 
intracranial pressure, as venous catheters within the internal jugular vein produce 
venous stasis increasing the risk of venous thrombosis [34]. Additionally, patients 
with cervical trauma usually require cervical collars; therefore, there is difficulty in 
jugular access.

Intracranial pressure measurement devices do not have a role in diagnosis but are 
important in the management of neurogenic shock. They are used to titrate the mean 
arterial pressure (MAP) in order to maintain cerebral perfusion.

In neurocardiogenic shock, hemodynamic monitoring must be extensive. 
Echocardiography is important to define the etiology of shock. The typical echocar-
diographic findings include atypical ballooning [42] and segmentary wall motion 
abnormalities that do not match the territory of any coronary artery. Despite this, 
acute myocardial infarction is more common and thereby should be ruled out 
initially.

In the setting of fever and shock, blood cultures must be obtained, and empirical 
antibiotics should be started until blood cultures yield results. Cerebral spinal fluid 
cultures are important in the setting of neurointensive care, especially in pregnant 
women after head trauma with skull fracture or sinus disease, or instrumentation of 
head or spinal canal.

Adrenal insufficiency should always be considered. Random serum cortisol 
levels should be measured in early stages of shock. These levels can be altered 
when patients receive steroids, especially in patients with neurologic injuries that 
frequently receive glucocorticoid therapy. The administrated dose may be suffi-
cient to alter the results of a random serum cortisol level but not enough to treat 
the adrenal insufficiency appropriately. To avoid this, one could either treat empir-
ically with higher doses of steroids at a dose that also treats adrenal insufficiency 
or withhold steroid administration for 12 h and then obtain serum cortisol levels 
and resume steroid therapy. The decision will depend on the clinical condition of 
the patient, since hypotension is frequently severe enough that immediate treat-
ment is warranted. Glucocorticoid treatment is not associated to teratogenicity or 
increased fetal loss during pregnancy. On the other hand, there are no studies of 
mineralocorticoid replacement therapy during pregnancy in women with adrenal 
insufficiency; therefore, blood pressure and electrolytes should be monitored 
closely [41].
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 Management

Management of shock in pregnant women differs from the one in general popula-
tion due to physiological changes that occur during pregnancy and that both, the 
mother and the fetus, are vulnerable [1].

Defining the origin of hypotension in a pregnant woman is a challenge for the 
clinician, especially after a severe cervical trauma. For that reason, fluid therapy 
may be initiated even before hypovolemia is clinically evident [8]. Due to the 
increase in plasmatic volume, significant blood loss may occur before changes in 
vital signs become evident [37].

Vena cava compression should be taken in account, since its compression can 
reduce up to 30% of the CO [13]. In patients without risk of spinal injury, placing 
the patient in left lateral decubitus avoids caval compression [11]. In pregnant 
women with potential spinal injury, displacement of the uterus to the left or tilting 
the back board at a 15° angle is preferred [37].

The main goal is to maintain perfusion of the injured spinal tissue and oxygen 
supplementation, lowering the risk of secondary ischemic injuries of the trauma-
tized tissue [18]. In all cases, hemodynamic stability through fluid therapy and early 
vasopressor therapy is crucial. Pregnant women are at increased risk of pulmonary 
edema during fluid resuscitation, due to a low colloid oncotic pressure and hypoal-
buminemia [15]; thus, if neurogenic shock is not recognized and is managed as 
other type of shock, pregnant women are at higher risk of complications secondary 
to aggressive fluid resuscitation. Overhydration can also lead to spinal cord edema, 
worsening spinal cord perfusion and prognosis [31].

In neurogenic shock, resuscitation with fluids is not enough to overcome the 
vasodilation and decrease in CO. In a previous study, up to 82% of the patients with 
incomplete cervical injury required vasopressor therapy to maintain a MAP 
>90 mmHg [17]. Another study correlated the severity and level of spinal injury 
with the need of vasopressors, where cervical and complete injuries required vaso-
pressors more frequently than thoracic and incomplete injuries [39].

If after 1 to 2 L of IV fluids hypotension persist, vasopressor therapy is indicated. 
The choice of vasopressors/inotropes during pregnancy is controversial. Main con-
cerns include its efficacy and hemodynamic effects, adverse effects on uterine blood 
flow, and fetal acid-base status.

Vasopressors with alpha- and beta-adrenergic effect such as dopamine and nor-
epinephrine are preferred in nonpregnant patients, as they increase vascular tone 
and have a positive chronotropic effect. Epinephrine and vasopressin infusions may 
be used in refractory cases [35].

These drugs should be used with caution during pregnancy, that is, only when 
potential benefits outweigh potential risks, as most of them have shown adverse 
effects on the fetus in animal studies, and there are no well-controlled studies in 
humans (Table 40.2).

The vasopressors with most data available in obstetric patients are ephedrine and 
phenylephrine, which have been studied mainly in hypotension induced by spinal 
anesthesia during cesarean section (Table  40.3). Phenylephrine is an exclusive 
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Table 40.2 Vasopressor and inotropic drugs [12, 14, 23]

Drug Mechanism of action US FDA pregnancy category

Dopamine Dose dependent
Low: dopamine-1 agonist
Medium: beta-1 agonist
High: alpha-1 agonist

C

Dobutamine Beta-1 Agonist B
Norepinephrine Alpha-1 and beta-1 agonist C
Ephedrine Alpha and beta agonist C
Phenylephrine Alpha-1 agonist C
Methoxamine Alpha-1 agonist C
Mephentermine Alpha and beta agonist C
Metaraminol Alpha and beta agonist C

Abbreviations: US FDA United States Food and Drug Administration

Table 40.3 Phenylephrine vs ephedrine: advantages and disadvantages [12, 14, 28]

Drug Mechanism Primary effects Advantages Disadvantages

Phenylephrine Alpha-1 
agonist

Vasoconstriction Growing 
supporting 
evidence
High efficacy
Easy to titrate
Rapid onset and 
short duration of 
action
Low incidence of 
nausea and 
vomiting
No adverse effect 
in fetal acid-base 
status

Few data available in 
preterm, emergency, 
laboring patients, or 
in preexisting fetal 
compromise
Reflex bradycardia 
and reduction in 
cardiac output

Ephedrine Dose 
dependent
Low: beta-1 
agonist
High: alpha-1 
and beta-1 
agonist

Low dose: increased 
cardiac output
High dose: 
increased cardiac 
output and 
vasoconstriction

Available data 
with few reports 
of adverse clinical 
outcomes
Economical
Minimal effect on 
uteroplacental 
blood flow
No reflex 
bradycardia

Limited efficacy 
(large doses required)
Does not correct 
vasodilation
Slow onset and long 
duration of action
Difficult titration
Increased heart rate 
and contractility may 
lead to palpitations 
and arrhythmias
Fetal acidosis

alpha-adrenergic vasopressor, with no chronotropic effect and can produce reflex 
bradycardia; therefore, anticholinergic drugs may be required in association with 
phenylephrine. Drugs such as norepinephrine and epinephrine may present some 
benefits in comparison to ephedrine/phenylephrine due to their beta-adrenergic 
effects, but less data is available to support their use [14].
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Management of arrhythmias includes continuous cardiac monitoring, and, when 
symptomatic bradycardia develops, oxygen, atropine, and inotropes could be used. 
If bradycardia persist, patients may require a cardiac pacemaker.

Caution must be taken in vasodilatory neurogenic shock when using vasopressor 
infusions. Although vagal tone predominates, patients usually have peripheral alpha 
adrenoceptor hypersensitivity, limiting the use of epinephrine and norepinephrine 
as they can lead to severe blood fluctuations.

Despite being the mainstay of treatment, vasopressors should be used with dis-
cretion as they may cause vasoconstriction of the placental vasculature leading to an 
increased risk of fetal hypoxia [13]. Vasopressor infusion should be titrated to main-
tain an adequate MAP and cerebral perfusion pressure (CPP). Blood pressure tar-
gets are not well defined. The American Association of Neurological Surgeons and 
the Congress of Neurological Surgeons recommend a MAP goal of 85–90 mmHg 
during the first 7 days [40], but certain individuals may benefit from longer manage-
ment [32]. Optimal CPP is not known, but it is recommended a goal CPP of 
65 mmHg or greater [22]. Some studies suggest that sustaining CPP higher than 
70 mmHg is associated to better outcomes [10, 24], while others demonstrated that 
adverse effects are not observed unless CPP decreases lower than 50–60 mmHg [4, 6].

Blood pressure, heart rate, and urine output should be monitored continuously. 
Echocardiography can assess CO and filling. Inotropic support with dobutamine, 
milrinone, or norepinephrine may be necessary. Both dopamine and milrinone have 
vasodilatory effects, worsening hypotension and requiring concomitant use of alpha 
agonist such as phenylephrine or norepinephrine. Beta-blockers are not recom-
mended, since tachycardia is necessary to maintain and adequate CO.

Neuroendocrine neurogenic shock caused by primary or secondary adrenal 
insufficiency is managed with steroid replacement therapy. Hydrocortisone can be 
used, 50 mg every 6 h.
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Chapter 41
Prolonged Somatic Support in Brain Death 
During Pregnancy and Perinatal Survival: 
Medical, Legal, and Bioethical Aspects

Previgliano Ignacio and Poliszuk Julieta

 Introduction

Brain death (BD) or death under neurological criteria is recognized as a cause of 
death in most of the countries and by most of religions. Since Mollaret and Goulon’s 
[1] first description of “coma depassé” trough Harvard’s criteria in 1968 [2], BD is 
considered as the irreversible cessation of functions of both cerebral hemispheres 
and the brain stem, accomplishing the whole-brain criteria of death.

In Argentina BD communication is mandatory by law, with independence of 
organ donation with the purpose of withdrawal of support of a death body. Exceptions 
for this are the candidates for organ donation and pregnant women.

BD in pregnant woman is a devastating situation that poses a bioethical dilemma 
to the family and the health team. Although BD in pregnant woman has a low inci-
dence [3] (2.8% of 252 BD were pregnant women between 15 and 45 years old), it 
has a great entity as an ethical and medical problem according the disparity in fetal 
viability and outcomes and the cost-benefit relation.

The aim of this chapter is to review BD diagnosis in the pregnant women, its 
relation with prolonged somatic support, reviewing pathophysiology and manage-
ment, as well as ethical analysis of fetus rights and organ donation.
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 Brain Death Diagnosis According to Argentinean Law

Argentina has a law for Organ and Human Anatomic Material Transplantation since 
1977. Protocol for BD diagnosis has been adequate according to knowledge and 
ancillary test technology evolution, the last one in 2019.

Law 27.447 [4] states three steps for BD diagnosis:

 (a) Prerequisites
 (a) Known cause of structural brain damage, with sufficient and properly docu-

mented magnitude
 (b) Lack of effect of CNS depressant drugs and/or neuromuscular relaxants
 (c) Rectal temperature >32 °C
 (d) Systolic arterial pressure >90 mmHg or mean arterial pressure >60 mmHg
 (e) Absence of metabolic and/or endocrine disorders

 (b) Neurological examination
 (a) Glasgow Coma Scale 3/15
 (b) Absence of brain stem reflexes
 (c) Positive apnea test

 (c) Diagnosis ancillary test
 (a) Absence of cerebral blow flow

 (i) Arteriography of the four vessels
 (ii) Transcranial Doppler
 (iii) Radioisotopic brain angiography

 (b) Absence of neurophysiologic function
 (i) Electroencephalogram
 (ii) Evoked potentials

Regarding pregnant woman, article 40 subsection b establishes that “the removal 
of organs and tissues on the body of a woman of gestational age is prohibited, with-
out previously checking the absence of the pregnancy in progress.” If the absence of 
fetal beats is determined by daily cardiotocography or a miscarriage occurs, the 
procedure is according to the general donor treatment protocol.

 Brain Death Pathophysiology and Management 
in the Pregnant Woman

Catastrophic brain injuries, either primary or secondary, generate a raise in intracra-
nial pressure (ICP) which promotes a decrease in cerebral perfusion pressure (CPP). 
Sustained in time CPP evolves to cerebral circulatory arrest (CCA) that will trigger 
encephalic tissue necrosis, in either the brain or brain stem. Before CCA, medullar 
compression and ischemia triggers the Cushing reflex (hypertension, bradycardia, 
and respiratory changes) by means of massive acetylcholine release that generates a 
synergic sympathetic and parasympathetic response, the so-called adrenergic storm 
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[5] that allows to an stabilization phase followed by cardiovascular collapse. BD 
will lead to multiorgan failure and cardiac arrest. Hypothalamic and pituitary 
nucleus injury compromise antidiuretic hormone, adrenocorticotrophine, cortisol, 
and thyroid hormones release that contributes to hemodynamic instability due to 
hypovolemia, hypotension, impaired myocardial contractility, and arrhythmias, 
which contribute to ischemic multiorgan failure development.

 Hemodynamic Disorders

Adrenergic response has a biphasic pattern with a peak immediately after CCA and 
a second peak at 60 minutes secondary to norepinephrine levels in myocardial fibers 
sympathetic terminals. At this time auricular and ventricular arrhythmias, electro-
cardiographic changes (T wave inversion, changes in ST segment, and prolonged 
QT segment) appears. Myocardial ischemia, neurogenic pulmonary edema, and 
severe ventricular function impairment are frequent consequences of coronary 
blood flow.

After this hemodynamic stress, the lack of medulla registration of vascular baro-
receptors, medulla nucleus, and circunventricular organs injury conduce to vasomo-
tor collapse. This is meaningful in the pregnant woman due to the lack of uterine 
arterial system autorregulation that can’t avoid placental hypoperfusion secondary 
to hypotension [6]. So, medical hemodynamic control should be initiated almost 
immediately with crystalloid or colloids solutions in order to improve placental 
perfusion.

Arterial hypertension is a self-limited phenomenon and doesn’t need active treat-
ment [7, 8]. In the case of needing it, urapidil, labetalol, or sodium nitroprusside 
should be the drugs of choice.

The aim of the treatment is to guarantee a MAP above 65 mmHg to maintain an 
adequate placental perfusion. If volume expansion is not enough, vasopressor drugs 
as vasopressin, noradrenalin, or dopamine should be used. In refractory hypotension 
invasive hemodynamic monitoring should be considered.

There is no evidence of which is the best vasopressor drug, but vasopressin [9] 
must be avoided due to placental hypoperfusion secondary to vasoconstriction.

 Respiratory Disorders

Lungs are one of the most fragile organs after BD, and lung injury is one of the first 
organ failures due to several mechanisms.

Physiological lung changes in pregnancy are induced by progesterone at the 
respiratory center and consist in larger tidal volumes and in an increment in respira-
tory rate [10]. As a consequence, respiratory alkalosis develops, and hypocapnea 
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will enhance fetal CO2 elimination. Respiratory alkalosis is compensated by renal 
mechanisms.

Protective lung ventilation should be instituted:

 (a) TV 6–8 ml/kg.
 (b) RR oriented to maintain PCO2 between 28 and 32 mmHg.
 (c) FiO2 will be the minor possible in order to maintain SaO2 greater than 90%.
 (d) Assist control ventilation.
 (e) Positive end expiratory pressure (PEEP) 5 cm of water.
 (f) Plateau pressure <30 cm H2O.
 (g) Peak flow <60 l/min.

It has been demonstrated that PCO2 <30 mmHg for more than 24 hours reduces 
placental blood flow. In the other hand, it must be remembered that some patients 
may develop pulmonary edema either neurogenic or cardiogenic.

 Temperature Regulation

Hypothermia is a constant phenomenon in BD [11] due to the hypothalamic ther-
moregulation center. It contributes to hemodynamic instability and represents a 
threat to the fetus which has a limited thermoregulatory capability. Hypothermia 
can produce fetal death or severe fetal growth deficit.

Hemodynamic changes secondary to hypothermia are arrhythmias, conduction 
delay (prolonged PR and QT segments), T wave inversion, Osborn’s J wave, ST 
segment elevation, and above 30 °C ventricular fibrillation.

Hypothermia also reduces glomerular filtration rate and generates “cold diure-
sis” (loss of tubular concentration gradients). Regarding other effects hepatic dys-
function, hemoglobin dissociation curve shift to the left, metabolic acidosis, and 
coagulopathies are the most prevalent ones.

Management includes temperature control between 36 and 37 °C diminishing 
exposed body surface and 38 °C heated crystalloids.

In some cases hyperthermia was observed, which can be interpreted as second-
ary to the reflex of poikilothermia or to infections.

 Endocrine Disturbances

Panhypopituitarism frequently accompanies BD.  It is caused by hypothalamic 
lesion (supraoptic and ventricular nuclei) and neurohypophysis and must be cor-
rected with the replacement of all hormones during pregnancy. The first manifesta-
tion is central diabetes insipidus [12] due to the absence of ADH, clinically 
characterized by polyuria, arterial hypotension, and hypernatremia.
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• Diabetes insipidus diagnostic criteria are the following:
• Diuresis >4 ml/kg/h or >250 ml/h
• Hypernatremia >150 mEq/l
• Plasmatic osmolarity >300 mOsm/l
• Hypotonic urine (urine gravidity <1005)
• Urine osmolarity >300 mOsm/l <300 mOsm/l

The treatment of diabetes insipidus should be focused on maintaining urine out-
put between 75 and 100 ml/h (1 ml/Kg/h) and natremia below 150 mEq/l. Treatment 
is started with 1ug of intravenous desmopressin add to water replacement with half 
saline (500 ml of distilled water plus 10 ml 20% ClNa), according urinary loss vol-
ume. If in the next hour, urine output is greater than 200 ml/h, a second 1ug desmo-
pressin dose should be given.

Subcutaneous or intramuscular desmopressin administration is not encouraging 
due to the erratic absorption of the drug in BD, since tissue perfusion varies depend-
ing on the hemodynamic state and body temperature.

As in other critical illness, there is a decrease in plasma levels of triiodothyronine 
(T3) and thyroxine (T4) in BD patients, up to 81% and 29%, respectively [13]. As 
this decrease compromise myocardial function and ensures anaerobic metabolism, 
T3 and T4 should be administered to the pregnant corpse according to laboratory 
results.

Adrenal insufficiency should be corrected. The preferred drugs are methylpred-
nisolone or prednisone because they do not easily cross the placenta and in such 
manner avoids prolonged fetal exposure to steroids [14].

Hyperglycemia is a common finding in BD, and it is almost secondary to periph-
eral insulin resistance, steroid usage, and increased endogenous catecholamines 
[15]. Treatment should be aimed to maintain normal glucose values (80–110 mg%) 
with intravenous insulin administration.

 Nutritional Support

Nutritional support is essential for fetal development. Caloric requirements calcula-
tion is obtained through the Harris Benedict equation or Basal Energy Expenditure:

 
BEE Kcal Weight Kg height in cm age yea� � � � �� � � �� � � �655 9 6 1 8 4 7. . ( . rrs� ��� ��  

BD pregnant woman consumes only 75% of calories compared to a healthy one. 
This drop in consumption is due to muscle inactivity and brain metabolism.

The recommended amount of daily protein in pregnancy is 0.8–1 g/kg/day, plus 
a supplement of 1.6 g/kg/d in the first trimester, 6.1 g/kg/d in the second trimester, 
and 10, 7 g/kg/day in the third trimester of pregnancy. The nitrogen balance should 
always be positive and correlate with the weight gain and growth of the fetus.
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Although enteral nutrition is the route of choice, intestinal absorption capac-
ity in BD is unknown, and in more than half of the reported cases, total paren-
teral nutrition was used, either as a complement to enteral feeding or as the 
main nutritional source. Both artificial nutrition plans have complications; bac-
terial and fungal infections are associated with parenteral nutrition as well vis-
ceral distention, bacterial translocation, and feedback syndrome with enteral 
nutrition.

Near 20–25% of non-protein calories must come from fatty acids. Folic acid, 
iron, and calcium should be added at the recommended doses according to the cor-
responding trimester of pregnancy [16].

 Obstetric Considerations

Daily ultrasound monitoring is recommended to determine fetal viability. If no 
heartbeat is detected, proceed according to the potential organ donor protocol. In the 
presence of fetal heartbeat, ultrasound control should continue to rule out malfor-
mations or chromosomal alterations. In cases of inconclusive findings, the possibil-
ity of amniocentesis should be discussed with the family, because the results may 
influence decision-making.

In addition, laboratory analysis should be performed to determine cell count, 
electrolytes (Na+, K+, Ca++), liver and kidney function, albumin, and total proteins. 
After 24th gestation week, treatment with corticosteroids should be started for fetal 
lung maturity and as prophylaxis of respiratory distress syndrome.

Prolonged immobility and lack of muscle contractions, associated with changes 
in hemostasis related to pregnancy, favor thromboembolic phenomena develop-
ment, which would indicate heparin prophylaxis.

Premature uterine contractions should be prevented, mostly during the first ges-
tation weeks, so treatment with tocolytics (beta-agonists, prostgalandin inhibitors, 
etc.) may be necessary. Somatic support should be extended until the 28th week of 
pregnancy. A second corticosteroids dose should be administered if hemodynamic 
and fetal stability permitted it. According to the literature, there is no evidence to 
prolong pregnancy after 32 weeks [17]. Caesarean section is the method of choice 
for fetal extraction.

One of the most important factors for decision-making is gestational age. The 
first 12  weeks of gestation is the most vulnerable period in fetal maturity. 
Hemodynamic instability, panhypopituitarism typical of BD, and infections second-
ary to prolonged support result in fetal complications, such as oligohydramnios, 
placental insufficiency, growth restriction, fetal distress, and the need to perform an 
emergency caesarean section to maximize premature neonate survival.
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 Bioethical Issues

The Committee on Ethics, Human Reproduction and Women’s Health of the 
International Federation of Gynecology and Obstetrics (FIGO) considers that doc-
tors are responsible for providing and prioritizing care in deceased women and in 
the second instance of viable fetus, considering that women have the right to die 
with dignity [18].

The objective of maintaining prolonged life support is to allow the viability of 
the fetus until maturity, but does not exonerate the team trying to respect the main 
right of women: that of autonomy.

The prolonged somatic support of the fetus exposes the deceased in a position of 
a “biological container” – as a means to an end – violating her right to the autonomy 
and integrity of her body.

But this opinion is controversial for some authors, since the woman has brain 
death and no longer has the moral responsibility for the life of the fetus. However, 
this statement is debatable, since the fact that morality and bioethics have the same 
etymological significance has resulted in many cases that are used interchangeably, 
but are not the same. Morality refers to behavior that, by agreement or consensus of 
society, is considered as correct or incorrect. It is about lived morals, accepted by 
people, without necessarily having been subjected to the mediation of systematic 
rational criticism.

The term ethical is reserved for the philosophical discipline that rationally stud-
ies human behavior, from the point of view of moral duties and virtues. Therefore, 
ethics is rational knowledge, as a critical reflection on the fact of moral life [19].

Several authors have expressed themselves against prolonged life support in 
pregnant women with ME or in a vegetative state and argue that this practice is 
experimental in nature [20, 21].

There are also controversies in different laws, the ones that protect the fetus 
rights and the others that establish the right to die with dignity. As a matter of exam-
ple, Argentinean Constitution in the article 75, inc. 23 establish the rights for the 
“child to be born” giving a special and comprehensive social security regime for the 
protection of children in situations of helplessness, from pregnancy. These state-
ments enters in controversy with the F.A.L. ruling of the Argentinean Supreme 
Court of Justice (2012) that established that those who are in the conditions 
described in art. 86 subsection 2 of the Criminal Code that “… cannot and should 
not be required to request a judicial authorization to terminate the pregnancy, since 
the law does not mandate it, nor can it and should not be deprived of the right that 
assists the interruption of same as this, far from being prohibited, is allowed and is 
not punishable ... ” and with the Law of Dignified Death that was sanctioned in 2012 
by the National Congress and allows patients and families to limit therapeutic 
efforts in cases of “an irreversible, incurable or terminal stage disease.”
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Regarding the ablation of organs for transplantation after caesarean section, data 
reported is limited. Some series reported the discard for not meeting the selection 
criteria, due to multiorgan failure during hospitalization. In others cases, there was 
a family refusal toward donation. Only five cases became real donors, with good 
outcomes 1 year after graft implantation, although the information in these data is 
also limited. Regarding organ transplantation, the cost-effectiveness is not entirely 
determined.

From another point of view, prolonged somatic support to ensure fetus life is a 
form of organ donation.

Costs of prolonged somatic support in BDP are another issue to be highlighted. 
Direct and indirect costs as well as insurance coverage and fetal outcome should be 
borne in mind in the decision-making process. According to the literature review, 
the time of the somatic support of pregnancy in BD was in the range of 2–168 days, 
reporting complications related to the pathophysiology of BD itself and prolonged 
hospitalization that increases the hospitalization costs.

Three meta-analyses [3, 22, 23] analyze the incidence and outcome of BD preg-
nant patients, the last one involved 43 cases, including two where the mother was in 
a vegetative state, for the period from 1979 to 2015. Those 43 cases of somatic sup-
port were reported from 1976 to 2015. Thirty-two viable fetuses were delivered and 
survived the neonatal period. Three were not delivered; one mother was removed 
from support due to abnormal fetal growth; one mother was removed from support 
by a court order, leading to fetal demise; and one family made the decision to 
remove the mother from support, leading to fetal demise. There is a publication bias 
regarding perinatal survival due to the lack of long-term follow-up of neonates, 
although intrauterine death, spontaneous abortion, neurological disabilities, and 
other complications related to prematurity were reported, such as maturational 
delay, language disorders, and retinopathy.

However, prior to week 24, the neonate would have a 20–30% chance for sur-
vival, with a 40% probability of severe neurological disorders. The prognosis 
improves for neonates delivered between weeks 24 and 28, when the survival 
increases to 80%, and the risk of neurological complications is 10%.

According to Erlinger [3] some estimations predict that there are annually 
approximately 1060 cases globally. Cartolovny and Habek [24] developed the 
“Guidelines for the management of the social and ethical challenges in brain 
death during pregnancy” which we found very useful for BD pregnant woman. 
They evaluated the ethical, legal, and social issues referring to the legitimacy and 
justification of the procedure, to the fetus, and to the mother with BDP. After that 
they use the Grading of Recommendations Assessment, Development and 
Evaluation System (GRADE) [25] in order to establish the strength of recommen-
dation (1 (strong), 2 (weak)) and quality of evidence (A (high), B (moderate), 
C (low)).

A summary of these guidelines is presented in Table 41.1.
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 Conclusions

Prolonged somatic support in brain death during pregnancy and perinatal survival is 
a controversial issue that involves medical, bioethical, and legal aspects.

Beyond radical points of view regarding mother or fetus rights, a decision- 
making process that considerer fetal viability and gestational age, family (father, 
mother parents or next of a kin) wishes or anticipated directives, and cost of medical 
attention should be established in each medical facility.

Although the lack of evidence, developed guidelines appear as the best way to 
manage such a complex situation.

Table 41.1 Guidelines for prolonged somatic support

Grade Guideline

A1 Adequately determine mother’s brain death state, avoiding procedures that might 
endanger the condition of the fetus

B1 Assess the viability of the fetus (weeks of pregnancy), its actual condition, diagnosis, 
and prognosis, primarily focusing on the chances of survival and how the continuation 
of the corporeal support will contribute to it

C2 Check with the father of the child, next of kin, family, or the mother’ s previously 
expressed wishes referring to situations regarding brain death pregnancy in living wills, 
advance directives, and so forth

B1 Organize a combined meeting of the interdisciplinary team comprising physicians, 
caregiving team, hospital ethics committee, and members of the family in order to 
discuss primary fetal prognosis, including all uncertainties, mother’s wishes, and 
emotional and financial factors in addition to always keeping in mind the interests of the 
fetus which might prevail in some situations

A1 In the decision-making process, the primary focus should be the interests of the fetus, 
and precedence in this decision-making process should be given to the father of the 
child, regardless of whether he is the woman’s legal next of kin or not

C1 Organize adequate counseling and psychological support to the father, next of kin, or 
members of the family from the beginning of the decision-making to the end of the 
corporeal life support, regardless of the positive or negative outcome of the corporeal 
life support

B1 Seek to establish a decision within a clinical setting, avoiding the Court if possible, and 
only appeal to the Court in cases when decisions cannot be made between the members 
of the family and father or when it is perceived that their decision is not in the interests 
of the fetus and is contrary to good obstetric practice

B2 Costs should not be underestimated in the clinical decision-making.
However, they should not be the primary concern and focus; different options for 
funding sources can be considered, even in low-income countries

A1 Establish an international registry of BDP cases where the positive and negative 
outcomes could be collated, leading to the accumulation of the outcome data which 
could provide more accurate and firm conclusions regarding such cases
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Chapter 42
Oliguria

Leonardo Bonilla Cortés

 Definition

Oliguria is defined as urinary output of less than 0.5 ml/Kg/h [1] or a urinary output 
of less than 400 ml in 24 hours [2]. Decreased urine output is an appropriate physi-
ological response during prolonged fasting periods, hypovolemia, postoperative 
period, or consecutive to stress, pain, or response to trauma [3]. In obstetric patients, 
oliguria is associated with a higher mortality risk than any other renal function test 
alone (44.4% vs 5.3%) [4].

The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) defined acute 
kidney injury (AKI) as one or more of three criteria. The first two were a rise in 
serum creatinine of at least 0.3 mg/dl over a 48-hour period and/or >1.5 times the 
best line value within the seven previous days. The third one was a urine volume 
≤0.5 ml/kg/h in 6 hours [5].

 Etiology

The vast majority of AKI cases occur postnatally; only 7% of cases occur antena-
tally [8]. AKI usually occurs in women with previously healthy kidneys [6], pre- 
existing kidney disease occurs in 4% of pregnant patients, and 10% of these will 
develop severe renal deterioration during pregnancy [7].
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The etiology of AKI differs in low-/middle-income countries (LMICs) and in 
high-income countries (HIC) [6]. In LMICs, the main cause is preeclampsia repre-
senting 46.9% of cases, followed by sepsis and postpartum hemorrhage. In contrast, 
in HICs preeclampsia remains the most common cause and is followed by HELLP 
syndrome, hemorrhage, and acute fatty liver of pregnancy [6].

To approach the different possible etiologies, AKI has been classified as prere-
nal, renal, and post-renal causes. However, this classification leads to limited diag-
nostic and therapeutic clarity. For instance, the Acute Dialysis Quality Initiative 
(ADQI) proposed a different classification to differentiate between functional AKI, 
defined as secondary to hypovolemia and obstructive phenomena, and AKI due to 
renal injury [10]. Due to the clinical applicability of this classification, it will be 
used for the rest of this manuscript (Table 42.1).

 Functional Acute Kidney Injury

 Hypovolemia

Hypovolemia is the main risk factor for developing AKI.  And it can be further 
divided into three broad categories based upon etiology: hemorrhagic, fluid loss, 
and abdominal compartment syndrome (ACS) [12, 13]. Oliguria is usually the earli-
est manifestation. Additionally, it is a diagnostic criteria according to the KDIGO 
guidelines [11]; usually in this situation the tubular and glomerular function are 
undamaged, and the glomerular filtration is affected by hypoperfusion.

 Fluid Loss

 Hyperemesis Gravidarum

Hyperemesis gravidarum is the main cause of AKI in the first trimester of preg-
nancy in LMICs but very rarely occurs in HIC. It is characterized by the presence of 
nausea and vomiting leading to dehydration and renal hypoperfusion. It is 

Table 42.1 Functional AKI causes

Hypovolemia Hemorrhage Placental abruption
Placenta previa
Postpartum hemorrhage

Fluid loss Hyperemesis gravidarum
Sepsis
Ovarian hyperstimulation syndrome
Acute fatty liver of pregnancy

Abdominal compartment syndrome
Obstructive Obstetric complication Ureteral injury due to cesarean section
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characterized by the loss of ≥5% of pregestational weight, ketonuria, and secondary 
hypokalemic metabolic alkalosis [14].

 Infection

Sepsis is the result of an unmodulated reaction to an infection. The excessive inflam-
matory response includes extravasation of albumin and fluids, resulting in hypovo-
lemia that, associated with the release of cytokines, causes a decrease in peripheral 
vascular resistance with hypotension and hypoperfusion [15]. The most prevalent 
causes are pyelonephritis, pneumonia, and chorioamnionitis. Most common iso-
lated pathogens are endotoxin-producing gram-negatives, and in some cases the 
infection is polymicrobial.

 Fatty Liver

Acute fatty liver of pregnancy is a rare complication characterized by hypertension, 
thrombocytopenia, with hepatocellular necrosis, elevated transaminases, and ulti-
mately, liver dysfunction [16]. Approximately 60% of patients with acute fatty liver 
of pregnancy have acute renal failure due to hypoperfusion secondary hyperemesis 
[17], associated with disseminated intravascular coagulation (DIC) and splanchnic 
vasodilation. In the majority of cases after pregnancy termination, the hypovolemia 
component is rapidly reversible; patients who have persistent elevated creatinine 
levels usually have concomitant intrinsic renal injury [16].

 Anaphylactoid Shock of Pregnancy

Anaphylactoid shock in pregnancy (also called amniotic fluid embolism) is a syn-
drome characterized by an endogenous proinflammatory reaction that triggers 
severe pulmonary hypertension as a result of vasospasm with secondary right ven-
tricular failure, and sudden loss of preload. It presents with abrupt presentation of 
hypoxia, hypotension, seizures, and DIC during labor or birth [18].

 Ovarian Hyperstimulation Syndrome

In the ovarian hyperstimulation syndrome, the most relevant phenomenon is 
the increase in capillary permeability. The release of vascular endothelial 
growth factor of follicular origin induces fluid and protein displacement from 
the intravascular space to the third space, leading to hypovolemia and second-
ary hypotension, oliguria, ascites, increased blood viscosity, hyponatremia, 
and hyperkalemia [19].

42 Oliguria
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 Hemorrhagic

During the second and third trimester of pregnancy the most important causes of 
hypovolemia are placenta previa, placental abruption, and postpartum hemorrhage 
(uterine atony, trauma, uterine rupture) [1].

 Abdominal Compartment Syndrome

In the third trimester of pregnancy, intra-abdominal pressure (IAP) ranges from 10.9 
± 4.7 mm Hg to 17.8 ± 3.6 mm Hg; then at 24 hours postpartum it falls between 9.6 
± 0.89 and 10.7 mm Hg [20]. Compensated intra-abdominal hypertension is defined 
as IAP >14 mm Hg antenatal or IAP >12 mm Hg after birth. Certain obstetric condi-
tions such as preeclampsia, HELLP syndrome, DIC, and massive transfusion and 
other non-obstetric conditions can evolve to an abdominal compartment syndrome 
(defined as IAP >25 mm Hg before natal or >20 mm Hg postpartum) leading to 
decreased cardiac output, direct compression of organs, and their vasculature [21]. 
Ultimately, it impairs organ perfusion and tissue viability.

 Obstructive

Although stasis and compression of the urinary system is relatively frequent during 
pregnancy, the presentation of oliguria or AKI is rare, and it can occur in pregnan-
cies complicated with polyhydramnios, with uterine myomatosis, or in multiple 
gestations [1].

Ureteral and bladder lesions are the two most prevalent types of urinary tract 
complications associated with caesarean section. Unlike the bladder injury that is 
usually diagnosed during the operative act, the ureteral injury goes unnoticed. 
Patients with higher risk are those with pelvic adhesions, previous caesarean section, 
need for obstetric hysterectomy, or patients requiring hemostatic points at the hyster-
otomy angles [20]. The clinical presentation is characterized by oliguria, or anuria if 
both ureters were ligated. In cases were the lesion is unilateral, it can go unnoticed 
and only diagnosed at the onset of late complications due to obstructive uropathy.

 Intrinsic AKI

It is caused by a renal parenchyma lesion, usually as a result of an alteration in a 
primary site (tubules, interstitium, vessels, or glomerulus). The most common 
mechanism of intrarenal AKI is acute tubular ischemia. The oxygen partial pressure 
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in the renal medulla is between 5 and 10 mm Hg, compared to 50 mm Hg in the 
cortex; this low oxygen pressure and high metabolic activity make it susceptible to 
periods of ischemia. Parenchymal edema and necrosis of the tubular epithelium 
obstruct the lumen of the tube, resulting in a decrease in the glomerular filtration 
rate, thus, causing granular cylinders in the urinary sediment [2]. In most cases this 
injury is reversible if the triggering cause is reversed in a timely manner (Table 42.2).

In preeclampsia, oliguria can be presented antenatally, and it is considered by the 
American College of Obstetrics and Gynecology (ACOG) [22] as a sign of severity 
that would indicate the termination of pregnancy. During the postpartum period, the 
evolution to AKI is unusual unless there is significant hemodynamic instability. 
Most cases resolve within the first 2 weeks after delivery and rarely require dialysis. 
Only 2% of patients with AKI will progress to cortical necrosis (CN) [2]; in most 
cases it is associated with HELLP, acute fatty liver of pregnancy, hemolytic uremic 
syndrome, thrombotic thrombocytopenic purpura, placental abruption, or sepsis. 
The main presentation is anuria, hematuria, and flank pain. The percentage of 
affected glomeruli determines the duration of the symptoms [23].

 Differential Diagnosis

AKI diagnosis has traditionally been based on an elevation of serum creatinine and/
or oliguria.

Changes in urinary output occur before the biochemical changes become appar-
ent, causes of functional AKI (hypovolemic and obstructive) are characterized by 
presenting oliguria, whereas the causes of AKI due to intrinsic renal injury can pres-
ent a spectrum of urinary pattern that goes from anuria to polyuria [9].

When it is reported that the patient presents oliguria, the first thing is to verify 
that the registry of urine output is being done reliably; this implies adequate record-
ing of the fluid balance and that in case the patient has bladder catheterization, 
verify that the catheter is permeable and in upright position.

Table 42.2 Intrinsic AKI causes

Acute tubular necrosis Extended hypotension Antepartum hemorrhage
Postpartum hemorrhage

Sepsis Septic abortion
Pyelonephritis
Puerperal sepsis

Preeclampsia Glomeruloendothelioses
HELLP

Other thrombotic 
microangiopathy

Acute fatty liver of pregnancy
Hemolytic uremic syndrome
Thrombotic thrombocytopenic 
purpura

Pre-existing renal 
disease

Lupus
Glomerulopathies
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Diagnostic algorithms are mainly used to differentiate functional AKI from AKI 
due to intrinsic renal injury. The clinical approach involves (Table 42.3):

 1. Clinical history and physical examination
 2. Urinary sediment: It is useful when taken from a fresh sample and taken with 

an appropriate technique; the presence of crenated red blood cells guides the 
diagnosis toward pathologies with glomerular involvement. The presence of 
bacteria or leukocyturia supports the diagnosis of sepsis [3]. Hyaline cylinders 
are present in hypovolemia, and granular or cellular cylinders suggest 
renal cause.

 3. Urinary electrolytes: In situations associated with transient hypovolemia or 
hypoperfusion, healthy kidneys respond by increasing urinary osmolarity and 
reducing sodium excretion, urea, and uric acid; therefore a low sodium excretion 
(<1%), uric acid (<12%), and urea (34%) support the functional AKI diag-
nosis [3].

 Management

 Functional AKI

The initial therapy is aimed to restore renal perfusion and prevent further renal dam-
age (Fig. 42.1).

 Hemorrhage

In cases of hemorrhage crystalloid solutions can be used to restore intravascular 
volume. In the presence of severe hemorrhage, identification of the cause and proper 
hemostasis is paramount. The use of massive transfusions may be required to 

Table 42.3 Intrinsic AKI distinct studies

Causes Distinct studies

Preeclampsia/HELLP CBC, smear, lactic dehydrogenase, transaminases, 
proteinuria

Thrombotic thrombocytopenic purpura/
hemolytic uremic syndrome

CBC, smear
Activity level of ADAMTS 13

Acute fatty liver of pregnancy Liver function, cholesterol, albumin, glycemia, 
coagulation tests

Autoimmune nephritis/vasculitis Antinuclear antibodies, double-stranded DNA 
antibody, extractable antibodies, serum complement 
levels

Sepsis Blood cultures, urine culture
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maintain hemodynamic stability; early administration of fresh frozen plasma (FFP), 
red blood cells, and platelets in a ratio 1:1:1 prevents DIC.

 Fluid Loss

In cases of fluid loss hypovolemia such as dehydration due to hyperemesis gravi-
darum, initial volumetric expansion with hypotonic solutions (saline solution at 
0.45%) is indicated. Subsequent correction should be done according to laboratory 
tests results [24] (Fig. 42.1).

Management of sepsis requires an effective resuscitation with crystalloids. It is 
recommended to start with a volume of 30 ml/kg for the first 3 hours; some patients 
will require a higher volume until achieving appropriate end-organ perfusion [25]. 
After initial fluid resuscitation, volumetric expansion must be done according to 
dynamic preload measurements (SMFM).

 Abdominal Compartment Syndrome

Abdominal intraluminal contents should be evacuated (place a nasogastric tube, use 
gastrointestinal motility promoters), evacuate lesions that occupy the intra- 
abdominal space, use analgesia and sedation, and proceed with decompressive lapa-
rotomy in cases where it does not resolve [13] (Fig. 42.2).

Oliguria

Volumetric expansion

Response

Monitor urine
output

Functional Intrinsic

No response

Studies for
differential
diagnosis

Fig. 42.1 Initial management algorithm for oliguria
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 Intrinsic AKI

Accurate and frequent monitoring of urine output and renal function test (serum 
creatinine) is recommended in patients with high risk to develop AKI.  Patients’ 
early diagnosis is necessary to establish early interventions. Close monitoring 
allows the clinician to stage severity and formulate treatment plans [5].

In 2012 the RIFLE (2004) and AKIN (2007) criteria were combined resulting in 
the KDIGO classification [3] (Table 42.4).

AKI is diagnosed with one of the following criteria:

Functional oliguria

Hemodynamic monitoring
and optimize preload

Response

Monitor urine
output

No response

Measurement of
intra-abdominal

pressure

Normal
From 10.9+/- 4.7 mmHg

to 17.8 +/- 3.6 mmHg

Elevated
Pre-delivery IAP > 25

mm Hg
Postpartum IAP > 20

mmHg

Obstructive

Yes No

Urological
management Follow intrinsic

oliguria
algorithm and
use KDIGO
classification

Monitor urine
output

Response

Medical treatment
to reduce IAP

No
response

Laparotomy,
surgical

management

Fig. 42.2 Management algorithm of functional oliguria
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• Serum creatinine increase >0.3 mg/dl in 48 hours
• Serum creatinine increase >1.5 times baseline
• Urinary volume <0.5 ml/kg/hour for 6 hours

Severity stages are determined according to the grade of renal dysfunction 
(Table 42.5). The diagnosis of intrinsic AKI should be performed after ruling out 
functional AKI (due to hypovolemia or obstruction) [27].

In patients at risk of developing acute renal failure, it is indicated to discontinue 
all nephrotoxic agents, to avoid contrast imaging studies and hyperglycemia. 
Consider close hemodynamic monitoring as well as frequent measurement of uri-
nary output and serum creatinine levels. Particular emphasis is placed in maintain-
ing adequate blood volume and perfusion pressure [5].

Initially in the oliguric phase of preeclampsia or thrombotic microangiopathy, 
volumetric expansion must be performed (recommended that 500–1000 cc crystal-
loid boluses can be administered without the risk of acute pulmonary edema) [12, 
26]. It is indicated to continue the fluids infusion according to hemodynamic moni-
toring if there is no response, and if persistent, intrinsic renal AKI (acute tubular 
necrosis) compromise should be suspected and rule out abdominal compartment 
syndrome.

The use of dopamine, fenoldopam, and N-acetylcysteine as continuous infusions 
failed to demonstrate benefit in preventing progression to acute renal failure [1]. 
The use of loop diuretics is relatively frequent in critically ill patients with 
AKI. Animals have demonstrated that loop diuretics reduce oxygen consumption by 
decreasing the sodium active transport, thus limiting potential tubular damage [28]. 
Even though, there is a potential benefit, other retrospective studies suggested an 
increase in mortality; thus its use in patients with AKI is not recommended [29].

Table 42.4 AKI KDIGO classification

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline or ≥0.3 mg/dl (≥26.5 μmol/l) increase <0.5 ml/kg/h for 
6–12 hours

2 2.0–2.0 times baseline <0.5 ml/kg/h for 
≥12 hours

3 3.0 times baseline or increase in serum creatinine to ≥4 mg/dl 
or initiation of renal replacement therapy or, in patients 
<18 years, decrease in eGFR to <35 ml/min per 1.7 m2

<0.3 ml/kg/h for 
≥24 hours or anuria for 
≥12 hours

Table 42.5 AKI differential diagnosis

Functional AKI Intrinsic AKI

Urinary sediment Intact red blood cells
Hyaline casts

Crenated red blood cells
Granular casts

Urine osmolality
(mmol/kg)

>500 >300

Sodium excretion fraction (%) <1 >1
Uric acid excretion fraction <7 >15
Urea excretion fraction <35 >35
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 Established Acute Renal Failure

After 7 days of unresolved AKI, it is considered that acute renal failure has been 
established, and the recommended management is outlined by the KDGO guidelines.

 KDIGO Stage 1

Most cases of AKI that complicate pregnancy occur in the puerperium. Eventually 
in cases of severe preeclampsia/HELLP, termination of pregnancy must be consid-
ered [22]. Usually AKI under these circumstances has a favorable course; if patient 
develops acute renal failure, it is appropriate to perform studies in order to rule out 
other microangiopathies such as hemolytic uremic syndrome, pregnancy acute liver, 
or autoimmune profile in order to rule out autoimmune nephritis.

When diagnosis is not clear, non-invasive studies such as renal ultrasound or 
CAT scan are useful to evaluate renal structure and rule out collecting system 
obstruction; loss of corticomedullary differentiation and decrease in renal size are 
suggestive of base chronic kidney disease [3]; hypodense or hypoechoic areas could 
be indicative of cortical necrosis or renal abscesses in sepsis cases [4].

Renal biopsy is rarely performed in critically ill pregnant patients, mainly 
because of the risk of bleeding and its low utility adopting therapeutic measures [3]; 
thus renal biopsy would be indicated in patients who persist with anuria for a long 
time (30 days) [30] (Fig. 42.3).

Intrinsic oliguria

KDIGO classification

Discontinue all nephrotoxic
agents

Ensure adequate blood volume
Monitoring hemodynamic

Avoid hyperglycemia
Consider alternative to contrast

Imaging studies
Specific studies of differential

diagnosis

Check for changes in drug dosing
according to renal function

Evaluate dialytic urgency criteria

21

Fig. 42.3 Management algorithm of intrinsic oliguria
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 KDIGO Stages 2 and 3

Check for changes in drug dosing according to renal function.
In still pregnant KDIGO2 patients with BUN>50 mg/dl, prophylactic hemodi-

alysis can be considered due to the risk of fetal compromise. In patients with 
KDIGO3 meeting urgent dialysis criteria (Table 42.6), they should undergo renal 
replacement therapy (Fig. 42.3).

In KDIGO3 patients, subclavian catheters should be avoided.
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Chapter 43
Acute Kidney Injury During Pregnancy

Ahmed Reda Taha

 Introduction

Parturient with kidney diseases experience failure of physiological and endocrinal 
adaptation that takes place during a normal pregnancy. Numerous etiological disor-
ders can lead to acute kidney injury (AKI) during pregnancy. Sepsis and pregnancy- 
induced hypertensive disorders being the most common causes of AKI or may be 
CKD. Regardless of the cause, acute kidney injury is a critical obstetric complica-
tion associated with significant maternal and fetal morbidity and mortality. Although 
the rates of acute kidney injury in pregnancy are declining worldwide, it remains a 
significant public health concern in developing countries. Pregnancy and AKI is 
challenging clinical scenario, where the effects on maternal and fetal outcomes need 
to be observed strictly. Women with acute kidney injury should be considered high- 
risk and managed by a multidisciplinary team involving nephrology, intensive care, 
and obstetrics staff.

The adaptive physiological dynamics in pregnancy and associated changes form 
essential inputs to provide the required care of parturient with renal impairment. It 
is crucial that the team who provide the care be familiar with such adaption and the 
mainstay management to be initiated early in the context of suspected pregnancy- 
related acute kidney injury (PR-AKI) utilizing evidence-based clinical practice in 
order to achieve the best outcomes [1].

Recently published literature demonstrates the increased awareness of kidney 
injury in pregnancy and the management of PR-AKI, with a focus on the correlation 
between sepsis, preeclampsia, pregnancy-induced hypertensive disorders, throm-
botic angiopathies, and AKI [2].
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Current consensus criteria (RIFLE, AKIN, and KDIGO) that developed to pro-
vide quantitative definition of AKI do not look useful in pregnancy, where glomeru-
lar filtration rate (GFR) increases significantly by approximately 50%, resulting in 
lowered serum creatinine compared with an average nonpregnant person, so parturi-
ent with normal range may represent a significant increase from their baseline, and 
their clinician can easily miss this [3, 4].

The true incidence is difficult to estimate due to variable clinical criteria, but it’s 
less in developed country where adequate antenatal care was provided.

 Physiologic Changes in Pregnancy

There are several hemodynamic and immunologic shifts that occur during the 
course of healthy pregnancy, including increased blood volume, decreased systemic 
vascular resistance, and increased cardiac output. There is elevation of nitric oxide, 
and relaxin leads to more vasodilatation and decrease of systemic blood pressure 
and relative resistance to vasoconstrictors, such as angiotensin II. Glomerular filtra-
tion rate (GFR) increases by ∼50%, resulting in a physiologic reduction in serum 
creatinine (Scr) level in the setting of hyperfiltration. The normal Scr level in preg-
nancy is in the 0.4 to 0.6 mg/dL range. The smooth muscle relaxation due to ele-
vated progesterone in combination with mechanical compression by the enlarging 
uterus can cause physiologic hydronephrosis and retention of urine in the collecting 
system during pregnancy [5].

Urine protein excretion increases during the course of normal pregnancy, from 
60 to 90 mg/d to 180 to 250 mg/d, as measured by a 24-hour urine collection. As a 
consequence of this physiologic increase in proteinuria, the threshold for elevated 
proteinuria in pregnancy has been set at a higher level of protein excretion of 
300  mg/d. This increase in proteinuria has been attributed to hyperfiltration, as 
described, but may also be due to changes in glomerular permeability [6]. Some 
studies have demonstrated an increase in tubular proteinuria, reflected as an increase 
in urinary retinol-binding protein, as opposed to an increase in albuminuria, which 
would reflect a glomerular source. The use of spot urine protein-creatinine ratio 
(UPCR) has gained favor in the diagnosis of preeclampsia, which is typically char-
acterized by proteinuria (UPCR >0.3 g/g). UPCR is a faster test that has acceptable 
sensitivity and specificity. There may be increased UPCR in the absence of hyper-
tension or kidney disease, a phenomenon known as isolated proteinuria, present in 
as many as 15% of pregnancies [6].

Changes in the function of the innate and adaptive immune systems in pregnancy 
may have important impacts on the behavior of autoimmune diseases, a common 
cause of impaired renal function in young women.

The immunology of pregnancy is complex, in that the mother must tolerate the 
“foreign” fetus and thus requires a degree of immunosuppression while on the other 

A. R. Taha



543

hand needs to maintain immune function to fight off infection. So a cytokine bias 
trend switches from the T helper 1 (Th1) pro-inflammatory cytokine profile to the T 
helper 2 (Th2) anti-inflammatory cytokine profile, which is important for tolerance 
to fetal antigens; increased Th1 profile may correlate with increased risk for preg-
nancy complications, such as preterm labor, preeclampsia, and poor fetal and mater-
nal outcomes [7] (Table 43.1).

 Etiology

PR-AKI can be classified according to the mechanism of injury to prerenal, intrare-
nal, and post-renal causes [5, 8].

 Prerenal

• Hyperemesis gravidarum
• Hemorrhage
• Heart failure
• Sepsis
• Amniotic fluid embolism

Table 43.1 Renal changes of normal pregnancy

Parameter
Trend compared to nonpregnant 
state Normal values in pregnancy

Serum creatinine Lower ~0.5 mg/dL (<0.9 mg/dL)
Blood urea nitrogen 
(BUN)

Lower ~9.0 mg/dL

Serum sodium Lower 129–135 mmol/L
Plasma uric acid Lower 2.0–3.0 mg/dL
pCO2 Lower 27–32 mmHg
pH Higher 7.40–7.45
Serum bicarbonate Lower 18–20 mEq
Creatinine clearance Higher ~25% above baseline (>100 cc/

min)
GFR Higher 50% 150–200 ml/min
Urinary protein excretion Variable to higher <300 mg/24 hours
Th1:Th2 profile In favor of Th2 profile Th2 > Th1
Blood osmolality Lower 270 mosm/kg
Urinary glucose 
excretion

Variable to higher May be present

Data quoted from Refs. [1, 5–9]
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 Intrarenal

• Acute tubular necrosis
• Acute cortical necrosis
• Acute fatty liver of pregnancy
• Preeclampsia/HELLP
• Thrombotic thrombocytopenic purpura/atypical hemolytic uremic syndrome
• Pyelonephritis
• Amniotic fluid embolism
• Pulmonary embolism
• Lupus nephritis
• Acute interstitial nephritis

 Post-renal

• Hydronephrosis due to uterine compression
• Injury to ureters or bladder during C-section
• Ureteral obstruction from stones or tumor
• Obstruction at bladder outlet

 Timing of AKI

The timing of PR-AKI is dependent mainly on the underlying etiology (Fig. 43.1). 
In developing countries, PR-AKI that occurs in the first trimester in most is due to 
septic abortions or lupus nephritis. Approximately 75% of PR-AKI cases occurring 
in the second and third trimesters is due to hypertensive complications such as pre-
eclampsia/HELLP, TTP/HUS, abruption placentae, severe hemorrhage, or DIC, or 
AFLP. Atypical HUS, however, generally occurs late in the third trimester or post-
partum. Making these diagnoses may be evident, but many overlapping features, 
such as preeclampsia/HELLP, lupus nephritis, TTP/HUS, and AFLP, make the 
interpretation more difficult [10].

 Prerenal Causes

Prerenal azotemia is the result of decreased renal perfusion, due to either decreased 
cardiac output, true intravascular volume depletion, or impaired renal perfusion as a 
consequence of liver cirrhosis, nephrotic syndrome, renal artery stenosis, or the use 
of nonsteroidal anti-inflammatory agents. Mostly prerenal azotemia is reversible 
with restoration of renal perfusion [1].
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During first trimester, hyperemesis gravidarum is one of the more common 
causes of ARF secondary to profound volume depletion resulting from poor oral 
intake and vomiting. Similarly, any gastrointestinal illness with vomiting or diar-
rhea, excessive use of cathartics or laxatives, or bulimia may result in prerenal azo-
temia. Generally, these disorders are readily apparent on the basis of history and 
laboratory findings, including urinary electrolytes and osmolality. The urine sodium 
is typically low, as is the fractional excretion of sodium [(urine Na+/serum Na+)/
(urine creatinine/serum creatinine)  ×  100%], reflecting a sodium-avid state, and 
urine osmolality is high, indicating intact urine concentrating ability. A low urine 
chloride may also provide a clue to surreptitious vomiting [3].

Uterine hemorrhage is an important cause of hypovolemia and subsequent prer-
enal azotemia late in pregnancy. Uterine blood flow increases from 50 cc/min prior 
to pregnancy to approximately 1000 cc/min at term. Thus, pregnancy-related bleed-
ing can be rapid and massive, resulting in acute intravascular volume depletion and 
AKI. Although usually presenting as profuse vaginal bleeding, hemorrhage from 
placental abruption may be concealed or may occur in the postpartum period sec-
ondary to lacerations, uterine atony, inversion, or retained products of conception. 
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Fig. 43.1 Main causes of pregnancy-related AKI depending on their predominant timing of occur-
rence during pregnancy. CAP complement alternative pathway, D delivery, DIC disseminated 
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(Data quoted from Refs. [1, 10])
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Ectopic pregnancy and tube rupture can lead to severe hemorrhage. The resultant 
hypotension was a major cause of pregnancy-associated ARF in 7% of patients in 
one study and was a contributing factor in as many as 79% of cases in other studies 
[3]. A more recent study implicated postpartum hemorrhage in nearly 10% of ARF 
cases and placental abruption in another 4% [9, 11].

Patients with preeclampsia may be particularly susceptible to ARF associated 
with hemorrhage due to pre-existing alterations in maternal physiology, including 
decreased intravascular volume, heightened vascular responsiveness to catechol-
amines and angiotensin II, and altered prostaglandin synthesis [12]. In a study of 31 
patients with preeclampsia and acute renal failure, Sibai and colleagues reported 
that 90% had experienced some form of significant hemorrhage [13, 14].

Infection Sepsis can lead to intravascular volume depletion, hypotension, and 
organ dysfunction including AKI. Common causes of infection leading to sepsis in 
pregnancy are:

Pyelonephritis This occurs in 1–2% of pregnancies and is associated with mater-
nal and fetal complications including sepsis, preterm labor, and adult respiratory 
distress syndrome. Physiologic changes of pregnancy including ureteral dilation, 
stasis related to smooth muscle relaxation, and pressure on the bladder and ureters 
predispose to ascending urinary tract infections. E. coli is the most common organ-
ism, followed by other GI organisms such as Klebsiella, Proteus, and 
Enterococcus [15].

Chorioamnionitis Intrauterine infection involving the Chorioamniotic mem-
branes. This most commonly results from ascending infection of organisms coloniz-
ing the lower genital tract. These infections are usually polymicrobial with lower 
genital tract organisms, Peptostreptococcus, Gardnerella, E. coli, Group B strepto-
coccus, and anaerobes.

Septic abortion This has become uncommon in the United States with the legal-
ization of abortion, but it is a significant cause of maternal mortality and morbidity, 
including AKI, worldwide [9].

 Hypertensive Disorders of Pregnancy

Hypertensive disorders of pregnancy are common, occurring in 6–8% of pregnan-
cies. The differential diagnosis of hypertensive events during pregnancy includes 
chronic hypertension, gestational hypertension, or preeclampsia. Patients who have 
a known history of hypertension before pregnancy or those who are found to have 
BPs ≥ 140/90 mm Hg before 20 weeks of gestation are considered to have chronic 
hypertension. Women with chronic hypertension have an increased risk for super-
imposed preeclampsia, which can occur in up to 35% of their pregnancies. Some 
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hypertensive patients with unknown histories of hypertension before pregnancy 
may present with BPs in the normal range during the first and second trimesters due 
to the normal physiologic decrease in BP during this time, thus masking the diagno-
sis of pre-existing hypertension. This may lead to the erroneous assumption that the 
finding of an elevated BP later during the pregnancy is related to gestational hyper-
tension. The correct diagnosis ultimately is confirmed during the postpartum period 
because BP should normalize in those with true gestational hypertension. Gestational 
hypertension occurs during the second half of pregnancy in patients with no history 
of pre-existing hypertension and has an incidence of 6–7% [14].

Preeclampsia affects 3–10% of pregnancies. Diagnosis is based on new-onset 
hypertension and proteinuria after 20 weeks’ gestation. In severe forms of the syn-
drome, maternal brain, lungs, kidneys, liver, and platelets as well as placental func-
tion and fetal well-being can be affected. Serial blood pressures, timed urine 
collection for protein excretion, creatinine, liver transaminases, and platelets are 
helpful in making the diagnosis and classifying severity. Systemic features include 
increased peripheral vascular resistance, endothelial dysfunction, vasospasm, acti-
vation of coagulation and inflammatory pathways, and platelet aggregation leading 
to ischemia and multi-organ dysfunction, including AKI [16]. Renal plasma flow 
and GFR are reduced by approximately 24% and 32%, respectively, with pre-
eclampsia; however, the majority of women with preeclampsia do not develop AKI 
[17]. On the other hand, preeclampsia and other hypertensive disorders of preg-
nancy are the most common cause of PR-AKI, with an incidence of 1.5–2%. Often, 
there is a superimposed insult such as hemorrhage or DIC in a preeclamptic woman, 
which can lead to acute intravascular volume depletion and AKI [18].

Acute tubular necrosis is most commonly seen with preeclampsia-associated 
AKI. Short-term renal replacement therapy may be required. The precise cause of 
preeclampsia is unknown. Reduced placental perfusion leading to maternal vascular 
dysfunction is hypothesized. A diagnosis of preeclampsia also can be made in the 
absence of proteinuria in the presence of clinical features of severity [18] 
(Table 43.2).

Table 43.2 DD of common causes of PR-AKI during pregnancy

Pregn. 
specific GCS Platelets HB INR LDH AKI Proteinuria BP Management

Sepsis No ↔↓ ↔↓ ↔↓ ↑ ↑ ↑ ↔↑ ↓ TUC
Hemorrhage No ↔↓ ↑↔↓ ↓↓ ↔↑ ↔ ↑ ↔ ↓ TUC
DIC No ↔↓ ↔↓ ↔↓ ↔↑ ↑ ↑ ↔↑ ↓ TUC/Delv
PE Yes ↓ ↓↓ ↔↓ ↔ ↑↑↑ ↑↑ ↑↑ ↑ Delv
HELLP Yes ↓ ↓↓↓ ↔↓ ↔ ↑↑↑ ↑↑ ↑↑ ↑ Delv
AFLP Yes ↔↓ ↓ ↔↓ ↑↑↑ ↑↑↑ ↑ ↔↑ ↔↓ Delv
TTP No ↓↓ ↓↓↓ ↓↓ ↔ ↑↑↑ ↑ ↑ ↔↓ PP
aHUS No ↔ ↓↓ ↓↓ ↔ ↑↑↑ ↑↑↑ ↑↑ ↔↓ PP

Data quoted from Refs. [16–20]
BP blood pressure, GCS Glasgow Coma Scale, Plt platelets, HB hemoglobin, INR international 
normalized ratio, PE preeclampsia, PF plasmapheresis, LDH lactate dehydrogenase, AKI acute 
kidney injury, TUC treat underlying condition, Dilv delivery
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 Acute Fatty Liver of Pregnancy

With reported incidence of AFLP between 1 in 5000 and 1 in 10,000 deliveries, it is 
relatively uncommon cause of AKI in pregnancy [8]. The pathophysiological path-
way is triggered by a fetal autosomal recessive defect in the beta oxidation of long- 
chain 3-hydroxyacyl-CoA dehydrogenase accounts for excessive fetal long-chain 
mitochondrial fatty acids to be transported across the placenta into the maternal 
circulation. Fetal long-chain fatty acids are then deposited into the maternal liver, 
resulting in hepatic dysfunction and, if not recognized and treated by delivery of the 
fetus, fulminant maternal liver failure [21].

This disease usually presents in the third trimester of pregnancy with nausea, 
vomiting, fever, malaise, and mental status changes [5, 22]. Laboratory evaluation 
reveals mild elevation of serum transaminase levels, hypocholesterolemia, throm-
bocytopenia, leukocytosis, and coagulation abnormalities (low Antithrombin III) as 
well as hypoglycemia [22, 23].

Ultrasound imaging of the liver may demonstrate increased echogenicity; how-
ever, ultrasound is not as sensitive as CT and MRI in making the diagnosis. CT of 
the liver in a case of AFLP may show decreased or diffuse attenuation throughout 
the liver. Although imaging may aid in the diagnosis of AFLP, liver biopsy is con-
sidered the gold standard. And, although biopsy will reveal microvesicular fatty 
infiltration, the diagnosis of AFLP is usually made based on clinical presentation 
and laboratory analysis [20]. A study by Knight et  al., performed in the United 
Kingdom, evaluated 57 cases, 55 Of these women were confirmed to have AFLP 
based on Swansea criteria (Table 43.3) and clinical presentation, and 2 were diag-
nosed by clinical presentation alone [24].

Autoimmune causes could be the primary etiologies such as acute glomerulone-
phritis, IgA nephropathy, or secondary causes such as systemic lupus erythematosus 
which should be considered. Differentiating between acute glomerulonephritis and 

Table 43.3 Swansea 
diagnostic criteria for 
diagnosis of AFLP [24]

Six or more of the following features in the absence of 
another explanation:

1. Vomiting abdominal pain
2. Polydipsia/polyuria
3. Encephalopathy
4. Elevated bilirubin
5. Hypoglycemia
6. Elevated urate
7. Leukocytosis
8. Ascites or bright liver on ultrasound
9. Elevated transaminases

10. Elevated ammonia
11. Renal impairment
12. Coagulopathy
13. Microvesicular steatosis on liver biopsy
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preeclampsia can be challenging in the late second and third trimester, but is impor-
tant since the treatments are different. Features that are more suggestive of glomeru-
lonephritides include systemic symptoms (lupus symptoms, preceding infection), 
active urinary sediment (hematuria, red cell casts), nephrotic-range proteinuria 
(>2 g), positive ANA, autoantibodies, and abnormal complement levels [25].

Acute bilateral renal cortical necrosis is an ischemic destruction of the renal 
cortex either partial or complete due to a prolonged decrease in renal perfusion [19]. 
Obstetric renal cortical necrosis commonly occurs following a massive obstetric 
hemorrhage, which accounts for approximately 50–70% of all BRCN cases [26] 
with 80% of the cases due to uterine atony, the remaining etiologies attributed to 
DIC, placental abruption, or amniotic fluid embolism. Long-term renal function for 
patients with renal cortical necrosis is extremely poor, with many patients requiring 
dialysis and only 20–40% having partial recovery of renal function [19]. Symptoms 
include pain, gross hematuria, and hypotension. The diagnosis may be established 
by ultrasonography, contrast-enhanced CT demonstrating areas of cortical lucency, 
and MRI; however, renal biopsy remains the gold standard [19].

 Post-renal

 Urinary Obstruction

Although urinary obstruction is a relatively uncommon cause of ARF in pregnancy, 
it is readily reversible and, therefore, must be considered in the differential. 
Obstruction may occur at any level of the urinary tract due to a wide variety of 
causes, many of which are not unique to pregnancy. Ureteral compression by the 
gravid uterus, with resultant ARF and hypertension, has been reported [19], and 
large leiomyomata have even been reported to cause ureteral obstruction in the first 
trimester [19]. Another cause unique to pregnancy is an incarcerated uterus, which 
may cause urinary retention as the gravid uterus enlarges but becomes trapped in the 
pelvis secondary to significant retroflexion and then compresses the bladder [27]. 
Other risk factors for urinary obstruction in pregnancy include polyhydramnios, 
multi-fetal gestation, large uterine fibroids, pyelonephritis, renal calculi, ureteral 
narrowing, and low abdominal wall compliance [28].

Renal ultrasound is the first step in the evaluation of possible urinary tract 
obstruction, although results may be inconclusive due to the physiologic dilation of 
the collecting system often seen in pregnancy due to both the effects of progesterone 
and the mechanical pressure of the gravid uterus. Thus, anterograde or retrograde 
pyelography may be necessary for definitive diagnosis. Relief of the obstruction 
may be accomplished by ureteral stent placement, percutaneous nephrostomy, man-
ual reduction of an incarcerated uterus, or amnioreduction in the case of polyhy-
dramnios [20, 28]. If the fetus is significantly premature, correcting the obstruction 
should allow for a substantial delay in delivery as well as recovery of renal function. 
If the patient is near term, however, delivery may be indicated to remove both the 
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mechanical and hormonal causes of the obstruction. It should be noted that the fetal 
mortality rate for reversible obstructive uropathy with associated renal failure has 
been reported to be as high as 33% [28].

 Management of AKI (Fig. 43.2)

General measures to treat pregnancy-related AKI include quick and accurate assess-
ment and correction of the underlying etiology and prevention of further damage 
and deterioration. As in the nonpregnant patient, fluid management is the most 
important initial therapy. Appropriate volume resuscitation, with the goal of restor-
ing and maintaining urine output and renal perfusion to reverse preischemic changes 
and to limit further damage, even after tubular necrosis has occurred [5].

Van Hook et al. in their review from a renal functional perspective revealed that 
the use of lactated Ringer’s solution and Plasmalyte is associated with less renal 
injury than normal saline because higher concentrations of chloride can lead to 
vasoconstriction and ischemia [8].

Timely initiation of renal replacement therapy (RRT) and prompt delivery of 
fetus are sometimes necessary dictated by the etiology. Volume repletion is crucial 
in prerenal states although the rate of volume replacement needs to be carefully 
monitored, as women with either endotoxin-mediated injury or preeclampsia can 
easily develop pulmonary edema. Complications of AKI can be treated as in non-
pregnant patients, i.e., hyperkalemia in most circumstances can be treated with cat-
ion exchange resins, metabolic acidosis with alkali therapy, volume overload with 
loop diuretics, and anemia with blood transfusion. If these measures prove unsuc-
cessful or if the renal injury progresses, initiation of renal replacement therapy will 
be necessary. Specific measures to treat PR-AKI depend on the underlying etiology 
of the injury. Steroid and immunosuppressive therapy may be warranted for biopsy- 
proven cases of glomerulonephritis. For the diagnoses of severe preeclampsia, 
AFLP, and HELLP syndrome, prompt delivery of the fetus is the only definitive 
therapy. Treatment of the thrombotic microangiopathy, including TTP, and atypical 
HUS, requires plasmapheresis and administration of eculizumab (for atypical 
HUS). Administration of glucocorticoids is indicated should delivery of the fetus be 
required prior to 34 weeks of gestation in order to reduce the risk of neonatal respi-
ratory distress syndrome [29].

Additional important steps include the removal and avoidance of nephrotoxins, 
adjustment of medication dosing for renal clearance (particularly magnesium), and 
the prevention and treatment of infection because sepsis is the most common cause 
of mortality of in ARF [15].

Overt blood loss should be replaced early because hemorrhage near term may be 
hard to detect and early and appropriate management can prevent or limit irrevers-
ible change [5].
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Fig. 43.2 Stepwise approaches for diagnosis and management of AKI. (Data quoted from Refs. 
[1, 5, 8, 15, 29])
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 Pharmacologic Management

Medication in general is considered second line for ARF, and it’s use to maintain 
perfusion and urinary output has not been associated with improved outcomes. 
Although multiple alternatives of medications have been suggested to increase renal 
blood flow and maintain urinary output, there is little evidence that they provide any 
benefit. The use of dopamine infusion, loop diuretics, fenoldopam, N-acetylcysteine, 
and atrial natriuretic peptide, for the maintenance of urinary output, have been stud-
ied and have not shown any benefit in the treatment of ARF [8, 15]. Although 
diuretic use leads to decreased intravascular volume, which may inhibit labor and 
decrease placental perfusion, thiazide diuretics may be indicated for severe intrac-
table preeclampsia or pulmonary edema. Although serum albumin levels are often 
found to be low and infusions have been shown to increase both serum albumin and 
colloid osmotic pressures, it does not stabilize renal function and was associated 
with higher fetal mortality [30]. The use of mannitol should be theoretically benefi-
cial in preventing ARF in high-risk patients, but no trials have been done in pregnant 
women to assess the efficacy [1].

In the case of sepsis-induced acute renal failure, source control includes early 
antibiotic administration, and starting broad empiric coverage is commonly 
employed until the determination can be made for a more specific antibiotic therapy 
[31]. When treating septic abortion or chorioamnionitis, evacuation of the uterine 
contents is necessary for effective treatment because antibiotic penetration of the 
uterine cavity is suboptimal [15]. Managing the complications of renal failure and 
the underlying etiologies should be treated as appropriate.

Because renal failure occurring during pregnancy is not one specific entity, but 
rather a result of a variety of processes, pharmacotherapy must be tailored to the 
underlying etiology. Women experiencing hyperemesis gravidarum should receive 
thiamine supplementation, and a variety of medications can be used to control nau-
sea, including dopamine antagonists, phenothiazines, histamine receptor blockers, 
and corticosteroids [32].

In PR-AKI precipitated by preeclampsia treatment is primarily supportive, and 
the only definitive therapy is delivery. Although corticosteroids have been suggested 
as a possible pharmacotherapy, trials have shown no benefit with regard to duration 
of hospitalization, recovery speed, or development of complications [33]. Despite 
the existence of peripheral edema, decreasing intravascular volume is not recom-
mended, and diuretics may inhibit labor and decrease placental perfusion, although 
the use of thiazide diuretics may be indicated for severe intractable preeclampsia or 
pulmonary edema.

Magnesium sulfate delivered intravenously is the most important pharmacother-
apy for the prevention of progression to seizures. Although tending to be rare, side 
effects can be quite severe, including loss of patellar reflexes, respiratory depres-
sion, and cardiac dysfunction, and extra care should be taken to monitor magnesium 
levels and urine output in the patient with existing renal failure because magnesium 
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excretion may be decreased [34, 35]. Lorazepam and phenytoin may be used for 
refractory seizures not responsive to magnesium therapy [30].

For TTP and HUS, steroids are recommended as the initial immunosuppressive 
therapy in the cases of a suspected ADAMTS-13 deficiency. The use of cyclospo-
rine, rituximab, and vincristine has been reported in more severe cases, and the use 
of heparin anticoagulation is potentially harmful. Fresh frozen plasma can be given 
for the correction of ADAMTS-13 deficiency [33].

When AFLP is the underlying etiology, therapies consist of stabilizing maternal 
glucose with dextrose, correction of anemia and coagulopathy with blood transfu-
sion, fresh frozen plasma, and cryoprecipitate and treatment of hepatic encepha-
lopathy with a low-protein diet and oral lactulose [33, 34]. As with preeclampsia, 
treatment is mainly supportive, and delivery is the definitive therapy. Renal failure 
develops in approximately 60% of cases, and, if left untreated, patients may prog-
ress to fulminant hepatic failure with jaundice, encephalopathy, DIC, gastrointesti-
nal hemorrhage, and death [8]. Maternal and fetal mortality rates as high as 85% 
were seen in the past, although with earlier diagnosis and treatment, maternal mor-
tality now ranges between 0% and 12.5%, and perinatal mortality occurs in 6.6–15% 
of cases [5].

The incidence of contrast-induced (CI) AKI has been progressively increasing, 
now accounting for approximately 10.5% of AKI in the nonpregnant population. 
Screening for kidney disease in patients who require iodinated contrast has been 
suggested as a way to prevent CI-AKI, as well as the use of the lowest possible dose 
of iso-osmolar or low-osmolar contrast medium. Intravenous isotonic sodium chlo-
ride (>1–1.5 ml/kg/h for 2–12 h before and 6–12 h after contrast media exposure, to 
achieve a UO >150 ml/h) or sodium bicarbonate solutions are to be used in patients 
at risk of AKI. Hydration is the only intervention associated with prevention of 
CI-AKI; the addition of sodium bicarbonate is not necessary. High-dose oral 
N-acetylcysteine (1200 mg PO q12h the day before and the day of the study) may 
be added despite the fact that the evidence for benefit is very limited [36].

 Nonpharmacologic Management

Renal failure can progress to the point of requiring dialysis to prevent maternal 
morbidity and mortality and allow for progression of pregnancy to a point where 
delivery is feasible. It is a purely supportive measure, and there is no evidence that 
it shortens the course of ARF [2]. Both peritoneal dialysis and hemodialysis have 
been used successfully to treat renal failure occurring during pregnancy [37]. 
Although there are no studies to determine the optimal mode of dialysis in the preg-
nant patient, intermittent hemodialysis is the most commonly chosen modality, 
although continuous hemofiltration has come into use more recently, because it 
allows for control of volume and solute loads, and to prevent the hemodynamic 
fluctuations that occur with intermittent dialysis.
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Dialysis should be undertaken early because urea, creatinine, and other metabo-
lites that accumulate can cross the placenta, and fetal survival and gestational age 
are improved with a lower serum blood urea nitrogen and creatinine [38].

Indications for initiating dialysis include uremic symptoms, volume overload, 
and metabolic acidosis and hyperkalemia unresponsive to medical therapy, although 
other recommended parameters are serum creatinine of 3.5–5.0  mg/dL or GFR 
decreasing to less than 20 mL/min [37]. The placement of a peritoneal dialysis cath-
eter is technically feasible in pregnancy, and the peritoneal membrane has been 
shown to maintain clearance and ultrafiltration capabilities. There are a number of 
advantages with peritoneal dialysis, including minimizing fluid and electrolyte 
shifts, reduction of hypotension, better management of hypertension, and the ability 
to administer insulin and magnesium as needed [37].

Although plasmapheresis is likely not helpful for most causes of ARF, it is used 
therapeutically for thrombotic microangiopathies by clearing large thrombogenic 
multimers or autoantibodies [8], and plasma infusion and plasma exchange are 
used to treat atypical HUS [33]. No trials have been done studying plasma 
exchange for preeclampsia/HELLP, but it seems to be an option with low risk dur-
ing pregnancy and may be promising for otherwise refractory preeclampsia [30, 
34]. There is no strong evidence for plasma exchange to treat AFLP, but the use of 
molecular adsorbent recirculating systems may present a promising mode of ther-
apy [34].

 Surgical Management

When renal failure occurs as a result of obstruction, treatment includes procedures 
to relieve the obstruction such as cystoscopy, stents, and percutaneous nephrostomy 
[8]. In the case of severe preeclampsia, uterine curettage immediately after delivery 
can accelerate recovery [30]. Definitive surgical therapy after the failure of all other 
therapies is eventual renal transplantation.

 Kidney Transplant Recipients and Pregnancy

Women with ESRD could pursue pregnancy after successful kidney transplantation. 
Complications, such as preterm delivery and preeclampsia, are much less, and fer-
tility is always better. Pregnancy is also a sensitizing state, which can result in the 
formation of anti-HLA antibodies that may make finding a future suitable donor 
more difficult. Recommendations from the current KDIGO (Kidney Disease: 
Improving Global Outcomes) guidelines state that women should wait for 1 year 
post-transplantation before pursuing pregnancy, provided kidney function is stable. 
However, a more recent study suggested that waiting 2 years may be prudent to 
reduce the risk of allograft failure [39].
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There have been several single-center studies that have evaluated the impact of 
pregnancy on graft survival. However, it has been difficult to draw firm conclusions 
from these results given methodologic differences, including different eras, study 
populations, immunosuppressive agents, and control groups [39].

The combined results of 50 different studies that reported pregnancy-related out-
comes in kidney transplant recipients published in metanalysis [39]. Study included 
more than 4700 pregnancies in 3570 kidney transplant recipients. They found that 
the live birth rate was similar to that for the general population (73.5% vs 66.7%). 
However, rates of preeclampsia (27% vs 3.8%), gestational diabetes (8% vs 3.9%), 
and preterm delivery (45.6% vs 12.5%) were much higher. The risk for graft loss in 
the cohorts was low (5.8% at 1 year and 6.9% at 5 years) [40]. Women with kidney 
transplants require close monitoring in pregnancy by both obstetricians and nephrol-
ogists [40]. The immunosuppressive regimen needs to be modified to medications 
that are safe in pregnancy, usually a combination of AZA, tacrolimus/cyclosporine, 
and prednisone. Tacrolimus doses often need to be increased substantially in preg-
nancy, though recent pharmacologic studies have shown that whole-blood measure-
ments of tacrolimus do not accurately reflect free tacrolimus levels in the setting of 
pregnancy, meaning that women may experience toxicity with seemingly therapeu-
tic levels [41].

Kidney donors may also have a need for more careful monitoring in pregnancy, 
given increased risk for preeclampsia that has been reported in several observational 
studies. A study by Garg et al. published in 2015 suggested that kidney donors had 
2.4 times increased odds of having preeclampsia or gestational hypertension (11% 
vs 5%), but did not have increased risk for preterm delivery or low birth weight [42].

 Prognosis

The prognosis for recovery of renal function determined by multiple variables, 
including underlying renal status, duration of renal failure, and the etiology of the 
ARF. For example, if the patient had normal renal function before ARF from an 
acute obstructive process that is relieved in a timely manner, then a full recovery 
should be expected. On the other hand, as previously discussed, studies have dem-
onstrated that, of patients with compromised renal function who develop preeclamp-
sia with ARF, up to 80% may require long-term dialysis [22].

 Conclusion

Although the overall incidence of AKI in pregnancy in most of the world is declin-
ing, the absolute numbers of deaths from AKI remain unacceptably high. Diagnosis 
of pregnancy-related AKI is not always straight-forward and can be quite challeng-
ing in those with overlapping features such as preeclampsia/HELLP, AFLP, HUS/

43 Acute Kidney Injury During Pregnancy



556

TTP, atypical HUS, and lupus nephritis. Clinical judgment and experience become 
paramount in making an accurate diagnosis. Measuring angiogenic factors may 
prove to be helpful in making the diagnosis of preeclampsia. Sophisticated genetic 
or serologic testing may have the potential to help identify patients with AFLP and 
atypical HUS, but they are presently not available for everyday clinical use. 
Excluding the use of eculizumab for atypical HUS and plasma exchange for TTP, 
treatment of AKI in pregnancy is generally supportive, often coupled with expedient 
delivery. Research should focus on disease-specific diagnostic markers, with aware-
ness that prompt availability of results is necessary to affect management decisions 
and impact outcomes. These issues are especially relevant if the incidence of AKI is 
increasing in the developed world, with the rise possibly related to the trend toward 
delaying childbirth, which may be accompanied by increases in maternal comor-
bidities. Furthermore, the increasing use of reproductive technologies that fre-
quently result in multiple gestations may also increase the risk of AKI. Hence, the 
need for prompt and accurate diagnosis followed by appropriate treatment for 
pregnancy- related AKI continues to grow with the changes in the epidemiology of 
women of reproductive age.

 Key Points

• Although the incidence of pregnancy-related acute kidney injury declined in the 
developed world between 1950 and 2019, rates have increased in the past decade. 
Furthermore, mortality and the risk of long-term renal failure remain significant 
in such cases.

• An approach to the management of pregnancy-related acute kidney injury must 
be informed by a thorough understanding of maternal renal adaptations to preg-
nancy, including alterations in renal hemodynamics and substrate handling.

• Management strategies should incorporate an understanding of fetal consider-
ations, including the importance of maintaining uteroplacental blood flow and 
interventions that may ameliorate fetal compromise.

• In addition to causes of acute renal failure that may occur coincident with preg-
nancy, several disease processes unique to pregnancy should be considered in the 
pregnant patient. The most common of these is preeclampsia.

• The determination of the specific cause of pregnancy-related acute renal failure 
can allow for the differentiation of conditions that require delivery for treatment 
from those that would not be altered by delivery. This distinction allows for 
 minimization of iatrogenic prematurity and its associated complications. In mak-
ing this distinction, prudent use of renal biopsy may be indicated.

• When indicated, renal replacement therapy can be administered to pregnant 
women, and care should be taken to minimize hemodynamic and solute fluctua-
tions. Intermittent or continuous therapy may be helpful in these patients.

• A multidisciplinary team approach is imperative for optimal management of the 
pregnant woman with acute renal failure.
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Chapter 44
Hematological Emergencies

Janice Zimmerman

 Introduction

Hematological emergencies may be a primary disorder in pregnancy (i.e., throm-
botic thrombocytopenic purpura) or complicate other serious conditions (i.e., 
thrombocytopenia in severe preeclampsia or HELLP). Although most hematologi-
cal disorders in pregnancy are acquired, congenital disorders such as sickle cell 
anemia also lead to potential complications. Little or no data exists on the incidence 
of hematological emergencies in pregnancy.

 Hematological Adaptations During Pregnancy

The evaluation of hematological complications during pregnancy must take into 
account physiological changes that occur during this period. Beginning at 
8–10 weeks of gestation, the number of red blood cells increases and will be 20–30% 
higher by the end of pregnancy compared to nonpregnant women. This increment 
results from increased production of erythropoietin that supports the requirement 
for increased oxygen delivery during pregnancy. The plasma volume increases 
10–15% by 6–12  weeks gestation and continues until weeks 30–34, reaching 
30–50% more compared to nonpregnant women. This increase in plasma volume 
facilitates the delivery of nutrients and waste removal from the fetus and protects the 
mother from excessive blood loss during delivery. These changes explain the dilu-
tional decrease in hemoglobin concentration and the physiological anemia of 
pregnancy.
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The number of white blood cells starts to increase after the second month of 
pregnancy up to the third trimester, when the count can reach 10 to 15,000/mm3. 
The white blood cell count usually returns to normal by 1 week postpartum. The 
presence of Dohle bodies (oval, basophilic inclusions in the periphery of granulo-
cytes) can be normal during pregnancy.

The platelet count can be mildly reduced during pregnancy (gestational thrombo-
cytopenia/incidental thrombocytopenia) but should remain within the normal range. 
Counts less than 100,000/mm3 must be properly investigated.

During pregnancy there is a reduction in fibrinolysis, explained by an increase in 
thrombin cleavage products and a decrease in the concentrations of protein S and 
antithrombin. Clotting factor concentrations also increase, which helps in preven-
tion of excessive bleeding during placental separation. However, these changes in 
the coagulation cascade increase the risk of thrombosis in the mother. Despite 
increases in clotting factors, coagulation test results (PT and aPTT) remain within 
the normal range.

 Evaluation of Hematological Disorders

The complete blood count and coagulation studies are the most commonly used 
diagnostic tests for hematological disorders in pregnancy. Visual inspection of the 
peripheral blood smear should also be performed when evaluating potential hemo-
lytic disorders, thrombocytopenia, thrombotic microangiopathies, and hemoglobin-
opathies. Hemoglobin electrophoresis may be ordered if an undiagnosed 
hemoglobinopathy is suspected. Coagulation abnormalities may require further 
evaluation with specific factor levels or mixing studies to distinguish factor defi-
ciency from an inhibitor. If available, an ADAMTS 13 level is helpful in confirming 
the diagnosis of thrombotic thrombocytopenic purpura (TTP).

 Severe Anemia in Pregnancy

Physiologic anemia is the most common hematological finding of pregnancy but is 
not severe. Iron deficiency anemia may cause severe anemia in pregnancy, but it 
usually does not present as an obstetric emergency. Aplastic anemia is one hemato-
logical emergency that may occur in pregnancy.

Aplastic anemia associated with pregnancy or induced by pregnancy is uncom-
mon, but it is a serious condition that usually presents as a progressive pancytope-
nia. The etiology is related to an immunological disorder with an overproduction of 
bone marrow inhibiting cytokines induced by abnormal T cell response in an indi-
vidual that is genetically predisposed. Common complications in these patients 
include postpartum bleeding, premature rupture of membranes, endometritis, 
growth restrictions, and placental abruption. Severe thrombocytopenia (platelet 
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count less than 20,000/mm3) is associated with more complications [1, 2]. The most 
frequent causes of maternal mortality are bleeding and sepsis.

Patients may present with symptoms of fatigue or dyspnea but also more serious 
manifestations such as bleeding or infection. Bone marrow biopsy is required for 
diagnosis and reveals hypoplasia of all cell lines. Management while pregnant 
includes transfusions to maintain platelet count greater than 20,000/mm3 and ade-
quate hemoglobin concentrations [3]. Higher platelet counts may be needed at the 
time of delivery especially with operative deliveries. Prophylactic antibiotics are 
indicated for neutropenia to prevent infection. Growth factors such as granulocyte/
monocyte colony-stimulating factor can be administered, and cyclosporine has also 
been used in pregnancy [3]. Hematopoietic stem cell transplant is not an option dur-
ing pregnancy. Spontaneous remission may occur after delivery in 50–70% of 
women, but standard therapies are indicated for those that do not recover [4].

 Sickle Cell Anemia

Sickle cell disease (SCD) during pregnancy increases the risk of obstetric and non- 
obstetric complications including infections, thrombotic events, acute chest syn-
drome, pulmonary hypertension, postpartum hemorrhage, preeclampsia, stillbirths, 
spontaneous abortions, preterm labor, and infants with low birth weight. Maternal 
and perinatal mortality are also increased. Worsening anemia in SCD may be pre-
cipitated by malaria infection, preeclampsia, postpartum hemorrhage, aplastic cri-
sis, and vaso-occlusive pain crisis [4]. A multidisciplinary approach to care involving 
hematologists, obstetricians, and primary care physicians is needed to optimize out-
comes. The optimal approach to treating anemia in pregnant patients with SCD is 
unclear. Options are limited to treating the precipitant of worsening anemia and 
support with blood transfusion. A Cochrane review found insufficient evidence to 
recommend prophylactic transfusion over standard care [5]. A meta-analysis of 11 
cohort studies suggested prophylactic transfusion was associated with decreased 
maternal and perinatal mortality, vaso-occlusive pain crises, and pulmonary compli-
cations, but the studies had a high risk of bias [6]. Additional data on prophylactic 
transfusion will be available from a trial in progress (https://clinicaltrials.gov/ct2/
show/NCT03975894) [7]. Currently, routine prophylactic transfusion is not recom-
mended [8]. Serious complications of SCD in pregnancy such as severe anemia 
(hemoglobin < 6 g/dL), stroke, organ failure, or acute chest syndrome are likely to 
require simple transfusion to increase the hemoglobin or exchange transfusion to 
lower hemoglobin S levels. Once transfusion is initiated for a serious complication, 
it may be appropriate to continue a transfusion program for the duration of the preg-
nancy. Unfortunately, blood transfusion in the pregnant patient with SCD is associ-
ated with higher risk of alloimmunization, delayed hemolytic transfusion reactions, 
and hemolytic disease in the infant. Compatible blood for transfusion may also be 
difficult to obtain due to alloimmunization from prior transfusions.
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 Immune Thrombocytopenia (ITP)

There are many causes of thrombocytopenia in pregnancy (Table  44.1) [9], and 
some of these conditions have been discussed in other chapters. Immune thrombo-
cytopenia more commonly develops in the first trimester but can occur at any gesta-
tional age [10]. The peripheral blood smear shows thrombocytopenia without small 
or giant platelets. The presence of antiplatelet antibodies is neither sensitive nor 
specific for the diagnosis.

Although the lowest platelet count in ITP in pregnancy is usually above 50,000/
mm3, some women develop severe thrombocytopenia and bleeding [10]. Treatment 
of ITP during the first and second trimester is similar to nonpregnant women. The 
use of oral corticosteroids (10–30 mg prednisone daily) and intravenous immuno-
globulin (1 g/kg) should be considered for platelet counts below 20,000/mm3, active 
bleeding, or when an invasive procedure is required.

Therapy during the third trimester should be based on the risk of maternal bleed-
ing during delivery. The mode of delivery is determined by the risk of obstetrical 
complications rather than the presence of ITP. If a cesarean section or spinal anes-
thesia is planned, a short course of corticosteroids or immunoglobulin and platelet 
transfusions can be initiated with the goal to increase the platelet count above 
75,000 to 80,000/mm3. A platelet count of 50,000/mm3 or greater is recommended 
for a vaginal delivery [10]. In the event of refractory thrombocytopenia, splenec-
tomy can be considered during the second trimester or at the time of cesarean sec-
tion. Cytotoxic agents are generally not recommended due to their teratogenic 
effects.

 Thrombotic Microangiopathies

Thrombotic microangiopathies are characterized by hemolytic anemia, thrombocy-
topenia, and microvascular thrombosis leading to organ dysfunction. Although sys-
temic lupus and antiphospholipid syndrome are thrombotic microangiopathies that 

Table 44.1 Causes of 
thrombocytopenia in 
pregnancy

Gestational thrombocytopenia
Preeclampsia/eclampsia
HELLP
Immune thrombocytopenia
Acute fatty liver
Thrombotic thrombocytopenic purpura
Hemolytic uremic syndrome
Disseminated intravascular coagulation
Hemorrhage
Sepsis
Drug-induced thrombocytopenia
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can occur in pregnancy, this chapter will limit discussion to thrombotic thrombocy-
topenic purpura (TTP) and hemolytic uremic syndrome (HUS). Preeclampsia and 
HELLP have been discussed in Chap. 10.

 Thrombotic Thrombocytopenic Purpura (TTP)

TTP is caused by a severe congenital (Upshaw-Schulman syndrome) or acquired 
deficiency in ADAMTS13, a metalloprotease that cleaves ultra-large von Willebrand 
factor multimers. These large multimers increase platelet adhesiveness and aggrega-
tion and impair fibrinolytic activity that predisposes to thrombotic occlusion of the 
microvasculature. The acquired deficiency of ADAMTS13 is most commonly due 
to an autoantibody. Pregnancy may be the initiating event in approximately 7% of 
TTP cases (congenital and acquired). More than 80% of TTP cases occur after 
30 weeks gestation or during the postpartum period [10, 11].

Clinically TTP consists of the following classic conditions: microangiopathic 
hemolytic anemia, thrombocytopenia, fluctuating central nervous system abnormal-
ities, fever, and renal dysfunction. Only microangiopathic hemolysis and thrombo-
cytopenia are required for diagnosis, and other elements of the pentad may not be 
present. TTP may be difficult to distinguish from severe preeclampsia or HELLP 
syndrome. Manifestations that are more suggestive of TTP are listed in Table 44.2.

Examination of the peripheral blood smear should be performed to assess for 
typical findings of thrombocytopenia, polychromasia of reticulocytes, and frag-
mented red blood cells. Other laboratory manifestations include elevated lactate 
dehydrogenase (LDH) and bilirubin. Renal findings may be subtle, such as protein-
uria, or more overt with elevated BUN and creatinine. Measurement of ADAMTS13 
activity is helpful in the diagnosis of congenital and acquired TTP. Activity levels 
are usually less than 10% [10]. However, testing may not be readily available, and 
treatment may need to be initiated based on clinical suspicion. A low ADAMTS13 
antigen level or the absence of antibody to ADAMTS13 suggests congenital 
deficiency.

The treatment of choice in pregnant patients with acquired TTP is urgent plasma 
exchange therapy to remove the antibody and infusion of fresh frozen plasma to 

Table 44.2 Manifestations 
suggesting a diagnosis of 
TTP rather than preeclampsia 
or HELLP

Absence of hypertension
Lower platelet count (<50,000/mm3, especially if <10,000/
mm3)
Mental status changes more common
Liver function abnormalities less common
More severe hemolysis
Normal coagulation parameters (PT/PTT)
Presence of fever
Failure to resolve or worsening after delivery
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replace ADAMTS13. Corticosteroids are also initiated for immunosuppression in 
acquired TTP. Fresh frozen plasma alone may be effective in congenital TTP and 
can be infused in acquired TTP when there are delays in initiation of plasma 
exchange. Once platelet counts have normalized, the frequency of plasma exchange 
will depend on the subsequent platelet counts. More intense plasma exchange may 
be required prior to delivery if time allows. Platelet transfusions are usually avoided 
unless severe bleeding develops. Caplacizumab, an antibody fragment that inhibits 
interaction of von Willebrand factor with platelets, is approved for use in TTP along 
with plasma exchange, but there is no data on safety and efficacy in pregnancy [12]. 
Maternal mortality is usually not compromised significantly by TTP, but fetal mor-
bidity and mortality are increased [13]. Fetal loss more commonly occurs in the 
second trimester [11].

 Hemolytic Uremic Syndrome (HUS)

Hemolytic uremic syndrome is a thrombotic microangiopathy with prominent renal 
involvement, and two types have been characterized. Typical HUS is mediated by 
exposure to Shiga toxin and is more common in children. Bloody diarrhea is a char-
acteristic manifestation but may not be present in all cases. Atypical HUS (aHUS) 
is associated with mutations in genes regulating the alternative complement path-
way and more likely to be associated with pregnancy. Almost 80% of aHUS in 
pregnancy occurs postpartum [13, 14].

Diagnosis of aHUS is based on clinical manifestations consistent with the syn-
drome, laboratory findings of hemolytic microangiopathy and thrombocytopenia, 
and exclusion of other causes. Low complement levels are not specific for aHUS, 
and activity levels of ADAMTS13 are near normal in aHUS. Findings of genetic 
mutations associated with aHUS support the diagnosis, but testing may not be avail-
able or results are delayed for weeks.

Treatment for HUS is often initiated with plasma exchange, but benefit has not 
been established, and improvement in renal function is frequently poor [13]. 
Hemodialysis is usually required, and progression to end-stage renal disease is high. 
Eculizumab (a monoclonal antibody inhibitor of complement C5) is indicated for 
aHUS and has been used effectively in a limited number of reports of pregnancy- 
associated aHUS [15].

 Coagulopathies

Bleeding disorders during pregnancy can be the result of inherited or acquired coag-
ulopathy. Acquired bleeding disorders during pregnancy are usually secondary to 
disseminated intravascular coagulation (DIC).
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 Disseminated Intravascular Coagulation

Disseminated intravascular coagulation in pregnancy occurs secondary to precipi-
tating events such as massive postpartum hemorrhage, sepsis, amniotic fluid embo-
lism, placental abruption, and acute fatty liver of pregnancy. Systemic activation of 
clotting is thought to lead to microvascular thrombi and organ dysfunction, while 
depletion of platelets and coagulation factors contributes to bleeding. Although DIC 
is a common indicator of severe maternal morbidity, it is rarely a sole cause of 
maternal mortality [16].

Obstetrical emergencies due to bleeding from DIC usually do not pose a diag-
nostic dilemma. Prolongation of the PT, aPTT along with thrombocytopenia are 
expected findings. Due to physiological increases in fibrinogen and D-dimer in 
pregnancy, normal values may be consistent with DIC. Trends in results for fibrino-
gen and D-dimer may be more helpful than single test results [17]. DIC scores have 
not been specifically applied in pregnancy [16].

Effective treatment of severe DIC requires control of the precipitating condition 
and support with blood products. Transfusion of red blood cells, fresh frozen 
plasma, platelets, cryoprecipitate, or fibrinogen concentrates provides hematologi-
cal support based on coagulation studies and status of the patient (See Chap. 46).

 Acquired Hemophilia

Acquired hemophilia in pregnancy is rare and usually due to an antibody inhibitor 
against factor VIII.  Acquired hemophilia typically develops in the postpartum 
period and may be associated with clinically significant bleeding. Patients may 
present with unexpected vaginal bleeding weeks after delivery or hematomas and 
ecchymoses months after delivery. Laboratory results show a prolonged aPTT that 
does not correct with normal plasma in mixing studies. Treatment for significant 
bleeding includes the use of activated prothrombin complex concentrates (aPCC) 
or rFVIIa to bypass the inhibitor. Although corticosteroids, intravenous immuno-
globulin, and rituximab have been used in acquired hemophilia, experience is 
limited.

 Summary

Acquired and congenital hematological emergencies can occur as primary disorders 
or complicate other conditions in pregnancy. Abnormal bleeding and bruising 
should be investigated with standard tests taking into account the physiological 
changes associated with pregnancy. Treatment depends on the specific diagnosis, 
gestational age, status of the mother and fetus, and availability of resources.
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Chapter 45
Immune Thrombocytopenia 
and Microangiopathies in Pregnancy

Alcibiades E. Villarreal  and Lineth López

 Immune Thrombocytopenic Purpura

 Introduction

Immune thrombocytopenic purpura (ITP) is an acquired disease that raises diagnos-
tic and therapeutic doubts in the clinician for being a diagnosis of exclusion, fear of 
bleeding, and not being able to correct the event with simple transfusion measures. 
Although it was previously defined as a purpura, waiting for a hemorrhagic clinical 
presentation, today its name has changed to “immune thrombocytopenia,” not only 
because of its immune pathological origin but because paradoxically it is not usual 
for it to bleed at the time of its debut, unless other clinical factors are added. 
However, in the medical nomenclature, the term ITP continues to be used.

In the pregnant patient, other clinical challenges are added for the control or 
prevention of bleeding, such as the time of delivery, the administration of epidural 
anesthesia, and fetal and newborn safety according to the trimester of onset.
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 Epidemiology

Usually 7–10% of pregnant women will have thrombocytopenia [1]. ITP is the sec-
ond most frequent cause of thrombocytopenia in pregnant women after gestational 
thrombocytopenia, representing 1–4% of the causes of thrombocytopenia [2]. ITP 
in pregnant women has one case incidence per 10,000 to 100,000 women [3], but in 
the general adult population, the incidence of ITP is 2.64 in 100,000 people [4], and 
the average age of presentation is 56 years. It usually occurs more frequently in the 
first trimester of pregnancy, most often in women with a history of ITP, and has a 
very low maternal morbidity and mortality; sometimes when the ITP is mild, it can 
be indistinct from one another. Controversial cases are in third trimester due to the 
choice of the delivery route, use of epidural anesthesia, and the safety of the new-
born among others. The percentage of neonatal condition with the passage of anti-
bodies is estimated at around 22%, with 6% of intracranial hemorrhages in newborn, 
but fortunately less than 1% mortality [3].

 Physiopathology

ITP is a non-specific disease of pregnancy; its pathophysiological basis is due to an 
autoimmune disease. The disease is increasingly understood, which is why its name 
has changed over time from idiopathic to immune thrombocytopenia [5].

The protagonists in this case “platelets” are enucleated fragments, with 7  fl. 
diameter, which come from megakaryocytes in the bone marrow and are produced 
by polyploidization; once they reach peripheral blood, they have a half-life of 
7–10 days [6]. There are many transmembrane receptors that are potential target for 
antibodies such as CD41, CD61 (integrin αIIbβ3), CD42 (glycoprotein Ib) and gly-
coprotein V, which allow them to adhere by Gap (glycoproteins) to von Willebrand 
multimers, aggregation between them and actively participate in the establishment 
of coagulation as seen in the new cell model, hence its susceptibility to autoimmune 
phenomena despite being one of the smallest of the hematological parameters [7].

Its immune base manifests itself in the same way as in non-pregnant patients 
with IgG antibodies against glycoproteins, mainly GpIIb-IIIa and GpIb-IX, and 
increased clearance by tissue macrophages; these antibodies bind both platelets and 
megakaryocytes [8]. It is also known that c-mpl receptor antibodies are produced 
with intracellular and extracellular domains, which are found in both megakaryo-
cytes and circulating platelets [9]. Normally thrombopoietin (TPO) acts as an ago-
nist cytokine in the c-mpl favoring megakaryopoiesis; this concept has been key in 
the use of new therapies for the ITP treatment, with TPO agonists; however, they 
have not proved safety in pregnant women yet. Also, these labeled platelets are 
cleared by the reticuloendothelial system mainly of the spleen, hence splenectomy 
as a therapeutic option [10]. See Fig. 45.1.

Primary ITP is diagnosed if other underlying diseases or conditions have been 
excluded and is equivalent to 70–80% of cases [11]. Depending on its evolution 
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time it can be acute or chronic; in adults, a large percentage of acute ITP will evolve 
to chronic patients despite treatment, and of these a large part despite not obtaining 
a complete remission will remain under observation. Here we summarize the ITP 
causes (see Table 45.1), ITP phases (see Table 45.2), and ITP response criteria (see 
Table 45.3), according to the International Working Group.

 Clinical Presentation

The presentation is mostly asymptomatic; usually low platelet count is detected in 
routine blood laboratory during obstetric follow-up, which is why it is no longer so 
frequent to talk about purpura [13]. Thrombocytopenia increases the risk of bleed-
ing, but it is not until values reach <30 × 109/L, a spontaneous hemorrhagic event 
can occur. The bleeding risk is increased with antiplatelet agents (non-steroidal anti- 
inflammatory drugs, acetylsalicylic acid, or others), coagulopathies with underlying 

Fig. 45.1 This figure represents the presence of c-mpl receptors both in the bone marrow mega-
karyocyte and in the platelets observed in peripheral blood, and their interaction with TPO. In red 
arrow a megakaryocyte is observed and in green arrow a platelet in peripheral blood. Blood taken 
from patient from the Centro Hemato Oncológico of Panama. (Figure taken by Dr. Lineth López)

Table 45.1 Causes of ITP, according to the International Working Group [12]

Primary Isolated thrombocytopenia
Platelets <100 × 109/L
No secondary cause of ITP

Secondary All autoimmune, infectious, or drug forms
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lesion, as in cirrhotic patients who suffer from esophageal varices, and also altera-
tion of secondary hemostasis [13].

Platelets are part of primary hemostasis, and the hemorrhagic manifestations are 
mucocutaneous, as gingivorrhagia, petechiaes, epistaxis, and there could be trans-
vaginal or gastrointestinal bleeding [14].

The diagnosis is made with exclusion of other thrombocytopenia causes. The 
first assessment is always clinical where there are no other symptoms or signs that 
force to rule out another etiology, can’t be weight loss, fever, joint manifestations, 
adenopathies, and/or visceromegalies, and has to exclude the use of medications 
that cause thrombocytopenia; if there is any alteration, it should only be hemor-
rhagic [13].

In laboratory test, the most important is the evaluation of the blood count and the 
analysis of the peripheral blood spread; exclusively it has a decrease in the platelet 
series, with normal or high average platelet volume; if there are other alterations, 
another clinical entity should be suspected.

Based on the clinic, perform kidney and liver tests; viral or infectious as human 
immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), 
dengue, and Helicobacter pylori, either with stool antigen or urea breath test (if 
there is a possibility of treatment); screening of autoimmune diseases according to 
other clinical manifestations (ANA, C3, C4, direct Coombs) and for antiphospho-
lipid syndrome (AFS) lupus anticoagulant, anticardiolipins, and B2 glycoproteins; 
thyroid function for some cases associated with hypothyroidism, DIC coagulation 
tests (disseminated intravascular coagulopathy), prothrombin time (PT), activated 
partial thromboplastin time (PTT), and fibrinogen [1, 15].

There is no indication for bone marrow studies in patients under 60 years old, 
and it is not recommended to perform routine antiplatelet antibodies for diagnosis 
or to predict the risk of neonatal thrombocytopenia [1].

Table 45.2 ITP phases 
according to the International 
Working Group [12]

Acute Presentation in less than 3 months
Persistent Duration between 3 and 12 months
Chronic Duration greater than 12 months

Table 45.3 ITP response criteria according to the International Working Group [12]

Complete 
remission

Platelets count >100 × 109/L and absence of bleeding

Partial 
remission

Platelets count ≥30 × 109/L, increase by more than twice the baseline and 
absence of bleeding

Refractary Failure to achieve response or loss of response after splenectomy, with the need 
of continuous treatment to reduce bleeding risk. Having responded to the use of 
immunoglobulin or high doses of corticosteroids temporarily also can fall within 
this definition

Loss of 
response

Platelet count <100 × 109/L or bleeding (if previous CR) or <30 × 109/L or less 
than twice the baseline, or bleeding (if previous PR)
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 Differential Diagnosis

Within the causes of thrombocytopenia, there are differences between specific and 
non-specific conditions in pregnancy; this is important in the diagnosis and treat-
ment of each entity. ITP is not specific; in fact the most frequent cause is gestational 
thrombocytopenia in 70–80% of cases, unlike ITP in 1–4% [1, 16]. The timing of 
the presentation can also be correlated, for example, gestational thrombocytopenia 
usually occurs in the second and third trimesters and ITP in the first, although it may 
appear at any stage of pregnancy [17]. See Table 45.4.

 Treatment

The mainstay of treatment is based on avoiding bleeding, and this is achieved with 
a multidisciplinary management: the obstetrician, anesthesiologist, hematologist, 
and neonatologist. And although only one third of the patients will require treat-
ment, we must consider the platelet value, if there are previous stigmas of bleeding, 
if there is any associated coagulopathy, and mode of delivery as well as use of epi-
dural and neonate safety.

The first line will always be corticosteroids, especially prednisone at 0.5–2 mg/
kg/day in the general population, but in pregnant women a dose of 10–20 mg/day is 

Table 45.4 Differential diagnosis of thrombocytopenia [1, 18]

Specific causes of pregnancy Non-specific causes

Gestational thrombocytopenia 
(70–80%)
Hypertensive disorders
  Preeclampsia (15–20%)
  HELLP (<1%)d

  Fatty liver (<1%)

Isolated thrombocytopenia
  Pseudotrombocytopenia by antibodies to EDTAa

  ITP (1–4%)
  Drugsb (<1%)
  von Willebrand IIB (<1%)
  Congenital (<1%)
  Secondary-viral-infectious ITP (<1%)c [19]
Thrombocytopenia associated with systemic diseases
  DIC
  Thrombotic thrombocytopenic purpura (TTP), hemolytic 

uremic syndrome (HUS) (<1%)
  Autoimmune (e.g., lupus, AFS) (2–5%) [20]
  Myeloptisis
  Liver disease
  HIT (heparin-induced thrombocytopenia)
  Vitamin B12 deficiency, folic acid (<1%)

aEthylenediaminetetraacetic acid (EDTA)
bQuinine, antibiotics, glycoprotein IIb/IIIa inhibitors, antiplatelet, antireumatic, antiepileptic, car-
diac, biological agents
cHIV, CMV, HBV, HCV, tuberculosis, H. pylori, chicken pox, Epstein-Barr virus, parvovirus B19, 
bunyavirus
dHELLP (hemolysis, elevated liver enzyme levels, and low platelet levels)

45 Immune Thrombocytopenia and Microangiopathies in Pregnancy



574

recommended, due to its adverse effects and potential complications. Among the 
adverse effects of steroids in the first trimester, there is an increased risk of cleft 
palate, and in the rest of pregnancy weight gain, hyperglycemia, osteoporosis, psy-
chosis, and hypertension exacerbation among others. Also, in the first line in cases 
of acute bleeding or imminent procedure (cesarean section or epidural), the use of 
immunoglobulins is proposed [21]. See Table 45.5.

The second therapeutic line that is proposed is splenectomy; this is preferably 
performed in the second trimester, before week 20. Although there are advances 
with thrombopoietin agonists such as eltrombopag and romiplostin, studies show 
class C safety for now, like rituximab. For now, the use of immunodulators such as 
azathioprine has been proven safe. See Table 45.5.

A platelet value >50 × 109/L is recommended for a cesarean section and >75–80 
× 109/L for a regional epidural block [22, 23]; this is controversial because of the 
balance between the prothrombotic effect of pregnancy vs the hemorrhagic ITP; a 
thromboelastogram could be used to guide this decision. Women with platelet count 
>20–30 × 109/L and without bleeding do not require treatment until approximately 
36 weeks; once near the date of delivery, it is recommended to use prednisone or 
prednisolone 10 mg/day [1].

If there is bleeding and/or surgical or epidural intervention is required, immuno-
globulin is recommended at a dose of 1 g/kg every day for a maximum of 2 days, 
and its response is seen in 1–2 days, or anti-D 50–75 ug/kg in RH-positive patients; 
for this the response is seen at 4–5 days [22, 23]. The use of platelet transfusion is 
reserved for acute situations with life-threatening bleeding, in case there is no 
response to steroids and the effect of immunoglobulin use or concomitant use is not 
yet seen [23]. If the patient has a basic disease that increases the risk of thrombosis 
such as FAS with platelet values >50 × 109/L, aspirin or prophylaxis low molecular 
weight heparin may be used [22].

The delivery mode is based on the obstetric indication; studies indicate that there 
is no impact on morbidity and mortality in deciding vaginal or cesarean delivery. 
Hemorrhagic events in neonates, if any, occur within 24–48  hours delivery, and 
occur in less than 1% [22, 23].

There is no clear predictor to know if the neonate will have ITP, and there is no 
impact on the use of peripartum steroids, so this is not an indication to start them in 
the mother [23]. It is not recommended to perform platelet counts to neonates dur-
ing childbirth, nor tests of the umbilical cord by drainage (they are only admitted by 

Table 45.5 ITP treatment [21]

First line Second line

Corticosteroid
  Prednisone 0.5–2 mg/kg/day per 3 weeksa

  Metilprednisolona 1 g/dia per 3 days
Immunoglobulin anti IgG 1 g/kg/day, until 2 days
Inmunoglobulin anti-D 50–75 ug/kg unic dose

Splenectomy
Azatioprina1–2 mg/kg/day
Ciclosporina

aPrednisone after administered for 3 weeks, the dose should be progressively decayed to avoid 
adrenal insufficiency
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direct venipuncture to the cord) and of course the use of forceps or maneuvers, or 
administration of intramuscular vitamin K (at less until platelet value is obtained) in 
infants or mothers diagnosed with ITP [23].

 Monitoring

Blood test samples are required every 2 weeks at least, and if platelet values >50 × 
109/L. If platelets descend to <30 × 109/L, monitoring should be weekly until the 
time of delivery or until a hemorrhagic phenomenon occurs. The neonate should be 
monitored daily until day 5 postpartum; a rise in values around day 7 is observed in 
those with thrombocytopenia [22, 23]. The use of transcranial ultrasound in infants 
with ITP is also recommended [23].

 Thrombotic Microagiopathies: Thrombotic 
Thrombocytopenic Purpura (TTP) and Hemolytic Uremic 
Syndrome (HUS)

 Introduction

Thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome 
(HUS) are thrombotic microangiopathies, both acute, rare life-threatening condi-
tions, and the biggest challenge is timely and rapid diagnosis. There are microangi-
opathies related to pregnancy, like preeclampsia and HELLP, often difficult to 
differentiate from each other. They cause microvascular and macrovascular occlu-
sion causing thrombosis and hence its clinical manifestations. TTP is characterized 
by hemolytic anemia, thrombocytopenia, acute renal failure, neurological disorders, 
and fever [24] and shares with the HUS the first three characteristics; however, the 
treatment differs in each one. In pregnant women both incur the danger of death to 
both the mother and the product, so the success of treatment is its early diagno-
sis [25].

 Thrombotic Thrombocytopenic Purpura (TTP)

 Epidemiology

TTP can be congenital or acquired; 75% of cases in total occur in women and is 
more frequent in black youth [26]. The annual incidence for acquired is 3.1 per mil-
lion persons, and the congenital is less than 1 per million persons in the United 
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States [27]. A prevalence was observed to be 13 per million persons in the national 
registry of France between 1999 and 2013 [28]. TTP can be precipitated by preg-
nancy in 10–30% of cases, and of these cases 24–60% could be congenital [23].

 Physiopathology

One step of normal hemostasis, after an endothelial lesion, is the exposure of the 
high molecular weight von Willebrand glycoprotein, which is secreted in the endo-
thelial cells, creating an elongated base for platelet adhesion and aggregation with 
subsequent thrombus generation [29]. In this glycoprotein, there are ADAMTS13 
binding domains (a disintegrin and metalloproteinase with athrombospondin type 1 
motif, member 13), which cleave the von Willebrand protein to regulate its activity 
and regulate sustained thrombus generation. In TTP, also called Moschcowitz syn-
drome, there is quantitative or qualitative deficiency of ADAMTS13 creating giant 
von Willebrand multimers that initiate the thrombus production cascade [30]. This 
can occur congenitally (Upshaw-Schulman syndrome) due to the absence or muta-
tion of ADAMTS13 that produces protein activity less than 5% or acquired by the 
production of antibody, usually IgG against ADAMTS13, triggered by infections, 
autoimmune diseases, transplantation, pregnancy, or cancer among others and other 
times idiopathic [31].

The generation of these thrombi in the microvasculature generates ischemic 
events in the kidney, brain, and heart, excessive consumption of platelets, and hemo-
lytic anemia due to fragmentation of red blood cells; generally, these events occur 
when the values of ADAMTS13 fall below 10% [32].

In pregnancy it can develop in the second or third trimester although there is 
more possibility of complication between week 20 and 29 due to severe intrauterine 
growth restriction, so they have a better prognosis if it occurs before week 20 or 
after 30.

 Diagnosis

The real challenge is to differentiate this entity from other pregnancy conditions that 
have some similarities, for example, in hypertensive disorders of pregnancy, HELLP 
(hemolysis, elevated liver enzymes, low platelets) share inclusive pathophysiologi-
cal bases such as increase in von Willebrand multimers and complement activation, 
but with normal or slightly decreased ADAMST13 activity [33, 34].

The clinical manifestations are variable; all alterations may be present (in 5% of 
patients, the following: fever, neurological manifestations, renal alteration, throm-
bocytopenia, and hemolytic anemia) as one or two, always accompanied in labora-
tories of a hemolytic anemia microangiopathic and thrombocytopenia 100% of the 
time [35]. See Figure 45.2 of a characteristic TTP peripheral blood smear patient.
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Anemic syndrome of rapid onset (weakness, fatigue, fatigue, paleness) and hem-
orrhagic manifestations (petechiae, purpura, bruises, intestinal bleeding, hematuria 
among others) are usual when platelets <10 × 109/L; neurological abnormalities 
(dizziness, delirium, seizures, headache, changes in vision) and manifestations of 
cerebrovascular events; cardiac disorders such as heart failure, arrhythmias, dys-
pnea, and also renal manifestations such as uremic syndrome (it is not usual to 
require dialysis unlike atypical HUS that usually is an alternative diagnosis); and 
finally and less frequent fever (22%) [35].

To establish the diagnosis, the initial assessment should always include a periph-
eral blood smear, to observe the schistocytes and nucleated red blood cells, and a 
direct negative Coombs. Other laboratories to corroborate hemolysis are lactate 
dehydrogenase (LDH), elevated reticulocytes, elevated indirect bilirubin, decreased 
haptoglobin, negative CID profile, and elevated creatinine. In the case of pregnant 
women, this condition per se is the most obvious trigger, but to complement the 
diagnosis, tests will be requested to rule out viral infections such as HIV, HBV, and 
HCV among others, ANA, and complement values to rule out autoimmune altera-
tions, if the clinic is suggestive [36].

As a confirmatory test, ADAMTS13 must be requested before treatment initia-
tion and can be used for monitoring and response: (1) the percentage of activity that 
will be less than 10%; (2) assess antibody titers; (3) antigenic titers; and (4) muta-
tional genetic screening of this protein.

This panel of tests will also guide us to rule out whether it is of acquired or con-
genital etiology [36].

Pregnancy is the main trigger in women with congenital etiology who have dou-
ble heterozygous or homozygous mutations, and generally the diagnosis is made 
during the first pregnancy; it is important to clarify this aspect since 100% will 

Fig. 45.2 Peripheral blood 
smear where schistocytes 
(blue arrow) and nucleated 
red blood cells or 
normoblasts (red arrow) 
are identified. Blood taken 
from patient from the 
Centro Hemato 
Oncológico of Panama. 
(Figure taken by Dr. 
Lineth López)
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relapse during second pregnancy [25]. In the acquired causes, pregnancy is a mild 
trigger, and although the risk of relapse is not so high, if there is an increased risk of 
preeclampsia, in the subsequent ones.

The differential diagnosis in pregnant is CID, HELLP, and preeclampsia; and 
other causes not related to pregnancy are: infections, tumors, autoimmune diseases, 
and other microangiopathies such as HUS (the last one, very important if the main 
manifestation is renal failure with normal ADAMTS13 levels) [37].

 Treatment

Pregnant women with TTP should start plasma exchange therapy (PEX) urgently, 
give supportive treatment and induce labor; at the same time steroids should be 
administered; if this measure is delayed, it could result in the death of the mother 
and the product [38]. PEX consists in removing the antibodies and replacing the 
depleted ADAMTS13; the response to PEX is the same as the general population 
and reduces mortality by 80% and should not be delayed until confirmatory tests 
such as ADAMTS13 are obtained [38]. Replace 1.5 times the volume daily at least 
2 days until platelets reach values greater than >150 × 109/L. If replacement is not 
available right away, infuse fresh frozen plasma 25–30 cc/kg in the meantime; stud-
ies show that survival rates in replacement use vs. plasma infusion are 96% vs. 84%, 
with platelets increased at 9 days from 78% vs. 49%, respectively, so a measure 
does not replace the other [39].

Red blood cells can be transfused, if there is severe anemia; however, platelet 
transfusions should be avoided because it is more substratum to the disease unless 
there is bleeding that compromises life. Thromboprophylaxis with low heparin can 
be used if platelets are greater than 50 × 109/L [39].

Concomitantly start steroids either prednisone 1 mg/Kg/day or methylpredniso-
lone 1 g/day for 3 days. Another measure used is the application of rituximab, an 
anti-CD20 monoclonal (CD cluster differentiation) at a dose of 375 mg/m2 iv every 
week for 4 weeks, taking into account that 60% is eliminated after plasmapheresis 
[40]. It should be infused after replacement and not before, used in cases where 
there is refractoriness or severe neurological or cardiac alterations, always rule out 
the following diseases before use rituximab: HIV and hepatitis B virus; its average 
response time is 10 days, but it can take up to 3 weeks or more. Its use has been 
shown to decrease relapse rates 10% vs. 57% in combination with steroids and 
replacement in both cases [41]. There is no indication of the use of aspirin.

Follow-up in subsequent pregnancies is appropriate due to its high recurrence 
15–20% [23] in those acquired and up to 100% in congenital ones [25]. In congeni-
tal TTP, it is recommended to use rituximab if ADAMTS 13 levels are below 20% 
before delivery and start plasmapheresis if they fall below 10%; also, infuse 10  ml/
Kg plasma from week 8 to 10 every 2 weeks, and the frequency can be increased if 
platelets descend to less than 150 × 109.

Other immunosuppressant may be added to treatment such as cyclosporine, vin-
cristine, and cyclophosphamide. Other options for emerging therapeutics are the use 
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of recombinant ADAMST13 [42], yet in clinical studies phase another and recently 
approved by FDA (February 2019) is an anti-von Willebrand monoclonal, caplaci-
zumab, that prevents platelet interaction by Ib-IX-V glycoprotein, demonstrating 
decrease of platelet recovery time and relapse rates, but it is too early to assess 
safety in pregnancy.

About fetal well-being, fetal monitoring and arterial Doppler of the placental 
flow and intrauterine growth rates should be performed, with greater relevance in 
patients who debut with the condition in the first trimester and remain stable with 
plasma exchanges [43]. If TTP is acquired, it is recommended to perform levels of 
ADAMTS13 to predict adjuvant therapy, and if it is congenital ADAMTS13 should 
be supplemented throughout pregnancy and postpartum; theoretically infusions of 
fresh frozen plasma are sufficient, but plasma exchanges may be required to main-
tain adequate levels [43]. Finally, counseling should be given for subsequent preg-
nancies due to high risk of relapse and in those that require contraceptives to assess 
thromboembolic risk [43]. See Table 45.6 to detail the criteria for response to TTP.

 Hemolytic Uremic Syndrome (HUS)

Hemolytic uremic syndrome is a type of microangiopathy that manifests with a 
clinical triad of hemolytic anemia, thrombocytopenia, and acute renal failure and 
differs considerably from TTP in its pathogenesis [44]. It is usually preceded by a 
gastrointestinal infection caused by Shiga toxin-producing Escherichia coli (STEC), 
O157: H7 or Shigella, although it can be caused by other bacteria such as 
Streptococcus pneumoniae [45]. In 5–10% an infection is not found as a trigger, and 
they are called atypical HUS, just by dysregulation of the complement system [45].

 Epidemiology

In the HUS, the most affected population is children, and its annual incidence in the 
general population is 1–2 cases per 100,000 people [27]. A greater relationship has 
been observed between atypical HUS and pregnancies, almost 1 in 25,000; its post-
partum presentation (80%) is more frequent at the third or fourth week; the rest 

Table 45.6 Criteria for response to TTP [42]

Clinical 
response

Platelets >150 × 109/L and LDH less than 1.5 times after plasmapheresis

Clinia remission Clinical response greater than 30 days
Exacerbation Decrease in platelet value, within 30 days of the last plasmapheresis, if there 

was a clinical response
Relapse Decrease of platelet values after 30 days of the last plasmapheresis, if there 

was a clinical response
Refractoriness Persistent thrombocytopenia (<10 × 109/L after 5 plasmapheresis and steroids
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usually occurs in the first trimester. It has a 30% risk of recurrence in future preg-
nancies [46].

 Physiopathology

It is an entity not directly related to pregnancy, unlike preeclampsia and HELLP, 
which have differential diagnoses related to pregnancy. The pathophysiology can be 
divided into two causes: infectious and through complement activation. Patients 
with atypical HUS are confused with a picture of TTP but with the particularity that 
the renal failure stands out and does not meet the total requirements for a TTP [25]. 
It is caused by mutations in complement regulatory proteins, some hypofunctional 
such as CFH, CFI, MCP (CD46), and THBD (thrombomodulin gene) the latter in 
5% and others hyperfunctional such as CFB or C3 [25].

The importance of differentiating these microangiopathies is to choose the cor-
rect treatment; usually the HUS is treated with support measures, while TTP and 
atypical HUS are treated with plasma exchange; although the definitive treatment of 
the atypical HUS are complement inhibitors such as eculizumab, this is a direct 
monoclonal antibody of C5 which, upon binding, inhibits it [27].

 Diagnosis

Clinically, the patient comments on a previous gastrointestinal picture one or two 
prior weeks, with varied manifestations such as mild abdominal pain, diarrhea 
which is often bloody, cramping, and nausea: subsequently anemic syndrome of 
rapid establishment and neurological alterations from irritability until seizures [47].

The alterations in the laboratories are generally presented in a particular order 
with thrombocytopenia and subsequent renal failure, and microangiopathic hemo-
lytic anemia [47].

In the atypical form, it can be normal or low levels of complement C3, normal 
levels of C4, and increase of C3b, C3c, and C3d, but for its definitive diagnosis, it 
will be necessary to demonstrate the mutational alterations [48]. The key to obtain 
a correct diagnosis is to exclude other causes of microangiopathies, so that timely 
treatment can be directed. See Table 45.7 for differential diagnosis of microangi-
opathies in pregnancy.

 Treatment

In the typical HUS support measures may include delivery of the fetus (some cases), 
fluid management, and temporary renal replacement therapy (dialysis), but 25% of 
cases show permanent renal failure condition [49].
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In the atypical HUS plasma turnover is a measure used but the response rates are 
low; its indication is important because of the difficult differentiation between TTP 
and atypical HUS. The main treatment is eculizumab which is safe during preg-
nancy and breastfeeding. The fetus delivery and support measures are recom-
mended; also consider eculizumab treatment.

In cases of severe neurological abnormalities, immunoglobulin could be used, 
but risk-benefit assessment should be made due to risk of fatal renal failure [50].
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Chapter 46
Bleeding During Pregnancy

Malini Chauhan, Kendra Gray, and Michael Foley

 Introduction, Evaluation, and Differential Diagnosis

Bleeding in pregnancy at any gestational age is anxiety provoking for patients and 
an indication for evaluation [1]. Bleeding throughout the course of a woman’s preg-
nancy can vary from spotting to obstetrical hemorrhage. A careful evaluation must 
be performed in all scenarios to determine the source bleeding. Attention to rule out 
non-obstetric causes of bleeding such as those from the lower genital tract, bladder, 
or bowel for help guide meaningful treatment and avoid potentially unnecessary 
intervention.

Initial evaluation includes taking a thorough obstetrical and medical history. 
Physical examination included evaluation of external genitalia followed by a specu-
lum examination evaluating for discrete cervical or vaginal lesions. It is prudent to 
also examine the urethral meatus and the anus to rule out urinary or rectal sources 
of bleeding. Ultrasound evaluation of patients with first trimester bleeding is the 
mainstay of the examination as the most common etiologies of first trimester bleed-
ing include spontaneous abortion, ectopic pregnancy, and gestational trophoblastic 
disease. The most concerning conditions in and in the third trimester of pregnancy 
include evaluation for placental abruption, placenta previa, and placenta accreta. In 
most scenarios vaginal bleeding is maternal and not fetal; however that is not the 
case with a bleeding vasa previa which can cause fetal demise within a few short 
moments. Postpartum hemorrhage remains one of the most common obstetrical 
emergencies providers face and remains one of the leading causes maternal mortal-
ity throughout the world.
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 First Trimester

In the first trimester approximately 15–25% of pregnant women will experience 
some form of vaginal bleeding. Spotting or light bleeding during the first 1–2 weeks 
of pregnancy may be physiologic, due to the implantation of the fertilized egg to the 
uterine lining. Other non-pathological causes of bleeding in the first trimester 
include starting or bleeding post coitus, after a routine Papanicolaou smear or after 
a public exam due to the increasing blood supply developing in the cervix and 
uterus. Non-pathologic causes of first trimester bleeding are diagnoses of exclusion, 
and do not necessitate treatment [2]. In the remainder of this section, we will focus 
on pathologic causes of first trimester bleeding.

 Ectopic Pregnancy

Ectopic pregnancy accounts for approximately 2% of all reported pregnancies 
although this may be underdiagnosed. Pregnant women who presented to the emer-
gency room, in the first trimester with vaginal bleeding, abdominal pain or both 
were noted to have a prevalence of ectopic pregnancy as high as 18%. Despite 
advances in ultrasound imaging and increasing knowledge in management, ruptured 
ectopic pregnancy continues to be a significant cause of pregnancy-related mortality 
and morbidity with ruptured ectopic pregnancy accounting for 2.7% of all 
pregnancy- related deaths with the ultimate cause of mortality being hemorrhage. 
The most common location for ectopic implantation is in the fallopian tube 
(Table 46.1). Women who receive a diagnosis of an ectopic pregnancy may have 
known risk factors, including prior ectopic pregnancy, history of sexually transmit-
ted infection, use of assistive reproductive technology, or other tubal disease. While 
it is rare for women with intrauterine devices to become pregnant, overall under 1%, 
up to 52% of pregnancies that occur with an IUD are ectopic [3].

Diagnosis of and ectopic pregnancy is usually made in the setting of a positive 
pregnancy test and either empty uterine cavity on transvaginal ultrasound or visual-
ization of a gestational sack with the yolk sac, for embryo, or both in the adnexa. An 
intrauterine gestational sac with a yolk sac should be visible between 5 and 6 weeks 
gestational age regardless of whether a singleton or multiple gestation pregnancy 
exists. Depending on the patient’s hemodynamic stability, the provider may choose 

Table 46.1 Common 
implantation sites for ectopic 
pregnancies and their 
frequencies

Location of the topic implantation Frequency of occurrence

Fallopian tube 90%
Abdomen 1%
Cervix 1%
Ovary 1–3%
Cesarean scar 1–3%

M. Chauhan et al.
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to obtain serial quantitative hCG measurements and evaluate whether serum 
increases mimic a normal pregnancy. Alternatively, a “discriminatory zone” may be 
utilized, which describes a threshold value for hCG, above which an intrauterine 
pregnancy should be visualized by transvaginal ultrasound examination. The utili-
zation of discriminatory zones has been called into question, and the threshold value 
varies between institutions. If a discriminatory zone is utilized, a serum hCG level 
is used, and a cutoff level of 3500mIU/ml would be considered appropriate to avoid 
interruption of a desired intrauterine pregnancy.

Depending on the clinical scenario, ectopic pregnancies may be managed medi-
cally or surgically. Candidates for medical management include women with a con-
firmed or high clinical suspicion of ectopic pregnancy who are hemodynamically 
stable, do not have a desired intrauterine gestation, have no ruptured mass, and do 
not have contraindications with methotrexate administration and are willing and 
able to perform follow-up surveillance. Methotrexate therapy is more likely to be 
successful in the absence of embryonic cardiac activity, an initial hCG concentra-
tion less than 5000, and a pregnancy size less than 4 cm on transvaginal ultrasound.

Surgical management is indicated if the patient becomes hemodynamically 
unstable, has symptoms of a ruptured ectopic mass such as pubic pain, or has signs 
of intraperitoneal bleeding. Generally, salpingectomy is the preferred approach as 
fertility rates do not differ from salpingostomy and severe tubal damage and bleed-
ing may preclude salpingectomy.

 Hydatidiform Mole

A hydatidiform mole is the result of abnormal fertilization and can be subclassified 
as either a complete mole or a partial mole. Complete moles arise from a haploid 
sperm cell fertilizing an ovum without a nucleus, and then duplicating its genetic 
material. Thus, complete moles are diploid, do not possess embryonic tissue, and 
can be histologically characterized by generalized edematous and hyperplastic cho-
rionic villi. Partial moles result from a normal ovum being fertilized by two sperm 
cells, resulting in triploidy and the presence of embryonic tissues. Pathological 
evaluation of partial moles reveals focal edema and hyperplasia of chorionic villi 
[4]. These differences between complete and partial moles are summarized in 
Table 46.2.

Candidates for medical management include women with a confirmed or high 
clinical suspicion of ectopic pregnancy who are hemodynamically stable, 
have no ruptured mass, and do not have contraindications with methotrexate 
administration and are willing and able to perform follow-up surveillance.

46 Bleeding During Pregnancy
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Hydatidiform moles are relatively rare but can evolve into a gestational tropho-
blastic neoplasia (choriocarcinomas, invasive moles, epithelioid trophoblastic 
tumors, or placental site trophoblastic tumors). Conversion to gestational tropho-
blastic neoplasia is more likely with complete rather than partial moles. Risk factors 
for a molar pregnancy include prior molar pregnancy and extremes of maternal age.

In addition to vaginal bleeding, molar pregnancies are clinically associated with 
sensations of pelvic pressure or pain, fundal height greater than expected for gesta-
tional age, hyperemesis gravidarum, and higher hCG levels than expected for an 
intrauterine pregnancy. Ultrasound examination for complete moles classically will 
show a “snow storm” pattern and no fetal tissue. Ovarian cysts may also be present. 
In contrast, partial moles may present as a fetus with congenital anomalies, growth 
restriction, low amniotic fluid, and placental abnormalities such as focal cysts [5]. 
Imaging and hCG measurements may not be definitive, so for partial moles it is 
imperative to rule out a viable gestation. Treatment and definitive diagnosis for both 
types of molar pregnancies rely on uterine evacuation with suction curettage and 
subsequent pathologic examination. Hysterectomy may be considered for older 
patients who have completed child-bearing, as progression to gestational tropho-
blastic neoplasia is more likely in this group. Presence of a neoplastic process 
necessitates consultation with an oncologist and possible chemotherapy [6].

 Abortion

Most spontaneous losses of pregnancy occur during the first trimester and may be 
clinically silent. Previous studies have estimated that about 30% of pregnancies will 
terminate spontaneously, and this outcome is less likely as gestational age advances 
[7]. Fetal death is associated with bleeding into the decidua basalis, tissue necrosis, 
and finally expulsion of fetal parts [8]. There are various fetal and maternal etiolo-
gies and risk factors for spontaneous abortion, though they may not be immediately 
apparent. The fetus may be anembryonic, as with a complete molar pregnancy, or 
with a “blighted ovum.” The latter usually refers to the presence of an empty gesta-
tional sac where development of a fetus has failed. About half of embryonic abor-
tions will be due to chromosomal anomalies, such as autosomal trisomies (usually 
13, 18, and 21), monosomy X (also known as Turner’s syndrome), and triploidies 
(partial molar pregnancy). Euploid embryonic abortions occur at later gestational 

Table 46.2 Key characteristics of molar pregnancies [4]

Characteristic Complete mole Partial mole

Karyotype Diploid (46 XX, 46 XY) Triploid
Fetal or embryonic tissue Absent Present
Hydropic swelling of villi Diffuse Focal
Trophoblastic hyperplasia Diffuse Focal

M. Chauhan et al.
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ages and more common with advancing maternal age. Sadly, an exact etiology may 
not always be found [9, 10].

Maternal factors associated with spontaneous pregnancy loss include prior mis-
carriage, structural uterine abnormalities, infection, autoimmune diseases, neoplas-
tic disease, uncontrolled endocrine disease, malnutrition, obesity, and substance 
abuse. Infection with tuberculosis or any organism in the mnemonic “TORCH,” 
which stands for toxoplasmosis, “other” (syphilis, varicella, parvovirus B19), 
rubella, cytomegalovirus, and herpes simplex virus, may be associated with abor-
tion. Pregnant patients from South America, certain countries in Africa, and south-
east Asia or with recent travel there are at risk for infection with Zika virus [11]. 
Autoimmune diseases such as systemic lupus erythematosus and celiac disease can 
increase risk as well. Common endocrine abnormalities encountered include uncon-
trolled diabetes and thyroid disorders, as well as polycystic ovarian syndrome.

Spontaneous abortion may present clinically as threatened, inevitable, incom-
plete, complete, and missed. Establishing presence or absence of uterine contents 
and a fetal heartbeat, as well as performing a sterile vaginal exam to see if the cervi-
cal os is open or closed and if products of conception can be detected, is important 
in classification and management. A missed abortion is one in which uterine con-
tents of conception are not expelled, and there may not be any vaginal bleeding, but 
the patient may notice cessation of symptoms of pregnancy such as nausea. 
Sonographic presence of a fetal heartbeat is not detectable in a missed abortion. All 
other classifications of abortion will be accompanied by some form of vaginal 
bleeding and abdominal cramping. It should be noted that threatened abortion and 
vaginal bleeding in the first trimester, particularly later on in gestational age, carry 
poor prognosis for both the mother and the fetus [12]. Treatment with progestins for 
purposes of preventing an abortion after a threatened abortion is controversial, with 
studies conflicting [13]. A summary of findings and management for different types 
of abortion is presented in Table 46.3.

Table 46.3 Characterization and management of abortion

Type of 
Abortion

Uterine 
Contents Cervical os Management

Threatened Yes Closed Progestins (controversial)
Follow-up monitoring to confirm IUP as 
appropriate

Inevitable Yes/no Open, products of 
conception may be 
visualized

Evacuation of uterine contents

Incomplete No Open, products of 
conception often in 
cervical canal

Evacuation of uterine contents

Complete No Closed Confirm complete evacuation of uterine 
contents, assess bleeding, send products of 
conception to pathology for confirmation

Missed Yes Closed Evacuation of uterine contents
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Inevitable, incomplete, and missed abortions may be managed expectantly, med-
ically, or surgically. Patients that are at or under 12 weeks and 6 days of pregnancy 
and clinically present as hemodynamically stable, have no signs of infection, and do 
not possess a history of bleeding disorders are candidates for medical management 
[14]. This usually involves treatment with an anti-progestin (mifepristone) followed 
by a prostaglandin (misoprostol) that causes expulsion. Methotrexate, a folate 
antagonist, may also be used in combination with misoprostol. Advantages of medi-
cal treatment include avoidance of anesthesia and an invasive procedure, but the 
patient will undergo experience much heavier bleeding compared to surgical man-
agement and would require access to good follow-up.

Surgical management usually involves dilation and curettage. This is a more 
invasive procedure and carries risk for uterine perforation and introduction of infec-
tion but is associated with much less bleeding than medical management and does 
not require a stringent follow-up. This method may be the only option for patients 
that are clinically unstable and/or too far along in gestational age.

Hemorrhage is a complication of induced and spontaneous abortions. The patient 
should first be evaluated for retention of products of conception, and if present, 
uterine contents should be promptly evacuated. If an empty uterine cavity is con-
firmed and the patient continues to bleed, evaluation for uterine atony, perforation 
(particularly for surgical abortion), and lacerations should proceed.

Other than bleeding, another important complication to consider during sponta-
neous pregnancy loss is septic abortion. It is more commonly associated with 
induced abortions rather than spontaneous ones but can be life-threatening and 
requires prompt recognition. Management includes stabilization with fluids as nec-
essary, obtaining blood and endometrial cultures, broad-spectrum antibiotic ther-
apy, and surgical evacuation of any remaining uterine contents. Various antibiotic 
regimens are used for empiric treatment, including intravenous gentamicin and 
clindamycin, though regimens recommended based on high-quality randomized 
control trials are still needed [15].

 Placenta Previa

Placenta previa occurs when the placenta implants partially or completely over the 
cervical os, classically associated with painless vaginal bleeding in a gravid patient. 
Previas can be classified as:

• Low-lying placenta: Margin of the placenta is 2 cm or less from the internal cer-
vical os which may be recognized on transvaginal ultrasound but not present 
with vaginal bleeding.

• Complete previa: whereby the placenta completely overlies the internal os.
• Marginal and partial previas are antiquated terms and should not be used.

The most important risk factor for previa is history of cesarean section. It is also 
associated with other uterine surgeries, smoking, and multiparity. Like with pla-
centa accreta (discussed later), incidence of previa has increased as more patients 
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receive cesarean sections. It is estimated to affect 0.4% of deliveries. Diagnosis is 
achieved with transvaginal ultrasound examination. Often a sterile vaginal exam 
will be performed as well, but digital cervical exam is contraindicated. Transvaginal 
ultrasound examination is safe because the probe is positioned on top of the anterior 
cervix rather than over the os. If diagnosed, the patient should also undergo investi-
gation for a placenta accreta. Most previas are now diagnosed antenatally with ultra-
sound, but a patient without prenatal care may present with fetal malpresentation 
and/or unstable lie in addition to vaginal bleeding.

Management for placenta previa found during second trimester ultrasound in an 
asymptomatic patient involves observation, as many will resolve on their own as the 
uterus expands and the placenta is pulled toward the fundus. At 36–38 weeks’ gesta-
tion, patients should be delivered via cesarean section. In the acute setting of bleed-
ing placenta previa, the patient’s hemodynamic stability should be assessed and 
treated appropriately. If the patient is in active labor, non-reassuring fetal heart tones 
are observed, and/or maternal hemodynamic stability cannot be achieved, emer-
gency cesarean section should proceed [16].

 In the Peripartum/Postpartum Period

Bleeding following delivery is normal, with the average blood loss following a vagi-
nal delivery being less than 500 mL and less than 1000 mL after cesarean section. 
Various physiologic changes occur during pregnancy that allow the pregnant patient 
to adapt better to blood loss. These changes include increased erythrocyte mass 
(though hematocrit is usually low normal because of dilutional effect from increased 
plasma volume), increased cardiac output, and increased concentration of clotting 
factors. Additionally, in the immediate postpartum period, myometrium contrac-
tions help reduce bleeding. Postpartum hemorrhage after a vaginal delivery was 
previously described as estimated blood loss of more than 500 mL, but is now has 
the same criteria as postpartum hemorrhage after a cesarean section: estimate blood 
loss of 1000 mL or more, or any blood loss leading to symptoms of hypovolemia. 
Postpartum hemorrhage may also be classified as primary or secondary, occurring 
within the first 24 hours and first 6 weeks after delivery, respectively [17, 18]. This 
section will focus on primary postpartum hemorrhage. Possible etiologies include 
uterine atony, lacerations, uterine rupture, uterine inversion, placenta accreta, pla-
centa previa, coagulopathy, abruptio placentae, and amniotic fluid embolism, which 
are discussed in detail below.

 Uterine Atony

Uterine atony, the failure of the myometrium fibers to adequately contract uterine 
blood vessels, is the most common cause of postpartum hemorrhage, accounting for 
75% of cases [19]. Risk factors include multiple gestation, polyhydramnios, fetal 
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macrosomia, grand multiparity, retained products of conception, and chorioamnio-
nitis. Medications that interfere with uterine contractility include calcium channel 
blockers, magnesium, halogenated anesthetics, and nitroglycerin [17]. Signs of 
atony include a soft, boggy uterus on exam after delivery. Management includes 
fundal massage, oxytocin administration, uterotonic agents, uterine tamponade bal-
loon, and surgical treatment. Common uterotonic agents other than oxytocin include 
methylergonovine, carboprost, misoprostol, and dinoprostone. Note that methyler-
gonovine should not be administered to patients with hypertensive disorders, and 
carboprost should not be given if the patient has a history of asthma. Surgical treat-
ment includes introduction of B-lynch sutures for uterine compression and, depend-
ing on the severity of bleeding and the patient’s desires for future childbearing, 
hysterectomy.

 Lacerations

Lacerations, or tears, are a common sequelae of vaginal deliveries and are the sec-
ond most common cause of postpartum hemorrhage [17]. If bleeding persists after 
a delivery and uterine tone is firm, inspection for lacerations should proceed. 
Lacerations will commonly occur in the periurethral area and along the rectovaginal 
midline. If forceps are utilized, there may be tears along the vaginal wall. Lacerations 
are more prone to happen with operative vaginal deliveries, episiotomy, fetal mac-
rosomia or malpresentation, and shoulder dystocia. Perineal lacerations are catego-
rized as first degree, second degree, third degree, and fourth degree, which involve 
superficial skin/vaginal mucosa, perineal musculature, sphincter muscles, and from 
the vaginal mucosa to rectal mucosa, respectively. First degree lacerations do not 
require repair; all others will.

 Uterine Rupture

Uterine rupture is a relatively rare event, occurring in less than 1% of deliveries 
[20]. It may be classified as primary, occurring spontaneously in a patient without 
risk factors, or secondary. The major risk factor for secondary uterine rupture is trial 
of labor after a prior cesarean section or uterine surgery [21]. Dehiscence will typi-
cally occur in the lower uterine segment. Signs and symptoms include loss of fetal 
station, loss of uterine tone, palpation of fetal parts in the abdomen, pain out of 
proportion, heavy bleeding, non-reassuring fetal heart tracings, and maternal hemo-
dynamic instability. Treatment includes immediate hemodynamic stabilization with 
administration of blood products followed by surgical management with cesarean 
section followed by either uterine repair or hysterectomy.
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 Uterine Inversion

Like uterine rupture, uterine inversion is a rare but catastrophic event, occurring in 
approximately every 1 out of 1100–2500 deliveries [17]. It is most commonly 
caused by excessive traction on the umbilical cord while attempting to deliver the 
placenta and may be associated with fundal placental implantation or accreta (dis-
cussed in detail below). It may be characterized by bleeding, abdominal pain, 
absence of the fundus on abdominal palpation, and protrusion of a red mass appreci-
ated in the uterine cavity or through the cervix, depending on the severity of inver-
sion. Treatment involves managing hemodynamic instability, replacing the inverted 
uterus, and use of uterotonic agents. Note that if uterotonic agents are used prior to 
manual replacement, they should be discontinued until the inversion is corrected, 
and then resumed to help the uterus contract properly. Terbutaline and sevoflurane 
relax uterine muscles and may be used while trying to manually correct inversion. 
If manual correction fails, surgery should be considered.

 Placenta Accreta

Placenta accreta is due to invasive placentation due to defective decidua basalis. 
Invasion through the decidua basalis is a placenta accreta. Invasion into and beyond 
the myometrium is known as incretas and percretas, respectively. “Accreta” may be 
used to refer to invasive placentation in general. The combination of placenta previa 
(discussed below) and history of multiple cesarean sections increase risk for abnor-
mal placentation because of disruption of the decidua basalis [22]. One study com-
paring patients without and with placenta previa found that incidence of accreta 
increased from 0.03% to 3% in patients with one cesarean section, 0.2% to 11% of 
patients with two, and 0.1% to 40% in patients with three. Thus, presence of a pre-
via should prompt investigation for an accreta. Structural uterine anomalies, myo-
mectomy, or other uterine surgery are also risk factors. Prevalence of placenta 
accreta has increased with the number of cesarean sections, which is estimated to 
occur in 30% of births in the United States. During the 1950s, placenta accreta 
affected 1  in every 30,000 deliveries; between 2008 and 2011, number of cases 
increased to 1 in every 713 deliveries [23].

In a patient where prenatal history is unknown, a placenta accreta may present 
with life-threatening hemorrhage on attempting to deliver the placenta. Excessive 
traction on the adherent placenta may lead to uterine inversion. Antenatally, ultra-
sound imaging during the second and third trimesters may identify a placenta 
accreta. Findings include blurring of the hypoechoic distinction between the pla-
centa and myometrium, thinning of the myometrium, multiple irregular placental 
lacunae (“moth-eaten” or “Swiss-cheese” appearance), turbulent blood flow on 
color Doppler, and if percreta is present bladder abnormalities may be noted as well. 
Sonographic findings may be supplemented with MRI, particularly when 
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ultrasound exam is equivocal, placenta is posterior, or to better define depth of 
invasion.

Treatment for accreta disorders is usually cesarean section followed by cesarean 
hysterectomy between 34 and 36 weeks gestation to minimize risk of spontaneous 
labor and hemorrhage. Ideally, a multidisciplinary team consisting of at least mater-
nal fetal medicine specialists, gynecologic oncologists, interventional radiology, 
and neonatologists will be present. Surgery should be coordinated with the blood 
bank, and the institution should have a massive transfusion protocol in place. 
Expectant management or more conservative measures that preserve fertility, such 
as partial placental removal and balloon tamponade, are still topics of research [24].

 Abruptio Placentae

Abruptio placentae (also referred to as “placental abruption”) is premature separa-
tion of the placenta from the decidua basalis, usually from rupture of maternal ves-
sels leading to blood accumulation and separation between the placental and uterine 
planes. It complicates 0.6–1.2% of pregnancies. Any sort of vasculopathy can 
increase risk for abruption, including chronic hypertension, preeclampsia, diabetes, 
tobacco use, or cocaine use. Other risk factors include prior abruption, advanced 
maternal age, multiple gestations, multiparity, abdominal trauma, short umbilical 
cord, and prior history of stillbirth. It is associated with a number of adverse neona-
tal outcomes, including intrauterine growth restriction and prematurity.

Clinical signs of abruption include vaginal bleeding with painful abdominal 
cramping or contractions. Bleeding may be concealed, so any patient presenting in 
preterm labor or preterm rupture of membranes should have abruption ruled out. 
Monitoring may show tachysystole and non-reassuring fetal heart tones. Greater 
than 50% separation between the placenta and decidual layer leads to significant 
maternal and fetal hemodynamic instability from resulting disseminated intravascu-
lar coagulopathy (DIC) and shock. Low fibrinogen levels may be a sign of abruption 
with concomitant DIC. Patients may also present less dramatically with “chronic 
abruption,” characterized by smaller amounts of bleeding periodically throughout 
the latter two trimesters and associated with maternal hypertensive disorders. 
Diagnosis is aided with sonography, which may show retroplacental clots or fluid 
tracking along the placenta.

Management depends on maternal and fetal stability and gestational age. Term 
gestations at 37 or more weeks with abruption should be delivered either vaginally 
or via cesarean, whichever is safer. Gestations between 34 and 36 6/7 weeks should 
generally be delivered. Gestations under 34 weeks, if maternal and fetal status are 
reassuring, should be managed expectantly until late preterm or term. For chronic 
abruptions in stable mothers and fetuses, patients may be monitored in an inpatient 
setting until bleeding ceases for several days in the event of rapid deterioration. If 
intrauterine fetal demise occurs, vaginal or cesarean delivery may be undertaken 
depending on maternal status [25].
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 Vasa Previa

Vasa previa occurs when fetal blood vessels overlie the internal cervical os, causing 
potential for fetal hemorrhage and rapid exsanguination when membranes rupture. 
There are two types:

• Type I: fetal vessels overlying the internal cervical os are in association with a 
velamentous insertion (vessels from the umbilical cord diverge before entering 
the placenta and are covered only by fetal membranes).

• Type II: occurs with the presence of a succenturiate or multi-lobed placenta.

Vasa previa complicates approximately 1  in every 2500 deliveries. Associated 
risk factors include placenta previa/low-lying placenta, in  vitro fertilization, and 
multiple gestations.

On digital cervical exam, pulsating vessels may be palpated. Often diagnosis 
may be made antenatally with ultrasound using color Doppler. An arterial vessel 
overlying the os with pulsating rate matching the fetal heart rate should be docu-
mented. Management is centered around timing cesarean delivery adequately to 
avoid rupture of membranes while trying to minimize adverse effects associated 
with prematurity, though there is no consensus on exactly when this should be done. 
Caution during surgery should be taken to avoid lacerating vulnerable fetal vessels, 
and if one is cut, it should be immediately clamped [26].

 Amniotic Fluid Embolism

Amniotic fluid embolism is an extremely rare but often fatal event that typically 
occurs during the peripartum or immediate postpartum period attributed to the entry 
of amniotic contents into maternal circulation. An estimated 70% of cases will 
occur during labor. Amniotic contents induce release of pulmonary vasoconstrictors 
like endothelin, activate factor VII, and platelets and trigger inflammatory cascades. 
This ultimately leads to maternal cardiopulmonary distress as well as disseminated 
intravascular coagulation (DIC). Epidemiological data is difficult to obtain due to 
lack of international consensus on diagnostic criteria. Anything that may promote 
exchange of amniotic fluids between fetal and maternal compartments can be a risk 
factor, such as operative deliveries, placental abnormalities, and uterine rupture.

Change in mental status, anxiety, and agitation may precede clinical features 
related to the pathophysiology described above, including respiratory distress with 
hypoxia, cardiac arrest, electrocardiogram abnormalities, category III fetal heart 
tracings, and vaginal hemorrhaging as well as hematuria on catheterization and 
bleeding from venipuncture sites. Management consists of cardiopulmonary stabi-
lization, treating shock with fluids and vasopressors if present, and managing DIC 
with blood products if necessary. Some patients may exhibit signs of anaphylactic 
shock, such as respiratory compromise with urticarial rash and should be treated 

46 Bleeding During Pregnancy



598

accordingly with airway stabilization and epinephrine administration. If the fetus is 
of viable gestational age and has not been delivered, cesarean section should com-
mence following maternal stabilization [27].

 Coagulopathy

Any hematologic abnormality can contribute to abnormal bleeding during preg-
nancy and should be sought when obtaining history from the patient. Examples 
include von Willebrand disease, hemophilias A and B, and thrombocytopenia. The 
patient may not be formally diagnosed but may have a history of abnormal uterine 
bleeding. Patients with procoagulation disorders like Factor V Leiden may be on 
heparin therapy, which may also contribute to bleeding.

A pregnant patient may also be at risk of developing a disruption of hemostasis 
known as disseminated intravascular coagulation (DIC), especially with massive 
hemorrhage. DIC associated with multiple obstetric complications including post-
partum hemorrhage, preeclampsia with severe features, placental abruption, sepsis, 
septic abortion, retained dead fetus, amniotic fluid embolism, acute fatty liver of 
pregnancy, and HELLP (hemolysis, elevated liver enzymes, low platelets) syn-
drome. A detailed explanation of the pathophysiology of DIC is complex and 
beyond the scope of this text. Looking at the process broadly, DIC occurs with 
excessive release of activated tissue factor (found in many places including amni-
otic fluid, decidual cells, and damaged blood vessel endothelium) that ultimately 
leads to cleaving fibrinogen into fibrin and recruitment of platelets. Clots are formed 
faster than they can be broken down, resulting in a consumptive coagulopathy and 
depletion of clotting factors. Clinically, the patient presents with profuse vaginal 
bleeding with a firm uterus, bleeding from venipuncture sites, incisions, and mucous 
membranes, and shock that may be out of proportion to estimated blood loss. DIC 
is usually a clinical diagnosis; there are no definitive laboratory tests. Decreased 
fibrinogen levels is the earliest laboratory sign of DIC, preceding clinical bleeding, 
and should be checked in patients that have any of the above-listed associated 
obstetric complications. Other laboratory findings in DIC are prolonged PT/INR, 
prolonged aPTT, decreased hemoglobin/hematocrit, increased LDH, and increased 
bilirubin. It should be noted that many of these values are affected by pregnancy, 
and adjusted normal values for obstetric patients and trending values may be 
more useful.

Treatment for DIC is centered around managing the inciting condition and sup-
portive therapy as necessary. Blood products such as fresh frozen plasma, cryopre-
cipitate, platelets, and PRBCs should be administered depending on the clinical 
scenario. Strategies for blood product therapy are listed in the table below. DIC 
patients will often develop vitamin K and folate deficiencies and should receive 
supplementation and following the event should have their fluid status closely moni-
tored [17]. Common causes and treatments of pregnancy-related DIC are listed in 
Table 46.4.
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 Hemodynamic Monitoring

There are many normal hemodynamic changes that occur during pregnancy, differ-
entiating obstetric from nonobstetric patients. Such changes in baseline should be 
taken into account when interpreting data. As early as 7–8 weeks’ gestation, there is 
an increase in preload and total blood volume causing increases in stroke volume 
(SV) and cardiac output (CO). Multiple gestations are associated with larger 
increases in these parameters compared to singletons. Overall blood pressures do 
not increase in normal pregnancy because of progesterone-mediated decreases in 
systemic vascular resistance (SVR). Echocardiographic studies have demonstrated 
left ventricular hypertrophy and deviation of the heart as a whole to the patient’s left 
due to the gravid uterus pushing up against the diaphragm. Increases in annular 
diameters for valves have also been noted, which can cause benign flow murmurs.

During labor, cardiac output increases even more with “auto-transfusion” of 
300–500 mL of blood with every contraction. Immediately after placental delivery, 
and the uteroplacental shunt is closed, about 500 mL of blood is redirected to mater-
nal circulation. This, combined with reduced aortocaval compression by the shrink-
ing uterus, causes dramatic increases in cardiac output. The increase peaks and lasts 
about 10  minutes after delivery and gradually decreases over the next 3 months 
postpartum. Table  46.5 summarizes normal hemodynamic changes throughout 
pregnancy.

Table 46.4 Etiology and management for DIC in pregnancy

Inciting event of DIC in pregnancy Treatment

Massive hemorrhage Treat cause (uterotonics, repair lacerations, etc.)
Placental abruption Delivery: vaginal preferred if fetus and mother stable
Preeclampsia/HELLP Delivery
Amniotic fluid embolus Cardiovascular support

Steroids
Sepsis Broad-spectrum antibiotics

Source control
Adult respiratory distress syndrome Ventilatory support

Cardiovascular support
Retained fetal demise Delivery

Consideration of antibiotics

Table 46.5 Normal hemodynamic changes in pregnant and nonpregnant state

Parameter Nonpregnant Pregnant Postpartum

Heart rate (bpm) 60–100 80 ± 10 70 ± 10
Mean arterial pressure (mmHg) 90–110 90 ± 6 80 ± 7
Cardiac output (L/min) 4.3–6.0 6 ± 1 4 ± 1
Systemic vascular resistance (dyn/s/cm−5) 900–1400 1200 ± 250 1500 ± 500
Pulmonary vascular resistance (dyn/s/cm−5) <350 80 ± 20 120 ± 50
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 Hemodynamic Effects Positioning for Procedures 
and Neuraxial Anesthesia

A 20-week-sized uterus (fundal height at the umbilicus) can compress the inferior 
vena cava, leading to decreased SV and CO and ultimately decreasing blood pres-
sure. As the pregnancy progresses and the uterus grows, this effect becomes more 
pronounced and is responsible for supine hypotension. Reductions in CO can be up 
to 30% when the patient is supine compared to lateral recumbent position. For this 
reason, left lateral decubitus positioning is recommended during cesarean section 
and other surgeries.

As mentioned earlier, CO increases during the intrapartum period. This is par-
tially due to pain, which is blunted when regional anesthesia is utilized. Regional 
anesthesia will also decrease SVR and can lead to prominent hypotension. Clinically 
the patient may complain of dizziness, nausea, begin to vomit, have pallor, and cya-
notic lips. Maternal hypotension must be addressed quickly, as hypotension for lon-
ger than 4 minutes can lead to significant fetal compromise. Strategies for managing 
hypotension from neuraxial anesthesia include left uterine displacement, intrave-
nous hydration with normal saline solution, leg wrapping, and phenylephrine 
administration [17].

 Monitoring Hemodynamics in the Pregnant Patient

Invasive monitoring with the Swan-Ganz catheter for central venous pressure (CVP) 
has been controversial in nonobstetric patients due to associated risk and uncertain 
benefit, and there is a paucity of data to support its use in critically ill pregnant 
patients. Thus, CVP monitoring is not commonly utilized. Mean arterial pressure 
(MAP) is more commonly utilized in critically ill patients, particularly in sepsis. 
Guidelines from the Surviving Sepsis Campaign recommend maintaining MAP 
pressures at 65 mmHg or higher. Because of the uteroplacental shunt, MAP goals of 
70 mmHg or higher are recommended for obstetric patients with sepsis. Placement 
of an arterial line may be desirable when accurate MAP measurements are needed 
and peripheral tissues are not receiving adequate perfusion.

Noninvasive monitoring modalities commonly used in pregnant patients with 
cardiac morbidities other than external blood pressure monitoring include telemetry 
and echocardiography. Women with cardiac abnormalities such as diastolic dys-
function, congenital heart disease, and valve disorders should be monitored postpar-
tum with telemetry and arterial-line. Because lab values such as hemoglobin and 
hematocrit may take time to respond during hemorrhage or resuscitation, echocar-
diography may be useful in monitoring a patient’s volume status and their response 
to treatment [17, 28].
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 Shock

Shock can result from different types of pathological insults but is always character-
ized by inadequate tissue perfusion. Neural tissue is especially vulnerable to poor 
perfusion, with irreversible damage occurring with just minutes of ischemia. Early 
on, patients may appear confused or agitated and later present as obtunded or with 
loss of consciousness. Oxygen depletion in the heart can lead to the development of 
fatal arrhythmias, but skeletal muscle is relatively resistant to hypoxia. Hypoperfusion 
of the kidneys leads to oliguria, and anuria is a poor prognostic indicator and sign of 
severe hemorrhage.

Different types of shock include hypovolemic, cardiogenic, obstructive, and dis-
tributive. Hypovolemic or hemorrhagic shock is most likely to be encountered in 
otherwise healthy obstetric patients, cardiogenic shock should be considered in 
patients with known cardiac abnormalities, and distributive shock may be seen with 
sepsis. Obstructive shock occurs in the setting of cardiac tamponade, constrictive 
pericarditis, or tension pneumothorax.

 Hypovolemic/Hemorrhagic Shock

Hypovolemic shock can occur in volume-overloaded states with significant third- 
spacing of fluids, as is the case in congestive heart failure or with severe preeclamp-
sia, and in this clinical scenario volume resuscitation should be considered carefully. 
In this section, we will primarily consider hypovolemic shock in the context of 
hemorrhage. Massive hemorrhage is defined as the loss of a patient’s total estimated 
blood volume over the span of 24 hours. The American College of Surgeons classi-
fies hemorrhagic shock into four categories summarized in the table below.

 

In class I hemorrhagic shock, which may be expected after a typical vaginal 
delivery, estimated blood loss is under one liter, and many vital signs remain within 
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or close to within normal ranges. Blood pressure and urinary output are generally 
unaffected. In obstetrics, class II hemorrhagic shock and beyond describe postpar-
tum hemorrhage. One to 1.5 liters of blood is lost in class II hemorrhage, or approxi-
mately 15–30% of the patient’s blood volume, and they begin to exhibit symptoms 
such as orthostatic hypotension, tachycardia, tachypnea, decreased urinary output, 
and agitation. It is not until 1.5–2.0 liters of blood is lost that compensatory mecha-
nisms fail, and the patient is confused, has marked hypotension, tachycardia 
>120 bpm, markedly decreased urinary output from baseline, and delayed capillary 
refill. Finally, when over 2.0 liters of blood is lost (at least 40% of total blood vol-
ume), the patient enters class IV hemorrhagic shock and will exhibit profound 
hypotension, be lethargic, and have anuria.

Additionally, at class III or IV of hemorrhagic shock, patients can enter the 
“lethal triad” of metabolic acidosis, coagulopathy, and hypothermia. Hypoperfusion 
of tissues leads to reliance on anaerobic metabolism, which produce lactate, leading 
to metabolic acidosis. At lower pH values, activity of pro-coagulation factors such 
as factor VII and prothrombin decrease, while fibrinogen breakdown increases. 
Lactic acidosis is often worsened iatrogenically by hyperchloremic acidemia 
induced from overly aggressive resuscitation with crystalloids. Concentrations of 
varoius coagulation factors decrease due to the dilutional effect from resuscitation 
strategies that center on crystalloids, lactated Ringer’s solution, and/or PRBCs. 
Hypoperfusion will also lead to hypothermia, which is defined as core body tem-
perature of 35 ° C or less, further decreasing activity of the coagulation cascade.

 Hemodynamic Support

Hemodynamic support may be necessary for bleeding during pregnancy. Every 
attempt should be made to correct the pathology responsible for the bleeding (i.e., 
uterine inversion, uterine rupture, etc.) in concordance with steps to achieve hemo-
dynamic stability. Hypovolemic shock can result from hemorrhage or significant 
third-spacing, as is the case with severe preeclampsia (due to high hydrostatic pres-
sure and leaky capillaries).

Cardiac output is determined by several factors including preload, afterload, 
heart rate, and contractility. In the setting of hemorrhage preload is decreased war-
ranting resuscitation with a combination of crystalloid, colloid, and blood products 
depending on the clinical scenario. Remembering that cardiac output is a function 

Increases in the heart rate are accomplished at the expense of diastolic fill-
ing time.

Cardiac output = Heart Rate × Stroke volume
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of heart rate x stroke volume, it is notable that increases in the heart rate are accom-
plished at the expense of diastolic filling time. Heart rate that exceeds the difference 
of 220 and the patient’s age in years reduces cardiac output and myocardial perfu-
sion. The MAP goal for obstetric patients is 70 mmHg or higher [17].

 Transfusion Therapy

Blood volume in the average adult represents approximately 7% of body weight, or 
70 mL of blood per kilogram. Blood is a living tissue comprised of cellular and 
plasma compartments. Red blood cells (RBCs) contain the oxygen-carrying mole-
cule hemoglobin. Oxygen’s affinity to hemoglobin allows the transport of oxygen 
from the alveoli of the lungs to vital organs and peripheral tissues. Normal female 
adult hemoglobin levels are 12 to 15 g/dL in women; however due to the relative 
dilution due to pregnancy changes, a low threshold of 10.5 g/dL is considered normal.

Massive hemorrhage is a rare occurrence in the practice of obstetrics and gyne-
cology. Early recognition of the clinical signs and symptoms of hemorrhagic shock 
can facilitate a rapid response to the decompensating patient. Needle size depends 
on the size and integrity of a patient’s vein; however an 18-gauge needle is standard 
for transfusion and two large bore lines are advised. A needle or catheter as small as 
23-gauge can be used for transfusion if necessary; however the smaller the gauge, 
the slower is the flow rate and the higher is the risk of clotting.

The goal of red blood cell transfusion is to improve oxygen delivery to the body’s 
tissues and organs. Generally, the threshold for transfusion is a hemoglobin of 
<7 g/L; however in cases of acute or ongoing hemorrhage lab values will not equili-
brate accurately and should be used with caution and delaying resuscitation or 

Example: A 26-year-old G1 has just delivered vaginally. Her admission 
hemoglobin was 9.5. Her current estimated blood loss is 2 liters.

(Answer: 7.5)

What would her expected current hemoglobin be?

Every 500 cc of blood loss = decrease in hemoglobin by 1 point
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transfusion based on lab values alone is inappropriate. Blood component therapy is 
listed in Table 46.6.

As hemorrhage remains one of the major causes of potentially preventable 
maternal deaths, many obstetrical units have adopted protocol-based management 
of these patients using massive transfusion protocols (MTPs). Protocol-based man-
agement of patients using massive transfusion protocol have shown improved out-
comes. The majority of MTPs set a ratio of blood components used for transfusion 
approximating 1:1:1 for RBC:FFP:platelets. Once MTP is ordered for a patient, the 
blood bank ensures rapid delivery of all blood components to facilitate resuscita-
tion. These protocols reduce dependency on laboratory testing during the acute 
resuscitation phase decreasing the need for communication between the blood bank, 
laboratory, and physician so that each team member can work more expeditiously. 
The limitations of MTP are that in the event of a non-massive blood loss situation, 
wastage of blood products may occur [28, 29].
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Table 46.6 Blood component therapy

Components Contents Indications
Volume 
(mL) Shelf life

Expected 
effect

PRBC Red cells, some 
plasma, few 
WBCs

Correct anemia 300 42 days Increase Hct 
3% and Hgb 
1 g per unit

Leukocyte poor 
blood

Red cells, some 
plasma, few 
WBCs

Correct anemia, 
reduce febrile 
reactions

250 21–
24 days

Increase Hct 
3% and Hgb 
1 g per unit

Platelets Platelets, some 
plasma, some 
RBC, few WBCs

Bleeding due to 
thrombocytopenia

50 Up to 
5 days

Increases 
total platelet 
count 7500/
mm3/U

Fresh frozen 
plasma

Fibrinogen, 
plasma, clotting 
factors V, XI, 
XII

Treatment of 
coagulation disorders

250 2 hours 
thawed
12 months 
frozen

Increases 
total 
fibrinogen 
10–15 mg/
dL/U

Cryoprecipitate Fibrinogen, 
plasma, clotting 
factors V, VIIII, 
XIII, von 
Willebrand 
factor

Hemophilia A, von 
Willebrand disease, 
fibrinogen deficiency

40 4–6 hours 
thawed

Increases 
total 
fibrinogen 
10–15 mg/
dL/U
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Chapter 47
Cancer in Obstetrics

Ramoncito Yacab and Jorge Hidalgo

 Introduction

Cancer in pregnancy is the second leading cause of death during the reproductive 
years. It is an uncommon event that is estimated to occur in 1 per 1000 pregnancies 
annually and accounts for 0.1% of all malignant tumors [1]. In Europe, there are an 
estimated 3000 to 5000 cases per annum, and similar figures have been reported for 
the USA [2].

In a recent European cohort (n = 1170), the most common malignancies during 
pregnancy were breast cancer (39%), cervical cancer (13%), lymphomas (10%), 
and ovarian cancer (7%). Approximately one-fourth of all cases are documented 
during the first trimester, and up to a fourth of cases present with metastatic disease 
[3]. Still, most of the data might be underrepresented due to difficulties in data 
reporting, especially in developing countries.

During the past two decades, treatment and obstetrical outcomes have changed 
based on the availability of chemotherapeutic drugs, the regimen used, and the ante-
natal services. For every 5 years, the likelihood of receiving treatment during preg-
nancy increased by 10% and was associated with more live births and fewer 
iatrogenic preterm deliveries. Furthermore, antenatal exposure to chemotherapy 
drugs does not increase the frequency of congenital malformation (4%) compared 
to the general population nor has it been associated with neurological or psycho-
logical abnormalities [3, 4]. Oncologic management is possible during pregnancy 
without significantly negatively impacting maternal and fetal outcomes.
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 Clinical Presentation

Pregnancy is associated with physiological changes that may give rise to a myriad 
of clinical signs and self-limiting symptoms. Unfortunately, symptoms associated 
with malignancy may be vague and unspecific, often attributed to the process of 
pregnancy by both patients and physicians. These symptoms may include nausea, 
appetite changes, abdominal discomfort, anemia, increased volume of breast tissue, 
and fatigue [5]. A delay in diagnosis will negatively impact both mother and fetal 
outcomes, often associated with a grim prognosis.

 Diagnostic and Staging Studies

Once there is a clinical suspicion of cancer, there are still various challenges that 
may limit a timely diagnosis. This includes selecting the most appropriate test with-
out causing potential harm to the fetus. Magnetic resonance imaging (MRI) and 
ultrasound are imaging modalities regarded as safe during pregnancy since there is 
no exposure to ionizing radiation nor is there any scientific evidence of fetal com-
plications associated with both radiological modalities [4–6]. These tests should be 
used prudently and only when its use will provide a benefit to the patient.

Common studies generally used during the diagnostic and staging workup 
include chest X-rays and computed tomography. These are generally avoided dur-
ing pregnancy due to the deleterious effect of ionizing radiation on the fetus. The 
severity of these complications is dependent on the gestational age at exposure and 
the dose of radiation. Radiation exposure above 50  mGy during the gestational 
period has been associated with congenital abnormalities and growth restriction and 
severe intellectual disability when exposure occurs during the fetal period [4, 5]. 
The use of these studies should not be withheld when clinically indicated, but a 
thorough discussion on the potential risks and benefits should be made.

Tissue sampling modalities for histological confirmation will depend on both 
clinical suspicion and stage. Upper gastrointestinal endoscopy and colonoscopy 
have adequate sensitivity for the detection of gastrointestinal tumors and are consid-
ered safe during pregnancy [6]. Fine needle aspiration and core needle biopsies are 
generally considered safe and feasible.

 Cancer Treatment in Pregnancy

 Surgery

Surgery is the cornerstone of cancer treatment in solid tumors. In the oncologic 
patient, it may have a dual role, since it can be both diagnostic and therapeutic. 
Pregnancy is not a contraindication to surgery. While operations are not associated 
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with a congenital malformation, it has been linked along with exposure to anesthe-
sia with an increase in miscarriages during the first trimester (1–2%). Surgery is 
often deferred to the second trimester, when the risk to the fetus is lowest, although 
there is an increased risk of lower birth weight and premature delivery (two times 
the relative risk) [5, 7]. The complications that may derive from the procedure are 
higher when it involves the abdominal or the pelvic cavity. Oncological surgery 
should not be delayed when clinically indicated.

 Chemotherapy

Chemotherapy drugs are a fundamental part of cancer care. Its use in the pregnant 
patient is faced with therapeutic and ethical issues. It is essential to understand the 
optimum time and use of cytotoxic drugs to adequately balance the well-being of 
the fetus.

The teratogenicity of chemotherapy drugs will depend on the time of exposure, 
the dose, and the pharmacokinetic properties of the drug. Chemotherapy during the 
first trimester increases the risk of spontaneous abortion, fetal death, and congenital 
malformation. During the first 2 weeks postconception, the undifferentiated embryo 
can either be lost or unaffected, a phenomenon known as “all or none” [8]. Any 
exposure during the rest of the first trimester negatively affects organogenesis, in 
particular, the heart, neural tube, and limbs. After organogenesis, the risk of malfor-
mation reduces significantly (1.3%); however, it is associated with intrauterine 
growth retardation and prematurity [8, 9]. Long-term follow-up of people exposed 
to chemotherapy in utero has not been associated with neurological, physiological, 
or physical anomalies nor is there an increase in the incidence of secondary tumors 
[4, 10]. Table 47.1 shows the potential risk to the fetus associated with exposure to 
chemotherapy agents. Based on the current evidence, chemotherapy can be used 
during the second and third trimester of pregnancy.

Considering that chemotherapy may decrease maternal blood production and 
lead to thrombocytopenia and neutropenia, the adequate timing for delivery should 
be planned within 3 weeks after chemotherapy. Chemotherapy should not be admin-
istered after 37  weeks of gestation due to the risk of the onset of spontaneous 
labor [8, 9].

 Radiotherapy

Radiation therapy (RT) is an integral part within the multidisciplinary management 
of cancer. Technological and technical advancements during the past decade have 
led to the introduction of modern radiation technology, including 3D conformal RT, 
intensity-modulated RT (IMRT), and volumetric modulated RT (VMRT). While 
these technologies have improved both effectiveness and tolerability, the treatment 
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of the pregnant patient still poses a challenge. Its selective use during pregnancy 
aims at improving outcomes for the mother while reducing potential harm to 
the fetus.

Potential harmful effects to the fetus will depend on the dose of irradiation, the 
embryonal age (weeks or days from fertilization), and the primary tumor. During 
the organogenesis phase, comprised between the second and seventh week, there is 
an increase in the risk of gross malformation and small head size (SHS) without 
retardation with doses higher to 0.5 Gy. Exposure during the rest of the first trimes-
ter has been associated with similar effects; however, there is a higher risk of mental 
retardation, considering that it is during this phase that brain development occurs 
[11]. The effects of irradiation during the second trimester have been associated 
with growth retardation, mental retardation, sterility, and secondary malignancies. 
Although exposure during the third trimester has been associated with lower rates 
of harmful effects, these have been reported for exposures lesser than 0.5  Gy. 
Table 47.2 shows the adverse effects associated with radiation.

The usual dose for radiation therapy is typically between 40 and 70  Gy. 
Considering the potential harms that derive from these high doses during gestation, 
radiation therapy is not routinely recommended during pregnancy and should be 
postponed until after childbirth when possible. The radiation dose to the fetus 
depends on the total dose required, the distance from the target lesion and the fetus, 
and the scattered radiation from the collimator and within the patient. The use of 
shielding serves as protection. Radiation dose can be kept between 40 and 200 mGy 
when adequately used along with a distance greater than 30 cm from the edge of the 
field to the fetus [11, 12]. Radiotherapy has been used in selected cases of breast 

Table 47.1 Risks associated with chemotherapy exposure during pregnancy

Drug Family Potential risk to a fetus

Plant alkaloids Preterm delivery, intrauterine growth restriction
Anthracycline 
antibiotics

Mid trimester miscarriage, neonatal neutropenia, intrauterine growth 
restriction, transient myelosuppression

Alkylating agents Ophthalmic abnormalities, cleft palate, esophageal atresia, abnormal 
inferior vena cava, renal agenesia

Antimetabolites Spontaneous abortion, microcephaly, syndactyly, deficient growth and 
development

Platinum Sensorineural hearing loss

Table 47.2 Adverse effects of radiation in relation to gestational stages

Stage Period Adverse Event

Implantation First 2 weeks All or nothing
Early organogenesis Week 2 to 12 Teratogenesis, growth retardation
Late organogenesis/early 
fetal period

Week 12 
to 20

Mental and growth retardation, microcephaly, eye, 
palate, and genital deformity

Late fetal stage Week 20 up 
to birth

Sterility, secondary malignancies
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cancer and lymphomas; however, patient selection must be performed on a case-by- 
case evaluation weighing the risk for the fetus and the benefits on the oncological 
outcome [12, 13].

 Conclusion

The management of cancer during pregnancy is a challenge and should be optimally 
managed at a high-risk obstetrical unit. The prognosis of cancer is not biologically 
affected by a pregnancy nor is its biological behavior different from a nonpregnant 
patient. The physiological changes unique to pregnancy have not only been associ-
ated with a delay in diagnosis and staging, but it also accounts for the need to 
develop a personalized approach from standard protocols taking into account both 
the benefits and risks of any therapeutic procedure. A multidisciplinary team is 
required to evaluate each individual case to determine strategies based on gesta-
tional age and fetal viability to ensure the least potential harm on both fetal and 
maternal health. Surgery should not be delayed when indicated and can be per-
formed safely during pregnancy. Systemic therapy should be delayed to the second 
and third trimester since the risk of anomalies, growth restriction, and prematurity 
are lower during these phases. The patient should receive in-depth information on 
these potential risks associated with treatment. Finally, radiotherapy is not recom-
mended during pregnancy and must be delayed until after the birth when possible. 
Its use during pregnancy has been limited to selected cases, mostly involving onco-
logic emergencies or situations where waiting for resolution of the pregnancy might 
compromise treatment efficacy.
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Chapter 48
Superior Vena Cava Syndrome  
in Pregnant Woman

Jorge Sinclair Ávila, Sabrina Da Re Gutiérrez, Jorge E. Sinclair De Frías, 
Fabricio Vera, and Maria V. Rodriguez

 Introduction

SVC syndrome is a constellation of signs and symptoms caused by the obstruction 
of the SVC due to either external compression or internal obstruction. It was first 
described by William Hunter in 1757 as a complication of a saccular aortic aneu-
rysm [23]. The etiology has evolved over centuries. Before antibiotics, infectious 
diseases were the main cause of SVC syndrome, specifically syphilitic infections 
and tuberculosis [62]. In the early twentieth century, cases were equally distributed 
between aortic aneurysms and malignancies [17, 24]. Since the advent of antibiot-
ics, the role of infections declined, while malignancies became the most common 
etiology, causing up to 80–99% of the cases in the late 1900s [52].

Recently, there has been an increasing incidence of SVC syndrome associated to 
benign causes, mainly due to intravascular devices such as catheters and pacemak-
ers [12, 61] since they predispose to thrombosis due to damage of the intima of the 
vessels. Clinical signs and symptoms include edema of the arms, head, and neck, 
distention of subcutaneous vessels, and plethora.
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In the late 1900s, chemotherapy and radiotherapy were considered the main ther-
apy for this entity. Since the introduction of SVC stenting in 1986, the role of endo-
vascular therapy (ET) has increased exponentially [11].

 Anatomy

The superior vena cava is a thin-walled, low-pressure vein formed by the union of 
left and right innominate veins, measuring from 6 to 8 cm. It drains blood from the 
head, neck, upper extremities, and upper thorax, representing one third of the venous 
return to the heart. It is located in the right mediastinum where it can be compressed 
by surrounding structures including the trachea, right bronchus, aorta, pulmonary 
artery, and perihilar and paratracheal lymph nodes [77].

 Etiology

Etiologies during pregnancy are similar to that in general population. It is divided 
into two main groups: malignant and benign SVC syndrome. Malignant SVC syn-
drome is often due to an extrinsic compression of the SVC by a tumor, while most 
cases of benign SVC syndrome are caused by thrombus formation within the SVC.

• Malignant: Around 90% of all SVC syndrome are caused by malignancy, espe-
cially lung cancer and non-Hodgkin lymphoma [12, 61]. Other malignancies 
are also associated, but in a lesser extent, including breast cancer, esophageal 
cancer, germ cell tumors, thymoma, thyroid carcinoma, and metastatic disease 
[43, 61].

• Benign: The remaining cases are accounted by benign causes such as intravascu-
lar devices, cardiac causes, mediastinal fibrosis, benign mediastinal tumors, vas-
cular disease, and infections [12, 43, 61, 71].

Coexistence of two or more underlying etiologies is not rare, especially in onco-
logic patients who usually have indwelling catheters used to receive chemotherapy 
or antibiotics.

 Epidemiology

Most cases occur in men between 50 and 70 years old, thus explaining the rarity of 
this entity during pregnancy. In addition, most contemporary cases are due to an 
underlying malignancy. The occurrence of malignancy during pregnancy is unusual, 
complicating approximately 1 per 1000 pregnant women [45]. Most common 
malignancies during pregnancy are breast cancer, melanoma, cervical carcinoma, 
an, Hodgkin lymphomas [45, 46].
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Frequency of SVC syndrome varies depending on the underlying malignancy. 
Around 2–4% of lung cancer and non-Hodgkin lymphoma patients develop SVC 
syndrome during the course of the disease [71]. The incidence is higher (10%) in 
small cell lung cancer (SCLC) due to its predilection for mediastinal involvement 
and rapid growth [55, 71] but is rare in Hodgkin lymphoma despite the presence of 
mediastinal lymphadenopathy [49].

Both lung cancer and non-Hodkin lymphoma are rare during pregnancy. Lung 
cancer usually presents later in life with only 2% of cases affecting people under the 
age of 45 [39], while the incidence of non-Hodgkin lymphoma is reportedly 5.39 
per 100,000 births [18].

In recent decades, the use of indwelling central venous catheters and cardiac 
pacemakers has increased, resulting in higher incidence of SVC thrombosis associ-
ated to intravascular devices [53]. Annually, more than 5 million central venous 
catheters and 170,000 pacemakers are implanted in the United States [34, 50, 54].

Although most cases are due to malignancy, pregnancy can be complicated by 
benign SVC obstruction [4]. In general population, nonmalignant causes are respon-
sible of a significant percentage of cases. Reports have shown that up to 40% are 
due to benign etiologies [52, 56] and up to 75% of the patients with benign SVC 
syndrome have an indwelling venous device [28]. SVC syndrome is observed in 
1–14% of patients with central venous catheter and in 0.2–3.3% of patients with 
implanted pacemakers [9, 21, 52].

 Pathogenesis

Most contemporary cases of SVC syndrome can be attributed to one or more of the 
following pathologic mechanisms: compromised vessel anatomy, compromised 
vessel wall integrity, and compromised venous flow [12].

 1. Compromise of vessel anatomy: occurs when there is an extrinsic compression 
of the vessel caused by a mediastinal mass. Often due to malignancies and less 
commonly caused by nonmalignant masses.

 2. Compromise of the vessel wall integrity: usually caused by an intravascular 
device. The tip or edge of the indwelling catheter or lead irritates the venous 
endothelium, leading to reactive inflammation, fibrosis, and stenosis (8: [21, 
31]). Another cause of SVC fibrosis is mediastinitis. Fibrosing mediastinitis can 
be idiopathic or a result of chest radiation, Bechet’s disease, or infections such as 
tuberculosis, syphilis, and histoplasmosis [25, 37, 52].

 3. Compromised venous flow: results from occlusive or near-occlusive venous 
thrombus. Usually happens in the setting of a hypercoagulable state, potentiated 
by the presence of intravascular devices.

These mechanisms may coexist and promote obstruction of the SVC, for exam-
ple, a pregnant woman with an underlying malignancy and an indwelling central 
line. Recognizing the overlap of these mechanisms can help identify patients at risk 
as well as initiate prompt management if needed.
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 Pathophysiology

Compression and/or obstruction of the SVC increases resistance of venous blood 
flow leading to blood accumulation proximal to the obstruction with consequent 
elevation of hydrostatic pressure. This results in venous hypertension and interstitial 
edema, producing classic signs and symptoms found in SVC syndrome [8]. High 
venous pressure in collateral vessels leads to the development of a collateral blood 
flow network over time [35]. Collateral vessels often take weeks to dilate suffi-
ciently to accommodate blood that normally passes through the SVC [71]. 
Commonly found collateral vessels include azygos, intercostal, mediastinal, para-
vertebral, hemiazygos, thoracoepigastric, internal mammary, thoracoacromiocla-
vicular, and anterior chest wall veins [19].

Collateral network diverts blood flow reducing SVC venous pressure, explaining 
why, in rapidly developing SVC obstructions and in obstructions below the inser-
tion of azygos vein, signs and symptoms tend to be worse [58, 59]. Moreover, this 
collateral network consists of small-caliber vessels that can also be compromised by 
the same tumor causing SVC syndrome.

 Signs and Symptoms

Evaluation includes clinical history and physical examination with attention to the 
duration of symptoms, history of previous invasive procedures, and history of 
malignancies. Signs and symptoms often have a gradual onset and may be masked 
by physiological changes of pregnancy. In addition, concerns about exposure of 
fetus to complementary examination might make physicians less prone to proceed 
with the investigation of those symptoms [14].

Most patients complain of facial, neck, or arm swelling, dyspnea, orthopnea, 
cough, and dilated veins [52]. Other symptoms include chest pain, dysphagia, 
hoarseness, headache, confusion, dizziness, night sweats, hypoxia, hypernatremia, 
and syncope [59]. Stridor, confusion, and obtundation may indicate laryngeal edema 
or cerebral edema, which are rare but life-threatening conditions that require imme-
diate intervention [65, 76].

The severity of symptoms will depend on the rapidity and location of the obstruc-
tion. A rapidly developing obstruction and/or obstruction below the insertion of the 
azygos vein tends to have more severe symptoms due to lack of collateral veins [58, 
59, 71]. In the other hand, when the obstruction occurs relatively slow and/or above 
the azygos insertion, patients may present asymptomatic or with mild symptoms.

Physical examination findings include facial and neck edema, distended neck, 
and chest veins. Extremity edema, plethora, alteration in mental status, and papill-
edema can also be present. Facial swelling and plethora are exacerbated when the 
patient is supine.
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 Diagnosis

Diagnosis is made by history and physical examination and is confirmed by imaging 
studies. SVC syndrome must be considered in any patient with previous history of 
cancer, particularly lung cancer and non-Hodgkin lymphoma, or with previous intra-
vascular procedures [71, 77]. Imaging plays a main role in confirming the diagnosis 
and identifying the underlying cause. Noninvasive modalities, such as computed 
tomography (CT) and magnetic resonance imaging (MRI), are usually preferred.

In pregnant patients, the physician is challenged with the choice of diagnostic 
image modality while limiting danger to the fetus as much as possible and still 
enabling management of the disease similar to that in nonpregnant patients [67, 75]. 
Therefore, gestational age, the suspected underlying etiology, and the mother’s 
wishes should be taken in account when deciding which diagnostic test and therapy 
will be used. Another factor to consider is the target field, as the fetal radiation dose 
increases when the fetus is in the field of view [13] (Table 48.1).

When ionizing radiation is used for imaging, the cumulative uterine dose should 
be kept as low as reasonably achievable (ALARA) [67]. Ionizing radiation can cause 
several adverse effects on the fetus, from spontaneous abortion to teratogenesis and 
carcinogenesis. The higher the radiation dose, the higher the severity of impairment 
of the fetus, especially if exposures exceed the threshold dose of 100 mGy.

Radiation exposure over 50–100 mGy during the first 2 weeks after concep-
tion follows the all or nothing effect, resulting in either spontaneous abortion or 
a completely unaffected embryo [38, 67]. The fetus is most susceptible to tera-
togenic effects when exposed to radiation over 50–100 mGy during weeks 3–15, 
when organogenesis and rapid neural development take place [20, 38, 67]. After 
16 weeks of gestation, the threshold for teratogenic effects is around 500–700 
mGy [20]. After 26 weeks of gestation, teratogenic effects are extremely unlikely 
at dose levels reached in diagnostic radiology [75]. Exposure lower than 50 mGy 
has not been associated with an increase in fetal anomalies or pregnancy loss [1].

Carcinogenesis is a stochastic effect of radiation that can occur at any dose dur-
ing pregnancy, but risk increases at higher doses [41, 60]. Risk is assumed to be 
higher when exposure occurs early in the gestation. Despite this, incidence rate of 
carcinogenesis is still considered low for childhood cancer [75].

Iodinated contrast is recommended if the expected information could affect treat-
ment and if it is unjustifiable to delay the study after delivery [2]. If intravenous 
iodinated, water-soluble contrast agents are use during pregnancy, newborns should 
be routinely evaluated for hypothyroidism during the first week of life [2, 32].

 Chest Radiography

Fetal radiation exposure with this modality is generally negligible and can be used 
safely during pregnancy [67]. Around 84% of the patients will have an abnormal 
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chest radiograph, being mediastinal widening (64%) and pleural effusion (26%) the 
most common findings [44]. However, these findings are not diagnostic, and further 
imaging studies must be performed.

 Chest CT Scan

CT scan can be used during pregnancy as long as it does not directly involve 
the fetus.

Chest CT with intravenous (IV) contrast is the most useful imaging study [57]. It 
is preferred over other imaging modalities, such as MRI, because of its availability, 

Table 48.1 Fetal radiation doses associated with common radiologic examinations [69]

Type of examination Fetal dosea (mGy)

Very low-dose examinations (<0.1 mGy)
  Us 0
  MRI 0
  Cervical spine radiography (anteroposterior and lateral views) <0.001
  Radiography of any extremity <0.001
  Mammography (two views) 0.001–0.01
  Chest radiography (two views) 0.0005–0.01
Low- to moderate-dose examinations (0.1–10 mGy)
  Radiography
   Abdominal radiography 0.1–3.0
   Lumbar spine radiography 1.0–10
   Intravenous pyelography 5–10
   Double-contrast barium enema 1.0–20
  Computed tomography
   Head or neck CT 1.0–10
   Chest CT or CT pulmonary angiography 0.01–0.66
   Limited CT pelvimetry (single axial section through femoral 

heads)
<1

  Nuclear medicine
   Low-dose perfusion scintigraphy 0.1–0.5
   Technetium-99 m bone scintigraphy 4–5
   Pulmonary digital subtraction angiography 0.5
Higher-dose examinations (10–50 mGy)
  Abdominal CT 1.3–3.5
  Pelvic CT 10–50
18F PET/CT whole-body scintigraphy 10–50

Note - Annual average background radiation = 1.1–2.5 mGy
Abbreviations: US ultrasonography, MRI magnetic resonance imaging, CT computed tomography, 
PET positron emission tomography, 18F-FDG 2-[fluorine-18]fluoro-2-deoxy-d-glucose
aFetal exposure varies with gestational age, maternal body habitus, and exact acquisition 
parameters
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cost, and short acquisition time. In addition, CT scan provides the diagnosis of SVC 
syndrome, defines the level and extent of the blockage, allows evaluation of collat-
eral pathways, gives information about the underlying cause, and can determine 
whether there is external compression, thrombus, or both. If caused by a malig-
nancy, CT scan also provides diagnostic and staging information about the underly-
ing malignancy. CT may also reveal the presence of collateral vessels, which has a 
sensitivity and specificity for SVC syndrome of 96% and 92%, respectively [29].

 Venography

It is considered the gold standard for diagnosing thrombotic obstructions within the 
SVC and demonstrating the extent of the thrombus [48, 70] but is not useful for 
determining causes of SVC syndrome other than thrombus. Nowadays, it is primar-
ily used if an interventional stent is planned.

 Ultrasonography

Ultrasound is a safe imaging modality during pregnancy but should only be per-
formed when indicated [3]. It can determine the presence and extent of thrombus 
and site of obstruction. But due to the interposition of the underlying ribs, ultra-
sound cannot be used to directly imaged SVC.

 Magnetic Resonance Imaging (MRI)

Aside from CT scan, it can be used for initial evaluation of SVC syndrome and may be 
useful in patients allergic to IV contrast or with renal failure [68]. MRI should be pre-
ferred over ionizing radiation, whenever possible [67]. It can be used regardless of the 
gestational age [1]. It has a sensitivity and specificity of 100%; however, it is less avail-
able than other imaging studies, is more expensive, and has longer acquisition time.

In suspected malignant SVC syndrome, a complete diagnostic workup for the 
suspected cancer may be appropriate. Accurate imaging and histologic diagnosis 
should be obtained, since treatment approaches depend on histology and staging of 
the malignancy. If possible, treatment approach should be directed toward definitive 
treatment rather than palliation of symptoms.

In the absence of respiratory compromise or neurologic deterioration, initiation 
of therapy before obtaining a diagnosis is not recommended [71]. Interventions 
such as radiation, chemotherapy, and steroids may obscure a histologic diagnosis 
[36]. Therefore, an accurate diagnosis and biopsy should precede therapeutic inter-
ventions in most cases [76].
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A thorough physical examination must be performed in search of easily acces-
sible sites for tissue biopsy before proceeding to more invasive procedures, as they 
carry a greater risk of complications, predominantly bleeding and infections [71]. 
Minimally invasive procedures such as sputum cytology, pleural fluid cytology, and 
superficial lymph node biopsy can diagnose up to two-thirds of malignancies [63]. 
The remaining one-third may require more invasive techniques such as bronchos-
copy, mediastinoscopy, and thoracoscopy. Bone marrow biopsy may provide diag-
nosis and stage of certain malignancies, for example, lymphomas. Benefits of 
biopsy for diagnostic purposes during pregnancy often overcome the risks and 
should not be withheld [7]. If a mediastinal infection or large vessel vasculitis is 
suspected, cultures and serum inflammatory markers are indicated [12].

 Treatment

Management of SVC syndrome during pregnancy is determined by the gestational 
age, clinical condition of the patient, and the underlying etiology. These factors 
must be considered especially when therapeutic modalities that may affect the 
course of the gestation are used.

Treatment goals are symptomatic, by relieving the obstruction and, if possible, 
treatment of the underlying cause. In the past, it was considered a medical emer-
gency, and almost every patient received emergent radiation or chemotherapy. 
Nowadays, it is not considered a major life threat in most cases, unless there is 
evidence of respiratory and/or neurologic compromise, which can be associated 
with possible fatal outcomes.

Life-threatening SVC syndrome may require prompt intervention. Treatment of 
the underlying cause may be indicated. Empiric therapy with stenting, radiation, 
and/or chemotherapy may be required, even in the absence of a histologic diagnosis. 
If stenting is feasible, RT is not recommended as first-line treatment, as stenting 
provides faster symptom relief [42].

Patients with signs and symptoms suggestive of severe airway compromise or 
CT findings of laryngeal edema or tracheal obstruction may require prompt inter-
ventions to protect the airway, such as endotracheal intubation.

Management of cerebral edema in the setting of SVC syndrome does not differ 
from the management in general population. It includes head elevation and use of 
osmotic diuretics, such as mannitol. Cerebral images should be obtained in order to 
rule out other intracranial causes of cerebral edema.

In oncologic patients, it is important to consider other cancer-related symptoms 
that may be more life-threatening than SVC syndrome and may need to be addressed 
urgently. These conditions include extrinsic compression of the major airway by the 
tumor, hemoptysis, or thrombosis [71].

No standardized grading system exists for evaluation of SVC syndrome. Yale 
University proposed a classification system for grading the severity of malignant 
SVC obstruction from asymptomatic (grade 0) to fatal (grade 5) [76] (Table 48.2). 
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The system has not been validated but provides a framework on how to approach 
these patients and assist in determining the urgency of intervention.

The Kishi score is another grading system developed to assist in making the deci-
sion to initiate stent therapy [30] (Table 48.3). It takes into account clinical signs 
including neurologic signs, laryngeal signs, facial signs, and vein dilation. A Kishi 
score of 4 or higher indicates a need for percutaneous stenting.

Once life-threatening conditions have been ruled out, management of SVC 
syndrome will vary depending on the etiology. When caused by an infectious 
disease, antibiotics are considered first-line treatment. Thrombolysis and 

Table 48.2 Yale University proposed grading system and management for malignant superior 
vena cava syndrome

Grade Category Definitiona Management

0 Asymptomatic Radiographic superior vena cava obstruction in the 
absence of symptoms

Perform 
diagnostic and 
staging 
procedures to 
define the 
tumor type and 
stage
Develop a stage 
and tumor 
specific 
treatment plan

1 Mild Edema in the head or neck (vascular distention), 
cyanosis, plethora

2 Moderate Edema in the head or neck with functional impairment 
(mild dysphagia, cough, mild or moderate impairment 
of head, jaw or eyelid movements, visual disturbances 
caused by ocular edema)

3 Severe Mild or moderate cerebral edema (headache, 
dizziness) or mild/moderate laryngeal edema or 
diminished cardiac reserve (syncope after bending)

4 Life- 
threatening

Significant cerebral edema (confusion, obtundation) or 
significant laryngeal edema (stridor) or significant 
hemodynamic compromise (syncope without 
precipitating factors, hypotension, renal insufficiency)

Immediate 
intervention
Urgent relief of 
the SVC 
obstruction5 Fatal Death

Adapted from Yu et al. [76]
aEach sign or symptom must be thought due to superior vena cava obstruction and the effects of 
cerebral or laryngeal edema or effects on cardiac function. Symptoms caused by other factors 
(e.g., vocal cord paralysis, compromise of the tracheobronchial tree, or heart as a result of mass 
effect) should not be considered as they are due to mass effect on other organs and not superior 
vena cava obstruction

Table 48.3 Kishi 
score [30]

Clinical signs Weighting

Neurological signs

  Awareness disorders, coma 4
  Visual disorders, headache, vertigo, memory disorders 3
  Mental disorders 2
  Malaise 1
Thoracic/pharyngeal-laryngeal signs

  Orthopnea, laryngeal edema 3
  Stridor, dysphagia, dyspnea 2
  Coughing, pleurisy 1
Facial signs

  Lip edema, nasal obstruction, epistaxis 2
  Facial edema 1
Vessel dilation (neck, face, arms) 1
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anticoagulation therapy is the mainstay in thrombus-driven SVC syndrome, being 
more effective if started within 5 days of thrombus development [12, 59]. Balloon 
angioplasty is preferred for stenosis, usually followed by stenting. Management 
of SVC syndrome associated to malignancy will depend on the histology of the 
cancer, the extent of the disease, the severity of symptoms, and the prognosis of 
the patient [76].

Treatment options include supportive measures, radiotherapy (RT), chemother-
apy, ET, and surgical interventions. Favoring one treatment modality over the other 
will depend mostly on availability and clinical reasons (Table 48.4).

 Supportive Measures

Although they have no effect on the underlying etiology, supportive care and medi-
cal management can be performed with minimal risk and may provide symptoms 
relief in the short term. These measures include oxygen support and attempts to 
reduce hydrostatic pressure, such as head elevation, limitation of fluid intake, and 
use of diuretics [71].

Steroids can be temporarily used to alleviate symptoms, especially in a patient in 
whom airway edema is believed to contribute to symptoms [27], but there is no data 
supporting the effectiveness and dose of steroids in this setting. Steroids can obscure 

Table 48.4 Advantages and disadvantages of radiation therapy, stent insertion, and 
chemotherapy [71]

Advantages Disadvantages

Radiation Noninvasive intervention
Treats underlying malignancy

Symptom relief in 7–15 days
May compromise a tissue 
diagnosis if not yet obtained
May initially worsen 
symptoms due to 
inflammation

Stent insertion Rapid relief of symptoms usually within 
24–72 h
Does not compromise a tissue diagnosis
Allows option for further treatment with 
chemotherapy, radiation, or combined-modality 
therapy

Invasive intervention
Bleeding complications
Increased risk of thrombosis 
due to foreign object
Does not treat the underlying 
malignancy

Chemotherapy Noninvasive intervention
Treats underlying malignancy
Does not require specialized equipment
Ability to be administered in the ICU

Symptom relief in 7–15 days
May compromise a tissue 
diagnosis if not yet obtained
Patient may be too sick to 
tolerate chemotherapy
Hematologic and other 
toxicity

The interventions are supported by level of evidence B; there is no level A evidence specific to the 
management of SVCS
Abbreviation: ICU intensive care unit
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histologic diagnosis [55], and long-term use can produce facial swelling and fluid 
retention that can contribute to symptoms of SVC syndrome [71]. Steroids may be 
also used as prophylaxis against radiation-induced edema [61], but they must not be 
considered a first-line treatment for SVC syndrome. Steroids and diuretics have 
almost no role in treatment of benign SVC syndrome [73].

Although thrombosis can contribute to SVC syndrome symptoms and may rep-
resent a major life threat, there is no evidence that support routine anticoagulation, 
unless the patient has a demonstrable thrombus on imaging [71]. When SVC syn-
drome is due to thrombus formation, catheter-based thrombolysis followed by anti-
coagulation is often used [72]; however, short- and long-term benefits of 
anticoagulation are still unproven [42, 70].

 Radiotherapy

RT dose of radiation is usually in the range of 40–70 Gy, which is much higher than 
the dose utilized for diagnostic procedures [22]. For this reason, RT is not recom-
mended during pregnancy and should be postponed until after childbirth whenever 
possible [46]. However, some areas such as the head, neck, and thorax could be 
irradiated with minimal radiation to the fetus; therefore, RT to those areas could be 
considered in selected patients.

RT is effective in the treatment of SVC syndrome due to malignancy, especially 
in radiosensitive tumors, such as lymphomas and SCLC. However, in most cases it 
should be delayed until a histologic diagnosis is obtained [6]. The rapidity of 
response ranges from 7 to 15 days but may be as early as 72 h after initiating RT 
[71] (Table 48.4). Clinical and objective response rates tend to be discordant, usu-
ally observing a higher clinical response rate [5]. This discrepancy might be 
explained by the decrease of tumor bulk after RT, which results in an increased 
capacity for collateral circulation rather than a complete relief of SVC obstruc-
tion [74].

Radiation treatment varies based on histology and the intent of treatment [71]. 
Radiosensitive tumors may require lower radiation levels and a shorter course of 
treatment in comparison to radioresistant tumors. When definitive treatment is 
intended, it may be administered for at least 3 weeks with smaller fractions of radia-
tion. In the other hand, when palliative treatment is intended, the course of RT may 
be shorter (1 to 2  weeks) but with larger fractions of radiation with the goal of 
achieving a faster response. Currently, there is no evidence comparing which RT 
fractionations scheme is more effective; thus, decisions regarding doses and fre-
quency of radiation may be based on clinical expertise [59].

Relative contraindications for RT include previous treatment with radiation in 
the same region, certain connective tissue diseases, and known radioresistant tumors 
[71]. Assessment of the patient is needed during RT to monitor for side effects and 
to identify patients that may need alternative interventions. Failure of treatment may 
be due to persisting tumor mass or SVC thrombosis.
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 Chemotherapy

Chemotherapy is reserved for SVC syndromes caused by malignancies. It is a non-
invasive therapy that does not require specialized equipment and can treat the under-
lying malignancy but can compromise histopathology diagnosis and might not be 
tolerated in critical patients.

Chemotherapeutic agents can cross the placenta, and security data is limited due 
to the rarity of association between cancer and pregnancy [33]. They also differ in 
their teratogenicity, where drugs as methotrexate, cyclophosphamide, and cytara-
bine are associated to higher teratogenic potential [40].

Administration of chemotherapy during pregnancy can induce harmful effects on 
the fetus and newborn, such as malformations, mutations, carcinogenesis, and 
retarded development. While in the mother, it can induce spontaneous abortion and 
infertility. As with ionizing radiation, weeks of gestation, the clinical condition of the 
patient, and the underlying malignancy should be considered before initiating che-
motherapy. During the first 2 weeks of gestation, it follows the all or nothing effect. 
During weeks 2 to 15, organogenesis and neural development take place; therefore, 
exposure during this period is more likely to cause malformations [22]. Exposure 
during the second and third trimester of pregnancy could result in intrauterine growth 
restriction, low birth weight, and preterm labor [33]. Data has shown a high incidence 
of major malformations in exposition during the first trimester, while during the sec-
ond and third trimester the incidence was similar to that in the general population 
[40]. Knowing this, chemotherapy should be avoided during the first trimester, unless 
there exists an urgent need to start treatment. Although it is considered relatively safe 
during the second and third trimester, obstetrical and neonatal complications may 
occur more frequently in patients receiving chemotherapy during this period [33, 40].

Chemotherapy is often used as initial therapy in chemosensitive tumors such as 
lymphomas, SCLC, and germ cell tumors [61]. The response rate of SVC syndrome 
treated with chemotherapy is similar to response rates of RT, with a range of 
7–15  days [55] (Table  48.4). A meta-analysis demonstrated that chemotherapy 
alone, radiotherapy alone, and chemoradiotherapy provided similar rates of symp-
toms relief in SCLC patients [55]. Therefore, RT can be used in chemosensitive 
tumors as well but yields poorer long-term results and hence is reserved mainly for 
patients who are not candidate for chemotherapy.

Once symptomatic benefit is obtained, the patient may be candidate for curative 
treatment, which could include the addition of RT or other treatment modalities to 
systemic chemotherapy, as this can decrease local recurrence rates and improve 
survival [71].

 Endovascular Therapy

ET can include stenting, percutaneous transluminal angioplasty, and intravascular 
thrombolysis [51]. SVC angioplasty and stenting can be performed in any setting, 
as long as the patient can tolerate supine or semi-supine position.
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ET benefits include a rapid relief of symptoms, it does not compromise histopa-
thology diagnosis, and it allows future treatment with RT or chemotherapy, but it 
does not treat the underlying malignancy and is an invasive procedure with risk of 
short- and long-term complications [15] (Table 48.4). It has shown higher and faster 
symptom relief rates and lower recurrence rates compared to chemotherapy and 
RT [55].

There is increasing evidence that endovascular therapy may be the best treatment 
for SVC syndrome of benign origin [10, 53]. It is less invasive and has lower mor-
bidity compared to surgical reconstruction with equal efficacy and patency in the 
short and midterm. However, stenting is associated with a higher need for secondary 
interventions over the mid- and long term [53].

In SVC syndrome associated to malignancy, stents can be used to relieve symp-
toms, while the histologic diagnosis is being perused in patients who have been 
previously treated with RT or in those with known chemotherapy- and radiation- 
resistant tumors. Stents do not treat the underlying malignancy; thereby in most 
cases, stent placement is followed by other interventions. Modern treatment usually 
involves prompt stent placement followed by tissue biopsy and subsequent RT and/
or chemotherapy.

Endovascular stenting can provide a rapid and effective relief of symptoms, with 
up to 97–99% of patients experiencing rapid symptom relief [59]. Relief can be 
immediate, but in most cases, it is reported within 24–72 h after the procedure [71].

Complications of stent placement are infrequent with an overall major complica-
tion rate of 4% and mortality rate of 2% [72]. Most common complications are 
restenosis and intra-stent thrombosis. Therefore, in most patients, anticoagulation 
may be continued after endovascular interventions, and antiplatelet therapy may be 
started for indefinite time [56, 64]. Other minor complications include groin hema-
toma and local infections at the puncture site. Unusual major complications include 
stent migration, bleeding, cardiac injury, pulmonary embolism, and pericardial tam-
ponade [51].

 Surgery

In the past, surgery was considered the only invasive procedure for SVC syndrome 
treatment and the mainstay of treatment when caused by benign etiologies [53].

Surgical procedures and the use of anesthetic drugs are considered safe during 
pregnancy [47, 66]. Although complications are rare, it carries some risks such as 
miscarriage, low birth weight, and prematurity.

Patients with benign SVC syndrome are younger, with longer life expectancy, 
thus needing a durable reconstruction. Open surgery repair of these patients has 
been performed with low morbidity and mortality and excellent long-term results 
[16, 26]. Despite shift toward primary endovascular therapy in patients with benign 
SVC syndrome, surgery remains a viable option in selected patients, especially in 
patients with failed endovascular therapy or whose occlusions cannot be recanalized 
[12, 53].
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In oncologic patients, surgery is almost never an option, as SVC syndrome is 
usually caused by an unresectable tumor within the mediastinum, but it may have a 
role after induction treatment in selected patients.

 Outcome and Prognosis

The presence of SVC syndrome does not directly affect overall survival. Overall 
survival is determined by the underlying cause, even during pregnancy. However, 
median life expectancy of patients with SVC syndrome due to malignancy ranges 
from 1.5 to 9.5 months. Nonetheless, this range can vary widely depending on the 
tumor type and stage [55, 76].

SVC syndrome relapse rates are relatively low after treatment with chemother-
apy, RT, or stent placement [55]. If stent fails, recanalization is possible, resulting in 
long-term success rates greater than 90% [59].

In conclusion, diagnosis and treatment of SVC syndrome can be performed with 
minimal risk for the fetus if risks and benefits of diagnostic and therapeutic proce-
dures are taken in account and if the clinical condition of the mother allows it.
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HEV, 70
HSV, 71
identification, 62
management, 72, 73
MARS®, 76–78
OLT, 76
pathogenesis

cellular alterations, 63, 64
pro-inflammatory response, 63–65
toxins, 63, 64

prognosis, 67, 68
renal failure, 75, 76
symptoms, 62

Hepatic hematoma
clinical presentation, 86
diagnosis, 87
pathophysiology, 86
treatment, 87–89

Hepatic rupture, 87, 88
Hepatitis A virus (HAV), 70
Hepatitis B virus (HBV), 71
Hepatitis C virus (HCV), 71
Hepatitis D virus (HDV), 71
Hepatitis E virus (HEV), 70
Herpes simplex virus (HSV), 71
Histamine, 333
Hydatidiform mole, 589, 590
Hydration, 553
Hydrocortisone, 514
Hydroelectrolyte, 413

Index



640

Hydroxychloroquine, 391
Hydroxyethyl starch (HES), 159
Hyperemesis gravidarum (HG), 530

clinical diagnosis, 109, 110
etiology, 110
Mallory–Weiss syndrome

causes, 115
management, 116, 117
medical history, 116
pathogenesis, 116
symptoms, 116

therapeutic options, 110, 111
Wernicke's Encephalopathy (see 

Wernicke's Encephalopathy (WE))
Hyperglycemia, 135, 521
Hyperglycemic hyperosmolar state (HSH)

definition, 123
severity, 123, 124

Hypertension, 462, 463
Hypertensive disorders of pregnancy, 546, 547
Hyperthyroidism, 140, 143–145
Hypoglycemia, 135, 136

asymptomatic hypoglycemia, 136
definition, 135
diabetic embryopathy, 136
incidence, 136
masked hypoglycemia, 136

Hypoperfusion of tissues, 602
Hypotension, 75
Hypothyroidism, 140

See also Myxedema coma
Hypovolemia, 530

abdominal compartment syndrome, 532
fluid loss

anaphylactoid shock in pregnancy, 531
fatty Liver, 531
hyperemesis gravidarum, 530
infection, 531
ovarian hyperstimulation 

syndrome, 531
hemorrhagic, 532

Hypovolemic shock, 601
Hypoxemia, 472

I
Immune thrombocytopenic purpura (ITP), 98, 

564, 569
causes of, 571
clinical presentation, 571, 572
differential diagnosis, 573
epidemiology, 570
monitoring, 575
phases, 572
physiopathology, 570, 571

response criteria, 572
treatment, 573–575

Infection, 531
definition of, 344
in sepsis, 344

Infective endocarditis (IE), 479
anticoagulation, thrombolytic and 

antiplatelet adjunct therapy, 488
antimicrobial therapy, 486
clinical features, 481–483
diagnosis of, 480
diagnostic criteria, 481
imaging techniques, 483, 484
laboratory tests, 483
management, 485
microbiological diagnosis

blood cultures, 484, 485
histopathology of excised tissues, 485

modified Duke Criteria according to, 481
pathogenesis and risk factors, 479, 480
prognosis, 485
prophylaxis against, 488, 489
surgical intervention, 486, 487
termination of pregnancy, 487, 488

Infusion of oxytocin, 453
Inhaled corticosteroids, 328
Intensity-modulated RT (IMRT), 611
Intermittent presumptive treatment (IPTp), 389
International Society for Hepatic 

Encephalopathy and Nitrogen 
Metabolism (ISHEN), 66

Intra-abdominal hypertension 
syndrome (IAHS)

APP, 254
clinical practice, 243
comorbidities, 246
damage control surgery, 255
decompressive laparotomy, 255
definition, 243
development, 243, 244
head-of-bed elevation and patient 

flexion, 254
IAP, 248–251
interventions, 245
massive resuscitation, 243, 245
maternal mortality, 245
medical management strategies, 254
normal physiological variants, 246
pathogenesis, 244–245, 247
pathology, 245
percutaneous catheter drainage, 255
preeclampsia, 252
risk factors, 247, 248
surgical management, 255
WSACS, 252–254
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Intra-abdominal pressure (IAP), 248–251
Intraamniotic infection, 357, 359, 361
Intracranial hypertension, 73, 74
Intrahepatic cholestasis of pregnancy 

(ICP), 172
Intramedullary hematoma, 290
Intravenous magnesium sulfate, 380
Intrinsic acute kidney injury  

(AKI), 532, 533
causes, 533
distinct studies, 534
management, 536, 537

In vitro fertilization (IVF), see Multiple 
pregnancy

Iron deficiency anemia, 562
Isolated maternal fever, 358

K
Kishi score, 623
Korsakoff syndrome, 111

L
Lacerations, 594
Lactate dehydrogenase (LDH), 100
Length of hospital stay (LOS), 224
Leukotriene modifiers, 328
Liver enzymes, 62
Liver transplantation, 88
Long acting β2– agonists, 328
Long-chain 3-hydroxyacyl-CoA 

dehydrogenase (LCHAD) 
deficiency, 47

Louseborne typhus, 432
Lovastatin, 414
Low-molecular-weight heparin  

(LMWH), 318, 320, 450, 454, 455
Lymphadenopathy, 431

M
Magnesium sulfate, 500, 552
Malaria

clinical evaluation, 386, 387
complications, 393, 394
definition of, 383
diagnosis of, 388–390
epidemiology, 384, 385
plasmodium, 383
in pregnancy, 388
prevention, 395
transmission of, 384, 385
treatment and management, 390–393

antiparasitic treatment, 391

hospitalization for high-risk 
patients, 390

Mallory–Weiss syndrome
causes, 115
management, 116, 117
medical history, 116
pathogenesis, 116
symptoms, 116

Management for Malignant Superior Vena 
Cava Syndrome, 623

Marfan syndrome, 462, 463
Marfan technique, 190, 191
Masked hypoglycemia, 136
Massive hemorrhage, 603
Massive transfusion protocols (MTPs), 604
Maternal-fetal hemorrhage (MFH), 238
Maternal sepsis

definition of, 342, 344
management of, 347
risk factors, 343

Maternal tachycardia, 358
Maternal tetanus, 377
Medium-chain acyl CoA dehydrogenase 

(MCAD) deficiency, 47
Mefloquine, 395
Metabolic acidosis, 413
Methotrexate therapy, 589
Metronidazole, 360
Microangiopathic hemolytic anemia 

(MAHA), 96
Microangiopathies, 578, 580, 581
Microhematocrit centrifugation, 387
Modified Early Obstetric Warning Score 

(MEOWS), 345
Modified Early Warning Score (MEWS), 345
Molecular Adsorbent Recirculating System 

(MARS®), 76–78
Monozygotic twin pregnancies (MZ), 170, 171
Montelukast, 328
Moschcowitz syndrome, 576
Multiple pregnancy

definition, 169
maternal complications

congenital abnormality, 173
depression, 172
dilutional anaemia, 171
ICP, 172
multifetal gestation, 171
multifetal pregnancy reduction, 175
neonatal outcome, 172, 173
ovulation induction cycles, 174
prevention, 174
single embryo transfer, 174
triple pregnancy, 171

placentation, 170, 171
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Multi-slice computed tomography 
(MSCT), 484

Myxedema coma
clinical presentation, 146, 147
definition, 145
diagnosis, 147
etiology, 146
treatment, 147, 148

N
N-acetyl-p-benzoquinoneimine (NAPQI), 72
National Early Warning Score (NEWS), 345
Near drowning, 278
Neonatal tetanus, 377
Neuraxial analgesia, 455, 501
Neuraxial anesthesia, 455
Neuroendocrine neurogenic shock, 509, 

510, 514
Neurogenic shock, 295

definition of, 507
diagnosis, 507, 510, 511
hemodynamic changes, 508
management, 512–514
pathogenesis

neurocardiogenic shock, 509
neuroendocrine shock, 509
neurovasodilatory shock, 508

signs and symptoms, 509, 510
Neurosteroids, 65
Neurovasodilatory shock, 508
Nitroglycerin, 453
Non-epileptic seizures, 498
Non-shockable rhythm, 475
Non-ST elevation myocardial infarction 

(STEMI), 449, 450
Norepinephrine, 351, 513
NSAIDs, 410

O
Obstetric tetanus, 377
Ogilvie syndrome, 259
Oliguria

acute renal failure, 538
KDIGO Stage 1, 538
KDIGO Stage 2 y 3, 539

definition of, 529
differential diagnosis, 533, 534, 537
etiology of, 529, 530
functional acute kidney injury

hypovolemia, 530–532
obstructive, 532

intrinsic acute kidney injury, 532, 533
management, 535, 536, 538

functional AKI, 534, 535
intrinsic AKI, 536, 537

Oral anticoagulants (OAC), 320
Oral contraceptives, 445
Organic dysfunction, 342
Orthotopic liver transplantation (OLT), 76
Ovarian hyperstimulation syndrome (OHSS), 

159, 531
antagonist protocols, 157
critical hyperstimulation, 154, 155
dopamine agonist, 157
high ovarian response, 156
interventions, 158–160
intravenous fluid expanders, 157
late-onset, 158
medical treatment, 161–163
metformin, 158
mild abdominal pain, 154, 155
mild stimulation, 158
moderate hyperstimulation, 154–156
ovarian reserve markers, 155, 156
parameters, 156
pathophysiology, 152, 153
recommendations, 164, 165
risk factors, 153, 154, 157
severe form, 154–156
spontaneous regression, 160, 161
surgical treatment, 161, 164

P
Panhypopituitarism, 520, 522
Paracetamol, 410
Paralytic ileus

clinical presentation, 259
definition, 256
etiology, 258, 259
pathophysiology, 257, 258
treatment and management, 260, 261

Penicillin, 435
Percutaneous therapy, 451, 452
Pericardial effusion, 467
Pericardiocentesis

Beck’s triad, 190
contraindications, 190
diagnosis, 189
echocardiography control, 189
etiology, 189
indications, 190
mechanical functions, 189
parasternal technique, 191
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subxiphoid technique, 190, 191
Perimortem cesarean section (PMCS), 

476, 477
Phenylephrine, 513
Physiologic anemia, 562
Placenta accreta, 595–596
Placenta previa, 592, 593
Placental abruption, see Abruptio placentae
Plasma exchange therapy (PEX), 578
Plasmapheresis, 554
Platelet transfusion, 416
Pleural puncture, see Thoracentesis
Pleurocentesis, 163
Polycystic ovarian syndrome (PCOS), 153
Polymerase chain reaction (PCR), 387
Portosystemic encephalopathy  

(PSE), 76
Posterior reversible encephalopathy syndrome 

(PRES), 29, 499
Preeclampsia (PE), 537, 546, 547, 552

eculizumab, 103
hepatic rupture, 85
IAHS, 252
platelet transfusion, 103
rituximab, 104
steroids, 103
TMA, 96
See also Eclampsia

Pre-existing renal disease, 533
Pregnancy-related acute kidney injury 

(PR-AKI), 541
AFLP, 548, 549
classification, 543

post-renal, 544
pre-renal, 543

hypertensive disorders, 546, 547
kidney transplant recipients and pregnancy, 

554, 555
nonpharmacologic management, 553, 554
pharmacologic management, 552, 553
post renal, urinary obstruction, 549–551
prerenal causes, 544–546
prognosis, 555
surgical management, 554
timing of, 544, 545

Pregnancy-related hypertension, 446
Prerenal azotemia, 544
Primaquine, 391
Primary epilepsy, 496
Prophylactic platelet transfusion, 416
Psychogenic seizures, 498
Pulmonary artery catheter (PAC), 11, 12
Pyelonephritis, 546

Q
Quick SOFA (qSOFA), 344
Quinolones, 435

R
Radial artery

arterial pressure measurement, 181
complications, 181
contraindications, 182
indications, 182
invasive blood pressure, 181
modified Allen’s test, 181
rationale, 183
transducer, 182

Radiation therapy (RT), 611, 612
Radiotherapy, 625
Rapid diagnostic testing (RDT), 387, 389
Renal replacement therapy (RRT), 550
Renin-angiotensin system (RAS), 153
Respiratory disorders, 519, 520
Respiratory failure

diagnosis, 316–318
risk factors, 316
treatment, 318–320

Resuscitative Endovascular Balloon  
Occlusion of the Aorta 
(REBOA), 194

Return of spontaneous circulation (ROSC), 
205, 474

Reverse-transcriptase–polymerase-chain- 
reaction (RT-PCR), 408

Reversible leukoencephalopathy syndrome 
(RPLS), 499

Rickettsia
clinical evaluation, 430–432

and diagnosis, 432–434
Spotted Fever Group  

Rickettsioses, 431
Transitional Group Rickettsioses, 432
Typhus Group Rickettsioses, 432

definition of, 425
epidemiology of, 426, 427, 429
etiology of, 426
in pregnancy, 434
prevention, 435
transmission and pathophysiology, 

428, 430
treatment/management, 434, 435

Rickettsial antigen by immunohistochemical 
staining, 433

Rickettsialpox, 432
Rituximab, 578
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S
Scorpion envenomation, 306

classification, 307, 308
incidence, 307
maternal reproductive system, 308
treatment strategies, 308, 309

Secondary seizures, 496
Seizure, 497

differential diagnosis, 497
eclampsia, 498–500
effects of pregnancy on seizure 

control, 496
in labor, 500, 501
pharmacotherapy, 501
and pregnancy, 495, 496
risks of obstetric complications, 501
status epilepticus, 500
treatment, 502

Seldinger technique, 183
Sepsis, 531, 546

antibiotics, 349, 350
diagnostic tools, 344–346
epidemiology, 342, 343
fluid resuscitation, 350, 351
Global Maternal Sepsis Study 

(GLOSS), 353
glycemic control and prophylaxis for 

venous thromboembolism, 352, 353
indication of labor in patients, 352
initial treatment, 348
left side decube, placement of, 351
Obstetrically Modified Sequential Organ 

Failure Assessment (SOFA) 
score, 345

organ damage by, 347
and pregnant patient, 343, 344
proposed broad-spectrum empiric 

antibiotic coverage in, 350
recommendations in pregnant patients 

with, 349
sources of infection, 344
steroids, 352
terminology, 341, 342
vasopresors and inotropes, 351, 352

Sepsis in Obstetric Score (SOS), 346
Septic abortion, 546
Septic shock

definition of, 341, 347
during pregnancy, 347
epidemiology, 342, 343
etiology of, 348
terminology, 341

Severe dengue, 402

Severe malarial anemia, 394
Severe maternal morbidity (SMM) event, 55
SHIA/SCA management, 252–255
Shiga toxin, 566
Shock, 601, 602
Shockable rhythm, 475
Shock Index (HF), 346
Short acting β2-agonists, 327
Sickle cell anemia, 563
Sickle cell disease (SCD), 563
Snakebites

ancillary treatment, 305, 306
antivenom, 304, 305
complications, 302–304
incidence, 299, 300
obstetric patient, 302
snake venom effects, 300, 301
treatment and surveillance, 304

Sodium bicarbonate, 335
Spontaneous abortion, 591
Spotted fever group (SFG) rickettsiae/

rickettsioses, 426, 431
ST elevation myocardial infarction 

(STEMI), 449
Stanford classification, 461
Status epilepticus, 500
Steroids, 352, 624
Streptococcus viridans, 480
Subarachnoid spinal hematoma (SASH), 290
Subcutaneous/intramuscular desmopresin, 521
Sulfonamides, 435
Superior vena cava (SVC) syndrome

anatomy of SVC, 616, 617
definition of, 615
diagnosis, 619

chest CT scan, 620, 621
chest radiography, 619
MRI, 621, 622
ultrasound, 621
venography, 621

epidemiology, 616, 617
etiology

benign, 616
malignant, 616

outcome and prognosis, 628
pathophysiology, 617, 618
signs and symptoms, 618
treatment, 622–624

chemotherapy, 626
endovascular therapy, 626, 627
radiotherapy, 625
supportive measures, 624, 625
surgery, 627, 628
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Supplementary oxygen, 453
Swan-Ganz catheter, 11, 12
Systemic corticosteroids, 325
Systemic hypoperfusion, 347
Systemic inflammatory response syndrome 

(SIRS), 341, 344
Systemic vascular resistance (SVR), 599

T
Tears, see Lacerations
Teratogenicity of chemotherapy drugs, 611
Tetanospasmine, 375
Tetanus

definition, 375
diagnosis, 378
differential diagnosis, 379
educations, 378
elimination of maternal and neonatal 

tetanus from Americas, 374
epidemiology, 374
etiology, 375
pathogeny, 375

incubation, 375
maternal or obstetric tetanus, 377
neonatal tetanus, 377
particularities in natural history of 

disease, 377
toxin release, 376

prevention, 380–382
signs and symptoms, 378
treatment, 379, 380

Tetracyclines, 435
Thermodilution (TD), 12
Thoracentesis

antiseptic solutions, 192
characteristics, 193
clinical exam and analysis, 191
contraindications, 192
liquid analysis, 193
liquid evacuation, 192
mechanical assisted ventilation, 193
patient position, 192
pneumothorax, 192
thoracic space, 193
trocar-needle, 192, 193

Thrombocytopenia, 39, 564
Thrombolysis, 451
Thrombolytic therapy, 451, 488
Thromboprophylaxis, 296
Thrombotic microangiopathy (TMA), 537, 

564, 565, 575
APL, 98

DIC, 98
HELLP syndrome, 96
HUS, 566
laboratory investigation, 99–101
preeclampsia, 96
TTP, 565, 566

Thrombotic thrombocytopenic purpura (TTP), 
562, 565, 566, 575

antiplatelet and anti-coagulant agents, 104
clinical features, 94, 95
diagnosis, 576–578
epidemiology, 575
etiology, 93
fetal outcomes, 105
HIT, 99
ITP, 98
laboratory investigation, 99–101
long-term outcomes, 105
management, 101
mode of delivery, 104, 105
normal pregnancy, 92
pathologic features, 92, 93
physiopathology, 576
plasma therapy, 101
preeclampsia and HELLP syndrome

eculizumab, 103
platelet transfusion, 103
rituximab, 104
steroids, 103

pregnancy non-specific TMA
APL, 98
DIC, 98

pregnancy specific TMA
HELLP syndrome, 96
preeclampsia, 96

pseudo thrombocytopenia, 98
subsequent pregnancies, 106
supportive care, 104
treatment, 578, 579
viral infection, 99

Thyroid disease
hyperthyroidism, 140
hypothyroidism, 140
physiology, 140, 141

Thyroid storm
clinical manifestations, 142
definition, 141
diagnosis, 142, 143
etiology, 141, 142
management, 143–145

Thyroxine-binding globulin  
(TBG), 140, 141

Tirofiban, 454
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Total body surface area of burn (TBSAB), see 
Burn management

Total parenteral nutrition (TPN)
enteral nutrition, 223
monitoring and complications, 224, 225
NPT, 223

Transesophageal echocardiography (TEE), 484
Transfusion therapy, 603, 604
Transitional Group Rickettsioses, 432
Transjugular intrahepatic portosystemic shunt 

(TIPS), 63
Transthoracic echocardiography (TTE), 483
Transvaginal aspiration, 163
Typhus group rickettsioses/rickettsiae, 

426, 432

U
Unfractionated heparin (UFH), 318, 319, 450, 

452, 455
Urinary obstruction, 549–551
Uterine atony, 593, 594
Uterine hemorrhage, 545
Uterine inversion, 595
Uterine rupture, 594

V
VAR2CSA, 390
Vasa previa, 597
Vascular endothelial growth factor 

(VEGF), 152
Vasculitis, 430
Vasopressin, 476

Veno-arterial (VA) ECMO, 202
Venous flow, 617
Venous thromboembolism, glycemic control 

and prophylaxis for, 352, 353
Veno-venous (VV) ECMO, 201
Very long-chain acyl-CoA dehydrogenase 

(VLCAD) deficiency, 47
Vessel anatomy, 617
Vessel wall integrity, 617
Viral infection, 399
Vitamin K, 501
Volumetric modulated RT (VMRT), 611
von Willebrand factor (VWF), 92

W
Wernicke's encephalopathy (WE), 111

diagnosis, 112, 114
pathogenesis, 113
risk factors, 112, 113
sources, 113
symptoms, 112
thiamine deficiency, 113, 114
treatment and prognosis, 114, 115

West Haven criteria (WHC), 66
Women with epilepsy (WWE), 496
World Society of Abdominal Compartment 

Syndrome (WSACS), 252–254

Y
Yale University Proposed Grading 

System, 623
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